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6

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 
history, often hundreds of thousands and millions, and even bil-
lions, of years in the past. Their primary clues come from fossils of 
animals, plants, and other organisms, as well as 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 

PREFACE
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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 300,000 years ago. Three volumes in the 
series trace the story of the dinosaurs. Seven other volumes are 
devoted 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 incred-
ible  life- forms of Precambrian time and the Cambrian Period, 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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8  PRIMATES AND HUMAN ANCESTORS

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 10 books, The Prehistoric Earth, of which 
this is Book 9, is written for students. It provides a fascinating and 
comprehensive introduction 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 modern humans and our nearest relatives, 
nonhuman  primates.

This volume, Primates and Human Ancestors, examines the biol-
ogy, evolution, and behavior of  primates— members of the zoologi-
cal order that includes ancient and modern humans, apes, monkeys, 
and lemurs. Continued here is the story of mammal evolution sur-
veyed in the volume The Age of Mammals. This book focuses on the 
primates and the evolutionary developments leading to the rise of 
 hominins— the branch of the primates that includes ancestral and 
modern  humans.

Section One of this volume offers a parsimonious but com-
prehensive survey of the history of evolutionary thought, along 
with basic principles and mechanisms responsible for primate and 
human evolution. Holmes describes the suite of techniques used to 
reveal evolutionary forces and processes, including applications of 
genetic  research.

Section Two, on nonhuman primates, examines the origin, evo-
lution, and classification of lemurs, monkeys, apes, and humans. 
Holmes accurately describes the biological and behavioral traits that 
distinguish primates from other mammalian  species.

Section Three focuses on the split between ancestral hominins 
(our ancestors as distinct from those of chimpanzees and gorillas) 
and the African apes. Of key importance is the great prolifera-
tion of apes during the Miocene Epoch, and the reduction of that 
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12  PRIMATES AND HUMAN ANCESTORS

variety during the ensuing Pliocene Epoch, in which early hominins 
abounded. Holmes lays out the defining attributes of early homi-
nins, as well as key differences between them and the apes. This 
volume concludes with a discussion of variation in time and space 
among the first undisputed human  ancestors.

The story of primate and human origins and evolution is intrin-
sically fascinating, and Holmes does well 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 paleontol-
ogy or anthropology even sooner. As it was, I had to wait for college 
for my introduction to those fields. Knowledge of ape and human 
evolution has advanced tremendously since those days, and public 
schools actually have become more tolerant of evolution than when 
I was in high school. I hope this series and this volume find the 
large, attentive, and appreciative audience they  deserve.

—Conrad Phillip  Kottak
University of  Michigan
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13

INTRODUCTION

With this volume, Primates and Human Ancestors, The Prehistoric 
Earth narrows its evolutionary focus to the lineage of mammals 
leading to the rise of humans. With this shift, the series steps 
slightly apart from the examination of general vertebrate paleon-
tology to the specialized study of humans and their ancestors. The 
field of anthropology encompasses the study of human evolution, 
both biological and cultural.  Paleoanthropology— the study of fos-
sil specimens of extinct human ancestors and  apes— is the focus of 
Primates and Human Ancestors. The next volume in the series, Early 
Humans, continues the story of human biological evolution while 
introducing several other specialties in anthropological study, such 
as the early 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.” By holistic he means that this is a 
discipline of research that “assumes an interrelationship among 
its parts.” The biological history of humans is related to the cul-
tural history of humans. The human past is related to the human 
 present.

I am most fortunate to have anthropologist Conrad Kottak 
(b. 1942) as scientific consultant on this volume. Kottak has taught 
me that when you begin to look closely into the evolution of 
humans, you are compelled to look 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. As Kottak has written, “Anthropology is a 
humanistic science devoted to discovering, describing, and explain-
ing similarities and differences in time and space.”
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14  PRIMATES AND HUMAN ANCESTORS

This holistic approach to the study of human evolution has been 
an underlying goal in the writing of Primates and Human Ancestors. 
Many of the broader issues of human  evolution— the development 
of language, culture, and belief  systems— will be fully explored in 
the Early Humans volume of The Prehistoric Earth, but the roots of 
these studies are found in the chapters of this  book.

Primates and Human Ancestors continues the story of mam-
malian evolution that was surveyed in The Age of Mammals. This 
volume concentrates on the primates and on the evolutionary devel-
opment that led to the rise of  hominins— the branch of the primates 
that includes ancestral and modern  humans.

OVERVIEW OF PRIMATES AND 
HUMAN  ANCESTORS
Primates and Human Ancestors is divided into three sections. Sec-
tion One, “Foundations of Human Evolution,” revisits the science of 
evolution for the purpose of laying a foundation for the discussion 
of human origins. Chapter 1 provides a brief history of the figures 
and social context that were responsible for the development of 
evolutionary theory. The work of Charles Darwin (1809–1882), who 
publicly proposed his theory of evolution in 1859, is highlighted, 
and the guiding principles of Darwinism are discussed and brought 
up to date. The chapter also describes new techniques for exploring 
and demonstrating the forces of evolution, including the application 
of genetic  research.

Chapter 2, “Mechanisms of Evolution,” provides a thorough 
grounding in the principles that make evolution possible. These 
include natural selection and the influence of both the environ-
ment and genetic variation on the development of  species.

Section Two, “Primates,” begins, in Chapter 3, with an explo-
ration of the origin, evolution, and classification of Old World 
monkeys, New World monkeys, and other primates. In Chapter 4, 
a comparison of primate biology is combined with a discussion of 
the behavioral traits that make primates unique among mammal 
 species.
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Section Three, “Evolution of the Hominins,” turns its attention 
to the rise of human ancestors from the lineage of apes in Africa. In 
Chapter 5, the similarities between apes and hominins are explored, 
as are the differences that began to distinguish ancestral humans 
from apes by the end of the Miocene Epoch. The emergence of the 
first undisputed human ancestors is discussed in Chapter 6, “The 
Earliest Human Ancestors.” This chapter offers a review of the fos-
sil record of early humans and describes the challenges faced by 
paleontologists and anthropologists as they try to trace and under-
stand the lineage of early  humans.

As in all volumes of The Prehistoric Earth, the discussion in Pri-
mates and Human Ancestors 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 Darwin explained, “The small differences distinguish-
ing varieties of the same species steadily tend to increase, till they 
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.

Introduction  15
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There are no more profound questions than those about the way 
in which life evolves. Erwin Schrödinger (1887–1961), a German 
physicist who was interested in the underlying causes of evolution, 
fittingly characterized the life of an individual organism as “but a 
minute blow of the chisel at the ever unfinished statue.” Evolution is 
a work in progress, and the organisms that exist today are only the 
leading indicators of what will come and what has gone  before.

The natural process that causes species to change gradually over 
time is called evolution. This process is driven by changes to the 
genetic  code— the  DNA— of organisms. These genetic changes are 
then passed along to the next generation of a species. These changes 
sometimes result in dramatic changes to a species over many gen-
erations and can lead to the rise of new  species.

To show the application of evolution to the human species is to 
show the history of how we descended from nonhuman ancestors 
and how these changes led to the rise of Homo  sapiens— modern 
humans. This chapter explores the history behind the development 
of evolutionary  theory.

THE PLAYING FIELD OF EARLY 
EVOLUTIONARY  THOUGHT
The study of life origins and the classification of organisms goes 
back many centuries. As early as the sixth century b.c., the Greek 
philosopher Anaximander (c. 610–546 b.c.) suggested that the first 
humans arose from fish and lived a partly aquatic existence until 

19
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THE HISTORY OF 
EVOLUTIONARY  THOUGHT

THE HISTORY OF 
EVOLUTIONARY  THOUGHT
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20  PRIMATES AND HUMAN ANCESTORS

they could fend for themselves on land. Although he did not cite 
any scientific evidence for his idea, Anaximander used reason-
ing rather than superstition to explain how humans might have 
arisen. The Greek philosopher Aristotle (384–322 b.c.) was one 
of the first scientific thinkers to attempt a classification of life. 
He divided organisms into the two kingdoms of plants and ani-
mals. Aristotle’s two kingdoms stood the test of time for several 
 centuries.

Early evolutionary ideas were not exclusively Western. The Chi-
nese philosopher Zhuangzi (c. 370–301 b.c.), sometimes known as 
Chuang Tsu, was the purported author and editor of a seminal col-
lection of works related to the philosophy of Taoism. In these writ-
ings, the author touched on the ability of living things to adapt and 
transform in response to their surroundings, a process that often 
went unnoticed and that affected humans as well as other living 
 things.

The Persian  philosopher- scientist Ibn Miskawayh (932–1030) 
described the progressive development of life through a series of 
stages that began with God’s creation of matter and energy. From 
matter came air and water, minerals, plants, and finally apes and 
humans. Miskawayh’s description of linked but increasingly sophis-
ticated stages of development of matter and organisms strongly 
hinted at undefined processes such as those involved in natural 
 selection.

