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PREFACE

To be curious about the future one must know something about the
past.

Humans have been recording events in the world around them
for about 5,300 years. That is how long it has been since the Sume-
rian people, in a land that is today part of southern Iraq, invented
the first known written language. Writing allowed people to docu-
ment what they saw happening around them. The written word
gave a new permanency to life. Language, and writing in particular,
made history possible.

History is a marvelous human invention, but how do people
know about things that happened before language existed? Or
before humans existed? Events that took place before human record
keeping began are called prehistory. Prehistoric life is, by its defini-
tion, any life that existed before human beings existed and were able
to record for posterity what was happening in the world around
them.

Prehistory is as much a product of the human mind as history.
Scientists who specialize in unraveling clues of prehistoric life are
called paleontologists. They study life that existed before human his-
tory, often hundreds of thousands and millions, and even billions, of
years in the past. Their primary clues come from fossils of animals,
plants, and other organisms, as well as from geologic evidence about
Earth’s topography and climate. Through the skilled and often
clever interpretation of fossils, paleontologists are able to recon-
struct the appearances, lifestyles, environments, and relationships
of ancient life forms. While paleontology is grounded in a study
of prehistoric life, it draws on many other sciences to complete an
accurate picture of the past. Information from the fields of biology,
zoology, geology, chemistry, meteorology, and even astrophysics is
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called into play to help the paleontologist view the past through the
lens of today’s knowledge.

If a writer were to write a history of all sports, would it be enough
to write only about table tennis? Certainly not. On the shelves of
bookstores and libraries, however, we find just such a slanted per-
spective toward the story of the dinosaurs. Dinosaurs have captured
our imagination at the expense of many other equally fascinating,
terrifying, and unusual creatures. Dinosaurs were not alone in the
pantheon of prehistoric life, but it is rare to find a book that also
mentions the many other kinds of life that came before and after
the dinosaurs.

The Prehistoric Earth is a series that explores the evolution of
life from its earliest forms 3.5 billion years ago until the emergence
of modern humans about 200,000 years ago. Three volumes in the
series trace the story of the dinosaurs. Seven other volumes are de-
voted to the kinds of animals that evolved before, during, and after
the reign of the dinosaurs. The Prehistoric Earth covers the early
explosion of life in the oceans; the invasion of the land by the first
land animals; the rise of fishes, amphibians, reptiles, mammals, and
birds; and the emergence of modern humans.

The Prehistoric Earth series is written for readers in middle
school and high school. Based on the latest scientific findings in
paleontology, The Prehistoric Earth is the most comprehensive and
up-to-date series of its kind for this age group.

The first volume in the series, Early Life, offers foundational
information about geologic time, Earth science, fossils, the clas-
sification of organisms, and evolution. This volume also begins
the chronological exploration of fossil life that explodes with the
incredible life-forms of the Precambrian and Cambrian Periods,
more than 500 million years ago.

The remaining nine volumes in the series can be read chrono-
logically. Each volume covers a specific geologic time period and
describes the major forms of life that lived at that time. The books
also trace the geologic forces and climate changes that affected the
evolution of life through the ages. Readers of The Prehistoric Earth
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will see the whole picture of prehistoric life take shape. They will
learn about forces that affect life on Earth, the directions that life
can sometimes take, and ways in which all life-forms depend on
each other in the environment. Along the way, readers also will
meet many of the scientists who have made remarkable discoveries
about the prehistoric Earth.

The language of science is used throughout this series, with
ample definition and with an extensive glossary provided in each
volume. Important concepts involving geology, evolution, and the
lives of early animals are presented logically, step by step. Illustra-
tions, photographs, tables, and maps reinforce and enhance the
books’ presentation of the story of prehistoric life.

While telling the story of prehistoric life, the author hopes that
many readers will be sufficiently intrigued to continue studies
on their own. For this purpose, throughout each volume, special
“Think About It” sidebars offer additional insights or interesting
exercises for readers who wish to explore certain topics. Each book
in the series also provides a chapter-by-chapter bibliography of
books, journals, and Web sites.

Only about one-tenth of 1 percent of all species of prehistoric
animals are known from fossils. A multitude of discoveries remain
to be made in the field of paleontology. It is with earnest, best wishes
that I hope that some of these discoveries will be made by readers
inspired by this series.

—Thom Holmes
Jersey City, New Jersey
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FOREWORD

Thom Holmes’s series of books, The Prehistoric Earth, of which
this is the tenth and final volume, is written for middle and high
school students. It provides a readable and comprehensive intro-
duction to evolutionary thought and theory and to the principles
and mechanisms of evolution and genetics developed to explain the
origin and diversity of life on Earth, from the earliest organisms to
anatomically modern humans and our nearest relatives, nonhuman
primates.

This volume, Early Humans: The Pleistocene & Holocene Epochs,
focuses on ancient and more modern members of the genus Homo,
which today is represented by a single species, Homo sapiens—
anatomically modern humans—that have been on this planet some
200,000 years. Book 10 describes the evolutionary development of
human anatomy and culture over the past 2 million years. Book 9 of
the series examines the beginning of that history, including the di-
vergence (between 7 million and 5 million years ago) of early mem-
bers of the human line (hominins) from the lines leading to gorillas
and chimpanzees, our nearest relatives. In both books we meet the
tirst hominins living in Africa around 5 million years ago. Book 9
described the first 3 million years of hominin evolution. Book 10
tells the last 2 million years of the story.

Here we meet Homo habilis, the first member of our genus, then
later members, including early Homo erectus, sometimes called
Homo ergaster. We learn how Homo erectus managed to extend the
human range beyond Africa, to Asia and Europe, and we meet the
successors of Homo erectus in Europe, Asia, and Africa. Among
those successors were Homo antecessor, known from Spain, and
Homo heidelbergensis, with a much wider distribution, including
Europe, Asia, and Africa. Described throughout this book are the
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key anatomical changes, as well as the cultural advances, associated
with different branches of the hominin line. The last half million
years witnessed the appearance of the Neandertals in Europe and
the Middle East, and of early Homo sapiens in, then spreading out
of, Africa. Described here are the physical and cultural characteris-
tics of both groups, and how those traits figured in their adaptations
to environmental challenges, including those of the Ice Ages. This
is a fascinating story of human origins and expansion, of our ances-
tors and evolution, including the eventual spread of Homo sapiens
from the Old World into Australia and the Americas.

The story of human origins and evolution is intrinsically inter-
esting, and Holmes does his best to convey the excitement of the
field to his intended audience. Remembering my own teen years
in public schools, I wish such a series as The Prehistoric Earth had
existed then. I might have been hooked on a career in paleontology
or anthropology even sooner. As it was, I had to wait for college for
my introduction to those fields. Knowledge of human evolution has
advanced tremendously since those days, and public schools actu-
ally have become more tolerant of evolution than when I attended
junior high and high school. I hope this series and this volume find
the large, attentive, and appreciative audience they deserve.

—Conrad Phillip Kottak
University of Michigan
National Academy of Sciences of the United States



INTRODUCTION

With this volume, Early Humans, the series The Prehistoric Earth
concludes its journey through the evolution of vertebrate life. The
focus of this volume is anthropology, the academic discipline that
encompasses the study of biological and cultural human evolution.
Early Humans continues the story of human biological evolution
while introducing several other specialties in anthropological study
such as the evolution of language, culture, and societies.

Anthropologist Michael Alan Park of Central Connecticut State
University characterizes the field of anthropology as the “holistic
study of the human species.” The study is holistic, he explains,
because it is a discipline of research that “assumes an interrelation-
ship among its parts.” The biological history of humans is related
to the cultural history of humans. The human past is related to the
human present.

I am most fortunate to have anthropologist Conrad Kottak as
scientific consultant on this volume. Conrad has taught me that
when you begin to look closely into the evolution of humans, you
are compelled to see beyond the mere study of fossil bones and
teeth to the qualities that make us who we are: a diversity of races,
cultures, and beliefs, with the will to dream about the future and all
of its possibilities. “Anthropology is a humanistic science devoted to
discovering, describing, and explaining similarities and differences
in time and space,” writes Conrad.

This holistic approach to the study of human evolution has
been an underlying goal in the writing of Early Humans. This
volume concludes the story of premodern hominin evolution that
was begun in Primates and Human Ancestors. It then continues by
exploring the nature of anatomically modern humans, their ori-
gins, and their development, both biological and cultural.

13
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OVERVIEW OF EARLY HUMANS

Early Humans is divided into two sections. Section One, “The Rise
of Modern Humans,” discusses the trends in hominin evolution
that led to modern humans. Chapter 1, “Early Hominins and the
Emergence of the Genus Homo,” explores the emergence, by the end
of the Pliocene Epoch, of the genus Homo as a species distinct from
other early hominins. The chapter also looks at the best known spe-
cies of early hominins, including Australopithecus, from Africa.

Chapter 2, “Archaic Homo Species,” traces the discoveries of
early Homo, describes key specimens, and discusses problems of
establishing evolutionary links between modern Homo and ances-
tral humans.

Section Two, “Modern Humans,” encompasses the rise of ana-
tomically modern humans, otherwise known as Homo sapiens.
Chapter 3, “Premodern Humans of the Genus Homo,” examines the
most recent Homo species to emerge during the past 500,000 years,
just prior to the rise of modern humans in the form of Homo sapiens.
Among these now-lost human species are the H. neanderthalensis,
or Neandertals, the best known early peoples other than H. sapiens,
as well as H. heidelbergensis from Germany and H. floresiensis from
Indonesia, the recently discovered so-called “hobbit” species.

Chapter 4, “The Emergence of Modern Humans—Homo sapi-
ens,” concludes Early Humans with a close look at our own species.
The chapter explores the emergence of Homo sapiens, their biology,
their geographic radiation, and aspects of their early culture that
laid the foundation for their longevity as the only surviving species
of the Homo taxon today.

As with all volumes of The Prehistoric Earth, the discussion in
Early Humans is governed always by the underlying principles that
guide evolution: that the process of evolution is set in motion first
by the traits inherited by individuals and then by the interaction of a
population of a species with those traits with its habitat. As Charles
Darwin (1809-1882) explained, “The small differences distinguish-
ing varieties of the same species steadily tend to increase, till they
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equal the greater differences between species of the same genus, or
even of distinct genera.” These are the rules of nature that continu-
ally stoke the engine of evolution, giving rise to forms of life whose
descendants still populate Earth.






SECTION ONE:
THE RISE OF
MobpERN HUMANS







EARLY HOMININS AND
THE EMERGENCE OF
THE GENuUs Homo

Humans stand today not as the apex of an evolutionary trend, but
as a continuation of one of many branches of the multifaceted
lineage of beings known as vertebrates. We exist as anatomically
“modern” humans of the genus Homo, which has a fossil record
that extends back a mere 2 million years. Of several species of
Homo that once existed, Homo sapiens is the last. In one sense, we
are the last of our kind. In another sense, humans represent one of
the most remarkably oddball outcomes in the entire 500 million-
year evolutionary history of the vertebrates, because what other
creature is capable of contemplating, writing, and reading about
its own existence?

Paleoanthropologist John Fleagle of the State University of New
York at Stony Brook reminds us that hominins did not possess,
from their very start, the familiar attributes that clearly distinguish
humans from their ape relatives: bipedal locomotion, enlarged
brains, grasping hands, and the use of tools and language. Hominins
that date from the earliest known species such as Sahelanthropus
(late Miocene, 6 million to 7 million years ago, Chad) and especially
the well-documented Australopithecus (3.3 to 4.2 million years ago,
southern and eastern Africa) did not emerge with all of these dis-
tinguishing anatomical and behavioral traits intact. In Fleagle’s
words, “The fossil record of Australopithecus provides direct evi-
dence that the cluster of features characterizing living humans are
not necessarily linked but rather evolved one by one.” This chapter
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explores the emergence of the genus Homo by the end of the Pliocene
Epoch as a species distinct from other early hominins.

FROM APES TO EARLY HOMININS

Another book in this series, Primates and Human Ancestors, details
the evolutionary history that led to the apes and early humans.
To summarize, the hub of ape evolution was in eastern Africa, in
an area now known as the Great Rift Valley. During the Miocene
Epoch, this area was the scene of frequent volcanic activity. Rift
making and mountain building were widespread from Africa
through Eurasia. The Arabian Peninsula was extended, the Tethys
Sea shrank and broke up, and the climate grew increasingly arid.
The effect on primate populations was significant as wide-open
grasslands and savannas supplanted tropical forests. Apes of many
kinds not only flourished during the late Miocene, but also adapted
well to most of these environments.

The earliest fossils of true apes are known from eastern African
regions of Kenya, Namibia, Uganda, and Ethiopia. As the ancestral
lineages of apes diminished by the end of the Miocene, the lineages
also split onto two evolutionary paths. One path diverged be-
tween 13 million and 15 million years ago and led to the genus
Pongo—the orangutans. The other path led to modern African apes
and eventually to humans, which split from the lineage of the genus
Pan (chimpanzees) between 5 million and 7 million years ago.

Fossil clues to the existence of possible early hominins can be
found in rocks that date from between 5 million and 7 million years
ago, in the late Miocene Epoch. It is clear that by about 4.2 million
years ago, in the Pliocene, ancestral humans were well established
on the savannas of Africa. The telltale signs of early human species
for which paleontologists search include anatomical evidence of
bipedal locomotion; modified dental batteries with reduced canines
and a thickening of tooth enamel on the molars; and skull morphol-
ogy, among others. Behavioral traits, including the use of tools and
the development of language, can also be found in ancestral humans
prior to Homo. Examination of the fossil record quickly shows that
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Today’s African climate zones were similar to those seen in Africa during the Miocene/
Pliocene Epochs.

these traits did not develop all at once, or even in a single species of
ancestral human, but occurred in stages over the course of several
hundred thousand years.
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An artist’s view of an Australopithecus afarensis scene

The best-represented hominin species prior to Homo include those
of the genus Australopithecus (“southern ape”), which is known from
several species that ranged widely in southern and eastern Africa from
about 4.2 million to 1 million years ago. The cradle of human evolu-
tion is believed to be this region of Africa, with early humans gradually
radiating out of Africa to other regions, including Asia and Europe.

Scientific descriptions of fragmentary specimens of early homi-
nins go back to the mid-nineteenth century, but one of the first truly
revealing early hominin specimens was found in South Africa in
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1924 and described by Raymond Dart (1893-1988), an Australian
anatomist. Discovered in a limestone quarry in the small town of
Taung, the fossil consisted of a small skull that Dart painstakingly
extracted from the tough rocky matrix in which it was sealed. The
result was a lovely specimen of a juvenile skull. Dart had reason to
believe that he was holding something more than the skull of an ape
child. The specimen lacked the large canine teeth of apes, and its
foramen magnum—the opening in the skull where the neck is con-
nected to the spine—was positioned underneath the skull instead
of at the posterior, indicating an upright posture. The specimen
became popularly known as the “Taung child” because of its small
size; Dart gave it the scientific name of Australopithecus africanus
(“southern ape of Africa”). Dart described the specimen, which was
between 2.4 million and 3 million years old, as a transitional stage
between apes and humans. The genus Australopithecus is now con-
sidered a hominin and was the first of its kind to be described.

Following initial discoveries in South Africa, the search for
early hominins broadened to East Africa. East Africa has produced
many extraordinary hominin specimens from the geologically
rugged area known as the Great Rift Valley. It is among the many
specimens of Australopithecus from the Pliocene Epoch of southern
and eastern Africa that the clearest picture of the biological evolu-
tion of early humans is evident. These hominins used their bipedal
mode of walking to extend their geographic range and exploit new
lands and food sources. The genus Australopithecus is perhaps the
best candidate for a direct ancestor of Homo. Australopithecines
existed for much of the Pliocene Epoch, and their apparent extinc-
tion coincides closely with the appearance of the first Homo species.
Australopithecines were clearly bipedal, their molars had the dis-
tinctively thick enamel characteristic of early hominins, and there
were measurable increases in the size of their brains during the
2 million years of their existence. The accompanying diagram de-
picts the various known lineages of early hominins of the Pliocene
Epoch, leading to the rise of the species Homo.
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Raymond Dart at a fossil site in South Africa. Dart discovered the small
skull of the “Taung child” and realized that it showed the early stages of
human evolution.
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Foramen magnum

Foramen magnum

The position of the foramen magnum in modern humans (top) is placed

further forward

than in chimpanzees (bottom).




26

EARLY HUMANS

Timeline of Archaic Hominin Species
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Timeline of archaic hominin species

UWHAT IS A HOMININ?

Hominins are classified as part of the line of higher primates known as
the Hominoidea. This line has three subgroups: the hylobatidae (gib-
bons and siamangs); the pongidae (pongo-orangutan); and the homini-
dae (African apes, including hominins). Current fossil and genetic
evidence shows that apes arose about 20 million to 25 million years ago
in Africa, Turkey, and eastern Europe and diversified into numerous
lineages that spread throughout the Old World. The diagram “Primate
Clades Leading to Hominins” depicts the general lineage of hominins
within the primates.
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Primate Clades Leading to Hominins

Lemuroidea
(Lemurs)
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(Lorises, Galagos)

Archaic primates
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(New World monkeys)
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("Prosimians"”)

Haplorhines
("Anthropoids”)

Hominins
(Humans)
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This classification of hominins is based on biological and genetic
evidence that classifies humans within the Hominidae, or homi-
noids. In defining hominins by their physical traits, the most direct
description is that hominins are bipedal apes. Hominins have an
extremely close genetic relationship with the African apes. Large
brains, social living, a long gestation period and extended child-
hood all are characteristics found to some degree in nonhuman
primates and in humans. Finding which of the apes are most closely
related to humans required a comparison of human and chimpanzee
genomes. The publication in 2005 of the chimpanzee genome by a
research group known as the Chimpanzee Sequencing and Analysis

(continues on page 30)
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THINK ABOUT IT

The Shady Discovery of a Missing Link

Charles Darwin'’s theory of evolution by natural selection, first published
in 1859, ignited a firestorm of debate and scientific inquiry. In his own
writings, Darwin speculated that if the fossil remains of an ancestral
human were to be found, it probably would exhibit a combination of ape
and human features—an especially big brain in an apelike skull, for exam-
ple. Darwin’s basis for thinking this way was the close association that
he and others observed in the development of great apes and humans.
Hence, the search for a so-called “missing link” was begun in scientific
institutions and in the popular press of the time.

By the early twentieth century, not many fossils of possible early
humans had yet been discovered. Of the few remains that had come to
light in Europe and Asia, none came close to fulfilling the requirements
of a “missing link.” It is at this point that this scientific tale begins to go
off course. Many reputable fossil hunters understood the importance of
remaining objective in their fieldwork and letting their fossil finds speak
for themselves. Others, however, were driven by a desire to find a “miss-
ing link” that would fit neatly into Darwin’s puzzle and provide clear proof
of the descent of humans from apes.

It was within this historical context that the announcement of Pilt-
down Man caused a great sensation in the year 1912. Revealed by ama-
teur geologist Charles Dawson (1864-1916) at a meeting of the Geological
Society of London, the original specimen consisted of several skull frag-
ments and appeared to be remarkably old. Dawson claimed to have been
given the pieces by workers at the Piltdown gravel yard in Sussex, En-
gland. Dawson gained the enthusiastic support of geologist Arthur Smith
Woodward (1864-1944) of the British Museum, and the two returned to
the roadside gravel site to look for more fossils. Remarkably, they found
additional skull fragments and pieces of the lower jaw that appeared to
be a part of the same specimen.

Enthusiasm for the “discovery” grew rapidly, and Dawson enlisted ad-
ditional institutional support for his claim from British scientists Arthur
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Keith (1866-1965) and
Grafton Elliot Smith
(1871-1937). Dawson
named the specimen
Eoanthropus dawsonoi
(“Dawson’s dawn man”)
after himself—a display
of bad manners in scien-
tific circles that should
have set off alarm bells
far and wide. What
Dawson and his col-
leagues had announced
was nothing less than
the perfectly conceived
skull of a “missing link,”
a large brained, apelike
creature that was half
human and half ape.

Piltdown Man—A hoax specimen
Popularly known as

the Piltdown Man, the
discovery was eagerly
accepted by British scientists but did attract the criticism of scientists
from foreign shores. Amazingly, every time the heat was on, Dawson just
happened to discover another important piece of the skull. Dawson died

in 1916, but his legacy lived on for many years. Some important fossil
discoveries that followed soon thereafter, including the discovery of Aus-
tralopithecus africanus in southern Africa in 1924, were largely ignored at
the time because they did not meet the requirements already fulfilled by
Piltdown Man: those of a large-brained, ancestral apelike creature.

(continues)
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(continued)

Gradually, an accumulating body of counterevidence for the nature
of early hominins led to a closer examination of Piltdown Man. In 1953,
using newly devised fluorine dating methods, scientists proved conclu-
sively that the skull and jaw of Piltdown Man were not prehistoric but of
relatively recent origin. The skull was human and about 600 years old,
and the lower jaw was from a recently deceased orangutan. All of the
fragments had been carefully discolored with chemicals and distressed to
give the appearance of having come from the same time. Piltdown Man
was a fake.

By the time Piltdown Man was proved to be a ruse, most of the per-
petrators were long gone. The mystery of who was behind the forgery
continued until only recently. Two pieces of the puzzle have now come to
light. A storage trunk containing similarly dyed and distressed fake fossil
bones—presumably tests for the Piltdown hoax—were found in the attic
of the Natural History Museum of London. The trunk belonged to Martin
Hinton, a curator of zoology at the museum at the time of the hoax. Analy-
sis showed that the chemicals used to discolor the bones in Hinton’s trunk
were identical to the chemicals used to discolor the Piltdown “specimen.”

It appears that the forger has been found, but what was his motive?
Research by Professor Brian Gardiner of King’s College, London, suggests
that Hinton had a grudge against his superior at the museum, Charles
Dawson’s possibly unwitting collaborator Arthur Smith Woodward. Addi-
tional research in 2003 by British archaeologist Miles Russell proved Hin-
ton had the means to implicate his boss. It turns out that Charles Dawson

(continued from page 27)

Consortium revealed that the genetic makeup of humans is only
2.7 percent different from that of chimps, making them our closest
relatives among the great apes.

The study of evolutionary genetics sometimes affects the way that
organisms are classified. Recent molecular studies of anthropoid
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Hinton and Dawson at the scene of the hoax

had a history of creating antique and scientific forgeries even prior to
his “discovery” of Piltdown Man. Dawson and Hinton apparently con-
spired to create the Piltdown hoax, Dawson for the fame it would bring,
and Hinton for the secret pleasure of besmirching the reputation of his
superior.

genetic evolution have led to a change in the terminology used to
describe humans and their most immediate ancestors. Previously,
the term hominid was used to describe all gorillas, chimpanzees, and
humans. Recent gene studies have revealed, however, that orang-
utans split from the great ape line earlier than was once thought.
This means that humans, gorillas, and chimpanzees are more closely
related to one another than any of them are to orangutans. For



32

EARLY HUMANS

the purpose of classification, the hominoids were divided into two
subgroups, the Pongidae (orangutans) and the Homininae (goril-
las, chimpanzees, and humans and their ancestors). Furthermore,
the term hominin is reserved exclusively for humans and ancestral
humans since the time of their divergence from the other great apes.
Therefore, humans and their ancestors are now referred to as homi-
nins instead of hominids.

EVOLUTIONARY TRENDS LEADING TO HOMO

The anatomical and behavioral traits that distinguish hominins
from the great apes did not appear suddenly with a bang. The traits
developed quietly, over the course of more than 4 million years.
The heights of human development represented by the appearance
of language, religious beliefs, and art are relatively recent phenom-
ena in hominin history: None occurred earlier than 200,000 years
ago, and most occurred much more recently than that. Such late-
appearing behavioral characteristics of humans were made possible
by a foundation of more slowly evolving anatomical traits, traces of
which can be seen in specimens of ancestral humans.

The key anatomical traits associated with hominin evolution
include bipedal locomotion; reduction of the canine teeth; reduc-
tion in the size of the molar teeth and an associated increase in the
thickness of the molar tooth enamel; and an enlarged brain. Tooth
enamel was thicker in earlier hominin species than in Homo. The
dramatic enlargement of the brain was a characteristic of Homo
rather than australopithecines. Fossils of early hominins tell a vari-
ety of stories regarding the appearance and timing of these derived
traits. These stories strongly suggest that the evolution of hominins
did not occur as a straight line of connected lineage but perhaps as
several independently developing species in which the occurrence of
these traits coevolved at different times.

The earliest possible hominin specimens include a trio of spe-
cies that date from just before the beginning of the Pliocene Epoch.
They are known from fragmentary evidence, and their position as
hominins is a matter of much debate among paleoanthropologists.
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Yet, these specimens include some homininlike features that rep-
resent either evidence of ancestral human species or a transitional
phase in the development of great apes with some homininlike
features.

Early Hominins

Sahelanthropus tchadensis (late Miocene, 6 million to
7 million years ago, Chad)

Discovered in north-central Africa in 2001, Sahelanthropus tchaden-
sis consists of a nearly complete cranium, a mandible (lower jaw)
and several isolated teeth. The specimen is dated to about 7 million
years ago. Reconstruction of the skull suggests that the foramen
magnum was positioned far enough beneath the skull to accom-
modate a bipedal posture. This claim has been debated actively
by many, including paleoanthropologist Milford H. Wolpoff, who
believes that Sahelanthropus probably was an ape showing some
transitional features of the skull and jaw. Wolpoft disputes the inter-
pretation of the foramen magnum because of the incompleteness of
the material; he argues that the anatomy of the face and jaws clearly
shows that Sahelanthropus did not normally hold its head upright.
Furthermore, the braincase was small—about 350 cubic centimeters
(cc)—about the size of that of a chimpanzee and smaller than those
of early hominins from the Pliocene Epoch.

Orrorin tugenensis (late Miocene, 6 million years ago,
Kenya)

Discovered in Kenya in 2000, Orrorin tugenensis is known from
dental and postcranial skeletal elements from deposits that date
from 6 million years ago. The fragmentary remains make it difficult
to ascertain with certainty whether Orrorin tugenensis was a hom-
inin or an ape. Parts of a thigh bone provide some diagnostic traits,
but this material is not enough by itself to indicate bipedalism with
certainty. The front teeth of Orrorin tugenensis were more apelike,
but the molars had a more square shape like those of hominins.
The long, apelike canines argue against Orrorin tugenensis being a
hominin, however.
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Ardipithecus kadabba and Ardipithecus ramidus (early
Pliocene to Ilate Miocene, 4.4 million to 5.8 million years
ago, Ethiopia)

These specimens were discovered in 1992 in northern Ethiopia,
where digs have yielded fragmentary remains of more than two dozen
homininlike individuals. These originally were thought to be fossils of
Australopithecus, but differences in the tooth enamel, the limb struc-
ture, and the position of the foramen magnum suggest that these spe-
cies were less derived and warranted their own genus designation.

The name Ardipithecus ramidus (“ground-living root hominin”)
was given to the first specimens. Additional specimens were an-
nounced in 2004 that were even older: They dated from as long ago as
5.8 million years. These older specimens were even more apelike and
were assigned their own separate species, Ardipithecus kadabba. Genus
Ardipithecus had several traits that link it more closely to apes—these
include thin tooth enamel and large canine teeth. The most hominin-
like characteristic of Ardipithecus was represented by the more forward
position of the foramen magnum at the base of the skull. Although it is
not as far forward as in Homo, the foramen magnum in Ardipithecus is
positioned farther forward than in a quadrupedal ape such as a chim-
panzee. One interpretation of this specimen is that it was at the base
of the hominin divergence from the great apes and displayed a more
upright, though possibly not fully erect, bipedal posture.

The anatomy of the earliest possible hominins such Sahelanthro-
pus, Orrorin and Ardipithecus shows that changes were developing
in these creatures that were echoed more fully in later hominins,
beginning with Australopithecus. The presence of bipedalism in one
or more of these specimens suggests that the ability to walk on two
legs was one of the first adaptations leading to the more derived
hominins. The presence of large canine teeth, weak molar enamel,
and small brains suggests that these early hominin wannabes were
still anchored in the lineage of the great apes. Of these three speci-
mens, Ardipithecus remains the best candidate for being a part of the
hominin lineage, whether as a directly ancestor to Australopithecus
or as a sister taxon that split off and evolved independently.
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The Genus Australopithecus: The Best Understood
Early Hominins

Even the best of the early hominin species from the late Miocene
lack a complete suite of the anatomical traits that are normally asso-
ciated with hominins. Most of these species were clearly apelike,
with only hints of such homininlike features as bipedalism and a
modification of the dental battery away from shearing to chewing
and grinding. The picture of early hominins becomes much clearer
in the more recent fossil remains from the Pliocene Epoch of eastern
and southern Africa. Represented most significantly by dozens of
specimens of the genus Australopithecus, these remains provide the
best clues to the roots of Homo ancestry.

The genus Australopithecus first appears in the fossil record
about 4.2 million years ago. Australopithecus represents the first
ancestral human genus that contains—to one degree or another—
all of the hallmark anatomical traits associated with hominins. Aus-
tralopithecus is the best candidate for a direct ancestor of Homo, and
it is probably from one species of Australopithecus that the lineage of
modern humans arose. The exact relationship between these ances-
tral species and modern humans remains a hotly debated topic,
however, as is discussed in Chapter 2.

There are several recognized species of Australopithecus as well as
some lesser-known taxa whose affinity will remain uncertain until
additional fossil evidence is found. The most widely known and
accepted taxa include A. anamensis, A. afarensis, and A. africanus
from the middle to late Pliocene. These taxa are the most likely can-
didates for having an ancestral relationship with the genus Homo.

Another well-known group of australopithecines dates from the
later Pliocene (1.3 million to 2.6 million years ago). Members of this
group sometimes are referred to as robust species because of their
relatively larger body size; their large cheek teeth; their wide cheek-
bones; and their low, sloping foreheads with a crested ridge down the
centerline of the skull for the attachment of powerful jaw muscles.
The robust australopithecines are widely accepted as having split
off from the line of australopithecines that led to the rise of modern
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humans. Some robust species probably coexisted with early Homo but
were extinct by the Early Pleistocene Epoch, about 1.3 million years
ago. For these reasons, robust australopithecines are not included in
the discussion that follows about the ancestry of modern humans.

When looking for evolutionary links between Homo and Aus-
tralopithecus, one sees that a number of derived anatomical traits
are apparent in the fossil evidence of these early hominins. The evo-
lutionary links between different Australopithecus taxa are much
debated. Nevertheless, there is a general trend in australopithecines
toward increasingly derived features that occur over the course of
about 700,000 years in the evolution of this genus.

Anatomical Trends of Australopithecines

Bipedalism and Locomotion. Early australopithecines, includ-
ing A. afarensis and A. africanus, were clearly bipedal but also may
have been partly tree climbing because of their long arms and,
in the case of A. afarensis, curved fingers. A. afarensis is known
from more than 70 specimens, making it the best-understood spe-
cies of ancestral human. Discovered and first described in 1974 by
American paleontologist Donald Johanson, the first specimen was
that of a small female that measured only 3.5 feet (1 m) tall. It was
nicknamed “Lucy.” In addition to Lucy, additional specimens of this
genus have been found that represent adult individuals.

With as much as 60 percent of its postcranial skeleton rep-
resented by a composite of fossil specimens, A. afarensis pro-
vides a clear picture of the posture of this species. The foramen
magnum was located more forward than that of a chimpanzee
but not quite as forward as that of Homo. This would have
given Lucy a clearly bipedal posture but with a slight stoop. A.
afaensis had arms that were relatively long and legs that were
short in comparison to Homo, but Wolpoff points out that it
is important to compare Lucy’s limbs with those of chimpan-
zees to best understand the evolutionary trend represented by
A. afarensis. Lucy’s arms, although long enough to enable skilled
tree climbing, were proportionally shorter than those of a chim-
panzee. The change in arm length in Lucy marked a trend toward
shorter arms and longer legs that is seen in later hominins.
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Head Postures
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The progressively upright head posture of chimpanzees (A), A. afarensis (B)
and H. sapiens (O).

A. africanus had a body plan similar to that of A. afarensis, with
a few exceptions. A. africanus also was a natural biped, but its arms
were shorter. Its body was more funnel shaped than that of either
Lucy or Homo.

Dentition. The trend in dentition from apes to hominins
involves several aspects of tooth, jaw, and skull design. Ape jaws
generally have larger front teeth and very large canines. The canines
work together with large, sharp-edged premolars with single cusps
to shear off food, almost in the manner of a pair of scissors. The
molars of apes are small and not heavily enameled; this makes them
less generalized for grinding a wide variety of foods. The dental
battery in apes is long and U-shaped, and there is a noticeable gap
between the front teeth (the incisors) and the canines. This gap pro-
vides room for the canines when the jaw is closed. The massiveness
of the jaw and the front teeth in some apes results in a jutting for-
ward of the jaw called prognathism. In some apes, the jaw muscles
are massive and required the development of a sagittal crest along
the top of the skull to accommodate muscle attachment.

In contrast to that of apes, the human dental battery has smaller
front teeth and greatly reduced canines that have lost the shearing
action found in apes. There is no gap between the front teeth and the
canines, and the premolar is a smaller, nonshearing tooth with two
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Australopithecus afarensis—*“Lucy”

cusps. Molars in archaic humans are
very large, heavily enameled, and
adapted for the grinding of many
kinds of foods; they become reduced
in size and less heavily enameled in
modern humans. The overall den-
tal battery is parabolic rather than
U-shaped. A reduction, in humans,
in the size of the jaw and the front
teeth resulted in a jaw that jutted out
somewhat less than in apes.

These trends in dentition and
skull design are seen in vari-
ous stages in the evolution of aus-
tralopithecines. A. anamensis and
A. afarensis were generally more
apelike in their dentition, with large
canines, large premolars, and a
U-shaped tooth battery. The pre-
molars of A. afarensis were single-
cusped like those of a chimpanzee
but intermediate in size between
those of apes and Homo. The molars
in each of these australopithecine
taxa were enlarged, however, and
showed thicker enamel. A. africa-
nus was further along in the trend
toward smaller, more generalized

teeth with its reduced front incisors and canines, its smaller premo-
lars, and its large, squared molars. The gap between the incisors and
canines is also reduced in A. africanus, although the U-shape of the
jaw is still intact. A. africanus also represented a trend toward a larger

braincase.

Brain Size. The rapid evolution of the size of the hominin brain
is certainly the most remarkable aspect of human evolution. As the
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Comparison of Premolars

\ /A B\ /A

Chimpanzee A. afarensis Human
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Human premolars have a primary cusp (a) and a secondary cusp (b), and
have lost the shearing quality found in chimpanzees and A. afarensis.

hominin brain evolved, it grew bigger, and its neural connections
reorganized to handle more complex processing functions. While
modern technology such as magnetic resonance imaging (MRI) can
aid today’s scientists who study the way the brain works in living
individuals, paleontologists must turn to fossil evidence to ascertain
how and when the hominin brain changed in ancestral humans. Even
though the brain itself is never fossilized, its size, shape, and neural
connections can be determined by making an endocast of the brain-
case. An endocast is a cast made of the brain cavity inside the skull.
Along with the general shape and organization of the brain, an endo-
cast reveals the impressions made on the skull walls by the outside
surface of the brain. This information can reveal much about the size,
shape, organization, and capacity of the brains of extinct creatures.
The fossil record of australopithecines shows that their cranial
capacity remained almost the same—from about 400 to 530 cubic
centimeters—for 2 million years. Then, with the coming of various
Homo species, brain capacity expanded dramatically, from about 630
cc 2 million years ago to some 1,400 cc by about 300,000 years ago. The
brain capacity of hominins has increased by about 400 percent over the
past 3.5 million years. Among the australopithecines being discussed,
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A. africanus showed a marked increase in the size of the brain cavity
over Lucy—550 cc compared with 450 cc—a trend one would expect in
one of the youngest taxa of ancestral humans prior to Homo.

The table that follows compares the average cranial capacities and
encephalization quotients (EQs) of fossil hominins. Also known as
a brain-to-body-mass ratio, the EQ is a ratio that compares the actual
brain mass of an animal with the expected brain mass of an animal
of that size. The ratio becomes less meaningful when the body mass
of an animal is exceptionally large and there are few comparisons to
be made with other animals of the same size (e.g., the elephant, the
blue whale). Devising a quotient such as the EQ provided an objective,
measurable way to compare the potential for intelligence in an animal
even when working with only an endocast of a fossil skull.

Sexual dimorphism. A species is said to be sexually dimor-
phic if there are marked differences in the physical size and shape
of anatomical features between males and females. In living ani-
mals, sexual dimorphism also encompasses color, as in the color
of bird feathers, reptile skin, and mammal hair. Because fossils
provide no clues to the outward appearance or color of a specimen,

AVERAGE CRANIAL CAPACITIES FOR FOSSIL HOMINIDS
(ADULT SPECIMENS ONLY)

Number of Average Cranial

Taxon Specimens CGapacity (CC) Range (CC) Estimated EQ
A. afarensis 2 450 400-500 1.87
A. africanus 7 445 405-500 2.16
A. robustus and 7 507 475-530 2.50
A. boisei

H. habilis 7 631 509-775 2.73-3.38
H. erectus 22 1,003 650-1,251 3.27
Archaic H. sapiens 18 1,330 1,100-1,586 3.52
H. neanderthalensis 19 1,445 1,200-1,750 4.04
Modern H. sapiens 11 1,490 1,290-1,600 5.27

(older than 8,000 years)

Sources: Aiello and Dean (1990), Kappelman (1996), and Holloway (1999).
Note: Estimated EQs are not derived using all the specimens included in the second column.
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Key Traits of Australopithecus Skull

Slight brain
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An australopithecine skull

however, paleoanthropologists look for anatomical differences
between specimens that might be attributed to gender differences.
In the great apes, sexual dimorphism generally is exhibited as dif-
ferences in body size between males and females. Male apes nor-
mally have larger bodies than females. The canine teeth often are
proportionately larger in males than in females as well. These same
trends appear to occur in australopithecines. In A. africanus, female
incisors remain proportionately the same size as those in males, but
female canines and cheek teeth are reduced in size.
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AUSTRALOPITHECUS TRAITS BY SPECIES*

Average Estimated
Earliest Cranial Body
Date Capacity Weight

Species (mya) (cc) (Ibs/kg) Locomotion Dentition
Australopithecus 4.2 unknown  95/43 Bipedal and More apelike: large
anamensis possibly canines; large
arboreal premolars; large molars
with thick enamel
Australopithecus 3.9 450 99/44.7 Bipedal and More apelike: somewhat
afarensis arboreal smaller canines and
premolars; parallel tooth
rows; large molars with
thick enamel
Australopithecus 3.5 450-550  91/41.3 Mostly More humanlike: small
africanus bipedal, but  front teeth, including
somewhat  canines; small
arboreal premolars and molars
*males

Based on Wolpoff (1999), Stanford (2006), and Fuentes (2007)

An exhaustive study of the A. afarensis fossil record was pub-
lished in 2003 by anthropologist Philip Reno of Kent State Univer-
sity and others. This study concluded that the Lucy genus expressed
the same kinds and proportions of physical differences between
the sexes as modern humans. A 2004 study by anthropologist
S.-H. Lee of the University of California, Riverside, used different
statistical methods and came to a somewhat different conclusion,
however. The 2004 study found that “A. afarensis is similar in size
sexual dimorphism to gorillas in femoral [upper leg bone] variables,
to humans in humeral [upper arm bone] variables, and to chim-
panzees in canine variables.” The studies showed that the pattern
of sexual dimorphism found in A. afarensis is a unique mosaic of
patterns seen in living apes and humans. The differences between
these two studies probably are due to the small sample size for some
of the bones being compared. Looking at the three humeral bones
available for A. afarensis, it is not really certain which might be from
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a male and which from a female, so each study (as well as those by
earlier researchers) based its assessment on some other morpho-
logical character of the arm bones that may or may not be due to
sexual dimorphism. Even though their results disagree somewhat,
each of these studies shows a trend in hominin evolution toward
less extreme size differences in many physical features of male and
female hominins when compared with some great apes such as
gorillas.

APPROACHING THE PLIOCENE-
PLEISTOCENE BORDER

This fossil record of Pliocene hominins shows that australopith-
ecines emerged from southern and eastern Africa in a variety
of forms. Their evolution coincided with change in the African
habitat that created a more arid world that consisted of forested
areas and grassy plains. Australopithecines developed adaptations
that enabled them to prosper during such changing times. These
adaptations included bipedal locomotion and modifications to their
teeth to make these hominins capable of adapting to a wide variety
of foods, from the toughest nuts and seeds to soft vegetation. The
robust australopithecines became highly specialized eaters, with
powerful jaws and flat teeth for grinding tough, fibrous roots. This
highly derived adaptation may have made it difficult for the robust
australopithecines to adapt to other food sources.