The European  Taxonomists
The European road to a scientific theory of evolution had its begin-
nings in the seventeenth and eighteenth centuries. The building of 
the road began with the work of natural scientists and their efforts 
to categorize and describe living plants and  animals— the practice 
of taxonomy. British naturalist John Ray (1627–1705) was a botanist 
who used observation to classify plants and animals according to 
similarities in their biological structures. He also was the first sci-
entist to use the terms genus and species to classify different plants 
and  animals.
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The History of Evolutionary  Thought  21

Ray was followed by the great Swedish botanist Carolus Lin-
naeus (1707–1778), who introduced an intricate new methodology 
for grouping and naming organisms within the two kingdoms of 
plants and animals. With the publication of his groundbreaking 
work Systema Naturae in 1758, Linnaeus suggested that nature 
could be further organized into a grand hierarchy of groups within 
groups. Linnaeus recognized a species as the most basic biological 
unit of life, and he grouped species within  ever- widening categories 
of organisms based on the similarities of their visible structures. 
Dogs, for example, are part of a group, the carnivora, or carnivo-
rous  (meat- eating) animals, that also includes such diverse animals 
as cats, bears, pandas, weasels, sea lions, and walruses, among 
others. The carnivora, in turn, are part of a larger group, the mam-
mals. Mammals, in their turn, are grouped in yet a larger group 
with other animals with backbones: the vertebrates. This larger 
group includes fish, amphibians, reptiles, and birds. The vertebrates 
are then grouped with all animals without backbones to form the 
kingdom of animals. This nested hierarchy of groups was widely 
accepted and refined for more than 200 years, until genetic studies 
provided a more accurate method of determining the evolutionary 
relationships of  organisms.

In choosing the species as his basic building block for classifi-
cation, Linnaeus also was the first scientist to establish a rule that 
reflected a fundamental mechanism behind evolution: Traits are 
passed on from one generation to the next through genetic mate-
rial. Although Linnaeus and other scientists of the eighteenth and 
nineteenth centuries had no direct evidence of genes, DNA, or the 
way in which traits are passed from one generation to the next, these 
scientists were able to establish rules behind evolution that were 
observable in living  organisms.

The European  Geologists
Another road to evolutionary thought in Europe was paved by the 
work of geologists working in the eighteenth and nineteenth cen-
turies. At issue was the age of the Earth. Linnaeus, Ray, and other 
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22  PRIMATES AND HUMAN ANCESTORS

European scientists were greatly influenced by religious beliefs that 
originated with the biblical stories of creation, the Garden of Eden, 
the Great Flood, and Noah’s ark. In the seventeenth and eighteenth 
centuries, most philosophers and scientists agreed with a literal 
interpretation of the Bible: God created the universe in six days, and 
all known creatures were created by God at the same time. The very 
concept of  extinction— the idea that no species lasts  forever— was 
unacceptable because it implied that life was somehow imperfect, that 
species came and went, and that one day people, as a species, would 
also perish from the Earth. It was not generally recognized that many 
forms of life had existed before the time of the first humans. One 
Irish archbishop, James Ussher (1581–1656), even used the written 
account of the Bible to calculate the precise date of the creation of 
the Earth. He proclaimed that it all began at noon on Sunday, Octo-
ber 23, 4004 b.c., thus making Earth about 6,000 years  old.

During the seventeenth century, natural scientists began to rec-
ognize fossils as evidence of past life. Fossils strongly suggested that 
some species of organisms had become extinct. This observation 
naturally led to a discussion of the age of such fossils and to a grow-
ing conflict between religious interpretations of the age of the Earth 
and observations made in the natural  world.

The key to the age of the Earth was to be found in sedimentary 
rocks. Naturalists observed that such rocks accumulated in layers, 
with the oldest on the bottom. The telltale signs of passing time 
were recorded in these layers of rocks because all of these rock layers 
had accumulated over time by means of the same  processes.

Scottish geologist James Hutton (1726–1797) proposed a natural 
cycle by which Earth replenishes itself. Hutton theorized that rocks 
eroded from mountains were transported by rivers and streams to 
the ocean. In the ocean, these rocks sank as deposits to the bottom, 
where subterranean forces of heat and gravitational pressure turned 
the fragmentary deposits into solid rocks once again. The action of 
earthquakes and volcanoes might one day raise these newly formed 
rocks to the surface again, to gradually form new mountains and 
other land forms. The most startling aspect of Hutton’s theory was 
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that he estimated the time needed to accommodate this cycle as 
enormously  long— much longer than human history or any time 
scale in use in the eighteenth  century.

Hutton published his innovative ideas in 1785 in a book called 
Theory of the Earth. His idea that the age of the Earth could be 

Scottish geologist James Hutton (1726–1797) proposed a natural cycle by 
which the Earth replenishes  itself.
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determined by observing  present- day geologic processes was called 
uniformitarianism. Hutton is called the father of geology by many 
historians, and he can be credited with laying the foundation for 
modern  geology.

Around the time of Hutton’s death in 1797, a young British sur-
veyor and mapmaker named William Smith (1769–1839) observed 
that the rocks into which mine shafts had been drilled contained 
a regular and predictable pattern of stratigraphic rock layers, or 
strata. Because these strata could be seen in widespread locations, 
this suggested a regularity to geologic formations. Furthermore, 
certain strata contained the same fossils, no matter where an out-
cropping of a given layer might lay. Smith was not a man of science, 
but his detailed stratigraphic maps of the area surrounding the city 
of Bath (1799) and all of England (1815) were the first credible geo-
logic  maps.

British naturalist Sir Charles Lyell (1797–1875) was born the 
same year that James Hutton died. To introduce Hutton’s ideas to a 
wider audience became Lyell’s passion. He traveled widely in search 
of evidence to prove that Hutton was correct, and he armed himself 
with compelling  findings.

Lyell embraced Hutton’s theory of uniformitarianism. In 1830, 
Lyell distilled this complex theory down to a simple guiding princi-
ple to explain the age of the Earth: The present is the key to the past. 
Lyell’s momentous book, Principles of Geology, became the bible of 
geology and was revised 12 times in Lyell’s  lifetime.

Lyell’s seemingly commonsense  proposition— that observing 
the present is the key to understanding how geologic features were 
created over  time— was a bold realization in his day. Given enough 
time to work, natural forces slowly and dramatically change the 
face of the Earth. The time that it takes today for layers of the 
Earth to accumulate through erosion, water transport, drought, 
and other forces is the same time that it took in the past. This is an 
exceedingly slow process by human time standards, but it accounts 
for the great age of the Earth. These actions might take thousands, 
perhaps even millions, of years. Such an idea seemed impossible 
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to people who believed that Earth was only 6,000 years old. Soon, 
however, many natural scientists and geologists began to support 
the principle of uniformitarianism through the proof of their own 
 observations.

Communicating the length of time needed to explain the process 
of Earth’s geologic features required geologists to develop a new 

British naturalist Sir Charles Lyell (1797–1875) provided a simple guiding 
principle to explain the age of the Earth: The present is the key to the  past.
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scale for measuring time. The result was a time scale based on the 
layers of the Earth and how long these layers took to accumulate. 
This scale is called the geologic time scale. Because no given species 
of plant or animal exists forever, the fossil remains of a given species 
are restricted to certain  layers.

By the middle nineteenth century, there was widespread agree-
ment that Earth was many millions of years old. Just how many 
millions of years was still a matter of debate, however. By 1860, the 
prevailing view, supported by Lyell, was that Earth was a minimum 
of 200 million years old and perhaps as many as 340 million years 
old. The measurement of the age of the Earth was further refined by 
the discovery, in 1895, of radioactivity. An understanding of radio-
active isotopes and the rate at which they decay over many millions 
of years made it possible to date many layers of the Earth, with little 
doubt, to within years. The current calculation that Earth is 4.5 bil-
lion years old was arrived at around  1953.

Early efforts to classify organisms by their shared, observable 
traits and an understanding of the natural geologic forces that shape 
the Earth provided a foundation on which the theory of evolution 
could be  developed.

A HISTORY OF EVOLUTIONARY  THEORY
The individual who is most closely associated with the theory of 
evolution is British naturalist Charles Darwin. As in most major 
scientific endeavors, breakthroughs in evolutionary thought were 
achieved in small steps and by many people, some working before, 
some during, and some after the time of Darwin. Darwin is so 
closely associated with evolution because he was perhaps more suc-
cessful than his contemporaries in illustrating and explaining the 
processes of evolution in a way that most people could  understand.

Before an exploration of the origins of modern evolutionary 
thought, a word about theories is in order. In everyday  conversation, 
the term theory can have many meanings. Usually, it signifies 
merely a conjecture, an idea, or an opinion. A conjecture does not 
have to be based on facts, and it does not require proof. One might 

16881_PE_Primates_4p_all.e.indd   2616881_PE_Primates_4p_all.e.indd   26 10/22/08   4:41:29 PM10/22/08   4:41:29 PM



The History of Evolutionary  Thought  27

British naturalist Charles Darwin (1809–1882), the father of modern 
evolutionary  thought
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theorize, for example, that a student who comes to school one day 
dressed more formally than usual might be attending an important 
occasion later that same  day.

In science, the term theory has the opposite meaning. A scien-
tific theory is not based on mere conjecture. A scientific theory is, 
instead, a comprehensive explanation of some aspect of the natural 
world that is backed by an extensive body of facts built up over time. 
A scientific theory is testable and can be used to accurately predict 
future,  yet- unobserved events and  phenomena.

Evolution is a scientific theory, backed by an extensive history 
of facts. Evolution is not a matter of conjecture, although it is often 
portrayed as such by opponents of evolution who are not well versed 
in science or who choose to distort the concept of evolution for their 
own social, religious, or political purposes. This is not to suggest 
that religious beliefs and the theory of evolution cannot coexist 
peaceably. They do coexist, quite harmoniously, in the minds of 
most religious leaders and scientists. A belief in God does not pre-
clude a belief in  evolution.