Although they varied widely in the shape of the skull and denti-
tion, australopithecines in general did not show an evolutionary
trend toward increased body size or cranial capacity. Most were
small creatures, standing around 5 feet (1.5 m) tall and weighing
between 90 and 100 pounds (41 and 45 kg). Two taxa of australo-
pithecines, A. afarensis and A. africanus, had less robust skulls and
a general reduction in the size of their dentition. A. africanus in
particular showed a trend toward larger brain size. It is probably
from these ancestral lines that the first Homo species arose around
the time of the Pliocene-Pleistocene border.

Chapter 2 will explore the rapid rise, diversification, and radia-
tion of the first species of Homo.
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SUMMARY

This chapter explored the emergence, by the end of the Pliocene
Epoch, of the genus Homo as a species distinct from other early

hominins.

1.

Hominin traits—including bipedalism, modified dentition,
and increased brain size—did not appear at once in ancestral
humans. These traits appeared gradually over time in differ-
ent lineages of early hominins.

. The best-represented hominin species prior to Homo include

those of the genus Australopithecus (“southern ape”). This
genus is known from several species that ranged widely in
southern and eastern Africa from about 4.2 million to 1 mil-
lion years ago.

. The cradle of human evolution is believed to be East Africa.

Early humans gradually radiated out of Africa to other
regions, including Asia and Europe.

.Hominins are classified as part of the line of higher pri-

mates known as the Hominoidea. This line includes three
subgroups: the hylobatidae (gibbons and siamangs), the pon-
gidae (pongo-orangutan), and the hominidae (African apes,
including hominins).

. Hominins have an extremely close genetic relationship with

the great apes. The genetic makeup of humans is only 2.7%
different from that of chimps. This makes chimpanzees our
closest relatives among the great apes.

. The key anatomical traits associated with hominin evolu-

tion include bipedal locomotion, reduction of the canine
teeth, reduction in the size of the molar teeth and associated
increase in the thickness of the molar tooth enamel, and an
enlarged brain.

. The most widely known and accepted taxa of Australopithe-

cus are A. anamensis, A. afarensis, and A. africanus, from the
middle to late Pliocene of southern and eastern Africa. These
taxa are the most likely candidates for having an ancestral
relationship with the genus Homo.
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10.

. The robust australopithecines probably split off from the

line of australopithecines that led to the rise of modern
humans.

. The fossil record of australopithecines shows that their cra-

nial capacity remained almost the same—from about 400 to
530 cc for two million years.

Studies of sexual dimorphism in A. afarensis show a trend
in hominin evolution toward less extreme size differences in
many physical features of male and female hominins when
compared with some great apes such as gorillas.



ARcHAIC Homo SPECIES

Between the demise of the last species of Australopithecus, some
1.2 million years ago, and the establishment of modern humans of
the species Homo sapiens, about 200,000 years ago, there is a gulf
in time that is filled with many intriguing clues to the evolution of
modern humans. During that span, the taxon Homo not only arose,
but also rapidly eclipsed its ancestors in several astonishing ways.
Homo species developed into the tallest hominins, adapted a dental
battery of smaller teeth capable of eating a diversity of food types,
and evolved brains that today are roughly three times larger than
those of the most advanced australopithecines.

In piecing together the fossil history of Homo, there is consider-
able debate among paleoanthropologists as to when the speciation
of Homo began. There is also considerable debate as to which speci-
mens prior to 1.5 million years ago should be assigned to the genus
Homo and which to Australopithecus. The disagreement is partly
due to a lack of informative specimens but is also due to disagree-
ments about how to define Homo as a genus.

This chapter traces the discoveries of early Homo, describes key
specimens, and discusses problems of establishing evolutionary
links between modern Homo and ancestral humans.

DEFINING EARLY HOMO SPECIES

Understanding which fossil hominins represent the first species
of Homo is a controversial matter. All hominins were bipedal, had
larger brains than their great ape ancestors, and developed a para-
bolic dental battery, yet there are many differences between spe-
cies of early hominins in all of these regards. Generally speaking,

46
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early hominins become candidates for the genus Homo when their
anatomical features resemble those seen in modern humans more
closely than they resemble those seen in australopithecines.

If Australopithecus represents the last hominin species prior to
Homo, then every hominin species that existed between the decline
of Australopithecus and the rise of Homo sapiens—a span of about
1.8 million years—can be examined on a sliding scale of features
leading to modern humans. Because evolution is such a gradual
process, there are several stages of development leading to modern
Homo. While there is much less controversy over the appearance
of Homo sapiens about 200,000 years ago, much disagreement still
exists regarding the interpretation of fossils representing earlier
Homo species. This is due to a lack of complete fossil evidence—a
problem that scientists hope will be reduced over time with the dis-
covery of still more early specimens.

The accompanying table represents some of the features that
paleoanthropologists consider in assigning hominin specimens
to species of Australopithecus or Homo. Note that in addition
to skeletal remains, the presence of tools at early hominin sites
is considered to be a calling card left by a Homo species—clear
evidence of the increased intelligence and problem-solving and
planning skills that marked an advance over australopith-
ecines. There is, however, some evidence that at least one line of
australopithecines—A. garhi (2.5 million to 2.6 million years ago,
Ethiopia)—may have developed primitive stone tools similar to
the Olduwan tools associated with Homo habilis.

The earliest discoveries of Homo species of great significance
were found in Asia. These included such historic finds as Java Man
and Peking Man (or Beijing Man, based on the modern spelling
of the capital city of China). Java Man was discovered in 1891 in
East Java, Indonesia, by Dutch anatomist and fossil hunter Eugene
Dubois (1858-1940). Dubois’s decision to search for specimens of
early humans in Indonesia went against the conventional wisdom of
the time, which assumed an African origin for the human species.
Dubois, however, was intrigued by the vast network of undisturbed
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TRENDS IN HOMININ EVOLUTION

Features Australopithecus Traits Homo Traits
Skull and Smaller brain Larger brain
crania Larger face in proportion to Smaller face in proportion to
overall skull overall skull
Face often flat or concave Face never concave
Large to moderate brow Large to slight brow
Sagittal crest (some) Vertical forehead
Protruding jaw Domed cranium, no sagittal crest
Receding chin Chin may protrude
Thinner braincase wall Thicker braincase wall
Teeth U-shaped dental battery Parabolic-shaped dental battery
Massive jaw Less massive jaw
Larger incisors and canines Small incisors and canines
Very large premolars and molars, Smaller premolars and molars,
heavily enameled not heavily enameled
Limbs Longer arms Shorter arms
Shorter legs Longer legs, greater height
Curved fingers (climbing) Grasping fingers, thumb, precision
Limited grasping capability in hands grip
Heavier (thicker) postcranial bones Lighter (thinner) postcranial bones
Torso Funnel shaped Cylindrically shaped
Mostly upright Fully upright
Tools Possible early stone tools Early stone toolmaking

caves in Java; and he reasoned that fossils might be found in them,
just as they often were in Europe.

Dubois’s gamble paid off, after several difficult years of field-
work, with a small assemblage of hominin bones to which he gave
the scientific name Pithecanthropus erectus—"upright ape man.”
The specimen, possibly a composite of several individuals, was frag-
mentary, but it provided tantalizing clues to a possible transitional
stage of evolution between the great apes and humans. It became
known as Java Man and was widely touted, even by Dubois, as the
“missing link” between modern humans and apes. The specimen
consisted of a skull cap, the cranial capacity of which was larger
than that of apes; a leg bone that showed characteristics of upright
posture; and a few teeth. The specimen was dated to approximately
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Java Man—H. erectus

700,000 years ago and was at that time the oldest known specimen
of a hominin.

The remains of Peking Man were first discovered near the
capital of China during the middle 1920s by several expeditions
of Western and Chinese paleontologists. Expeditions led by Swed-
ish geologist Johan Gunnar Andersson (1874-1960) and American
paleontologist Walter W. Granger (1872-1941) were the first to
uncover evidence of hominins at the fossil site, between 1921 and
1926. The specimens consisted only of teeth, however. A Canadian
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Peking Man—H. erectus

anatomist who lived in China, Davidson Black (1884-1934) of
Peking Union Medical College, resumed excavations in 1927 and
found additional teeth. Black published a scientific description of
the specimen and gave it the species name Sinanthropus pekinensis
(“Chinese primal man of Peking”), although many paleoanthro-
pologists criticized the naming of a new species based solely on
fossil teeth.
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Black was soon vindicated. Continued excavations at the Chi-
nese site between 1929 and 1937 yielded at least 14 partial craniums,
11 lower jaws, additional teeth, postcranial skeleton elements, and
even stone tools. Peking Man has been dated to about 500,000 years
ago. Both Java Man and Peking Man are now referred to the species
Homo erectus, a more ancient lineage than H. sapiens with roots in
Africa.

The discoveries of Java Man and Peking Man temporarily
turned the search for the first humans toward Asia. By the 1930s,
however, after the work of Louis Leakey (1903-1972) and others in
East Africa, it became clear that the remains of humans that were
being found in Asia were merely evidence of an earlier radiation of
hominins out of Africa.

The earliest known Homo species is that of Homo habilis, the
“handy man,” named by Louis Leakey and his colleagues in 1964.
The original H. habilis specimen was found in the Olduvai Gorge of
Tanzania by Leakey and his wife, Mary Leakey (1913-1996). Because
species of Australopithecus had been found in the same general
location as this specimen, the discovery of H. habilis revealed, for
the first time, that the two species lived and thrived together as
contemporaries. Primitive stone tools had been found previously at
Olduvai, but none of the hominins found previously in the area were
likely candidates for having made such tools—the hominins found
earlier had less dexterous hand anatomy and smaller brains. With
the discovery of H. habilis, the Leakeys had also discovered the most
likely makers of such tools.

The partial skull that figured most importantly in the Leakeys’
discovery was significantly larger than that of Australopithecus.
The cranial capacity of H. habilis was between 500 cc and 700 cc,
whereas the cranial capacity of the East African A. robustus topped
out at around 500 cc.

When the designation was first proposed in 1964, there was a
reluctance to accept H. habilis as an early species of Homo. This
was due in part to the fragmentary nature of the fossil evidence.
It also was because the species appeared to have lived at the same
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time as the more primitive australopithecines found in the same
area. This made it possible that H. habilis and the australopithecines
were actually the same species showing a wider range of variation
in cranial capacity than originally was thought. Additional discov-
eries since the initial description of H. habilis have confirmed the
Leakeys’ original diagnosis, however. This species of early Homo
now is known from several craniums, limb bones, teeth, and other
elements. H. habilis fossils range in age from about 1.6 million to
2.2 million years old.

There remains much debate about the ancestry of Homo sapiens
and about the evolutionary relationship of Homo sapiens to earlier
species of Homo. The accompanying chart provides a glimpse at the
key species of early Homo that are currently recognized and shows
their relationship in time only. This chart does not attempt to draw
links between lineages of Homo, a discussion of which is found later
in this chapter, in the section “A Phylogeny of Early Homo.”

The following descriptions of ancestral Homo species recognize
the species for which there is most consensus among scientists. Other
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Skull of H. habilis found in Koobi Fora, Kenya

possible species are recognized by some. The earliest Homo species
described here is H. habilis, but some paleoanthropologists split this
species into more than one, usually H. habilis and H. rudolfensis.
Similarly, H. ergaster and H. erectus, described here as two separate
species, sometimes are combined into the single taxon of H. erectus.

Early Homo Species

Homo habilis (1.6 million to 2.2 million years ago, East Africa).
Currently viewed as the earliest species of Homo, H. habilis was
short compared with modern humans and retained the longer arms
associated with its probable australopithecine ancestors. Specimens
assigned to this taxon show much variation, leading to debate as
to whether this material comprises one or more species. All of the
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specimens share some generalized traits such as having a smaller
face, moderate to small brows, and a somewhat jutting jaw.

Specimens from the Olduvai Gorge area are smaller; they stand
about 4 feet, 3 inches (1.3 m) tall and have a brain capacity that
ranges from 503 to 661 cc. Specimens found in Koobi Fora, Kenya
differ in a number of ways from those from the Olduvai Gorge in
Tanzania. Known mostly from skull specimens, these Koobi Fora
Homo specimens were larger individuals, perhaps standing 5 feet
(1.5 m) tall. The Kenyan specimens are represented by two variet-
ies. One variety had a smaller face, small back teeth, a moderate
brow ridge, and a cranial capacity of about 510 cc. The other had
a broader, flatter face but small brows, large back teeth, and a cra-
nial capacity of 775 cc. The differences among these specimens
from Olduvai and Koobi Fora suggest that these specimens actu-
ally might represent two or even three species. The name Homo
rudolfensis is assigned by some scientists to the Kenyan specimens
of H. habilis.

Homo ergaster (1.55 million to 1.78 million years ago, Kenya).
H. ergaster (“working man”) is another source of debate among
paleoanthropologists. Specimens assigned to this taxon once were
considered members of Homo erectus, one of the best-known spe-
cies of early humans that is found primarily in Africa, Europe,
and Asia. To some scientists, H. ergaster represents a subspecies of
H. erectus rather than aline that developed separately. Like H. erectus,
H. ergaster represented a significant increase in size for Homo over
its predecessors. Standing up to 6 feet, 2 inches (1.8 m) tall, H. ergas-
ter had an estimated cranial capacity of 750 to 800 cc, twice as large
as that seen in australopithecines.

Notable differences between H. ergaster and H. erectus include
thinner bones in the cranium of H. ergaster. A nearly complete
juvenile specimen of H. ergaster known as the Turkana Boy was dis-
covered in 1984 in Kenya. The shape of the pelvis and the number of
erupted teeth suggested that the specimen represented a 12-year-old
boy. This remarkably modern skeleton provides an excellent contrast
to the other well-known juvenile early hominin skeleton, that of
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H. erectus

Lucy, Australopithecus afarensis, a hominin that lived some 1 million
years prior to H. ergaster. The two specimens provide a remarkable
benchmark comparison of the evolution of derived traits from the
time of ancestral hominins to the emergence of Homo.

Homo erectus (1.0 million to 1.8 million years ago, eastern and
northern Africa, Europe, central Asia, Asia). H. erectus (“upright
man”) is widely known, both from within Africa and outside, and
represents the most dramatic evidence for the startling specializa-
tion of humans and their widespread radiation to other parts of the
globe. This branch of the hominin lineage led to taller, more upright
posture, longer leg bones to enhance locomotion, and large cranial
capacity. The jaws and back teeth became less massive and more
generalized, allowing these emerging humans to eat a wide variety
of hard and soft foods. This was in contrast to the so-called robust
australopithecines living at the same time—hominins whose skulls
and jaws became more muscular, and whose back teeth became
larger for the specialized processing of the hardest foods, such as
nuts and seeds.
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Comparing H. erectus, Lucy, and H. sapiens

The cranial capacity of H. erectus approaches that of modern
humans, with an average capacity of 1,000 cc. This is about a third
less than the average for H. sapiens but twice as large as that of
australopithecines. The cranial bones in H. erectus were thickened.
This is a derived feature found in hominins that results from the
natural selection of progressively thicker skull walls for the protec-
tion of the increasingly important brain of these species.

There is a trend in H. erectus toward smaller teeth and a less
prognathic jaw, although all of these features continue to dis-
tinguish the H. erectus skull from that of modern humans. This
hominin showed a continuing trend toward height and bipedalism
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that equaled, in many respects, the height and erect posture seen in
H. sapiens. With origins as far back as 1.8 million years ago in
Africa, H. erectus eventually traveled widely to live in other lands.
Specimens have been found in the Georgian region of central Asia
as well as in China (Peking Man) and Indonesia (Java Man).
Homo antecessor (800,000 to 1.1 million years ago, Spain). The
discovery in 1990 of another species of early hominin moves the
story of the Homo radiation to Europe back by about 500,000 years.
H. antecessor is known from the fragmentary fossils of more than
six individuals. These pieces reveal a species that was slightly more
advanced or derived than H. erectus. H. antecessor stood up to 6 feet

(continues on page 60)
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THINK ABOUT IT

The Evolving Brain

One of the most important evolutionary traits of humans is a brain that is
dramatically larger than that of humans’ African ape relatives. In examina-
tions of fossil hominins, the cranial capacity, measured in cubic centime-
ters (co), is a feature often cited to demonstrate the gradual development
of larger and larger brains. Interestingly, the first hominin species, such as
the australopithecines, did not show the dramatic increase in brain size
that is found in later Homo species. Although australopithecines’ cranial
capacity indeed increased over the course of their evolution, it never
reached the capacity found in Homo.

The large brain of humans is associated with the most recent stages
of hominin evolution. When looking at cranial capacity from the fossil
record of early Homo species, we see that the development of the large
brain appears to have occurred rapidly beginning about 1.8 million years
ago with Homo ergaster and Homo erectus. Even early Homo species
showed dramatically larger brains than australopithecines: The brain of
H. erectus was twice as large as that of Australopithecus afarensis. Aus-
tralopithecines showed a trend toward a somewhat larger brain. Their
most important legacy when it comes to their biological evolution, how-
ever, was the innovation of bipedalism.

The accompanying chart illustrates the evolution of increasing cranial
capacity in H. erectus, comparing it with that of modern humans.
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(continued from page 57)

(1.8 m) tall and had a cranial capacity in slight excess of 1,000 cc.
The fossil face of a boy from these finds shows such modern fea-
tures as a sharp nose and hollowed cheekbones. Other fragments
suggest less modern aspects, such as a prominent brow and primi-
tive premolars.

GEOGRAPHIC DISTRIBUTION OF EARLY HOMO

Despite the debates over the definitions and lineage of early Homo
species, it is clear that by about 1.8 million years ago, species of Homo
had begun to radiate beyond their points of origin in eastern and
southern Africa. Fossils associated with H. erectus and H. ergaster
make this abundantly clear. This dispersal was fairly quick by geo-
logic standards and was made possible by land bridges that connected
Africa, Europe, Asia, and Indonesia. The earliest H. erectus species
found in Java date from soon after the dispersal from Africa, about
1.6 million to 1.8 million years ago. Other specimens document the
appearance of Homo in Europe (900,000 years ago, Italy); central Asia
(1.75 million years ago, Georgia); and China (1.8 million years ago).
Based on these dates for the appearance of H. erectus in various
regions of the world, one might wonder how a species can first appear
at about the same time in more than one place. Having widespread
fossils dating from about the same time—1.8 million years ago—is not
as problematic as may seem, however. First, differing dating methods
used to ascertain the age of specimens in Africa, China, and Java
might themselves account for a variation in the estimated age of these
fossils; such estimates could differ by tens of thousands of years.
Second, it might very well be that the earliest H. erectus speci-
mens from Africa are yet to be found or, more likely, never will be
found because of the spotty nature of the fossil record. One can
assume that H. erectus probably arose somewhat earlier in Africa
than the officially acknowledged date of 1.8 million years ago.
Finally, even if H. erectus did indeed arise in Africa about 1.8
million years ago, it may have taken less than 20,000 years for this
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population eventually to make its way to Asia on foot, walking the
10,000 to 15,000 miles (16,000 to 24,000 km) from Africa and grad-
ually expanding eastward, generation after generation. While one
hopes that this fossil record will be fine-tuned with the discovery of
additional specimens, the pattern is fairly clear. Homo species—with
their improved intelligence, increased mobility, and growing hand-
made tool technology—found it possible to adapt quickly to a wide
range of habitats and food sources.

The reasons for widespread dispersal of early Homo may be due
to nothing more than Homo’s reproductive success. This assump-
tion is loaded with implications, however: What would make these
mammals more successful than others, including their australo-
pithecine ancestors? Some reasons for the rapid success and radia-
tion of early Homo include the following:

Toolmaking Technology

Until recently, paleoanthropologists assumed that the earliest stone
tools were associated with the first known Homo species, H. habilis,
dating from about 2.5 million years ago. In 1999, however, primi-
tive stone tools dating back to about the same time were discovered
in association with the australopithecine A. garhi (2.5 million years
ago, Ethiopia). Although Homo species eventually took the making
of tools to new levels of sophistication, it appears that at least some
species of australopithecines were as capable of making simple tools
as the earliest species of Homo.