When viewed as a scientific theory, evolution has a rich history 
of discovery and proof, much of which revolved originally around 
the life and times of Darwin, evolution’s most eloquent  advocate.

Darwin was a reader of Lyell, and he understood uniformitari-
anism: The present is the key to the past. Not only did Lyell’s work 
provide an appropriately long time for the mechanisms of evolution 
to take place, but it also inspired Darwin to sharpen his own obser-
vation of the present as a window on the  past.

Another influence on Darwin was his grandfather, Erasmus 
Darwin (1731–1802). Erasmus was a physician and a celebrity in 
the literary circles of his day. Among Erasmus Darwin’s numer-
ous writings and letters, many of which his grandson Charles is 
known to have read, were speculations on evolutionary concepts. 
In a book of verse called Zoonomia, published in 1794, Erasmus 
Darwin wrote that “organic life began beneath the waves,” thus 
suggesting that all animal species had a common ancestry in the 
 oceans.
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Before the term evolution was widely used, the process of evolu-
tion was known by a variety of other names. Most of these names 
referred back to the observable changes that can be seen in a species 
from generation to generation. Terms such as transformism and the 
transmutation of species or the transformation of species often were 
used to describe this process for which the underlying mechanisms 
were not yet fully  understood.

One of the first scientists who tried to explain the transformation 
of species was  Jean- Baptiste Lamarck (1744–1829), an accomplished 
French scholar. Writing long before Charles Darwin, Lamarck 
believed there was a dynamic connection between the develop-
ment of living organisms and their environment. Lamarck thought 
that an organism could be altered by circumstantial changes in the 
environment, and that such alterations could be passed along to 
offspring. Lamarck’s most often cited example was that of the neck 
of the giraffe. According to Lamarck, giraffes were descended from 
 short- necked ancestors. These ancestors stretched and stretched to 
reach higher and higher branches on trees. Because of the stretch-
ing, the neck of the ancestral giraffe became slightly longer, and 
the length of the neck was passed along to the next generation. 
Descendants with longer and longer necks developed after many 
generations of  giraffes.

Larmarckism became known as the theory of acquired charac-
teristics. According to this theory, it was through the interaction of 
successive generations of a species with the environment that new 
species developed. Variation in a species occurred more or less by 
necessity. Whereas Lamarck is credited with recognizing the impor-
tant relationship between a species and the environment, his theory 
did not take into consideration what we now understand to be the 
genetic foundation of evolution. Lamarck offered no mechanism 
behind the acquisition of traits other than the “will” or need to 
make it so on the part of the organism. His theory met with serious 
objections based on some easily observable exceptions. If, for exam-
ple, instead of a long neck, one considered an acquired characteristic 
such as the accidental loss of an arm or a scar on the face, why were 
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these traits not passed along to offspring? How could the “will” of 
an organism distinguish between such acquired traits so as to pass 
some along and not  others?

Charles  Darwin
Charles Darwin was born into a large, wealthy family and raised in 
the English countryside. He spent his youth enjoying the outdoors, 
fishing and hunting and becoming a keen observer of nature. He 
was sent to college to study medicine and theology but also was keen 
on the study of geology and Lyell’s  theories.

Darwin’s world was one in which it was generally accepted that 
the biological nature of species changed over time but that no sci-
entific mechanism was yet known to explain how this happened. 
The prevailing theory about speciation was that of Lamarck. 
Darwin doubted Lamarckism for a very simple reason: One could 
observe more variation in living species than could be explained by 
Lamarck’s theory of acquired traits. If Lamarck’s theory were true, 
one would expect species exposed to the same environmental con-
ditions all to be about the same. This clearly was not true, however. 
Darwin’s own experience raising domestic pigeons told him that 
one could selectively breed in and breed out certain desired or unde-
sired traits that were passed along to the next generation despite 
the fact that all of the birds were exposed to the same environment. 
Thus began Darwin’s quest for a theory that would explain how this 
 happened.

Another important influence on Darwin was the British politi-
cal economist Thomas Malthus (1766–1834), whose Essay on the 
Principle of Population was published in 1798. One of the themes of 
Malthus’ work was the relationship between population growth and 
competition for material resources to maintain such a population. 
Malthus showed that population growth outpaced the ability of 
resource production to keep pace with it, resulting in such problems 
as malnutrition, famine, and social unrest. The underlying concept 
suggested by Malthus was that competition was inevitable, an idea 
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that impressed Darwin and that would later become an important 
element in his own  theories.

At age 22, after graduating from Cambridge University, Darwin 
joined a scientific expedition. That expedition circled the globe on 
a  five- year voyage and provided astonishing opportunities for the 
young naturalist. During the voyage of HMS Beagle from 1831 to 
1836, Darwin was immersed in geological work and the description 
of animal species that the expedition encountered. His discovery 
of fossils of creatures that shared traits with living forms gave him 
reason to believe that modern animals were descended from  long-
 extinct  ancestors.

Of most relevance to Darwin’s emerging ideas about species were 
observations made on the Galápagos Islands, off the coast of Ecua-
dor. Darwin noticed that each island in the system had many of the 
same species of animals, but with significant variations from island 
to island. The traits of Galápagos finches were of particular interest. 
Although it appeared that the island finches were descended from 
finches on the mainland, each island produced finches with differ-
ences in particular physical traits, primarily the shape and size of 
the beak. Each group of island finches was adapted for a particular 
kind of food that was most prevalent on a particular island: a heavy 
beak for crunching big seeds; a thick, short beak for eating leaves, 
buds, and fruits; or a straight, pointed beak for picking insects from 
tree  bark.

Darwin’s theories were based on two important observations. He 
could see that offspring inherit physical traits from their parents. 
Furthermore, he could see that offspring are never identical to their 
parents, and that no two offspring of the same parents are identi-
cal. Each offspring includes a unique combination of characteristics 
inherited from its  parents.

Darwin also observed that many more offspring are produced by 
a species than will survive long enough to reproduce on their  own. 
From these observations, Darwin drew two significant conclusions. 
The first was that in our world of many diverse living things, there 
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is an ongoing struggle for survival. Adapting the ideas of Malthus, 
Darwin wrote that “many more individuals of each species are born 
than can survive.” He saw that the variation of traits within a given 
species makes some individuals more likely to survive. The reasons 
why some individuals survive and others do not led Darwin to his 
second  conclusion: Given the complex and changing conditions 
under which life exists, those individuals with the most favorable 
combination of inherited traits may survive and reproduce while 
other individuals may not. Nature is the judge and jury of which 
individuals make the grade. For this reason, Darwin called this pro-
cess natural selection, meaning that the natural laws of inheritance 
provided or assured, by chance, some members of a species to be 
better equipped for survival than  others.

On his return to England, Darwin meticulously documented his 
theory of natural selection and continued to make observations. He 
shared his ideas with colleagues but was slow to publish his views. 
He drafted short sketches about natural selection in 1842 and 1844, 
but he felt the need to continue his research and document evidence 
before he was ready to formerly publish his views for the  world.

Darwin was not alone in this quest. Alfred Russel Wallace 
(1823–1913) was another British naturalist, working independently 
of Darwin. While on his own travels, Wallace studied and collected 
specimens of plants, insects, and birds, much as Darwin did. Wal-
lace also arrived at some of the same conclusions as  Darwin.

Wallace published a paper in 1855 suggesting that the develop-
ment of new species was driven by environmental forces. Even more 
startling to Darwin was a paper Wallace sent to him in 1858, in 
which the younger naturalist described the process of natural selec-
tion. Darwin’s heart sank. Although not normally a competitive 
man, Darwin indeed feared that Wallace might receive full credit 
for the theory of “natural selection” that he himself had been work-
ing on for nearly 30 years. In response, Darwin dashed off a paper 
about his own  theories.

The papers by Darwin and Wallace were read at the same meet-
ing of London’s Linnaean Society in 1858. After that, Darwin’s wife, 
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along with Charles Lyell and others, urged Darwin to follow up with 
a more thorough explanation of his theory. The result was Darwin’s 
seminal book, On the Origin of Species by Means of Natural Selec-
tion, published at the end of 1859. Although Wallace is duly credited 
with having also developed the theory of evolution by natural selec-
tion, the spotlight landed on Darwin because of his success at com-
municating the theory beyond the scientific community.

Darwin’s views were not universally accepted in his time. Even 
though his observations were astute and his deductions convincing, 
Darwin was constrained, as were all nineteenth-century scientists, 
by a lack of knowledge regarding genetics, the underlying biological 
mechanism behind evolution. Chapter 2 introduces the biological 
principles that govern evolution and make it possible.

THE GUIDING PRINCIPLES OF DARWINISM
The evolutionary principles laid out by Darwin, often referred to 
as Darwinism, have remained the foundation of evolutionary study 
and debate since his time. Darwin’s view of evolution was built on 
five basic rules and assumptions. Ernst Mayr (1904–2005), a leading 
 twentieth-century evolutionary biologist who was instrumental in 
modernizing evolutionary study, interpreted Darwin’s principles in 
the following way:

Species change over time; they are not constant. Darwin’s 
own work provided evidence in support of this tenet. Mayr further 
clarified the meaning of “species” by showing, in 1942, that a species 
was not merely a group of morphologically similar individuals, but 
a group of individuals that could breed only among themselves, to 
the exclusion of other species.

All organisms arose from a common ancestral population. 
Although this statement was controversial at first, Darwin provided 
information to show that this was indeed the case, based on evi-
dence that could be seen in the present.

Evolutionary modifications occur gradually. Although it is 
widely accepted that evolution requires a long span of time and many 
generations of a species to manifest the generation of new species 
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THINK ABOUT  IT

TIMELINE OF EARLy EvOLUTION THOUGHT
Person Year Contribution

Anaximander  c. 600 b.c. Suggested that the ancestors of humans were 
(c. 610–546 b.c.)   fish.

Aristotle  c. 350 b.c. Divided organisms into the two kingdoms of
(384–322 b.c.)  plants and animals.

Zhuangzi  c. 330 b.c. Suggested that organisms can change (adapt) 
(c. 370–301 b.c.)  in response to their environment.

Ibn Miskawayh  c. 1000 Described the progressive development of life
(932–1030)   through natural processes.

James Ussher  1650 Used biblical data to calculate the age of the
(1581–1656)  Earth.

John Ray  1686 Used the terms genus and species to classify
(1627–1705)   different plants and animals.

Carolus Linnaeus  1735–1779 Defined a sophisticated method of classifying
(1707–1778)  plants and animals.

Comte  Georges-  1749 Recognized that the environment could cause
Louis Leclerc   change in a species; suggested a longer age for
de Buffon   the Earth.
(1707–1788) 

James Hutton  1785 Showed that the age of the Earth could be
(1726–1797)    determined by observing  present- day geologic 

processes; his theory, called uniformitarianism, 
suggested a longer age for the Earth.

Charles Lyell  1830 Defined the guiding principle to explain the age
(1797–1875)    of the Earth: The present is the key to the past.

Erasmus Darwin  1794 Published Zoonomia, suggesting that all
(1731–1802)   animal species had a common ancestry.

 Jean- Baptiste   Linked environment to species change; 
Lamarck   developed the theory of acquired
(1744–1829)   characteristics.

Charles Darwin  1859 Published On the Origin of Species by Means of
(1809–1882)  Natural Selection.

Alfred Wallace  1859 Published his views on natural selection.
(1823–1913)
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from old, there is continuing debate, even today, as to the pace of 
evolution. Although Darwin was satisfied to demonstrate that the 
evolution of  present- day species was preceded by millions of years of 
development and natural selection, it appears that the rate of evolu-
tion might vary, from a state of extreme gradualism to one of accel-
erated change based on the environmental circumstances faced by a 
species. The rate of evolutionary change is explored in Chapter  2.

A single species can diversify into more than one species. 
While the development of new species from  old— speciation— is 
widely accepted, the mechanisms that make this possible are the 
source of continuing study and debate. Issues related to speciation 
are discussed in Chapter  2.

Natural selection is the primary process of evolution. 
Although accepted on principle during Darwin’s lifetime, the 
genetic mechanism that made natural selection possible was not dis-
covered until more than 50 years after his death. Ernst Mayr worked 
during the era in which the mechanisms of biological molecules, 
genes, and DNA were discovered. He never fully embraced molecu-
lar evolutionary studies that placed an emphasis on the influence 
of individual genes over all other environmental pressures on a 
species, however. Mayr argued that evolutionary pressures affected 
the whole organism, not only single genes, and that the influence 
of individual genes also depended on the collective effect of other 
genes that were present. Current understanding of natural selection 
is more thoroughly explored in Chapter  2.

CONCLUSION
Charles Darwin succeeded in presenting a foundation for evolution-
ary theory that has stood the test of time and now is documented by 
countless observations and experiments. In Darwin’s own  lifetime, 
however, his ideas were not widely accepted at first. Opposed to 
Darwin’s theory was a  well- established school of thought char-
acterized by Lamarck’s theory of the inheritance of acquired 
 characteristics— the idea that the interaction of an individual with 
the environment could result in biological changes that could be 
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passed on to offspring. By providing a logical alternative to the 
inheritance of acquired characteristics, Darwin’s theory of natu-
ral selection did much to dispel Lamarck’s theory. The difference 
between Lamarck’s theory and Darwin’s can be shown by returning 
to the story of Lamarck and his  giraffes.

According to Lamarck, giraffes attained their long necks gradu-
ally, by acquiring slight increases in height, generation after genera-
tion, as the animals stretched to reach tree foliage that grew higher 
and higher above their reach. For this process to work, each indi-
vidual giraffe in each generation would have had to encounter the 
same environmental problem— ever- taller  trees— and would have 
had to stretch with equal intent to effect a slight increase in the 
length of its neck and legs. These slight increases were then passed 
along to each individual giraffe’s offspring, causing each generation 
to grow slightly taller. Lamarck’s explanation relied on environmen-
tal conditions remaining constant for each generation of giraffes 
and assumed that the giraffes themselves would exercise the “will” 
to stretch themselves to reach higher  branches.

In contrast, Darwin (and Wallace) believed that the process 
of natural selection could account for the evolution of height in 
giraffes. According to natural selection, variation has always existed 
in the length of giraffe necks. In cases in which having a longer 
neck provided an advantage for feeding, giraffes with longer necks 
that benefited from this advantage would have been more likely to 
pass this trait along to their offspring than less advantaged giraffes. 
Over many generations, the trait of longer and longer necks gradu-
ally would have prevailed, even though variation in neck length still 
exists among the entire population of  giraffes.

In time, the preponderance of scientific evidence clearly sup-
ported Darwin’s view over that of Lamarck and established  evolution 
by means of natural selection as the foundation of modern biologi-
cal  sciences.

Living species represent moments in the ongoing process of evo-
lution. There is no such thing as a species that has stopped evolving. 
Humans and all other species on the planet continue to change 
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with each successive generation, even if only in ways that are nearly 
imperceptible. Evolution is influenced by inherited traits and by 
changes in the environment. Knowing how these kinds of changes 
affected past organisms is a key to seeing the future of  life.

To know the past is to understand the  present.

SUMMARY
This chapter has reviewed the historical background and key con-
tributors to the development of evolutionary  thought.

 1. The study of the origins of life and the classification of organ-
isms goes back many  centuries.

 2. The taxonomic work of John Ray and Carolus Linnaeus 
established a means for recognizing classifications of plants 
and animals based on their observable, physical  structures.

 3. Scottish geologist James Hutton proposed a natural cycle by 
which Earth replenishes itself. He established the idea of uni-
formitarianism: that the age of the Earth could be determined 
by observing  present- day geologic processes In doing this, 
Hutton proved that Earth was much older than previously 
had been  believed.

 4. Charles Lyell, expanding on Hutton’s work, established a 
guiding principle to explain the age of the Earth: The present 
is the key to the  past.

 5. The individual who is most closely associated with the theory 
of evolution is British naturalist Charles  Darwin.

 6. A scientific theory is a statement of fact that is testable and can 
be used to accurately predict future,  yet- unobserved events 
and phenomena. Evolution is a scientific theory, backed by an 
extensive history of  facts.

 7. One of the first scientists to try to explain the transforma-
tion of species was  Jean- Baptiste Lamarck, best known for his 
theory of acquired  characteristics.

 8. Charles Darwin and Alfred Russel Wallace both published 
their findings regarding natural selection in  1858.
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 9. Darwin published his book On the Origin of Species by Means 
of Natural Selection in 1859, and it became the foundation of 
evolutionary  science.

 10. Ernst Mayr wrote in 1942 that species were not merely a 
group of morphologically similar individuals, but a group of 
individuals that could breed only among themselves, to the 
exclusion of other species. This definition effectively modern-
ized Darwin’s theory by introducing genetics as the underly-
ing mechanism that makes speciation  possible.
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Charles Darwin understood that for natural selection to function, 
there had to be variation within the species population in question. 
Although Darwin could observe the results of natural selection by 
studying variation in plants and animals, he was unaware of the 
mechanism that made this process possible. The science of genetics, 
which emerged after the time of Darwin, provides the biochemical 
basis for the inheritance of traits that results in variation within a 
species. Thus, evolution is based on two factors: variation within 
a species and natural selection that acts on individuals within a 
population. In operating on individuals, natural selection affects the 
survival and opportunity of those individuals to reproduce, thereby 
allowing traits to be passed on to offspring. Offspring are subject to 
natural selection as well. Over time, the evolution of  populations—
 and in due course,  species— is  effected.

This chapter examines the fundamentals of genetics and the 
natural forces that cause evolutionary  change.

THE DISCOVERY OF INHERITANCE  PATTERNS
Although Darwin’s remarkable synthesis of observations and deduc-
tion allowed him to posit the existence of natural selection as a veri-
fiable force in the evolution of species, he was without knowledge of 
the underlying biological mechanisms that made natural selection 
possible. He admitted as much in 1859, writing in On the Origin 
of Species, “The laws governing inheritance are for the most part 
unknown. No one can say why the same peculiarity in different 
individuals of the same species, or in different species, is sometimes 
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40  PRIMATES AND HUMAN ANCESTORS

inherited and sometimes not so.” Darwin was unable to explain how 
traits were passed  on.

Gregor Mendel (1822–1884) was an Austrian monk, unknown 
to Darwin, whose experiments raising peas in a garden provided 
some answers to the puzzle of inheritance. Mendel worked in rela-
tive obscurity for many years, and he, like Darwin, had no knowl-
edge about the biochemical basis of inheritance. Nevertheless, 
Mendel’s groundbreaking work laid the foundation for the science 
of  genetics.