The first stone tools associated with H. habilis were found in the
Olduvai Gorge area and are known as the Oldowan tool industry.
The handmade stone tools from this region were used by H. habilis
and possibly Australopithecus robustus. Two types of primitive Ol-
dowan tools are cutting flakes (for cutting animal hides or scraping
meat from bones) and hammer stones (for pounding hard objects
such as animal bones or creating new cutting flakes from core
stones). The use of tools was an increasingly important adaptive
strategy for early humans. It provided them with the means to shape
their habitat and circumstances to improve their survival.
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There is evidence from the Ivory Coast in Africa that early chimps
fashioned nut-cracking hammers out of stone 4,300 years ago. Most
tools associated with apes, however, are natural objects such as
sticks that have been adapted as tools without the engagement of
toolmaking itself. In contract, Oldowan tools required another
degree of intellect beyond that of apes: the ability to make a tool
from an object that was not naturally found in the form of a tool.
The ability to do this implies a degree of imagination, memory,
planning, and purpose that apparently was at the heart of the suc-
cess of early humans. Furthermore, it appears that even the earliest
Oldowan toolmakers held onto their tools and carried them from
place to place, leaving clues to their presence in numerous locations
throughout eastern and southern Africa.

Somewhat later, between 1.4 million and 1.6 million years ago,
another tool kit of early humans appears. Called Acheulean tools
after a fossil site in France, these were the first stone tools to use
bifacial flaking—the process of carefully flaking two sides of a stone
to produce a sharp edge, or point, where the edges of the flakes
meet. The Acheulean tools apply this superior technology to many
of the basic functions found in the older Oldowan tool Kit: scrap-
ers, choppers, and cutters. In addition, Acheulean technology could
fashion points that were used in hand axes—axes that are held in the
hand without a handle.

Acheulean tools are found at many H. erectus sites ranging from
southern and eastern Africa to Asia and Indonesia. In 1948, after
studying the occurrence of tool artifacts including Acheulean tools,
American anthropologist Hallam L. Movius (1907-1987) proposed
an imaginary line across northern India that marked a difference
between the technology found in Africa, Europe, and central Asia
and the technology found eastern Asia. To the west of the line were
found hand axes and chopping tools; to the east, only chopping tools
were found. What is interesting for this discussion is that the so-called
Movius Line also represents the widespread migration of Archeulean
tools with their respective H. erectus toolmakers, a testament to the
importance of such tools to the adaptive radiation of early humans.
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Food Acquisition

An increase in population size eventually would have stretched the
food resources available to any group of early humans. While they
were adapted well to partake of a variety of foods, from vegetable
to animal, the resources of the savanna were not overly abundant.
Savanna conditions would have required these hominins to fan out
in ever-widening circles to locate food and water. The large brains
of H. erectus also had a higher metabolic cost, making H. erectus
more needy than its ancestors in the acquisition of high-energy
food sources, including animal protein. The need to find more and
better food, especially as population numbers grew, would have led
naturally to the movement of Homo groups across Africa, north to
Europe, and east to Asia.

Competition and Social Harmony

Anthropologist Michael Park of Central Connecticut State University
points out that increased competition among groups of early humans
may have been another reason for their dispersal to greener pastures.
The seasonal watering holes that are found in Africa can become
dangerous meeting grounds when animals of all kinds find refuge
there. A shortage of water is also good enough reason to move from
one region to another. Early humans also may have found themselves
in competition for living space and shelter with others of their own
kind as well as with predatory mammals such as big cats. As they
wandered out of Africa, early humans found new living spaces, new
food sources, and new climates to which they could readily adapt.

OTHER ADAPTATIONS OF ARCHAIC
HOMO SPECIES

In addition to the toolmaking technology that originated with early
Homo species, the spread of H. erectus to widespread corners of the
Old World was accompanied by a number of other innovative adap-
tations that enhanced the success of H. erectus as a species. Along
with their fossil bones, early humans left many traces that provide
evidence for important behaviors and early cultural practices.
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Although we have no idea as to the thinking process of H. erec-
tus, these early humans left behind clues to their behavior in the
form of material culture. Material culture consists of objects and
physical evidence left by hominin cultures and found in the fossil
record. Such clues often can lead to special insight into the lives of
such early people.

Hunting

The activity of hunting does not necessarily require tools; chimps and
lions hunt without weapons. Ancestral humans improved their abil-
ity to hunt, however, using primitive technology. Stone tools predom-
inated in the toolmaking activities of H. erectus well into the middle
of the Pleistocene Epoch, a time popularly known as the Stone Age.
Along with their Archeulean toolmaking skills, there is evidence that
by about 400,000 years ago, early humans were using wooden spears.
Together, the technologies of sharp-edged flaked stones, throwing
rocks, and wooden weapons provided the means for early humans
to hunt and kill game of various sizes. There is evidence supporting
this behavior. Whether early humans sought big game animals—and
the risks associated with hunting them—is less easy to determine.
Certainly, it would have been to the advantage of some populations to
find and hunt large animals. Paleoanthropologist Craig Stanford of
the University of Southern California suggests that actively hunting
big game in northerly climates would have allowed early human pop-
ulations to better adapt and expand their range into new territories.

Hunting provides insight into the workings of the early human
mind. The prospect of hunting requires not only the making of
weapons but also foresight, planning, and a systematized approach
to attacking prey animals that is learned, first, through trial and
error and then, possibly, taught to others.

Some fossil sites contain evidence suggestive of big-game hunt-
ing. The aforementioned wooden spears, discovered in a middle
Pleistocene fossil locality in Germany, were found in association
with the butchered remains of 10 horses and scraping tools for
removing flesh from their bones. This is a particularly rare find
because although it can be assumed that early Homo used wood for
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a variety of purposes, artifacts made of wood rarely become fossil-
ized. Described by German anthropologist Helmut Thieme in 1997
and dating from 400,000 years ago, the spears are the oldest known
completely intact hunting weapons associated with early humans.

Three spears were found, each made by stripping the bark and
branches from a narrow spruce sapling and sharpening one end.
The spears ranged in size from 6 feet (1.82 m) to 7.4 feet (2.25 m)
long. Each was fairly slender; the longest spear had a maximum
diameter of 1.9 inches (47 mm) at the thickest point along its
shaft. The spears were weighted for throwing, not unlike a javelin.
This suggests a stealth hunting style requiring practiced throwing
skill. The tips of the spears appear to have been seasoned by firing
them—evidence of the controlled use of fire by about 400,000 years
ago. In the same fossil-bearing deposit as the spears were found as
many as 10,000 bone fragments. These were mainly from horses,
and many fragments showed evidence of butchery. The conclusion:
The spears were made for hunting large animals.

Middle Pleistocene sites are particularly well preserved in East
Africa. The remains of medium- to large-sized mammals frequently
are found in association with human campsites. Such sites may have
supported as many as 50 people and, according to Milford Wolpoff,
contain a number of different tools associated with hunting and
with butchering meat. Meat, it would seem, was a regular staple of
the hominin diet. Among the tools found at these sites are sharp-
ened flakes used for butchering dead animals and some crude bifa-
cial tools, sometimes with a handle like a pick, that possibly were
used for chopping, shredding, and crushing plants and nuts. Hunt-
ing implements found at these sites include wooden spears, clubs,
and throwing rocks. Animal remains found in the same locations
include a variety of mammals, among them giant baboons.

A hominin site found in England dates from about 500,000 years
ago and includes stone tools and axes in association with a variety
of large mammal remains, including rhinoceroses.

Although organized hunting appears to have been a practice of
early humans, there is also evidence that they were active scaven-
gers. Bones of prey animals found at human fossil sites often show
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such signs of butchering as evidence of the use of flake tools to
scrape meat from bones. Paleoanthropologist Pat Shipman of Penn-
sylvania State University used the power of the electron microscope
to examine many of these sample remains more closely. What she
found was a consistent pattern of tool cuts overlying tooth marks
from other predatory animals. This evidence strongly suggests that
humans were active scavengers as well as hunters and often stole the
kills of other animals in whole or in part for their own consump-
tion. The humans may have waited for predators to leave the scene
or may have frightened them away temporarily, just long enough to
rip off part of the carcass. The humans then took their scavenged
meat back to their safe haven, such as a cave, where the meat could
be butchered for the group to consume.

Based on this abundance of evidence regarding hunting, scav-
enging, and the presence of a wide range of tools at hominin sites,
paleoanthropologist Philip Stein concludes that early humans were
predominantly scavengers and plant gatherers but would hunt if the
need or opportunity presented itself.

Harnessing Fire

Homo erectus probably was the first human species to introduce
the controlled use of fire. Fire was familiar to early humans as a
natural phenomenon caused by lightning strikes or the spontaneous
combustion of wildfires by hot volcanic ash. It is surmised that early
humans may have captured such fire and brought it back to camp to
form a protective barrier against night creatures or simply to manu-
facture warmth. The management of fire, its creation, and its control
would have given early cultures new powers over their lives. Anthro-
pologist Christopher Stringer of the Natural History Museum in
London suggests that fire would have encouraged early people to
gather together around a campfire, enriching their social lives.
Although there is some evidence for the presence of fire at hom-
inin sites going back as far as 1.5 million years in East Africa, it is
not clear whether early humans created these fires. One example
comes from South Africa and dates from about 1 million to 1.5
million years ago. A number of burned bones were found in the
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Swartkrans cave, known for its abundant remains of Australopithe-
cus specimens. Although there is no evidence that hominins started
the fire that burned the bones, chemical tests have shown that these
specimens were burned at a temperature that corresponds to that of
a hot campfire.

The best evidence for the harnessing of fire comes from fossil sites
that date from between 300,000 and 500,000 million years ago in
France, Spain, Hungary, and Asia. This evidence consists of charred
bones and ashes but no actual hearths built to contain a fire.

Fire is of interest because it adds to the repertoire of early human
adaptations for sustaining life. Cooking is not just a luxury that
changes the taste of meat. Cooking preserves meat longer than
would be the case if it were raw. Fire also is an essential component
of warming a shelter in a cold environment—another talent that
may have improved the mobility of early humans into more north-
erly climates.

Shelters

The preponderance of H. erectus evidence shows that these early
humans may have taken shelter in caves. There is little evidence in
the fossil record regarding temporary shelters that they may have
constructed outside of such naturally protective gathering places,
however. Caves would have provided an excellent barrier against out-
side predators. Caves also would have offered shelter from weather
and improved the ability to use fire to keep the group warm. It is
fair to assume that early humans built temporary campsites outside,
an assumption made even more plausible by their growing capac-
ity to devise and make tools. Hard evidence of temporary shelters,
however, will be difficult to find in the fossil record.

A significant fossil location providing evidence of prehistoric
shelters is Terra Amata in France, near Nice. The sites contains a
series of shallow dwellings and living floors dating back as far as
380,000 years, making them the earliest evidence of human dwell-
ings. The living floors contain stone artifacts that some paleo-
anthropologists interpret as representing supports for what were
probably hut walls made of wooden poles. Not everyone agrees on
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this interpretation because the living floors most likely contain an
accumulation of artifacts from many sedimentary layers of earth
that covered the location over time. There is little dispute, however,
that Terra Armata represents an early human living site of some
sort. The site contains many stone tools, animal bones, and traces
of fossilized human feces. Terra Amata was probably a killing site
where animals were butchered.

A PHYLOGENY OF EARLY HOMO

Understanding the family tree of Homo is a hotly debated issue
in paleoanthropology. Such disagreement among scientists is not
uncommon, however, when the availability of data continues to
increase year after year, as it does in the study of early humans. The
practice of science is all about asking questions, clarifying once-
cloudy details, and detecting and correcting error. In this regard, the
continuing discovery of early human fossils provides much needed
data in a field in which the odds of finding adequate information
are stacked against the scientist. A bounty of discoveries during the
past 15 years has outpaced the ability of the scientific community
to fully absorb the new data. This is an excellent problem to have,
but having so much information also makes the picture of human
evolution increasingly complex to interpret.

In Chapter 1 we recalled the words of paleoanthropologist John
Fleagle, who reminded us that the features that define human beings
“are not necessarily linked but rather evolved one by one.” A century
ago, the quest for the “missing link” suggested a simple, straight-line
evolutionary path from the great apes to Homo. The hoax of the
Piltdown Man specimen was the self-fulfilling prophecy of at least
one clique of paleonanthropologists who wanted it to be true. That
straight-line story line began to fall apart, however, as early human
specimens began to crop up in such far-flung places as eastern
and southern Africa, Europe, Central Asia, China, and Indonesia.
Every new published report of a fossil hominin has the potential to
modify our understanding of human evolution. The availability of
more fossil data improves the ability to work out the phylogeny—the
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ancestral relationships—of extinct human species, but the avail-
ability of more data also leads to different opinions. It is important
to view any proposed phylogeny of humans as tentative—a mere
snapshot in time based on currently available information.

Many of the disagreements regarding the phylogeny of ancestral
humans revolve around the definition of given species. We have
described some species of Australopithecus and Homo for which
there is much disagreement. Were H. ergaster and H. erectus two
separate species or one and the same? Was A. robustus actually
a separate species that some call Paranthropous robustus? These
examples represent two generalized approaches to classifying homi-
nins that go by the names lumpers and splitters.

Lumpers are paleoanthropologists who focus on the similarities
among specimens rather than on the differences. By doing this, lump-
ers tend to recognize the widespread diversity within a population
for the purpose of “lumping” most specimens into one taxon. This
approach to classifying a taxon will serve lumpers well until good-
enough evidence presents itself to warrant the recognition of a new
species. Lumpers will group all specimens of Australopithecus into a
single taxon rather than divide them into other species that have been
suggested, such as Paranthropus. An extreme case of lumping in the
study of Homo is the consideration of only a single species—that of
Homo sapiens. In the lumpers’ view of human evolution, every ances-
tor of modern humans is merely an archaic H. sapiens.

Splitters are paleoanthropologists who tend to focus on the dif-
ferences between fossil specimens and will assign specimens to
different taxa based on such differences. Differences that are con-
sidered minor may result in the assignment of new species within
a given genus. Differences that are considered major—such as a
modification of the dental battery—may result in the naming of a
new genus for a given taxon. In the case of the evolution of modern
humans, splitters recognize seven or more species of archaic Homo
leading to H. sapiens.

Using a lumping or splitting approach to classifying early
humans is merely a starting point for putting the pieces of the
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evolutionary puzzle together. As paleoanthropologist Michael Park
points out, “no researcher is always a splitter or lumper.” Likewise,
any good scientist will acknowledge new data that might modify his
or her scheme, continuing the incremental clarification of facts that
is at the heart of scientific research.

Debating the validity of the lumper and splitter points of view is
not a goal of this book. The two approaches are presented here by
way of showing the kinds of issues faced by scientists in their day-
to-day research. What is of most interest in this book is the overall
picture of hominin evolution revealed by the many discoveries of
fossil humans discussed in these pages. For the purposes of this
discussion, this book has focused on the most widely recognized
species of early humans for which there is a preponderence of evi-
dence. These include, as you have seen, a number of early species of
Homo.

Chapter 3 discusses the most recent evolution of Homo and the
emergence of the species H. sapiens during the past 200,000 years.

SUMMARY

This chapter traced the discoveries of early Homo, described key
specimens, and discussed problems of establishing evolutionary
links between modern Homo and ancestral humans.

1. Early hominins become candidates for the genus Homo when
their anatomical features more closely resemble those seen
in modern humans than they resemble the features seen in
australopithecines.

2. The earliest discoveries of early Homo species of great signifi-
cance were in Asia. These included such historic finds as Java
Man and Peking Man, later resolved as specimens of Homo
erectus. These discoveries initially diverted the search for the
earliest human ancestors to Asia.

3. The earliest known Homo species is that of Homo habilis, dis-
covered by Louis and Mary Leakey and named in 1964. The
presence of H. habilis in East Africa confirmed the African
origins of ancestral humans.
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10.

. Specimens of Homo erectus, widely found throughout Africa,

Europe, and Asia, represent several adaptive specializations
leading to modern humans. These adaptations include a
taller, more upright posture; longer leg bones to enhance loco-
motion; and large cranial capacity.

. By about 1.8 million years ago, species of Homo began to

radiate beyond their points of origin in eastern and southern
Africa.

. Reasons considered for the widespread geographic distribu-

tion of early humans include reproductive success, advanced
adaptive technology such as tools, increasing demands on the
availability of natural resources such as food, and competi-
tion with other populations of ancestral humans.

. Other adaptations associated with early Homo species include

hunting, the management of fire, and the likely construction
of shelters.

. Despite its often-fragmentary nature, there is a wealth of

known fossil material for early humans. Much of this fossil
material is newly discovered, having been found in the past
15 years.

. The availability of more fossil data improves the ability to

work out the phylogeny of extinct human species, but it also
leads to different opinions.

Lumpers are paleoanthropologists who focus on the similari-
ties among specimens rather than on the differences. Splitters
are paleoanthropologists who tend to focus on the differences
between fossil specimens and will assign specimens to differ-
ent taxa based on such differences.
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PREMODERN HUMANS OF
THE GENuUs Homo

The Pleistocene Epoch began about 1.8 million years ago and
lasted until about 10,000 years ago. The evolution, diversification,
and geographic radiation of early Homo species began at about
the Pliocene-Pleistocene boundary and expanded dramatically. By
about the end of the Pliocene, the species Homo appears to have split
off from ancestral australopithecine stock, possibly as H. erectus,
and the last remaining species of Australopithecus became extinct.
Chapter 2 discussed the diversity of early Homo species during
the first million years or so of their evolution. This chapter examines
the most recent Homo species to emerge during the past 500,000
years, just prior to and alongside the rise of modern humans in the
form of Homo sapiens. Among these now-lost human species are the
H. neanderthalensis, or Neandertals—the best known early peoples
other than H. sapiens—as well as H. heidelbergensis from Germany
and H. floresiensis from Indonesia, the so-called “hobbit” species.

CLIMATE, GEOLOGY, AND EARLY
HOMO EVOLUTION

The Pleistocene Epoch is also called the Ice Age because during
this time, large masses of ice advanced and retreated periodically,
primarily in the Northern Hemisphere. Earth has been affected
by similar ice ages throughout its history, but the Pleistocene is the
most recent and the only one to affect the human species directly.
During an ice age, during spans called glacial periods, ice
advances over large areas of land. During a glacial period, worldwide
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temperatures cool and sea levels drop as a large portion of ocean
water freezes. At no time during a glacial period does the advanc-
ing ice cover the entire planet. In the Pleistocene, large portions of
North America, Europe, and Asia were covered in ice. Antarctica,
too, experienced increased glaciation during these times. Many
parts of Earth above and below the equator were not covered in ice,
however.

Glacial periods were followed by interglacial periods of warm-
ing, during which ice retreated somewhat for another long span
of time. The average global temperatures during the interglacial
periods of the Pleistocene often were warmer than today. This cycle
of colder and warmer climates was repeated many times during
the Pleistocene. Paleoanthropologist Ian Tattersall of the American
Museum of Natural History has been able to document 15 periods
of major glaciation and as many as 50 minor encroaches of ice dur-
ing the Pleistocene Ice Age in Europe alone. The most recent glacial
episode drew to a close around 10,000 years ago. We currently are
experiencing what appears to be an interglacial episode.

The Ice Age naturally affected the course of life on Earth. When
glaciers retreated, forests spread. When glaciers were in full force in
the northern hemisphere, the climate of Africa became more arid
because of less rainfall, and the deserts of northern Africa expanded
widely. During interglacial periods, desert sands turned into grassy
savannas and once-dwindling wooded areas reclaimed the center of
the continent in the form of succulent rain forests.

The changing environments of the Pleistocene naturally affected
human evolution. The cycle of glaciation during the Pleistocene
waxed and waned on a 100,000-year rhythm. Plant and animal
food sources changed over time, requiring humans to adapt dif-
ferent sustenance strategies. Glacial periods had two consequences
for the migration patterns of humans and other mammals. When
the sands of northern Africa expanded across the width of the
continent, the inhospitable environment effectively blocked any
passage from southern Africa to Europe. In the northern hemi-
sphere, as glaciers advanced, shallow seas froze and land bridges
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formed that permitted the migration of humans and other animals
to adjoining landmasses. One such connection linked Asia and
North America.

The fossil record of the past million years was greatly affected by
the periodic effects of advancing and receding glaciers. Vertebrate
fossils are found mostly in sedimentary rock layers—deposits of
earth and rock that become layered, are compressed, and harden
over time to form rocks. These rock layers contain the bones of
creatures that died in the mud or dirt of ancient times. The move-
ment of glaciers rips apart the earthen crust beneath these rocks,
gouging out sedimentary layers and the fossils that they contain.
Most such hijacked remains disintegrate after they are freed from
the rock in which they were contained, although in some cases, the
fossils might survive long enough to be deposited elsewhere. Such
isolated fossils lose much of their innate value because they have
been removed not only from the informative sedimentary context
in which they were created, but also from other parts of the same
specimen that might convey more complete data about the given
organism. Radioactive and chemical methods can be used on some
fossils to date them accurately, but knowing where such fossils origi-
nated is not easy to decipher. Generally speaking, human fossils
from the middle to late Pleistocene are few and far between. Many of
the best specimens have been found in cave environments that were
unaffected by glaciers and were left abandoned or were naturally
obstructed long ago.

The Homo species discussed in this chapter lived from the
middle to the end of the Pleistocene, during the most recent
period of glaciation. Some paleoanthropologists call these species
“presapiens,” meaning that collectively they represent an adaptive
radiation of Homo species prior to the emergence of anatomically
modern humans. From the standpoint of evolutionary relationships
between species, we assume that all Homo species have a common
ancestor. The identification of this ancestor is still one of the most
hotly debated issues in paleoanthropology, however. As indicated in
Chapter 2, based on current evidence—evidence that is admittedly
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sketchy—many scientists feel that H. erectus currently is the most
likely candidate for the common ancestor of Homo species.

HOMO HEIDELBERGENSIS

The first specimen of Homo heidelbergensis consisted of a lower jaw
with teeth. It was found near Heidelberg, Germany, in 1907. The
name is now used to refer to several widespread specimens found
throughout the Old World, from Africa to Europe and Asia. In com-
parison with H. erectus, H. heidelbergensis had a somewhat more
modern skull, with a higher forehead and larger cranial capacity.
By some measures, the cranial capacity of H. heidelbergensis was as
much as 30 percent larger than the capacity of earlier Homo species
and fell within the range of modern humans.

Other traits of the skull show signs of modernism as well. These
traits include a smaller face, a jaw that juts less than that of H. erec-
tus, a somewhat reduced brow, and somewhat reduced thickness in
the temple area. Other features, though, clearly show that H. hei-
delbergensis was not quite modern. These include its receding chin,
its less domelike cranium, and its limb bones that are still much
thicker and heavier, when viewed in cross section, than the limbs
of H. sapiens.

Specimens from three continents have been assigned to the
taxon H. heidelbergensis and span a time frame of about 400,000
years. A collection of bones including a skull, upper jaw, pelvis, and
other postcranial elements was found in Zambia between 1921 and
1925. These fossils were dated to about 300,000 years ago. Despite
the nearly modern cranial capacity of 1,280 cc of these Zambian
skulls, the specimens possess the thick brow ridges that usually are
associated with older species. The brow was also low and sloped and
the skull more rounded than that of H. erectus.

Another skull assigned to H. heidelbergensis was found in Ethio-
pia. It dates from 600,000 years ago and is quite similar to the Zam-
bia specimen except for its much older date.

A scattering of finds from Europe also has been assigned to
H. heidelbergensis. These finds include fragmentary skulls and limb
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An artist’s interpretation of
H. heidelbergensis

elements from England, Hungary,
Germany, Greece, and France.
These materials have been collected
since 1933 and represent hominins
that lived from about 200,000 to
525,000 years ago, a time span
roughly similar to that of the finds
from Africa that have been associ-
ated with H. heidelbergensis. The
most informative of these speci-
mens is the skull from Germany,
which has a combination of primi-
tive and more derived traits. This
skull features a primitive sloping
forehead and large brows, but its
face is smaller, its jaw is not prog-
nathic, and its teeth are relatively
small.

Fragmentary remains from
China include two badly crushed
skulls with faces from Yunxian
in central China. Dated to about
500,000 to 600,000 years ago, the
skulls have flatter, broader faces
than those seen in the specimens of
H. heidelbergensis from Europe and
Africa. It is not widely agreed that
these archaic Homo skulls from

Yunxian are, in fact, related to H. heidelbergensis. Some scientists
argue, rather, that they are another branch of the presapien lineage

that developed in Asia.

HOMO NEANDERTHALENSIS

If by chance you happen to strike up a conversation with some
friends about human origins, you probably will elicit some blank
stares if you attempt to pepper the conversation with taxon names
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such as Australopithecus and Homo erectus. Mention “Neandertals”
or “cave people,” however, and your listeners will claim to know
exactly what it is you are jabbering about. Almost everyone equates
the name Neandertal—previously spelled “Neanderthal,” before the
German language officially dropped the silent “h” from most words
about 100 years ago—with a kind of obsolete and brutish ape-man,
presumably a “missing link” that bridged the gap between modern
people and their ape ancestors.

The name Neandertal has strong connotations, and you would
not want to be called one. In popular usage, the name implies a sub-
human condition, a failed experiment in evolution, and a stooping
brute of a person with hunched shoulders, a hairy body, and apelike
features. Because you have come this far with me, however, I trust
that such irony is not lost on you. For Neandertals were none of the
above.

The Neandertals’ proper name is Homo neanderthalensis,
although during this discussion, we also may call them Neandertals.
They are a species of Homo that arose in Europe about 200,000 years
ago, became widespread throughout Europe and western Asia by
about 120,000 years ago, and became extinct only 25,000 years ago.
The name Neandertal comes from the Neander Valley near Diis-
seldorf, Germany, where some of the first specimens were found, in
1856. Apart from anatomically modern humans (see Chapter 4), we
understand more about H. neanderthalensis than we do about any
other extinct hominin species. The remains of Neandertals often
are found in association with caves that include tool artifacts, ani-
mal bones, and other clues to the Neandertal lifestyle.

H. neanderthalensis is not a “missing link” in any sense of the
word. Not only do Neandertals postdate the divergence of hominins
from the great apes by a couple of million years, Neandertals were
an entirely separate Homo species. There is still some question,
however, as to whether it was possible for Neandertals and early
Homo sapiens to interbreed, a debate that figures largely in the ques-
tion of the way in which early human populations spread across the
globe (see Chapter 4). The status of Neandertals as a separate species
has not always been widely agreed on. The preponderance of fossil
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evidence in support of this theory recently has been supported by
a comparison of the H. neanderthalensis and H. sapiens genomes,
however, thus proving once and for all the standing of Neandertals
as a kind of Homo separate from all others.

The status of H. neanderthalensis as a separate species also puts
to rest the popular misconception that modern humans are descen-
dants of Neandertals. This is not the case. It is best not to confuse
the two because, as Ian Tattersall explains, “whatever Neandertal
lifestyles were, they were foreign to our own.” Yet the Neandertals
adapted successfully to climate changes and other obstacles in their
path for tens of thousands of years.

The origins of Neandertals are not well understood. Their pres-
ence in Europe is well documented, especially within the past 100,000
years. Some of the earliest proto-Neandertal remains date from
about 300,000 years again in Spain. Prior to that, not much is known.
This lack of data is largely an artifact of the fossil record in Europe,
which was wiped clean to some extent by glacial activity. What is
known is that Neandertals were widespread but isolated in Europe,
the Middle East, and Central Asia. They represent a split from the
lineage of later hominins that later led to the speciation of H. sapiens.
Recent DNA analysis and the development of a Neandertal genome
by paleoanthropologist Richard E. Green of the Max Planck Institute
for Evolutionary Anthropology and colleagues suggest that the lin-
eages leading to modern humans and H. neanderthalensis originally
split from a common ancestral line about 500,000 years ago.

Anatomical Traits of H. neanderthalensis

Neandertals were superficially similar to modern humans. If they
were alive today, one might have difficulty telling them from
H. sapiens. A closer look at their skeletal features, however, reveals
many derived features of their skulls and postcranial anatomy that
clearly distinguish H. neanderthalensis from H. sapiens.

The Neandertal skull is large, with a low forehead and a cranial
chamber that forms a large, low cranium. The cranial capacity of
Neandertals was, on average, as large as that of modern humans, at
about 1,400 cc. There is no evidence to show that H. neanderthalensis
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was as smart as H. sapiens; this is largely because of the structure
of the brain. The brain of modern humans has more space dedi-
cated to functions such as higher thought, spatial reasoning, and
language.

In comparison with modern humans, Neandertals had large,
rounded eye sockets; a prominent, continuous brow ridge; a wide
and high nose; large front teeth; backward sloping cheekbones; and
a small, rounded bulge on the back of the cranium. Neandertals’
teeth projected forward, and the face was much more prognathic
than that of H. sapiens. The chin of Neandertals shows a lot of varia-
tion, from being weak and receding to having an appearance more
like that of modern humans.

The postcranial skeleton of H. neanderthalensis features many
subtle but important differences when compared with modern
humans. If H. sapiens were thought of as a passenger car, H. nean-
derthalensis would be the off-road version with somewhat thicker,
rigid, and heavy-duty components. The ribs of H. neanderthal-
ensis are wide, giving the abdomen a more barrel-like shape. The
forearms are surprisingly short, the knees and ankles are thick
jointed, and the feet are equipped with wide and strong toes. The
shoulders of H. neanderthalensis are broader than those of modern
humans, and the limb bones generally are thicker and heavier in
their composition. The hands and fingers were robust and capable
of a mighty grip. In comparing H. neanderthalensis with modern
humans, it is fair to conclude that the former were more muscular,
stronger, and agile enough to handle themselves quite well. The
early modern humans that encountered H. neanderthalensis were
no doubt lighter on their feet and smarter than H. neanderthalensis
but surely would have lost most arm-wrestling contests with their
hominin neighbors.

Neandertal Technology

The tools of early African Homo species were described in Chapter
2. They included the simple stone tools known from the Oldowan
tool kit dating from about 1.8 million years ago. Oldowan tools
included cutting flakes (for cutting animal hides or scraping meat
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from bones) and hammer stones (for pounding hard objects).
Somewhat later, between 1.4 million and 1.6 million years ago, the
Acheulean tool kit appeared. These were the first stone tools to use
bifacial flaking to create an improved repertoire of scrapers, chop-
pers, and cutters with the same functions as Oldowan tools.

By about 200,000 to 300,000 years ago, there is fossil evidence
for an improved variation on the Oldowan and Acheulean toolmak-
ing techniques found first in Africa and then in Europe. Called the
Levallois technique, after a district outside Paris where it first was
scientifically understood, this toolmaking method is a prepared
core technology. In prepared cored technology, a stone is specially
selected and then used to make multiple flake tools. It involves the
creation of more than one flake of a given size and shape from a
single stone core, usually from a material such as flint that is at once
hard, easy to flake, and capable of making a sharp edge. The flakes
themselves were individual tools used for cutting, scraping, or other
common tasks. Levallois technology produced more tools per core,
an improvement over Acheulean technology. Neandertals probably
were responsible for creating this improved Stone Age technology.
Neandertals continued to perfect the Levallois technique, produc-
ing a variety of specialized tools, some of which were more difficult
to make than others.

Paleoanthropologist Clifford Jolly (b. 1939) of New York Univer-
sity identified several categories of Neandertal tools that were more
advanced than tools made with the earlier Oldowan and Acheulean
technologies.

Mousterian Point and Tools

The term Mousterian, named for a Neandertal fossil site in France,
more broadly refers to a late Pleistocene culture that ranged across
Europe, North Africa, and western Asia during the start of the most
recent glacial period, about 70,000 years ago. Tools made during
this time show advanced Levallois technology and sometimes are
referred to as having been made with Mousterian technology. The
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Mousterian point is a triangular, sharpened stone. It may have been
used as a spearhead. Other Mousterian tools include:

Burin. This was a gouging tool that worked like a chisel and was
used to shave or shape wood.

Borer. This was a stone with a small point that was used to punch
holes in leather.

Denticulate. This was a hand tool with a single rough or serrated
edge; it probably was used to shred vegetation.

Notch. This was a small, rounded stone with a notch, probably for
attachment to a pole or spear.

Backed knife. This was a long piece of flint with a sharp edge and
a grip to protect the hand and provide a firm grasp.

Scraper. This was a thick flake of flint retouched by additional

edging to provide a durable tool for scraping meat from bones.

Jolly notes that these tools are found in many varieties, thus show-
ing that Neandertals had developed many specialized applications
for stone technology. “Their precise workmanship and repeated
production of the same forms,” remarks Jolly, are indicative of
advancing technology and the ability of the Neandertal stoneworker

to learn a tool pattern and repeat it time and time again.

Neandertal Culture

The culture of a hominin groups comprises the accumulation of
acquired and learned behaviors shared by member of the popula-
tion. The concept of accumulated culture is important because it
demonstrates a means by which a group passes along its knowledge
to the next generation to further the survival of the species.

The culture of ancestral humans comprised elements of technol-
ogy, as discussed above; the founding of shelters and settlements;
subsistence practices to feed the group; symbolic behavior such as

language; and other practices, such as burials.
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Settlements and Shelters

There is not hard and fast evidence of the size of Neandertal com-
munities, but the fossil record has been kind enough to leave behind
some clues as to where and how they might have lived. While some
Neandertal groups lived in caves, there is also evidence that others
established shelters in open spaces and among natural formations
protected by rock walls. Because some of this evidence dates from a
period of glaciation, Neandertals surely must have constructed tem-
porary shelters to protect them from the cold and harsh conditions
of the Ice Age tundra.

While most evidence for Neandertal shelters in Europe was
almost certainly destroyed by the movement of glaciers, at least one
intriguing find in the Ukraine offers some clues to the shelter cre-
ated by one group. Artifacts found at the site, in a location that once
was an open space, include an oval ring of mammoth bones that is
26 feet (7.8 m) wide at its broadest point. Within the ring are a vari-
ety of tools, waste bones from meals, and charred remains from six
or more campfires. It has been surmised that the mammoth bones
formed the perimeter of a hut, holding down the edges of animal
skins that were stretched out over the ring using wooden poles.
This evidence stands as one of the only clear signs that Neander-
tals sometimes created temporary shelters. Just how many of these
shelters there may have been in a community, how long they stayed
there, and how many individuals occupied the area is unknown.

Some aspects of Neandertal social behavior also can be extracted
from evidence of their shelters. Neandertals did not appear to invest
much effort in organizing their living spaces or creating zones for
particular kinds of activities, other than to toss bones into a heap.
In the case of fire hearths, there often appear to be more than one
at Neandertal cave and dwelling sites, and the locations of campfires
do not appear to be planned by modern human standards. This is
not to fault Neandertals for being disorganized. What appears to be
sloppy to us might have made sense to them. We are reminded of
Tattersall, who advises against trying to judge Neandertals as if they
were just a step on the path to modern humanity. They were not.
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A drawing of a Neandertal group

Subsistence Practices and Hunting

The accumulation of animal bones at Neandertal sites clearly
shows that they ate meat. While scavenging dead animals may
have been a part of their subsistence culture, it is generally agreed
that Neandertals also were active hunters. The animal remains
found at some sites are impressive. In Crimea, the bones of 287
individual wild asses have been found among Neandertals. The
remains of as many as 1,200 bison are associated with a Nean-
dertal group in Hungary. Other sites across the span of the late
Pleistocene provide evidence that H. neanderthalensis was equally
adept at hunting woolly mammoths, bovines, reindeer, rhinocer-
oses, boar, elk, and horses.

The weapons associated with Neandertals do not include what
could be called long-range implements, such as bows and arrows
and spear-throwing devices created somewhat later by anatomi-
cally modern humans. Neandertals appear to have hunted at close
range, using spears, axes, cutting blades, rocks, and wooden clubs.
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When and how they hunted is difficult to ascertain from the fossil
record, but some clues provide likely scenarios. The presence, for
example, of large animal bones among Neandertal remains pro-
vides clues to the processing and consumption of animal food. The
Neandertal site known as Salzgitter Lebenstedt in Germany is well
known for its accumulation of well-preserved reindeer remains. It is
one of the most northerly Neandertal sites and represents an arctic
setting. Analysis of the reindeer remains suggests several things
about the hunting behavior of these Neandertals. In 2000, paleo-
anthropologists Sabine Gaudzinki of the Rémisch-Germanisches
Zentralmuseum in Neuwied, Germany, and Wil Roebroeks of
Leiden University showed that the selection of adult reindeers indi-
cated an autumn hunt. Once the animals were killed, the carcasses
were butchered, and special attention was given to extracting mar-
row from the bones. This evidence suggests a systematic routine for
processing game.

Another intriguing piece of evidence suggests that Neandertals
sometimes may have conducted mass kills of prey-animal herds.
The French fossil site of Combe-Grenal includes a large number of
horse remains. Analysis of the assumed ages of the animals closely
matches the ages found in active herds. This suggests that an entire
herd may have been killed at one time, possibly swept over a cliff by
a group of Neandertals working together.

Although there is little evidence of food other than meat at Nean-
dertal sites, it is assumed that these hominins had a diet that varied
as much as the diets of later, better understood hunter-gatherers.
Neandertals probably added fruits, berries, nuts, and other vegeta-
tion to their diets as the seasons allowed.

Language

Language is one of the most fundamental behaviors of modern
humans. Can the same be assumed for Neandertals? After all, the
H. neanderthalensis brain was as large as that of modern humans.
The topic of Neandertal language has been a controversial one for
many years. Anatomically, the ability to create many vocal sounds
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with distinctive differences is a function of the vocal tract. Chim-
panzees, for example, are incapable of making the variety of sounds
made by humans because chimps’ vocalizing equipment—including
the pharynx and larynx—are positioned much higher in the throat
than in humans. Neandertals, it appears, had a vocal tract similar
to that of modern humans. Thus, from an anatomical point of view,
Neandertals should have been able to make a wide variety of dis-
tinctive sounds, including vowels.

Whether or not the Neandertal brain was equipped for spoken
language is another consideration, however. Like modern humans,
Neandertals had a brain that was divided into two hemispheres,
each of which was wired to communicate and function with the
other. Unlike the brains of most other mammals, in which one side
duplicates the other as a safeguard against injury—a backup system,
if you will—hominin brains gave up redundancy and used the addi-
tional capacity to expand their cognitive abilities. The language cen-
ter of the modern human brain is not clearly visible in an endocast.
An endocast of a hominin skull can provide only clues to the size,
connections, and outside surface of the brain that once was inside
that skull and so can provide no visual evidence to the presence of
a language center in the Neandertal brain. Scientists who study the
endocasts of Neandertal brains are quick to point out, however, that
the outward size, shape, and neural connections of the H. nean-
derthalensis brain cannot be distinguished from those of living
humans. Neandertals therefore appear to have had the anatomy and
brain functions to engage in articulate speech.

Another clue to solving the puzzle of Neandertal language
comes from recent genomic studies of modern humans and Nean-
dertals. The detection of a “language gene” may hold a clue to the
tirst appearance of language in hominins. In 2002, a research team
headed by Wolfgang Enard of the Max Planck Institute for Evolu-
tionary Anthropology conducted a study of the DNA of a family
in which half the members are severely impaired when it comes to
their linguistic, grammatical, and articulation skills. The team was
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able to identify DNA whose encoding appears to be responsible for
helping humans articulate language and that is absent in the most
closely related great apes. Once introduced, a genomic variation
such as this would have selectively radiated throughout human pop-
ulations, eventually spreading to all humankind. In fact, the team
sampled DNA from living humans on all continents and found the
so-called “language gene” present in every case.

So far, this is the only gene implicated in human speech function.
This makes this gene a likely target for further study in the possible
genetic makeup of ancestral humans.

Could Neanderthals speak? Did they possess the language gene
identified by the Max Planck researchers? The picture became much
clearer in 2007, with the availability of the first completed Nean-
dertal genome. The same language gene was found in Neandertal
samples. Because Neandertals were a species distinct from modern
humans, it appears that the genetic ability to articulate speech was
in the DNA of hominins prior to the split between Neandertals and
those species that included modern human ancestors.

The conclusion, then, is that Neandertals had the means and abil-
ity to develop spoken language. Whether they did so is unknown,
however. Some researchers regard the flowering of language as only
influencing the success of modern humans. As such, the develop-
ment of language in H. sapiens may have been a part of a combi-
nation of behaviors unseen, unneeded, or simply undeveloped in
Neandertals.

Burials

Neandertals deliberately buried their dead. Some well-known fossil
sites consist primarily of burial remains and serve as some of the
best evidence of Neandertal anatomy. The oldest evidence of burial
is located in Israel and dates from 90,000 years ago. The cave of
Kaprina in Croatia, dating from about 70,000 years ago, contained
the remains of 43 individuals, the greatest number of any Nean-
dertal site. The Iraqi site at Shanidar cave contained 9 individuals
buried between 40,000 and 50,000 years ago. At least 12 individuals
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were buried at the site in La Ferrassie, France, which dates from
35,000 years ago.