Mendel was fascinated with the variety of traits exhibited by a 
common variety of pea plant. These traits varied when the plants 
were bred, and Mendel wondered whether there was a practicable 
pattern operating that managed the appearance of such traits as 
plant height, the arrangement of flowers on the branch, and the 
color of the pea pods. Mendel’s curiosity, his keen observational 
skills, and his zeal for record keeping drove him to experiment 
with thousands of plants, for which he carefully recorded  cross-
 pollination combinations and results. The patterns that he discov-
ered are now known as Mendelian genetics and provided the first 
basic understanding of inheritance patterns and the general laws 
governing genetic  code.

In 1856, working primarily with pea plants, Mendel began eight 
years of extensive breeding experiments. Pollinating the plants by 
hand, he crossed plants that exhibited any one of seven obvious 
traits and duly recorded the traits of their offspring. The plant traits 
were easy to identify and included such factors as smooth or wrin-
kled seeds, tall or short stems, and green or yellow pods. Mendel’s 
experiments were the first systematic study of inheritance patterns. 
His work encompassed so many examples that reliably predictable 
patterns began to  appear.

Prior to Mendel’s work, scientists had only the fuzziest under-
standing of inheritance. Most scholars still held to Lamarck’s prin-
ciple of acquired  characteristics— that a physical change acquired in 
life could be passed along to an offspring. It also was believed that 
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offspring contained an intermediate blend of all the traits found 
in the parents. Once passed on to an offspring, the fullness of a 
parent’s trait was lost  forever.

In one series of experiments, Mendel combined tall and short 
plants and produced only tall offspring. By repeatedly breeding the 
offspring of these tall plants, however, Mendel showed that short 

Gregor Mendel (1822–1884) was an Austrian monk whose experiments 
raising peas in a garden provided some answers to the puzzle of 
 inheritance.
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42  PRIMATES AND HUMAN ANCESTORS

plants began to reappear in successive generations. Among the 
thousands of results in this sequence of breedings, a ratio of one 
short plant to every three tall plants  emerged.

Mendel discovered that inheritance did not occur through a 
blending, or lessening, of traits from both parents, but through 
a combination of discrete units that he called “particulate fac-
tors” and that now are called genes. Genes represent traits that 
can disappear in one generation but reappear in a later generation 
in their original form. Mendel correctly surmised that two genes 
are required for each trait. Among Mendel’s discoveries were the 
 following:

Inheritance of each trait in an offspring is determined by discrete 
“particulate factors” (now called genes). These traits are passed 
along to the offspring  unchanged.

The offspring possesses two genes for each trait—one from each 
parent. These genes may come in versions that are different, 
called  alleles.

Gene expression is governed by three possible combinations of 
alleles for each trait. An offspring acquires one gene from each 
parent. These genes may come in different versions, making 
three possible combinations in the resulting genes of the off-
spring. These combinations are called genotypes. Having two 
of the same alleles for a given gene is a condition known as 
being homozygous. Having a pair of nonmatching alleles for a 
gene is a condition known as being  heterozygous.

The genotype determines which trait will be expressed. The observ-
able trait itself, such as the color of a person’s eyes, is known as 
the  phenotype.

Some alleles will be expressed over other alleles. In a heterozygous 
combination, one of the alleles must be expressed; that allele 
is known as the dominant allele. The allele that is masked by 
the dominant allele is called the recessive allele. A recessive 
allele, or trait, is not destroyed and may be expressed in a later 
 generation.
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Mendel’s experiments with pea plants revealed the basic patterns of 
inheritance.
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44  PRIMATES AND HUMAN ANCESTORS

Traits can be inherited independently of one another. The expres-
sion of one gene is not dependent on the expression of other 
genes. All possible combinations of traits are possible, thus 
providing great variety in a population. The recombination 
of traits is vital to the biology of evolution because it creates a 
variety of traits on which natural selection  operates.

Mendel published the results of his plant hybridization experi-
ments in 1866, in the scientific proceedings of the Natural History 
Society of Brünn, in Germany. His landmark findings failed to gain 
wide notice or acceptance until after his death,  however.

THE BIOCHEMICAL BASIS FOR 
INHERITED  TRAITS
Mendel’s experiments clearly demonstrated that a biochemical basis 
for his “particulate factors” probably existed. By the end of the nine-
teenth century, it was postulated that living organisms possessed a 
biochemical blueprint within living cells that was responsible for 
transmitting traits from parents to offspring. Continued advances 
in biochemistry progressively led to an understanding of chromo-
somes, genes, and finally  DNA— the  double- stranded molecule, 
found in every cell, that is the carrier of genetic material. All of 
these elements may be classed as being genetic material, intimately 
involved in the body’s machinery of  inheritance.

By definition, there are several required functions of genetic 
 material:

Genetic material must contain all of the instructions needed 
to construct an entire organism. The complete instructions 
are called the genome of an  organism.
It must be possible for genetic material to be passed from 
parent to offspring and then from cell to cell during the 
process of cell  division.
It must be possible to accurately duplicate genetic  material 
 for that genetic material to make exact copies of itself. This is 

•

•

•
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the feature that makes it possible to transmit genetic material 
from parent to  offspring.
Variation found in genetic material will represent the entire 
range of possible variation within a  species.

The purpose of genetic code is to provide instructions for the 
construction of cells. This is done through the chemical synthesis of 
proteins from amino acids. Amino acids are found in the food that 
we eat and are contained in the  cytoplasm— the gelatinous fluid 
that makes up much of the volume of each cell in an organism. Of 
the 20 amino acids found in human cells, 11 are synthesized by the 
cells themselves, but nine, known as essential amino acids, can be 
obtained only from the food that we  eat.

Proteins are organic compounds made from amino acids. Pro-
teins are literally the building blocks of cells. Proteins provide 
structure and create an environment for other chemical processes to 
occur. Proteins are also used to build connective tissue, membranes, 
and muscle in the body. Proteins known as enzymes are specialized 
to produce chemical reactions involved with such widely different 
functions as digestion, muscle contraction, and the transmission of 
signals from cell to  cell.

DNA— short for deoxyribonucleic  acid— is the molecule that 
carries genetic code. Genes are located on strands of DNA. The 
structure of DNA is like two strands of string twisted around each 
other and is also called a double helix. The two strands in the double 
helix are connected by steps like those in a ladder. The biochemi-
cal makeup of DNA specifies the order in which amino acids are 
arranged during protein synthesis. The biochemical structure and 
components of DNA also make it possible for genes to replicate and 
make copies of  themselves— one of the primary functions of genetic 
materials that allows traits to be passed along to  offspring.

A gene is the smallest hereditary unit. Genes are bundled onto 
DNA. The next largest genetic unit is the chromosome, comprising 
both DNA (containing associated genes) and  protein.

•
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46  PRIMATES AND HUMAN ANCESTORS

The cells of the body, except those involved in reproduction, 
are called somatic cells. Every somatic cell in an organism has the 
same number of chromosomes. Humans have 23 different chromo-
somes, each of which can have from 300 to 2,000 genes. In addition, 

Chromosome structure and  DNA

16881_PE_Primates_4p_all.e.indd   4616881_PE_Primates_4p_all.e.indd   46 10/22/08   4:41:40 PM10/22/08   4:41:40 PM



humans and most other organisms have two copies of each chro-
mosome in each cell—one copy from the mother and one from the 
father. Humans, therefore, have a total of 46 chromosomes in their 
somatic  cells.

Cells involved in sexual reproduction are called gametes and 
contain only half of the chromosomes—23 in the case of humans. 
For the purpose of reproducing, a gamete will join with another 
sex cell, also containing 23 chromosomes, and the combination 
will provide the full complement of 46 chromosomes required by 
the human cell. When two organisms mate, the resulting offspring 
contains a unique combination of genes derived from the parents’ 
 DNA.

THE EVOLUTION OF INDIVIDUALS 
AND  POPULATIONS
The science of genetics was first observed by Gregor Mendel and 
then articulated at the biochemical level through the discovery 
and study of genes and DNA. The genetic process begins at the 
level of the individual and the inheritance of traits from parents to 
 offspring.

Evolution begins with a population of individuals in which 
breeding is possible. Population genetics is the study of the fre-
quency of alleles, genotypes, and phenotypes in a given group of 
individuals. The combined genetic makeup of a species population 
is called the gene pool and represents not only a source of variance 
but also genetic relatedness within a group. Any factor that contrib-
utes to the frequency of given genes within the population is called 
genetic  evolution.

Genetic evolution should not be confused with the evolution-
ary process that leads to a new species. For this reason, the genetic 
changes that can take place within a species population are called 
microevolution. In microevolution, a population can develop genet-
ically unique traits but retain membership in the same, larger spe-
cies of which it is a part. For example, a population of native peoples 
that has lived in the mountains for many generations might inherit 
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48  PRIMATES AND HUMAN ANCESTORS

genetic advantages for living at high altitudes. Tourists visiting the 
Andes Mountains in South America soon find themselves gasping 
for air. Not so the locals, however, who have adapted to living above 
11,000 feet (3,300 m) by having developed higher concentrations of 
 oxygen- carrying hemoglobin in their blood. The Andeans’ lungs 
can grab more oxygen from the air with each breath, effectively 
counteracting the potential effects of  hypoxia— a shortage of oxy-
gen in the blood and the body, also known as altitude sickness. 
This special genetic trait, restricted to this population, is a form of 
 microevolution.