Neandertal burial sites differ from those of the earliest modern
humans in several respects. All Neandertal sites are found in caves,
whereas some early H. sapiens burial sites are located in open areas.
For the most part, Neandertal burial sites also are unadorned, and
although about half of these sites contains miscellaneous objects
inside the graves, there is no agreement that these objects were
placed there intentionally as grave goods. In many cases of Nean-
dertal burials, the bodies were bent in a flexed posture rather than
being laid out fully extended.

Paleoanthropologists caution not to read too much into Nean-
dertal burials. A modern view of the world would assume that
burial practices are always associated with religious beliefs, but this
is not likely the case at all with Neandertals. Were they honoring
their dead or paying them respect by burying them? Perhaps there
was a more practical reason, such as the disposal of a rotting corpse,
either for sanitary reasons or to hide the remains from dangerous
predators that otherwise might be attracted by the smell of the body.
One Neandertal site in Spain contains the remains of 28 individu-
als whose bodies apparently were hurled down a vertical shaft for
disposal.

Arts

There is some evidence that Neandertals made art objects for
personal adornment. The making of art is a form of symbolic
behavior that is clearly associated with later humans. The skillful
making of stone tools was certainly a craft employed by Neander-
tals, and there are examples of decorated objects made by Nean-
dertals, some dating back 100,000 years or more. These objects
generally include engraved or tooled bones and teeth. Examples
include holes drilled in small, beadlike teeth and parallel lines or
zigzag patterns etched on bones. Evidence of cave paintings, so
prevalent in the caves of early modern humans, is not found at
Neandertal sites.
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HOMO FLORESIENSIS

A previously unknown species of extinct Homo came to light in
2003. Paleoanthropologists Peter Brown of the University of New
England in New South Wales, Australia, and Thomas Sutikna of the
Indonesian Centre for Archaeology, Jakarta, led a team of workers
to the Indonesian island of Flores in search of archaeological clues
to the migration of early H. sapiens from Asia to Australia. Instead,
the team was surprised to discover fossils belonging to a very small
hominin. At first, the team was not certain that the specimen
belonged to a previously unknown species of hominin or merely
represented an example of some pathologic disorder among modern
humans. The finding of additional fossil material since 2003 and
various studies by the team and other researchers now confirm that
this small hominin was actually part of a separate species of Homo.
It has been given the name Homo floresiensis after the island on
which it was found.

H. floresiensis is known from a small but significant set of fossil
remains, including a cranium and mandible and such postcranial
elements as parts of limbs, ribs, shoulder fragments, parts of the
pelvis, vertebrae, and partial hands and feet. As many as eight
individuals are represented by these remains, and all exhibit the
same degree of dwarfism. The average height of H. floresiensis was
slightly more than 3.5 feet (1.8 m). This is shorter than the average
height of the smallest known examples of modern humans, such as
African and Malaysian “pygmies,” who range between 4.5 and 4.9
feet (1.35 and 1.47 m) tall.

In addition to height, several other anatomical features clearly
separate H. floresiensis from H. sapiens. H. floresiensis appears to
comprise a combination of primitive and derived features not seen
in other hominins, thus fortifying its stature as a separate species.
Its cranial capacity is about the same as that of the australopith-
ecines when viewed as a proportion of body weight. H. floresiensis
does not possess the jutting jaw and oversized tooth batteries of
those ancestral humans, however. Instead, the dental plan, skull
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shape and size, and posture appear to be quite modern—factors that
enable this species to be assigned to the genus Homo. Other primi-
tive features of H. floresiensis include a receding chin, robust leg
bones, and long arms that are more like those of australopithecines
than those of modern humans.

Specimens of H. floresiensis span a time frame from 18,000 to
38,000 years ago. Two jawbones that were found are virtually iden-
tical, even though they date from about 3,000 years apart. This is
another indication that these bones belonged to an established spe-
cies rather than to individuals suffering from some form of patho-
logically caused dwarfism that would not be inherited.

Evidence of the lifestyle of H. floresiensis includes small stone
tools and blades similar to those used by other Homo species for
scraping and butchering meat, and the remains of charred bones.
This evidence suggests that this species was adept at hunting and
cooking meat over a fire.

It is the timing of H. floresiensis that troubles some paleoanthro-
pologists. It has been suggested that the species lived on Flores until
about 12,000 years ago, when a massive volcanic eruption could
have wiped them out. Having lived until 12,000 years ago would
make them the most recently extinct example of Homo that was not
anatomically modern. H. floresiensis continued to flourish in rela-
tive isolation, it seems, for about 18,000 years after the last of the
Neandertals.

The reason for the dwarfism of H. floresiensis probably is related
to their island habitat. Although H. floresiensis has a body size com-
parable to that of australopithecines, H. floresiensis’s other derived
features—face, teeth, jaws, and posture—also link it to more derived
Homo species. It would appear that a group of members of an early
Homo species—possibly H. erectus—became isolated on this island
and adapted dwarfism in response to environmental conditions of
this habitat, one of which may have been reduced energy require-
ments that favored small body size. The so-called island effect has
been observed in animals other than hominins. Flores itself includes
dwarf species of other animals, including a form of elephant.
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Thus far, the evolutionary links between H. floresiensis and
other hominins are still being worked out. The evolutionary con-
nections of human ancestry certainly are made more complicated
when it appears that a species such as H. floresiensis could have
forged its own unique trail for so long in such isolation from other
species.

Some of the ambiguities of Homo evolution relate to the time of
known species” appearance and their geographic location. H. flore-
siensis is a surprise in this regard, having had no fossil history from
older hominin settlements in Africa, Europe, and Asia. One must
believe that we are in for even more surprises as fieldwork continues
in other isolated places on the globe.

BECOMING MODERN HOMO

Ian Tattersall remarks that the most important evolutionary devel-
opments leading to modern humans were the advent of “upright-
ness, toolmaking, and striding bipedalism.” Uprightness changed
our anatomy from that of forest dwellers to occupiers of open
spaces. Toolmaking represented the ability of hominins to improve
their lifestyle by changing the odds and devising strategies for
survival that involved tools for hunting and preparing food. “Strid-
ing bipedalism” made humans mobile, allowing them to migrate
beyond their homelands and spread their kind from Africa to
Europe, western Asia, and beyond in a matter of tens of thousands
of years.

The fossil record of pre-H. sapiens hominins also shows that
there was more than one path to longevity. H. heidelbergensis, H.
neanderthalensis, and H. floresiensis all were successful species
of Homo that thrived for a long time despite dramatic changes
to their world—both geographically and climatically—and in
the face of threats from predators that ranged from big cats to
viruses and diseases. They survived for hundreds of thousands
of years.

Chapter 4 explores the rise of modern humans as the best exam-
ple yet of hominin adaptability.
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SUMMARY

This chapter examined the most recent Homo species to emerge
during the past 500,000 years, just prior to and alongside the rise of
modern humans in the form of Homo sapiens.

1

. The Pleistocene Epoch is also called the Ice Age because dur-

ing this time, large glacial masses advanced and retreated
periodically in cycles that lasted about 100,000 years.

. Glacial periods had two consequences for the migration pat-

terns of humans and other mammals. Migration from Africa
to Europe was blocked by extensive deserts of northern
Africa. As glaciers advanced in the Northern Hemisphere,
land bridges formed that permitted the migration of humans
and other animals to adjoining landmasses, such as a link
between Asia and North America.

. The species Homo heidelbergensis includes several widespread

hominin specimens found throughout the Old World. They
had a more modern skull and larger brain capacity than
H. erectus. H. heidelbergensis spans a time frame from about
200,000 to 525,000 years ago.

. Homo neanderthalensis, the Neandertals, are a species of

Homo that arose in Europe about 200,000 years ago, became
widespread throughout Europe and western Asia by about
120,000 years ago, and became extinct only 25,000 years
ago.

. Fossil evidence and a comparison of the H. neanderthalensis

and H. sapiens genomes confirm that Neandertals were a
Homo species separate from all others.

. Neandertals were masters of the Levallois and Mousterian

toolmaking technologies.

. Neandertals were hunters. They lived in caves, rock shelters,

and outside shelters that they made, and they buried their
dead. Although anatomically and genetically capable of using
verbal language, it is unknown whether Neandertals had a
spoken language.
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8. Homo floresiensis is a recently discovered Homo species from
the island of Flores in Indonesia. It was a dwarf species of
Homo with a combination of archaic and modern anatomical
traits. Having lived until 12,000 years ago, H. floresiensis was
the last Homo of the nonanatomically modern Homo species
to become extinct.



THE EMERGENCE oF MODERN
Humans—Homo sAPIENS

It is impossible not to admire the Neandertals. For the better part
of the past 200,000 years, this unique group of early humans rep-
resented the best and most advanced version of what hominins had
to offer. They suffered through a progression of unspeakable trials.
Geologically, Neandertals adjusted to a planet that changed, cruelly,
from moderately comfortable to extremely cold for thousands of
years at a time and to migration paths that opened and closed with
changing glacial conditions. They were threatened continually by
the presence of large, predatory creatures that included cave bears,
big cats, and giant hyenas. Yet Neandertals persisted and thrived,
relying on their intelligence and adaptability to radiate throughout
the glacial regions of Europe and western Asia.

Neandertals had a stick-to-itiveness that cannot be denied. What
they apparently lacked in symbolic thinking and thoughtfulness,
they apparently made up for by their great strength and resolve.
Neandertals were largely an unchanging lot. Once they solved a
problem, they seem to have stuck with the same solution, generation
after generation. Their tools were an elaboration of those of earlier
Stone Age artisans but did not advance beyond the admittedly
difficult-to-master Levallois technology for flaking one rock with
another.

Neandertals’ spears and other weapons were designed for close
combat and never advanced to the kinds of long-distance and
stealth weapons used by later humans, such as spear-throwing
devices, slings, and the bow and arrow. Neandertals stuck with what
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worked for them and rarely veered from the path that had brought
them past success.

About 40,000 years ago, Neandertals apparently encountered an
obstacle for which they were not well prepared. It was at about that
time the earliest modern peoples—Homo sapiens—invaded the turf
of H. neanderthalensis. Within 10,000 years of this first encounter,
Neandertals were extinct, apparently unable to compete for resources
with a growing population of anatomically modern humans whose
language, more effective weapons, mobility, and community culture
made them overwhelmingly superior opponents.

This chapter explores the emergence of Homo sapiens, their biol-
ogy, their geographic radiation, and the aspects of their early culture
that laid the foundation for their longevity as the only surviving
species of the Homo taxon today.

DEFINING HOMO SAPIENS

The term anatomically modern human refers to the species Homo
sapiens, the only living species of hominin. Features that distinguish
H. sapiens from other hominins include a flatter, smaller face whose
jaw does not jut out; no heavy, joined brow ridges; a rounded rather
than elongated cranial shape; a vertical rather than sloping fore-
head; and a protruding chin. The human brain capacity averages
1,350 cc, and the top of the skull lacks the bony crest for the attach-
ment of large neck and jaw muscles that is seen in earlier hominins.
The human eye sockets are smaller; the teeth are smaller, especially
in the front; and the skeleton is generally taller, less robust, and less
muscular than in ancestral hominins.

It is widely accepted that the earliest hominins originated in
Africa, but the origin of the species H. sapiens has been more con-
troversial. There are proponents of an African origin as well as pro-
ponents of origins in Asia.

Two lines of evidence support an African origin for H. sapiens.
The first line is the fossil record, wherein three hominin skulls with
fully modern appearance have been found in deposits in Ethiopia
that date from 160,000 years ago. A second line of evidence for
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an African origin comes from the study of human DNA. Com-
parisons of modern human DNA taken from people whose ances-
tors populated all of the major continents provide clues to the
historical stages of human genetic makeup. This research shows
that mitochondrial DNA—DNA contained in the cytoplasm of a
cell—from African populations contains greater variation than does
DNA from populations in other locations. The implication is that
H. sapiens has existed in Africa longer than the species has existed
on any other continent. This proposition has been called the Mito-
chondrial Eve Theory. The theory was first proposed in 1987 by a
team of biochemists including Rebecca L. Cann, Mark Stoneking,
and Allan C. Wilson. The researchers calculated that the gene pool
comprising modern humans first came into being about 170,000
years ago—a conclusion that does not conflict with the oldest
known fossils of modern humans.

Not everyone agrees with the statistical methods employed to
calculate these results. Milford Wolpoff points out that the central
observation of the Eve Theory “is the fact that genetic variation
within populations is much greater than between populations.”
While this conclusion could mean that human populations have a
“recent common origin,” it also could mean that different popula-
tions had been exchanging genes for a long time, and that variations
from each population have been combined. Paleoanthropologist
John Relethford has shown that the increased variation attributed to
DNA of African origin also might be due to the large size of ancient
African populations and variation that occurred within this large
population. The controversies surrounding the origins of H. sapiens
are explored further later in the chapter, in “Origins and Radiation
of Modern Humans.”

Slightly more recent fossils than those from Ethiopia show that
H. sapiens first spread to the Near East, where fossils of modern
humans dating from 120,000 years ago have been found in Israel.
Fossils also appear in China by about 50,000 years ago as well as
in Australia about the same time. Interestingly, H. sapiens is not
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known from western Europe until about 40,000 years ago, when
specimens known as Cro-Magnon—after a French fossil site—begin
to show up. H. sapiens apparently first spread from Africa to the
Near and Far East before invading the glacial homelands of the
Neandertals in Europe.

EARLY HOMO SAPIENS SPECIMENS FROM AFRICA
AND THE NEAR EAST

Arranged from oldest to youngest specimens

Location Time (years ago) Description

Ethiopia (Herto) 154,000 to 160,000 Skull and jaw fragments
of 4 individuals

South Africa (Klasies 84,000 to 120,000 Fragmentary, several

River mouth) individuals

Israel (Qafzeh) 92,000 to 120,000 20 individuals

Israel (Skhiil) 81,000 to 101,000 10 individuals

Following the rise of early or archaic H. sapiens in Africa and
the Near East, there was a great dispersal of this new species across
the Old World. Just how this took place is the subject of the section
“Origins and Radiation of Modern Humans.” By about 30,000 years
ago, H. sapiens are found in such distant places as Australia and
China. Their move into western Europe, between 30,000 and 40,000
years ago, overlapped with the presence of Neandertals. It is sup-
posed that similar convergences of archaic Homo species occurred
in other parts of the world, where H. erectus was still present but on
the wane as a species.

Many gaps remain in the fossil record of early H. sapiens. In
Asia, little is known about the presence of anatomically modern
humans from about 40,000 to 100,000 years ago. The fact that
H. sapiens remains that date from about 50,000 years ago have been
found in Australia indicates that modern humans of at least the
same approximate age were present in Asia, a stepping-off point for
accessing the Indonesian islands and Australia.
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EARLY HOMO SAPIENS SPECIMENS FROM EUROPE,
ASIA, AND AUSTRALIA

Arranged from oldest to youngest specimens

Location Time (years ago) Description

Australia (Lake Mungo) 40,000 3 individuals

France (Cro-Magnon) 30,000 8 individuals

Czech Republic 26,000 29 individuals

(Predmosti)

Portugal (Abrigo do 24,500 1 individual (child)

Lagar Velho)

China (Zhoukoudian) 10,000 to 18,000 8 individuals

Australia (Kow Swamp) 9,000 to 14,000 40 individuals (many ages)

ORIGINS AND RADIATION OF
MODERN HUMANS

A simplified view of the evolution of modern humans assumes
the emergence of the species H. sapiens from an ancestral line of
ever-more-derived hominins for which brain size and bipedalism
were paramount to these hominins’ adaptive success. Choosing an
ancestor for anatomically modern humans is more complicated than
simply comparing the anatomical traits of ancestral candidates, how-
ever. The matter of the early geographic dispersal of Homo species
to the far reaches of the Old World greatly complicates the issue of
determining when and where the first H. sapiens actually emerged. It
is a discussion full of puzzles. Why do H. sapiens appear in Australia
at about the same time or even earlier than they do in Europe? Did
the species actually develop in Asia first and then work its way back
to Europe? Or, did H. sapiens arise in more than one location along
independently developing branches of the H. erectus lineage?

The incompleteness of the fossil record is the chief obstacle to
solving this mystery. Paleoanthropologists work with the best avail-
able information to ascertain the sequence of evolutionary events
leading to the advent of modern humans. Because, however, it is
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difficult to complete a jigsaw puzzle when most of the pieces are
missing, there remain several respectable hypotheses about the
emergence and distribution of H. sapiens. Two convincing models
of H. sapiens evolution currently are in play, and each has its varia-
tions. These models are the Replacement Model (also known as the
Recent African Origin Model) and the Regional Continuity Model
(also known as the Multiregional Origins Model).

The Replacement Model of H. Sapiens Evolution

The emergence of H. sapiens is easier to picture when it is viewed
as an “Out of Africa” scenario. According to this scenario, H. sapi-
ens evolved in Africa about 200,000 years ago, radiated out of this
area throughout the Old World, and replaced all separate species of
Homo that lived in those places, including Neandertals. This model
was proposed in 1988 by British paleoanthropologists Christopher
Stringer and Peter Andrews.

The Replacement Model is sometimes called the Recent African
Origin Model because it depends on the hypothesis that H. sapiens
is a relatively recent species that arose from ancestral lineages of
Africa. This model does not recognize any transitional hominin
forms bridging the gap from archaic to anatomically modern
humans except for those found in Africa. In its strictest defini-
tion, this model presumes that H. sapiens emerged from Africa as a
completely separate species, and that there was no interbreeding of
H. sapiens with other hominin populations that had taken root out-
side of Africa. H. sapiens simply outcompeted other local hominin
populations in Europe and Asia, utterly replacing them.

In 2002, Stringer himself modified his view to accept the pos-
sibility of limited interbreeding between H. sapiens and premodern
forms such as H. heidelbergensis and H. neanderthalensis. By accept-
ing some interbreeding as part of the model, researchers acknowl-
edge that archaic humans would have contributed to the gene pool
of modern humans—a fact that explains some variations seen in a
range of H. sapiens specimens from eastern Europe, Asia, and other
regions. From the standpoint of the lumper and splitter points of
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view discussed in Chapter 2, the acceptance of possible interbreed-
ing between H. sapiens and archaic humans moves the Replacement
Model away from a splitter point of view in the direction of the
lumper standpoint. That standpoint is also the basis for the Regional
Continuity Model described below. The lessons here are that in sci-
ence, there is room for disagreement, compromise, and the correc-
tion of error, and that the lines between different hypotheses are not
always as clearly drawn as they might appear to the nonscientist.

Several lines of evidence continue to support the Replacement
Model. The earliest fossil hominins, including anatomically modern
humans, are found in Africa. When the dates of these fossils are
compared with the dates of hominin fossils found outside Africa,
there is a definite impression that humans radiated out of Africa to
Europe, the Near East, Asia, and Indonesia. By about 18,000 years
ago, the only human species that remained, with the exception of
H. floresiensis, was H. sapiens. There are, however, clearly fossils
of modern humans—from Portugal and the Czech Republic in
particular—that exhibit a mosaic of traits seemingly like those of
Neandertals and modern humans. Furthermore, as paleoanthropol-
ogist Augustin Fuentes of the University of Notre Dame points out,
several populations of modern humans around the world exhibit
such so-called archaic traits as brow ridges, large teeth, and robust
lower jaws. These examples strongly suggest that the Replacement
Model must accept some degree of interbreeding between early
H. sapiens and other premodern Homo populations.

Evidence from genetic studies, including the Eve Theory dis-
cussed earlier, also supports the Replacement Model. This suggests
that the first major split in the lineage of H. sapiens was between
Africans and non-Africans, and that this speciation first occurred
about 200,000 years ago.

The Regional Continuity Model of H. sapiens Evolution

The story of human evolution contains some complexities that
the Replacement Model cannot easily explain. To some paleoan-
thropologists, the human species has been intact for longer than
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200,000 years, and variations seen in the fossil record are not
indicative of the existence of separate species that would have been
incapable of interbreeding. The Regional Continuity Model, pro-
posed by Milford Wolpoff and his colleagues in 1994, takes into
consideration aspects of the fossil record that are not easily resolved
by the Replacement Model. The Regional Continuity Model says
that modern human populations evolved simultaneously on their
respective continents following the initial radiation of archaic
humans out of Africa.

The Regional Continuity Model, sometimes called the Multire-
gional Model, first denies the existence of separate Homo species
that could not have interbred. In doing this, it takes a lumpers
point of view in respect to H. sapiens evolution. Lumpers consider
all archaic Homo species as part of one large population capable of
interbreeding. According to this model, Homo spread throughout
Africa, Europe, and Asia, and modern humans evolved simulta-
neously in different regions from existing local populations. This
process assumes that individual populations of Homo underwent
similar kinds of changes in different parts of the world. The inter-
breeding of individuals from different populations over a long
period of time resulted in shared genes that now are found in
H. sapiens. The Regional Continuity Model accounts for deeply
rooted variations seen today in populations from different parts of
the world and assumes that premodern humans contributed to the
gene pool that eventually formed the basis of H. sapiens.

While at first this theory appears to suggest the unlikely possi-
bility that the species H. sapiens evolved simultaneously in different
locations, this would not actually have been the case because no
population was entirely isolated from the others. Through geo-
graphic migration, various populations of early humans would have
met, interbred, and created a shared gene pool that now forms the
basis of the species. Proponents of the Regional Continuity Model
suggest that such contact between humans from different regions
would have been enough to maintain the single species H. sapiens.
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Another interesting approach to understanding the origin and
radiation of modern humans is to compare the genetic makeup
of extant peoples of the world. Based on studies of DNA, scien-
tists have been able to trace the possible migration routes of early
peoples. When such genetic data are combined with paleoclimate
data and fossil records of human remains, an intriguing scenario is
formed that fits most neatly with the “Out of Africa” hypotheses of
modern human origins. According to these data, the first radiation
of modern humans came out of East Africa about 100,000 years
ago and moved into other parts of Africa and Asia. Two routes
were taken into Asia. The earlier of these routes hugged the coast
of southern and southeastern Asia and then divided, with one path
going south and another heading north into China, Japan, and
eventually on to the New World by land bridge. The second Asian
route was northerly. It took early humans into the Middle East and
Central Asia, at which point it radiated in all directions, including
westward to Europe and eastward toward the New World. This pat-
tern of radiation is illustrated in the accompanying map.

Although this DNA-based radiation pattern superficially sup-
ports the Replacement Model of H. sapiens dispersal, to some
extent, it also suggests the widespread interaction and interbreed-
ing of Homo species, possibly archaic with modern, in the various
regions to and from which these peoples migrated.

THE CULTURE OF EARLY HOMO SAPIENS

Throughout The Prehistoric Earth, the geologic time scale has been
used consistently to date the times during which any given spe-
cies existed. This system works well when time frames are being
measured in the millions and hundreds of thousands of years. As
the discussion of human evolution of the Pleistocene Epoch edges
closer to the current epoch in which we live—the Holocene—
paleoanthropologists have found it to be convenient to use an
alternative time scale for marking significant stages in the devel-
opment of humans and their culture. Instead of using geologically
based terms such as Pleistocene (for the most recent glacial age) and
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Holocene (the time of our present climate), they have adopted the
term Paleolithic (“old stone age”), a term that is based on the evolu-
tionary development of human anatomy and culture.

Lower Paleolithic (250,000 to 500,000 years ago). The time of
archaic hominins.

Middle Paleolithic (60,000 to 250,000 years ago). The time of
Neandertals and premodern Homo.

Upper Paleolithic (Europe, 10,000 to 60,000 years ago). The time
of anatomically modern Homo.

The time of the emergence of modern H. sapiens in Europe is the
Upper Paleolithic. This span of human prehistory overlaps the geo-
logic time scale at approximately 11,550 years ago, marking the end
of the Pleistocene and the most recent Ice Age. Even before the end
of the Ice Age, however, the revolution stirred by the rise of H. sapi-
ens was beginning to expand exponentially and to touch most geo-
graphic regions of the planet. Modern humans were highly mobile.
They adapted quickly to a variety of environmental conditions and
quickly forged strong cultural traditions that could be taught to oth-
ers and passed along from one generation to the next. Even glaciers
and continental ice sheets could not prevent their rapid radiation.

The artifacts associated with modern humans appear during the
Upper Paleolithic, beginning at about 50,000 years ago in Europe
(earlier in Africa). This development appeared to be the evolu-
tionary payoff for having developed large brains and bipedalism:
Humans began to challenge their environment, adapt to a wider
range of habitats, and change their behaviors as never before. The
result is a rich archaeological record that provides many clues to the
culture of early modern humans.

H. sapiens Technology

The Upper Paleolithic tool technology of H. sapiens was more
sophisticated in several ways than the Mousterian toolmaking
methods of Neandertals. Even though the Neandertals had suc-
ceeded in developing a wide variety of specialized flake tools, the
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variety of tools and the methods of making them did not change
much in their culture. H. sapiens toolmaking also was stone based,
but it began to systematically include the use of stone in combina-
tion with other materials, such as bone, antlers, and wood. Most
importantly, H. sapiens’ new technology included blade tools, each
crafted from a stone flake that was twice as long as it was wide. The
blade added a new dimension to the repertoire of flake tools and
greatly extended the tool kit of early humans.

Blade tools of varying degrees of thickness and sharpness were
used as burins for shaping wood and bone; as borers for punching
holes in skins, bones and other materials; and as scraping knives with
smooth or serrated edges. Blade tools were more complicated to make
than Mousterian tools. Producing blade tools required additional
planning and practice, such as finding an appropriate stone core,
fashioning a striking platform from which to cut blades, and using
one or more techniques to strike a flake from the core. Prepared core
technology is a key feature of Upper Paleolithic toolmaking.

Anthropologist Conrad Kottak explains that the Upper Paleo-
lithic process for making blades was faster and less wasteful than
Mousterian technology: The Upper Paleolithic process produced
15 times the amount of cutting edge from the same amount of core
material. It is also evident that between 17,000 and 40,000 years ago,
H. sapiens not only increased the number of tool types available,
but also began to manufacture them in a standardized manner that
increased the production of quality tools.

H. sapiens were more effective than Neandertals at reconcep-
tualizing tools. H. sapiens found ways to combine different kinds
of objects for new purposes. It was during the Upper Paleolithic
that stone blades were hafted—tied—to wooden shafts to produce
throwing spears. One of the most effective hunting weapons of the
time was the atlatl, or spear-thrower, examples of which have been
found in Upper Paleolithic remains of western Europe. The atlatl
consists of a piece of wood about a foot long with a handle at one
end and a hooked pocket on the back to hold the blunt end of a
spear or dart. Using an atlatl increased the accuracy and distance of



The Emergence of Modern Humans—Homo sapiens

109

the throw and provided a deadly weapon that could be used from a
safer distance than normal, unassisted spear throwing. A few early
examples of spear-throwers have been found in remains that date
from the Middle Paleolithic, but spear-throwers from the Upper
Paleolithic were the first to include elaborately sculpted or engraved
images on the handle. The atlatl was widely used by Upper Paleo-
lithic peoples but soon was supplanted by the even more deadly bow
and arrow, the first examples of which begin to appear during the
Upper Paleolithic.

Along with advancing technology for launching projectiles came
many varieties of deadly points made of wood, stone, bone, and
antler. The sharpest of these probably were designed to pierce the
hide of particular kinds of animals. The barbed and sawlike variet-
ies most likely were used to spear fish. Darts may have been used to
hunt birds.

New technologies improved humans’ access to food and allowed
them to add new sources of nutrition to their diet. The most obvi-
ous evidence of Upper Paleolithic food still consists of the bones of
large animals and the tools used to kill, butcher, and prepare meat
for consumption, but there also exists less obvious evidence for the
increased sophistication of humans’ plant consumption. Traces of
seeds, nutshells, and pollen found at many fossil sites attest to a diet
rich in berries, nuts, and other vegetation. Clifford Jolly points out
that close examination of cutting tools has revealed evidence for the
chopping and slicing of various grasses that might have been a part
of the diet of early humans.

In 1981, Canadian paleoanthropologist Brian Hayden of Simon
Fraser University hypothesized that the change from a glacial to
more temperate worldwide climate dramatically changed the nature
of human subsistence patterns. With the retreat of glacial ice sheets
by about 10,000 years ago, world climates also changed in ways that
benefited expanding human populations. Temperatures rose, and
patterns of precipitation transformed landscapes. While conditions
during the Pleistocene were dry, the Holocene Epoch that followed
was more humid, and that humidity spurred increased plant growth.
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Once-arid grasslands above the equator became dense woodlands.
Below the equator, in Africa, grasslands were transformed into
tropical rain forests.

Animals that once were adapted to glacial climates found it dif-
ficult to survive in the new hot and wet climates. The demise of such
cold-adapted creatures as the woolly mammoths created opportuni-
ties, however, for other creatures that were better adapted for forests.
Humans once again showed their remarkable talent for using intel-
ligence and technology to change with the changing world around
them. They found ways to cultivate new plants and devised different
weapons and strategies for hunting wild game.

The H. sapiens culture of the Upper Paleolithic often is charac-
terized as a hunter-gatherer society. Hunter-gatherers are people
who depend on natural resources for their subsistence. They live
off of the plants and animals available around them and do not cul-
tivate vegetation or livestock. By the end of the Upper Paleolithic,
however, changing climate conditions and growing populations put
a strain on traditional hunter-gatherer lifestyles. Hayden suggests
that more favorable climate conditions led to an intensification of
the use of resources such as food and shelter and to the development
of an increasingly diverse array of technologies to cope with the pro-
visioning of resources. Simply put, societies were becoming larger;
were using up the local plant and animal resources more quickly;
and, because of their size, were less able to pick up and move to
exploit natural resources elsewhere. These trends represent the
advent of Mesolithic economies, the next stage of human cultures
of the Middle Paleolithic. One result of this was an adaptation to
food resources that could be replenished more quickly than previ-
ous resources. Jolly suggests a shift from hunting for the largest, less
populous game, such as mammoths, to hunting for more plentiful
animals that also reproduced quickly, such as rabbits, deer, fish,
and shellfish. This adaptation also included a shift toward plentiful
plants foods such as grains and nuts.

A refinement of this intensification of resource use eventually
led to the domestication of animals and crops, a practice that began
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between 8,000 and 10,000 years ago in the Near East and subse-
quently appeared in Europe and the New World between 4,000 and
7,000 years ago.

Settlements and Shelters

Whereas evidence of Middle Paleolithic shelters associated with
Neandertals is restricted mostly to caves and rock shelters, there
appears to have been a veritable housing boom among H. sapiens of
the Upper Paleolithic. While caves and rock shelters remained pop-
ular, there is much evidence for human-built shelters in open spaces,
often miles from the nearest cave formations. What remains are the
animal bones that once were used to hold down the edges of ani-
mal skins that probably were stretched over a wooden frame. Some
shelters had floors consisting of smooth river stones. When living
in caves, H. sapiens often divided the shelter into areas devoted to
specific activities, such as butchering, cooking, garbage disposal,
and sleeping. In short, modern humans were a better-organized
bunch than Neandertals.

Picking the best location for a settlement was also apparently on
the minds of Upper Paleolithic peoples. In Europe, most evidence
of rock-shelter dwellings indicates that H. sapiens preferred a south-
ern exposure to provide a form of natural thermal regulation with
the rising and falling of the sun. Several studies also have shown
that social groups sometimes moved with the seasons and selected
their sites to maximize access to plant or animal food resources.
Choosing a site that was near a known seasonal migration path for
a prey animal such as reindeer made it much easier to hunt these
animals.

Upper Paleolithic groups appear to have been mobile, staying
on the move throughout the year to follow the availability of plant
and animal resources. As hunter-gatherers, they did not remain
permanently in any location, and they probably moved about in
small groups for most of the year. Depending on the region, there
may have been times when large groups gathered in one location to
exploit a seasonal resource such as a migratory herd of animals or
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a seasonal plant food. Based on evidence of shelters from the fossil
record, individual huts sometimes were large enough to house as
many as 25 people, perhaps the outer size limit of a natural family
unit. The Lower Paleolithic site at Terra Amata (see Chapter 2) is
interpreted by some paleoanthropologists as a site to which humans
returned seasonally for hunting purposes.

Gathering seasonally into large groups would have created new
social opportunities for early peoples. These occasions might have
been a time for exchanging goods with others and for strengthening
the social bonds between otherwise independent groups of hunter-
gatherers. These meetings could be viewed as another important
stage in the gradual evolution of human social culture leading to
practices that eventually flowered in the establishment of perma-
nent communities and basic rules of social engagement.

Language
The evolution of the larger brain of Homo, coupled with that brain’s
division into hemispheres, maximized the storage and cognitive
capacity of modern humans. This added capacity for processing
information was accompanied by the gradual development of a ver-
bal communication system that is unique to humans. The evolution
of human language and of the cognitive skills required by language
give people a means to store, convey, recreate, and pass along cul-
tural information that is critical to society. Imagine how limited
human culture would be without the ability to store information
using symbolic language: The substance of culture would be limited
by what could be acted out with the body or possessed as an object
in the material world. Language, on the other hand, exponentially
expands the ability of a society to create, preserve, and convey the
ideas, experiences, and lessons that enable the human species to
remain viable.

Apes have the innate ability to remember and use verbal expres-
sions. Several historically important studies have shown that apes
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can be taught to communicate with humans through the use of such
techniques as American Sign Language or through images shown
on a computer screen. In 1966, the husband and wife team of Bea-
trix T. Gardner (1933-2008) and R. Allen Gardner demonstrated
that a young chimp could be taught to communicate using Ameri-
can Sign Language. This pioneering work led to many follow-up
studies using a variety of communication methods.

When it comes to language capability, what apes lack and
humans possess is a talent for recombining such linguistic elements
into entirely new combinations and meanings. Language requires
several components: a lexicon of words (the vocabulary) and rules
for combining those words into structured sentences. The rules of
grammar and sentence structure are called syntax. The individual
sounds that make up words are called phonemes, and the words
themselves—meaningful combinations of phonemes—are known
as morphemes. Apes not only lack the ability to combine phonemes
into an infinite number of morphemes, but also lack the cognitive
ability to work with a lexicon of rules in their thoughts. Therein
lies the difference between the verbal calls of a chimpanzee and the
poetry of a human.

It is presumed that Upper Paleolithic humans used spoken lan-
guage. The use of spoken language is one of the reasons given for
humans’ meteoric rise to the top of the Homo heap at the likely
expense of other hominin species around them. One aspect of early
H. sapiens success was the development of a strong social network
of smaller groups. Research in the development of language shows
that language is linked to the social success of the human species.
Wolpoff points out several social functions of language that seem to
have been in play among H. sapiens of the Upper Paleolithic:

» Language represents complex social relations that are based
on mutual expectations.

» Language creates social systems and forges alliances between
people.
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o Language encourages the naming and identification of
individuals.

o Language permits strategic planning.

 Language stimulates differences between groups that might
require action. Such action—such as a disagreement over
traded goods—might be communicated or reinforced using
art or symbols.

Written language did not evolve until about 5,300 years ago,
in Sumer, a country between the Tigris and Euphrates rivers in
present-day Iraq. In the approximately 5,000 years between the
Upper Paleolithic and the Sumerian civilization, H. sapiens prac-
ticed the use of verbal language as well as symbolic expression in
their art and handicrafts.

Burials

In contrast to Neandertals, for whom burial might have been no
more than an exercise in the removal of carcasses, modern hu-
mans began to practice burials as a more symbolic act. Evidence of
H. sapiens burials begins to appear in the fossil record by about
28,000 years ago. The nature of the grave sites varies from region
to region, but most grave sites involve burial pits and often contain
“grave goods,” objects interpreted as symbolic ornamentation that
were placed intentionally on the body when it was buried. Jolly
points out that one-third of known Upper Paleolithic burial sites
include two or more individuals buried together.

The configuration and treatment of bodies also varies greatly.
Whereas Neandertal graves almost always contain bodies that
have been somewhat bent, the bodies of Upper Paleolithic humans
have been found in graves in a variety of configurations, from fully
doubled over to moderately bent to lying straight.

Ritual treatment of corpses may range from the provision of
different amounts and kinds of grave goods with a body to various
ways in which the body was dismembered or colored with natural
pigments. The attention given to a grave might have been a reflection
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of the social standing of an individual. In one most unusual case,
in the Czech Republic, paleoanthropologist Bohuslav Klima of the
Czech Academy of Sciences described the circumstances of three
individuals buried alongside one another. The triple burial was
uncovered in 1987 in the town of Dolni Vestonice. The body in the
middle was that of a teenage female who suffered from such deformi-
ties as a shortened leg, a deformed face, and a crippled arm. She was
flanked by two males of about the same age. The male to her right
had a wooden stake driven through his pelvis, and his right hand
was outstretched to cover the woman’s pelvic area. The male to the
woman’s left was lying face down, with his head turned away from
the woman and his left arm on top of her left arm. The males each
had beads on their heads, and the pelvic region of the female had
been stained red with ochre pigment. The face of one male had also
been painted in a masklike manner.

While the exact circumstances leading up to this highly symbolic
burial cannot be known for sure, Klima believes that the individuals
were all buried at the same time and that the special treatment given
their bodies may have reflected some distinctive social connection.
Were the three related? Did the woman die while giving birth? Were
the men somehow implicated in her fate? Was this a form of ritual-
ized justice?

The Dolni Vestonice story is one of the more unusual ones
involving Upper Paleolithic burials, but it is not the only one that
involves the special treatment of individuals in a manner that might
be considered especially symbolic and meaningful. In 1995, science
author James Shreeve considered Klima’s account and interpreted
the burial as a possible example of ritual sacrifice. “The two male
skeletons were those of her husband and a medicine man—the man
wearing the mask,” wrote Shreeve. “Held responsible for her death,
the men had been compelled to follow her into the afterlife.”

Italian paleoanthropologist Vincenzo Formicola of the Univer-
sity of Pisa has conducted several studies of multiple graves sites in
Upper Paleolithic Europe. In 2007, he published a report on three of
the most peculiar: the Dolni Vestonice site in the Czech Republic, a
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double burial of a preteen boy and girl in Russia, and the burial of
a teenage dwarf boy in the arms of an adult female in Russia. In all
three cases, young individuals were involved, one individual in the
grave had a physical deformity, and unusual grave goods were pres-
ent. In each case, it appears that healthy individuals may have gone
to the grave with an infirm person who died. Formicola suspects
that these all were cases of ritual sacrifice, a practice that has not
been widely considered for the Upper Paleolithic fossil record.

Arts

Unlike their Neandertal contemporaries, modern humans dedi-
cated much time and energy to the production of symbolic objects
and art. Much of this work is remarkable in its depictions of ani-
mals, people, and aspects of life in the Upper Paleolithic. Objects of
art found in such early societies often had both functional and aes-
thetic qualities. Stone tools and weapons sometimes were adorned
with engravings of animals or geometric patterns. The decoration
of practical objects such as tools suggests that an innate appreciation
of design and decoration is part of human nature. The impulse to
create works of artistic interest and beauty appears to be part of the
genome of H. sapiens.

The fossil record of Upper Paleolithic peoples includes objects
made for personal ornamentation or as hand-held sculpture that
go back about 30,000 years. Items such as small carved figures of
people and animals have been found throughout Europe and Asia.
Some are carved from bone, ivory, wood, or stone; others are shaped
from clay. The skill and imagination required to create such works
are fully modern. One example, found in Germany, is a remarkable
carving, about 12 inches (30 cm) tall, that was made between 26,000
and 30,000 years ago. Sculpted from a piece of mammoth tusk, it
depicts an upright figure that resembles a man but with a lion’s head
and forelimbs instead of a human head and arms. Art historian
Marilyn Stokstad notes that this sculpture clearly is a work from
the imagination rather than a copy from nature. Thus, even at this
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early stage in the development of art, humans already had become
engaged in a thinking process that transcended the mere imitation
of reality—an enduring, underlying theme and motivation even
for the most forward-looking art of our own time. Other examples
of small animal sculptures in many styles are found throughout
Europe and Asia.

Female figures are the most common form of human sculpture
found from the Upper Paleolithic. The styles and the materials used
to create these sculptures vary widely. The Woman of Willendorf is
a small stone sculpture, 24,000 years old, from Austria. The Wil-
lendorf artist greatly exaggerated the rounded form of the woman’s
head, breasts, torso (the figure is possibly pregnant), and legs. The
figure most likely was created as a depiction of female fertility and
good fortune. Other female figures are less exaggerated, such as a
small female figurine discovered in the Czech Republic and known
as the Woman from Ostrava Petrkovice. She was carved 23,000
years ago. The partial figure is made of the mineral hematite. The
woman is a more slender, fit individual than the Woman of Willen-
dorf and is depicted in a pose that suggests walking.