Several natural forces are at play in microevolution. Natural selec-
tion, as originally described by Darwin, is at work at the population 
level. It operates in conjunction with adaptive change. Biological 
traits that make an organism better fit to survive are called adapta-
tions. If successfully adapted, an organism can stay alive and repro-
duce. Natural selection and genetics are the mechanisms behind 
evolution that allow the adaptation of species to environmental 
forces. Adaptations may protect a species from stressful changes to 
the habitat, give it speed or agility to avoid predators, or provide 
some biochemical advantage such as resistance to pesticides. An 
adaptation helps an organism survive so that it can reproduce and 
pass along its genetic code to another  generation.

A mutation is any change in the genetic code. Mutations occur 
at random. They do not occur for a reason, nor do they occur 
because they are needed. Most mutations are simple errors made by 
cells when genes are copied, as when new cells are grown or when 
genetic code is “read” and reproduced by the body to produce pro-
teins. Mutations can also be caused by such environmental factors 
as damage caused by chemical pollution and genetic irregularities 
introduced by radioactivity. These causes are less common than 
random changes due to the body’s own normal functions,  however.

Mutations can occur in any kind of cell. The only mutations that 
affect evolution, however, are those that occur in gametes. Mutations 
are perhaps the most fundamental force underlying genetically based 
evolutionary factors. Mutations are at work at the population level 
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and can also lead to changes that result in speciation. Every species 
possesses, by chance, genetic traits that may improve or hinder its 
chances of survival. The inheritance of biological traits in nature is 
not under an individual organism’s control. In the natural world, an 
organism cannot dictate which traits it will inherit, nor can its par-
ents direct which traits to pass along. The traits are passed along by 
chance in the form of  mutations— slight, unpredictable variations in 
the genetic code that happen when organisms  reproduce.

Mutations that create an abnormal phenotype may influence the 
ability of an individual to fit in with others of its species, lessening 
the chances that that individual will reproduce successfully and 
pass along its traits to an offspring. On the other hand, a mutation 
may have a neutral or beneficial effect on the ability of an organism 
to adapt, making it more likely that such a trait will be passed along 
to the organism’s  descendants.

Genetic drift is another factor affecting microevolution. Genetic 
drift is a chance fluctuation in allele frequency in a gene pool that is 
not caused by natural selection. Genetic drift is random and figures 
most importantly in the genetic makeup of small populations. It can 
occur, for example, if some members of a gene pool die before they 
are able to reproduce, thus depriving the gene pool of additional 
variance in the traits that can be inherited and passed on to future 
 generations.

Gene flow, like genetic drift, operates most dramatically in 
small populations. Gene flow is the introduction of new  alleles—
 additional variety in inheritable  traits— from an outside population 
of the same  species.

While genetic drift and gene flow can produce changes in the 
allele frequency of a population, these changes alone do not nec-
essarily make a population better fit to survive. Natural selection 
remains the overriding factor that can operate on the genetic variety 
within a population, no matter if the traits are the result of muta-
tions, genetic drift, or gene  flow.

Natural selection is set in motion first by the traits inherited by 
individuals and then by the interaction of each individual with its 

Mechanisms of Evolution  49

16881_PE_Primates_4p_all.e.indd   4916881_PE_Primates_4p_all.e.indd   49 10/22/08   4:41:40 PM10/22/08   4:41:40 PM



50  PRIMATES AND HUMAN ANCESTORS

habitat. These interconnected processes are sometimes referred to 
as nature and nurture. Nature provides the traits associated with 
an organism’s genetic makeup. Nurture is the overall effect of the 
environment on an  organism.

MACROEVOLUTION AND  SPECIATION
The term microevolution refers to changes in the gene pool at a 
population level. The larger forces of evolution can, however, also 
lead to the development of entirely new species and a new breeding 
population. This process of speciation is called  macroevolution.

As previously noted, a species is defined as a population of 
organisms that is reproductively isolated from other species. 

THINK ABOUT  IT

Is There a Reason for  Evolution?
Evolution is the result of natural selection and happens by chance. 

Evolution has no goal or direction but effectively weeds out 
unfit organisms and selects for those that are better  fit— better 
 structured— to survive in their  habitat.

Evolution has no particular direction. Evolution does not necessarily 
progress from simple to more complex forms, as was thought 
before Darwin. Life simply evolves to adapt to its environ-
ment, and there is no intrinsic value placed on one kind of 
adaptation over another. There are many examples in which 
organisms adapt to a new environment and then return to a 
previous  environment at a later stage in their evolution. Land 
animals originally evolved from fish, but there also are cases, 
such as that of the whale, in which land animals have returned 
to an aquatic lifestyle. In the southeastern United States, the 
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Speciation occurs when subgroups within a breeding population 
become separated. Subgroups that are separated can no longer 
interbreed. When this occurs, what was once a common gene pool 
now isolates one population from another, thereby preventing genes 
from one group from being introduced into the other group. The 
natural introduction of random mutations causes alleles to appear 
in one group that do not appear in the other. Over many genera-
tions, the forces of natural selection and genetic drift may affect 
the two populations differently. In time, if the genetic makeup of 
one group differs significantly from the other, the groups will not 
be able to interbreed anymore and a new species will have arisen. 
The time required for speciation to occur is not fixed and will be 
affected by many factors. These factors range from changes in the 

nonvenomous scarlet king snake has adapted coloration that 
resembles that of the poisonous eastern coral snake. By taking 
on the appearance of a deadly snake, the harmless scarlet king 
snake fools predators into leaving it alone. If the scarlet king 
snake is removed from an environment that it shares with coral 
snakes, however, natural selection can override such mimicry 
and promote the evolution of a scarlet king snake that looks 
less like the coral  snake.

Evolution does not always lead to longevity in species. Evolution does 
not always lead to success or longevity in species when com-
pared with others. There are many examples of organisms, 
simple and complex, that encountered changes in their environ-
ment or other factors to which they could not adequately adapt. 
The result is  extinction.
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52  PRIMATES AND HUMAN ANCESTORS

habitat to the nature of the random genetic mutations that occur 
in a  population.

Theodosius Dobzhansky (1900–1975) was a Ukrainian evolu-
tionary biologist noted for having been at the center of the develop-
ment of modern evolutionary theory. The result of his work was the 
 so- called modern evolutionary synthesis, an approach to explaining 
evolution through the integration of knowledge from several scien-
tific disciplines, including genetics, biology, and Darwinian evolu-
tionary theory. Dobzhansky was instrumental in defining several 
reproductive isolating  mechanisms— factors that prevent two spe-
cies from interbreeding, thus helping to maintain the uniqueness of 
each species. Some of these mechanisms  include:

Geographic isolation. Species may not occupy the same habi-
tat. Such geographic isolation makes reproductive contact 
 impossible.

Seasonal isolation. Species may have different mating  seasons.
Physiological incompatibility. Two different species may have 

morphologically mismatched sexual organs, making it impos-
sible for two members of different species to  interbreed.

Hybrid differences. Two species might be able to mate, but the 
resulting hybrid fertilized egg does not survive, or the hybrid 
survives but cannot produce functional gametes. The mule 
is an infertile hybrid, the cross between a male donkey and a 
female  horse.

Biological  Adaptation
Life-forms are sometimes found in the most unlikely places. No 
matter where one looks on Earth, life seems to have established a 
foothold. How is it that organisms are able to survive in such varied 
and often inhospitable  environments?

An adaptation is a trait that improves the reproductive success of 
an organism within a given environment. Adaptation is governed by 
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natural selection. In evolution, the only adaptations that matter are 
those that can be passed to the next  generation.

Some adaptations result from genetic mutations that benefit the 
survival of an organism. These traits can be passed on to the next 
 generation.

There are two other forms of biological adaptation that are not 
genetic. They include  short- term and  long- term biological adap-
tations that develop during the life of an individual. Prior to the 
advent of genetic science, the followers of Lamarck incorrectly 
believed that all kinds of biological adaptations could be passed to 
the next  generation.

Returning to the example of living at high altitudes provides 
evidence for all three forms of biological adaptation: genetic,  short-
 term, and long- term.

The amount of oxygen in the air thins out at altitudes of more 
than two miles (3.2 km). People inhale less oxygen with each breath 
at those elevations. Travelers to such altitudes may experience physi-
ological side effects. A body that is accustomed to having a certain 
amount of oxygen in the air will tire more quickly when the air is 
 thinner.

The situation becomes even more risky at altitudes of more than 
8,125 feet (2,440 m), such as on a mountain or highland plain. At 
these elevations, a person will get altitude sickness, also known 
as hypoxia. This is due to low oxygen concentration in the air. 
Hypoxia can result in headaches, fatigue, dizziness, shortness of 
breath, loss of appetite, and nausea. At elevations over 25,000 feet 
(7,575 m), the oxygen is so sparse that hypoxia will kill a  person.

Having evolved near sea level, the human body is optimally 
suited for breathing and functioning at low elevations, where the 
air is richest with oxygen, from about 50 feet (15 m) above sea level 
to about 2,000 to 4,000 feet (600 to 1,200 m) above sea level. Most 
humans do not live at elevations higher than  that.

Hypoxia may seem like a biological imperative. Given enough 
time to adjust, however, humans can adapt their bodies to cope with 
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54  PRIMATES AND HUMAN ANCESTORS

dangerously thin air. People have three different kinds of biological 
adaptations to higher altitudes and thinner  air.

If a person is new to the mountains, he or she will experience 
a  short- term physiological change. This might include a rapid 

THINK ABOUT  IT

Of DNA and  Genomes
Genome: the complete set of genetic instructions for building an 
 organism.
Genomes are made of DNA and associated protein molecules organized 
into bundles called  chromosomes.

The human genome is estimated to contain 20,000 to 25,000 
genes and 3 billion DNA base pairs. These are all stored in 23 pairs of 
 chromosomes.

Every cell in the human body contains 23 pairs of  chromosomes.
The human body is made up of about 100 trillion  cells.
Different kinds of organisms have different numbers of chromosomes.

Number of Chromosomes in Some Common  Plants:
durum wheat,  28
corn (maize),  20
rye,  14
onion,  16

Number of Chromosomes in Some Common  Animals:
human,  46
chimpanzee/gorilla,  48
cow,  60
cat,  38
dog,  78
goldfish,  104
fruit fly,  8
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 heartbeat and shortness of breath as the body adjusts to the thin-
ner air. Breathing more rapidly is a way to inhale an amount of air 
comparable to that taken in by longer, slower breaths during the 
same amount of time. When the heart beats faster, it compensates 

The number of genes and chromosomes does not explain every differ-
ence between organisms. Humans and apes may share as much as 98 
percent of their DNA. The obvious physical and behavioral differences 
between the two species result from the way that their genetic traits are 
regulated and  expressed.

 

A map of the human  genome
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56  PRIMATES AND HUMAN ANCESTORS

for less oxygen in the air by pumping the oxygen that is available 
more rapidly, thus fueling tissues and organs at acceptable rates. 
Rapid breathing and an accelerated heart rate are both ways that 
the body automatically adjusts to a lower amount of breathable 
 oxygen.

A person born in a lowland area who grows up in a  higher-
 altitude region, or even moves there as an adult, may experience 
the second kind of biological adaptation, a  long- term physiological 
change that occurs as the person acclimates to the environment. 
Such a person’s lungs and circulatory system can become more effi-
cient at taking oxygen from thin air. A person may develop more 
red blood cells and vessels to carry oxygen; the person’s lungs may 
grow larger to improve oxygen exchange; and the muscles of the 
person’s respiratory and vascular systems may become stronger to 
accommodate the processing of oxygen under these more stressful 
conditions. This change is only for the individual, however, and 
cannot be passed on  genetically.

The third kind of biological adaptation is a genetic one that is 
transferred from one generation to the next through DNA. A group 
of native peoples that has lived in the mountains for many genera-
tions might inherit genetic advantages for living at high  altitudes.

The accompanying table summarizes the three forms of biologi-
cal adaptation using this  example.

In addition to the three forms of biological adaptation, humans 
have the unique ability to make additional adaptations using tech-
nology. Clothing is a simple but effective technology for adapting 
to different climates. Other technological adaptations are dazzling, 
such as the creation of space craft, submarines, and other portable 
environments to protect human life in places where it cannot sur-
vive without  help.

The Rate of  Evolution
Darwin viewed evolution and the emergence of new species as a 
slow and gradual process. In his view, it took thousands and even 
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millions of years to create a new species. This view is called gradu-
alism. Gradualism assumes that slow and gradual changes over a 
long period of time lead to major biological changes to a species. 
The fossil record does indeed provide many clues to such gradual 
 changes.

The concept of gradualism was challenged in 1972 by a bold new 
idea proposed by paleontologists Stephen Jay Gould (1941–2002) 
and Niles Eldredge (b. 1943). Gould and Eldredge still assumed 
that natural selection was the underlying machinery of evolution, 
but they noticed that evolution does not always occur at a slow and 
gradual pace, even by geologic standards. The fossil record shows 
that many species can go for millions of years without any signifi-
cant change. It is as if evolution were standing still for some spe-
cies. Living examples, such as the cockroach and bowfin fish, seem 
to follow this pattern, having not changed significantly for many 
millions of years. This can change, however, if a population of a 
given species suddenly encounters a dramatic change to its habitat. 
Such a change might be caused by a geological event, a change in 
climate, or even interaction with other species. Following such an 
occurrence, a short period of rapid evolution may take place that 

FORMS OF BIOLOGICAL ADAPTATION
The following table shows three ways that humans adapt biologically to their environment.

Type of Adaptation Cause Example

 Short-term  Occurs naturally when an Body adapts by faster heart rate,  
physiological change organism encounters a change to  taking gulps of air 
 its environment (hyperventilation)
 Long-term  Occurs during the growth stage of Respiratory system becomes 
physiological change an individual organism or during  better at extracting oxygen from 
 long-term exposure to a new or  thin air 
 changing environment
Genetic change Occurs over many generations  Larger chest cavity of native 

highlanders is able to absorb more 
oxygen from thin air

Mechanisms of Evolution  57

16881_PE_Primates_dummy.indd   57 11/12/08   11:57:41 AM



58  PRIMATES AND HUMAN ANCESTORS

affects a subgroup of a species population. Those individuals with 
certain traits favoring their survival may change dramatically over a 
period of tens of thousands or several million  years— mere seconds 
and minutes on the scale of geologic time. The changes may result 
in new species. This rapid twist to the evolutionary story is called 
punctuated  equilibria.

The evidence for punctuated equilibria is usually found in a 
small portion of an overall species population. For example, when 
insects are exposed to pesticides, certain members of the population 
can rapidly develop resistance. The same can be said of bacteria that 
grow resistant to antibiotic medicines. These adaptations are the 
result of natural selection. Such changes can mark the beginning of 
the development of a new  species.

The fossil record of the flowering plants provides a dramatic 
example of evolutionary opportunism and the influence of one 
species of life on another. Prior to the appearance of f lowering 
plants about 140 million years ago, the world landscape was domi-
nated by  seed- bearing plants such as conifers, ginkgos, ferns, and 
palms. These plants reproduce by simply dropping their seeds. 
Flowering plants cannot reproduce without pollination, the physi-
cal transmittal of a plant’s pollen so that it comes into contact with 
a plant’s seed. Although this reproductive complication might 
seem too daunting for a new plant species to overcome, f lowering 
plants actually rose and diversified rapidly. This rapid rise and 
diversification are revealed by an abundant fossil record of leaves 
and  pollen.

The first leaves of flowering plants were shaped simply and 
had poorly organized veins. The earliest examples of pollen also 
were primitive, with an unadorned surface structure. As time went 
on, both leaves and pollen evolved more complex structures that 
aided their survival. Leaf structures became broader and varied in 
shape, with geometrically  laid- out  veins— features that added to the 
robustness of the plants. Pollen began to exhibit a more sculpted 
surface texture that was more easily grabbed by the other organisms 
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that were transporting the pollen to facilitate pollination. The rise 
of flowering plants to the position of the most dominant form of 
vegetation took only about 10 million years. This rapid spread was 
most likely due to the role played by birds and insects in the process 
of  pollination.

What can be concluded from this evidence is that the rate of 
evolution for any given species will vary depending on the bio-
logic, geographic, and environmental circumstances affecting a 
population of organisms. The rate may be slow and gradual, as 
Darwin thought, or rapid as Gould and Eldredge suggested. The 
facts favor a wide range of evolutionary rates on a spectrum rep-
resented by gradualism at one end and punctuated equilibria at 
the  other.

CONCLUSION
Darwin’s mechanism of natural selection has proved to be a 
durable explanation for the way species change over time. Ample 
support for evolution comes from several  disciplines— disciplines 
as distinct as molecular biology, paleontology, mathematics, and 
quantum physics. The evidence converges on a stark realization 
about the nature of life. All species participate in a process called 
evolution that never abates. What is happening today in the cells 
and genetic architecture of every living organism may influence, 
in a small part, the continued development of that organism’s spe-
cies. The study of evolution provides some answers to humans’ 
most profound questions about where life comes from. The study 
of evolution also has greatly influenced the ways that humans view, 
understand, and classify other organisms in the world. It is only 
through evolution that the many branches of Earth’s family tree 
can be linked, starting from the first  single- celled organisms that 
sprouted 3.5 billion years  ago.

Section Two of Primates and Human Ancestors explores the 
evolutionary roots of the human family tree and the story of the 
 primates.
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SUMMARY
This chapter described the biological principles underlying 
 evolution.

 1. Gregor Mendel’s groundbreaking work in the breeding of 
pea plants laid the foundation for the science of genetics even 
though he, like Darwin, had no knowledge about the bio-
chemical basis of inheritance. The resulting patterns that he 
discovered are known as Mendelian  genetics.

 2. Among Mendel’s discoveries were that discrete “particulate 
factors” (genes) were responsible for inheritance, that offspring 
possess two genes for each trait (one from each parent), and that 
genes may come in versions that are different, called  alleles.

 3. Having two of the same alleles for a given gene (trait) is 
known as being homozygous. Having a pair of nonmatching 
alleles for a gene is a condition known as  heterozygous.

 4. The genotype determines which trait will be expressed. The 
observable trait is known as the  phenotype.

 5. A recessive allele, or trait, is not destroyed and may be 
expressed in a later  generation.

 6. Genetic material contains all of the instructions needed to 
construct an entire organism. Genetic material can be passed 
from parent to offspring and then from cell to cell during 
the process of cell division. Genetic material can make exact 
copies of itself. Genetic material represents the entire range of 
possible variation within a  species.