Beads, pendants, and other forms of personal ornamentation
made from bone, ivory, stone, and clay also were common. The
making of female fertility figures and other likenesses of people and
animals suggests to many anthropologists that art played a role in
the lives of early peoples as a means of acting out symbolic behavior,
possibly as part of rituals that were part of local cultures.

Another form of art for which Upper Paleolithic peoples are
known is cave painting. More than 350 sites of cave art are known,
primarily in France and Spain. Only 150 years ago, most of these sites
still were unknown. This is primarily because such paintings often
are located in caves that are hidden or difficult to access. While the
caves frequently show evidence that groups of humans sometimes
occupied them, it appears that the caves often were too remote and
inaccessible to have served as permanent shelters. Instead, the caves
served as gathering places for special purposes. There is evidence
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that some caves were visited over the course of hundreds of years.
The purpose of the cave paintings, it seems, possibly was related to
rituals for which the group occasionally would gather.

The earliest cave art dates from 32,000 years ago and is found
at Chauvet, in France. The caves of Lascaux, in Dordogne, France,
are much younger; they date from about 15,000 to 17,000 years ago.
Lascaux is well known for its large number of images and remark-
ably colorful depictions of painted animals. Of the nearly 2,000 wall
paintings found in Lascaux, many depict horses, bison, and deer.
A smaller number provide glimpses of birds, cats, bears, a rhinoc-
eros, and at least one person. The Altimira cave in Spain dates from
about the same time as Lascaux and is known for its actual tools and
other objects as well as for wall and ceiling paintings of animals and
human hands. Cave paintings found in Africa, Southeast Asia, and
Australia are decidedly younger, dating from about 2,000 years ago.

Some caves include evidence for the materials and methods
used to create these paintings. Paints were applied using fingers or
brushes made of hair or by a blowing technique in which the art-
ist sprayed color pigment from the mouth, using the hand or other
objects to stencil broad shapes on the cave wall. The color pigments
used came from naturally occurring materials such as iron oxide—
red ochre—and charcoal. Stone lamps filled with animal fat would
have been used to light a dark interior so that an artist could work.

It once was thought that cave paintings of animals were created
to provide good fortune on the hunt. Studies by French anthro-
pologists André Leroi-Gourhan (1911-1986) and Annette Laming
(1917-1977) showed, however, that this probably was not the case
because the animals most often depicted in the caves were not
the ones most frequently consumed by the clan. Furthermore, the
two researchers each detected consistent patterns for the spatial
organization of specific animal images in many of the caves that
they studied. The making of cave art apparently was a thoughtful,
well-planned activity that may have been preconceived with other
rituals and group activities in mind.
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A Lascaux cave painting



120

EARLY HUMANS

INTO THE MODERN

The foundations of human culture evolved rapidly after the estab-
lishment of anatomically modern humans. The earliest human
records from the Upper Paleolithic include refined works of sculp-
tural and painted art. Humans’ tool technology became diverse in
the perfection of specialized devices for many practical purposes
and began to integrate materials other than stone. The develop-
ment of human thought—the conceptual mind—is also evident in
the planning, imagination, and functions illustrated by many kinds
of fossil evidence: the optimal locations of dwellings; the spatial
organization of early human homes; the planning of ritual spaces,
such as caves, where wall paintings provided the context for social
gatherings; the making of blade tools; burials that hint at sacrifice
and ritual; and strategies for effectively hunting, butchering, cook-
ing, and sharing animal food. It is most likely that language also was
one of the attributes that began to flower during these early stages
in the rise of H. sapiens.

The close of the Upper Paleolithic brought the world’s hunter-
gatherer tribes to the threshold of a new stage in the evolution of
humans and their culture. As recently as 20,000 years ago, humans
still lived in relatively small, mobile groups that lived off the land.
Increasing population sizes required new strategies for provision-
ing food, leading to the first domestication of plants and animals.
As settlements became larger, people’s mobility lessened. By about
5,000 years ago, large population centers had emerged, and the era
of documented history commenced with the advent of writing.

The intervening years from the Upper Paleolithic to the present
saw an explosion of additional technological, social, and cultural
changes in the human race. Humans still are evolving, both biologi-
cally and culturally.

SUMMARY

This chapter explored the emergence of Homo sapiens, their biology,
their geographic radiation, and aspects of their early culture that
laid the foundation for their longevity.
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10.

. The term anatomically modern human refers to the species

Homo sapiens, the only living species of hominin.

. It is widely accepted that the earliest hominins originated in

Africa, but the origin of the species H. sapiens has been more
controversial, with proponents of both an African origin and
origins in Asia and other locations.

. Fossil evidence and studies of variations in human DNA sup-

port an “Out of Africa” origin for H. sapiens.

. The Replacement Model of modern human origins states that

H. sapiens evolved in Africa about 200,000 years ago, radi-
ated out of this area throughout the Old World, and replaced
all separate species of Homo living in those places, including
Neandertals.

. The Regional Continuity Model of modern human origins

states that modern human populations evolved simultane-
ously on their respective continents following the initial
radiation of archaic humans out of Africa.

. H. sapiens developed blade tool technology, a more efficient

and economical means for making tools from stone.

. H. sapiens lived in caves, rock shelters, and open spaces where

they constructed shelters. They were a mobile people, prob-
ably moving seasonally to follow the availability of plants and
animals throughout the year.

. Upper Paleolithic humans probably used spoken language.
. Burials provide evidence of ritual behavior and possible

human sacrifice in early human cultures.

Upper Paleolithic art in the form of sculpted figures, orna-
mentation, inscribed tools, and cave paintings demonstrates
that art played a role in the lives of early peoples as a means for
acting out symbolic behavior and as a form of expression.



CONCLUSION

Human Evolution in a
Changing World

In its 10 volumes, The Prehistoric Earth has traced the evolution-
ary history of life on Earth. The series has focused primarily on the
natural forces that have affected the adaptation and speciation of
vertebrates since the appearance of the small, basal fish Myllokun-
mingia in Asia 525 million years ago. Evolution is a continuing pro-
cess that affects every form of life every day.

Humans are part of an interrelated biological web that includes
all living organisms. Modern humans are part of a relatively recent
thread of the vertebrate family tree. Whereas culture and the evo-
lution of specialized adaptations have allowed humans to adapt to
nearly any climate and geographic space on the planet, there also
is little doubt that human expansion often has gravely affected the
lives and the very existence of other organisms, from animals to
plants and even to microorganisms, both on land and in the sea.
Humans are equally affected, however, by the biological forces of
evolution.

An aspect of human evolution that is sometimes misunderstood
is that of race. Because all humans—Homo sapiens—are part of the
same species and capable of interbreeding, there is no biological
basis for considering differences in race as being synonymous with
different species. Kottak defines race as a “geographically isolated
subdivision of a species,” with members of a given race sharing
“distinctive physical characteristics,” such as skin color, because of
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their common ancestry and “inheritance of the same genes.” From
the standpoint of a breeding population, races are not biologically
distinct. The term race often is hijacked by political leaders, govern-
ments, and religious figures as a means to discredit and diminish
the equality and rights of racial groups that are different from the
majority group—a misrepresentation of science and morality that
should be avoided at all costs. The importance of treating all people
fairly is echoed by the American Anthropological Association in
their statement on race:

How people have been accepted and treated within the context
of a given society or culture has a direct impact on how they
perform in that society. The “racial” world view was invented
to assign some groups to perpetual low status, while other were
permitted access to privilege, power, and wealth. ... Given
what we know about the capacity of normal humans to achieve
and function within any culture, we conclude that present-day
inequalities between so-called “racial” groups are not con-
sequences of their biological inheritance but products of his-
torical and contemporary social, economic, educational, and
political circumstances.

Differences in skin color are an interesting aspect of race. Skin
color shared among different populations does not always indicate
recent common ancestry. Dark-skinned native Australians and
Africans developed dark skin without being related to one another.
The answers to the questions of “why” and “how” lie in natural
selection. Dark skin contains larger granules of the chemical mela-
nin, a feature of skin that provides natural protection against the
ultraviolet rays of the Sun. Setting aside factors related to human
migration, people with ancestral roots in tropical habitats tend to
have naturally darker skin than people outside the tropics. This
naturally darker skin provides added protection against sunburn
and disorders such as skin cancer. In colder northern or southern
climates, where the Sun’s rays are less intense, screening out ultra-
violet rays is not as necessary as it is in the tropics. In these cooler
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climates, native peoples have fair skin to maximize absorption of
the Sun’s rays.

Recent human history and marriage between peoples of differ-
ent races has naturally modified the biological distribution of skin
color across the globe. The example of skin color is affected by both
natural selection (the prehistoric geographic origin of a people) and
the continuing history of human migration and ancestry that dis-
tributes skin color traits among populations through inheritance.

Humans still are evolving, but it is not likely that we will expe-
rience the kind of meaningful evolutionary changes—such as the
rapid increase in brain size—observed in the rise of early homi-
nins. The ability of such biological innovations to become fixed in
the population requires a small, genetically unstable population in
which a small change can be inherited and expanded, generation
after generation.

Ian Tattersall points out that “for true innovations to arise and
to become permanently incorporated into some component of
the human population, it will be necessary for that population to
become fragmented.” Without small, isolated populations for natu-
ral selection to act on, it is unlikely that additional, large-scale bio-
logical changes can become part of the human gene pool. Human
population has been expanding exponentially across the planet,
making such isolation increasingly improbable.

This is not to say that humans are evolving less than before.
Recall that evolution has no direction, has no particular pace, and
has no expected outcome. It begins only at the level of the individual
and in what that person is able to pass along to offspring in the way
of inherited traits. Although large-scale biological changes to the
human species—even the development of new human species—is
now inhibited by the effects of population growth, the forces of evo-
lution continue to affect people in many ways.

The development and spread of infectious diseases are connected
intimately to changing environments, biology, and human behav-
ior. The common cold is caused by a virus that can produce minor,
nonlethal discomfort in millions of people every year. Deadly
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variants of the cold, such as Severe Acute Respiratory Syndrome—
or SARS—can jump from animal populations to infect humans
through molecular adaptation. SARS originated in such wild and
domesticated animals in China as the civet cat, the dog, and the
badger. The virus was able to jump to human populations when
people in China began to butcher and eat infected animals. Once
in the human population, SARS quickly evolved into a potentially
lethal form that was spread as the common cold is spread.

SARS spread quickly from China to several other countries when
unwary infected individuals traveled by airplane. It advanced sud-
denly to epidemic proportions in 2002 and 2003, killed more than
750 people, and then stabilized. Changes in human behavior—
recognizing the illness, preventing the travel of infected individuals,
and preventing the consumption of infected animals—helped bring
SARS under control.

Every time an individual dies, the genetic variation represented
by that person’s individual DNA is removed from the pool of all
human genes. Epidemic diseases such as influenza and even SARS
have the potential to kill many thousands of people, thereby remov-
ing their unique genetic makeup from the mix. “After an epidemic
is over,” explains paleoanthropologist Agustin Fuentes, “the popu-
lation that remains is genetically different from before (in terms of
allele frequencies). Evolution has occurred.”

Human behavior and technology continue to have enormous
effects on the success of the human species. We are living in times
of increasing diversity in human populations. The ability of people
to travel freely across the globe allows individuals from all over the
world to meet and reproduce. The mating of people with varying
ancestry not only contributes to human diversity but also stabilizes
the inherited factors that have become fixed in human populations.
This is why, as Tattersall has explained, we cannot expect any dra-
matic morphological or even cognitive changes in the human race
unless some part of the population becomes genetically isolated.

This is not to say that human evolution never again will undergo
another dramatic change. While the inheritance of traits is a key
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factor in natural selection, so, too, is the ability of the organism to
adjust to changes in its environment. One can find many examples
in history of events that literally changed the rules of the game for
life on Earth. For many species of organisms, the ability to survive
and adapt to ever-changing environmental conditions ensures their
longevity throughout the ages. Nature does not grant the survival
of a species forever, however. There are times when even the hardi-
est of species fail to survive a gradual or sudden modification to
their habitat. The fossil record confirms the fact that no species
lasts forever. Every species eventually becomes extinct. Sometimes
the cause of an extinction is so vast and so sudden that hundreds,
perhaps thousands, of species are affected. A rapid change of this
nature that wipes out significant numbers of species is called a mass
extinction.

The spread of infectious disease is a recurring theme in human
history. The Black Plague, which spread through Asia and Europe
during the fourteenth century, may have killed as many as 25 mil-
lion people in just a few years. The example of SARS, mentioned
above, although an example of a disease that was quickly contained,
reminds us that new strains of infectious disease can arise, evolve,
and spread rapidly if left to do so without preventive measures.

HIV infection—infection by the human immunodeficiency
virus—is another case in point. Although there still is no cure for
AIDS—acquired immunodeficiency syndrome, the disease caused
by the HIV virus—measures have been achieved to manage the
health and longevity of people who have contracted the infection.
Even so, the HIV virus is the widest known infectious disease in
history. According to the Joint United Nations Programme on HIV/
AIDS, an estimated 38.6 million people worldwide were living with
HIV in 2005. In the same year, about 2.8 million people lost their
lives to AIDS, and another 4.1 million became newly infected. This
is the kind of pandemic that, if left unchecked, could change the
course of evolution of human populations.

The role of technology both helps and hinders the occurrence
and spread of deadly disease. Human mobility makes it likely that
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infectious diseases can spread far and wide more quickly than in
the past. The technologies for curing disease, however, are not dis-
tributed equally to all segments of the world’s population. While
people living in industrialized nations have ready access to medical
technology, those who live in less sophisticated societies may suffer
more. The evolutionary effects of infectious disease may act more
severely on one population than another, thus shifting the balance
of the gene pool in favor of people of privilege.

The physiological features of modern humans are affected by
cultural habits and eating behavior. Obesity in particular is a prob-
lem in many industrialized nations such as the United States, where
people consume increasing quantities of processed and fast foods.
The long-term effects of obesity and other nutritionally based mala-
dies are unknown from an evolutionary standpoint. To some extent,
however, they affect the ability of people to lead healthy lives and
reproduce, thereby affecting the flow of genes within populations.

The course of human evolution also could be changed by a dra-
matic change to the world in which we live. Earth has undergone
five major mass extinction events during the past 485 million years,
the most famous being the demise of the last of the dinosaurs 65
million years ago. Such mass extinctions are caused by widespread
geologic and climatic events that disturb habitats and interrupt the
life cycles of existing organisms. Massive volcanic activity and even
asteroid strikes have been implicated in several mass extinctions.
Even humans, with all of their technology, will most likely be pow-
erless to prevent such natural disasters in the future.

Some scientists claim that we currently are experiencing the time
of the sixth great mass extinction, an event brought on the planet
by humans themselves and by the stresses that modern technolo-
gies have placed on the environment, on natural resources, and on
the companion species that share the world with people. Whether
human technology will enable some members of the species to
survive in the aftermath of such a disaster is a valid question, as is
the question of how the forces of natural selection will act on the
remaining populations of survivors, however fragmented.
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The future of the human species will not necessarily be bleak,
however. The forces of evolution and natural selection and the
amazing ability of humans to adapt to the world around them result
in successes as well as failures. There is no way to control which
sort of result will dominate the other. We hope that this series, The
Prehistoric Earth, has provided insight into the scientific method
and the forces of evolution that affect the development of all organ-
isms on the planet. Understanding the way that evolution works
also acknowledges the kind of critical thinking and collaborative
research that is an innate practice in science. Charles Darwin lauded
the inner workings of science when he wrote:

“Nothing before had ever made me thoroughly realize, though
I had read various scientific books, that science consists in
grouping facts so that general laws or conclusions may be
drawn from them.”
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APPENDIX Two:
PosITIONAL TERMS
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Positional terms used to describe vertebrate anatomy
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GLOSSARY

adaptations Anatomical, physiological, and behavioral changes
that occur in an organism that enable it to survive environmental
changes.

adaptive radiation The diversification of a given population as it
adapts to available ecological niches.

anatomically modern humans Hominins of the species Homo sapiens.

anatomy The basic biological systems of an animal, such as the skeletal
and muscular systems.

anterior Directional term meaning toward the head, or cranial, end of
a vertebrate.

anthropoids Higher primates (monkeys, apes, and humans).

anthropology The study of human culture, evolution, and language.

australopithecines Genera of ancestral humans that date primarily
from the Pliocene Epoch.

bipedal (bipedalism) Walking upright on two legs.

blade tool An Upper Paleolithic toolmaking technology that used a
stone flake twice as long as it was wide.

clade A group of related organisms including all the descendants of a
single common ancestor.

culture The accumulation of acquired and learned behaviors shared by
a population of organisms.

derived Term used to describe a trait of an organism that is a departure
from the most basal (ancestral) form.

diagnostic trait A measurable feature in the morphology of a fossil
that can be used to identify members of a given clade or taxon of
extinct animal.

DNA Deoxyribonucleic acid; the molecule that carries genetic code
and that is found in every living cell of an organism. Genes are
located on strands of DNA.

encephalization quotient (EQ) Also known as a brain-to-body-mass
ratio; a ratio that compares the actual brain mass of an animal with
the expected brain mass of an animal of that size.
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endocast A cast made from the brain cavity inside the skull; an
endocast shows the approximate size, shape, and connections
associated with a brain.

evolution The natural process by which species gradually change
over time, controlled by changes to the genetic code—the DNA—of
organisms and whether or not those changes enable an organism to
survive in a given environment.

extant Term used to describe an organism that is living today; not
extinct.

extinction The irreversible elimination of an entire species of
organism because it cannot adapt effectively to changes in its
environment.

foramen magnum A hole in the bony base of the skull that marks the
point of connection between the skull and the vertebral column.

forelimbs The two front legs of a vertebrate.

fossil Any physical trace or remains of prehistoric life.

gene A portion of a DNA strand that controls a particular inherited trait.

gene pool The combined genetic makeup of a species population.

genome The complete genetic instructions embodied in the DNA of a
species.

genus (plural: genera) A taxonomic name entity for one or more
closely related organisms that is divided into species; names of
organisms, such as Tyrannosaurus rex, are composed of two parts, the
genus name (first) and the species name (second).

glacial Term used to describe a period of glaciation, or ice-sheet
formation.

hominin (alternatively: hominid) Fossil and living humans.

Homo sapiens Modern human species.

hunter-gatherers Term used to describe a population that relies
on the availability of natural plant and animal resources for its
subsistence.

interglacial Term used to describe a period between glaciations when
ice sheets retreat.

material culture Objects and artifacts left by hominin cultures and
found in the fossil record.

metabolism (adjective: metabolic) The combination of all biochemical
processes that take place in an organism to keep it alive.

morphological Pertaining to the body form and structure of an
organism.
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natural selection One of Darwin’s observations regarding the way in
which evolution works; given the complex and changing conditions
under which life exists, those individuals with the combination of
inherited traits best suited to a particular environment will survive
and reproduce while others will not.

neural Pertaining to the nerves or nervous system; term used to
describe nerves and associated connections to the brain.

New World The Americas.

Old World Africa, Asia, and Europe.

paleoanthropologist Scientist who studies human origins using fossils
as a key source of information.

paleontologist Scientist who studies prehistoric life, often using
fossils.

phylogeny The family tree of a group of related organisms based on
shared, inherited traits.

population Members of the same species that live in a particular area.

postcranial “Behind the head”; term generally used to refer to the
portion of the vertebrate skeleton other than the head.

posterior Directional term meaning toward the tail end; also known as
the caudal end.

predator Animal that actively seeks, kills, and feeds on other animals.

prognathism Having a jaw that juts forward from the face; a primitive
trait of hominin anatomy.

robust Having a relatively larger, more muscular body.

sagittal crest A bony ridge on top of the skull.

sedimentary Word used to describe layers of rock deposited over time;
sedimentary rock may contain fossils.

sexual dimorphism Variation between males and females of a species.

speciation The evolution of new species.

species In classification, the most basic biological unit of living
organisms; members of a species can interbreed and produce fertile
offspring.

taxon (plural: taxa) In classification, a single kind of organism; the
word taxa describes a group of related organisms.

theory A comprehensive, testable explanation about some aspect of
the natural world that is backed by an extensive body of facts over
time.

transitional Representing one step in the many stages that exist as a
species evolves.
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