 7. DNA (short for deoxyribonucleic acid) is the molecule that 
carries genetic code. Genes are located in chromosomes on 
strands of  DNA.

 8. Population genetics is the study of the frequency of alleles, 
genotypes, and phenotypes in a given group of individuals. 
The combined genetic makeup of a population is called the 
gene  pool.

 9. The genetic changes that can take place within a population 
is called  microevolution.

16881_PE_Primates_4p_all.e.indd   6016881_PE_Primates_4p_all.e.indd   60 10/22/08   4:41:46 PM10/22/08   4:41:46 PM



 10. Natural selection and genetics are the mechanisms behind 
evolution that allow the adaptation of species to environmen-
tal  forces.

 11. A mutation is any change in the genetic code. Mutations 
occur at  random.

 12. The process of speciation is also called  macroevolution.
 13. A genome is the complete set of genetic change instructions 

for building an  organism.
 14. Three forms of biological adaptation are genetic change and 

 short- term and  long- term physiological changes; the latter 
two forms are not transmittable to  offspring.

 15. Gradualism assumes that slow and gradual changes over a 
long period of time lead to major biological changes to a spe-
cies. Punctuated equilibria is an occasional acceleration in 
the evolution of a species because of specific environmental 
 stresses.
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ORIGIN AND CLASSIFICATION 
OF THE  PRIMATES

ORIGIN AND CLASSIFICATION 
OF THE  PRIMATES

Primates are members of the order Archonta, a somewhat loosely 
knit contingent of eutherian mammal groups that appear to be 
related, although the evolutionary links between them are not fully 
 understood.

The earliest members of the Archonta arose in North America 
and Europe during the Paleocene and Eocene Epochs. At the base of 
the primate family tree were the Plesiadapiformes, an extinct group 
that consisted of the most primitive taxa associated with early 
archontans. Plesiadapiforms were  long- snouted quadrupeds with 
long tails and  squirrel- like limbs equipped with claws for climbing 
trees. Their jaws and teeth were rodentlike, and they had long inci-
sors (front teeth). The Plesiadapiform dental formula was similar 
to that of the earliest primates, but the postcranial skeleton of the 
plesiadapiforms was more like that of flying  lemurs.

Primates traditionally have been divided into two major groups 
for classifying purposes. The prosimians (“before monkeys”) 
include lower primates with a more  squirrel- like body. This group 
includes the lemurs and the lorises. The animals in this group are 
the most primitive  primates.

The anthropoids (“man structure”) or  so- called higher primates 
include the tarsiers; New World monkeys (from the Americas); Old 
World monkeys (from Africa, Asia, and Europe); apes; and humans. 
Of these, the small tarsier is the most primitive of the anthropoids 
and may represent a transitional form between the lower primates 
(prosimians) and higher  primates.
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Recent fossil discoveries, morphological analysis, and molecular 
data have led to a rethinking of primate classification. This reassess-
ment has resulted in a revised classification that is widely accepted 
today. This new view has removed the tarsiers from the prosimians 
and placed them in the group formerly known as the anthropoids. 
In this revised classification, the term strepsirhine is substituted for 
prosimian and the term haplorhine is substituted for anthropoid. 
This revision is based on a more refined definition of each group 
that combines current knowledge of fossils and molecular analysis. 
This rethought classification is illustrated in the diagram “Primate 
Clades and Relationships.”

The fossil record of primates indicates that strepsirhines first 
evolved about 60 million years ago and provided the stock from 
which the haplorhines arose, 45 million to 50 million years ago. The 
precise evolutionary links between strepsirhines and haplorhines as 
well as the geographic origin of primates are not well understood yet 
from the fossil record and have become hotly contested issues among 
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66  PRIMATES AND HUMAN ANCESTORS

paleontologists. The earliest primate fossils are found in North Africa 
(Morocco). The scanty Eocene fossil record on that continent has 
gaps, however, thus making it impossible to test whether primates 
first diversified in Africa (the “Out of Africa” scenario). As with 
most groups of placental mammals, paleontologists suspect that pri-
mates originated and first evolved in southern Asia during the Late 
Cretaceous or Paleocene Epoch before dispersing into other conti-
nents. They then probably moved on to other  continents— including 
Europe, Africa, and North  America— during the Eocene  Epoch.

Strepsirhines
The strepsirhines include the living lemurs of Madagascar and the 
lorises and galagos from tropical Asia and Africa. These small to 
 medium- sized lower primates retain some of the primitive features 
seen in the plesiadapiforms and the oldest primates. Most strepsi-
rhines have a highly developed sense of smell and keen eyesight. 
The protruding incisors of strepsirhines form a dental specialization 
called a tooth comb that is used primarily for grooming. While most 
of their digits have fingernails, some taxa have special claws on their 
toes that are used for grooming. Strepsirhines live in trees. The ani-
mals have grasping hands and feet but have poorly opposed thumbs. 
This limits the daredevil nature of their swinging from limb to limb. 
Strepsirhines move about primarily as quadrupedal animals. Unlike 
the highly social haplorhines, strepsirhines are more solitary crea-
tures and lack the social behavior patterns seen in higher  primates.

Strepsirhines have a poor fossil record prior to the Late Pleisto-
cene. Lemurs once roamed widely across Africa, North America, 
and Europe but are found today only on the islands of Madagascar 
and Comoros. The lorises have a fossil record that dates back the 
Eocene of Africa. Today, lorises are found in tropical regions of 
Africa and  Asia.

Because extant lemurs are agile,  cat- sized creatures that live in 
trees, it is surprising to find that there once existed a line of lemurs 
that were as big as orangutans and gorillas and that lumbered slowly 
through the trees and along the ground. The geographic isolation of 
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Madagascar from mainland Africa gave lemurs a chance to diver-
sify rapidly and occupy ecological niches filled on the continent of 
Africa by monkeys, apes, and other herbivores. There also were 
fewer predators on Madagascar; this gave lemurs the chance to fully 
exploit their  habitat.

Haplorhines
The haplorhines, or anthropoids, were well established in Africa, 
Europe, and Asia by about 25 million years ago. Their actual origins 
must have been earlier, and it generally has been agreed that the 
higher primates were descendants of Eocene strepsirhines. The hap-
lorhines are the most highly social of primates. All but one species, 
the orangutan, live in social groups, and even solitary orangutans 
persist in maintaining regular contact with others of their kind. 
Most haplorhines are also  diurnal— active during the  day.

Haplorhines include all living anthropoids, nonhuman and 
human, as well as their extinct  forms.

Living anthropoids are classified into two large groups: the 
catarrhines (“downward facing noses”)—which include Old World 
monkeys, apes, and  hominins— and the platyrrhines (“flat noses”), 
or New World monkeys. These groups represent an evolutionary 
divergence that occurred when ancestral primates began to divide 
into increasingly specialized  subgroups.

The catarrhines share several traits, including closely spaced 
nostrils that point downward and only eight permanent premolars: 
two upper and two lower on either side of the jaw. Catarrhines 
are divided further into two additional subgroups, the Old World 
monkeys and the Hominoidea, which consist of apes and hominins 
(human ancestors and humans). On average, catarrhines are much 
larger than platyrrhines and have a dental formula that includes 
long, pointed canine teeth and a gap between the lower front teeth 
that allows the canines to self sharpen by rubbing against the lower 
 premolars.

The platyrrhines consist only of what are called New World 
monkeys. This distinction separates haplorhine primates from the 
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“old” world of Africa (and, some might say, Asia), where anthro-
poids originated, from haplorhine primates found in the “new” 
world of the Americas. New World monkeys are distinguished by 
having widely spaced, round nostrils that point outward and by 
having a total of 12 permanent premolars: three upper and three 
lower on either side of the  jaw.

Molecular evidence suggests that ancestral anthropoids slowly 
began to diverge into the catarrhines and the platyrrhines about 
40 million years ago. The first fossil evidence of this split includes 
the appearance of extinct New World monkeys in South America 
between 30 million and 35 million years ago. While the New World 
monkeys have retained a relatively stable body plan and lifestyle 
since the Oligocene, the catarrhine branch of anthropoids has 
diverged further into several different groups. These include the 
Old World monkeys, the gibbons, the orangutans, the gorillas, the 
chimpanzees, and  humans.

By the beginning of the Miocene, primate populations were 
largely isolated on their respective continents. The Old World 
monkeys and early anthropoids were in Africa, India, Southeast 
Asia, and Japan; the New World monkeys were in South and Cen-
tral America. This concentration of primate populations led to an 
explosion of evolutionary trends in Africa. The main product of this 
evolutionary explosion was the rapid rise of the apes and the even-
tual appearance of  humans.

EMERGENCE OF ANTHROPOIDS AND 
ANCESTRAL  HUMANS
Early primates were successful largely because they were able to 
adapt quickly to environmental changes that were transforming 
the world. Survival of the primates hinged on several important 
anatomical changes. These changes included stereoscopic vision, 
specialized dental formulas, and the modifications to limb struc-
ture that empowered the animals’ mobility, not only in the trees 
but also on the ground. The modification of the primate jaw was 
an especially important key to primate adaptability. As their upper 
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and lower jaws and related musculature became stronger, primates 
were able to chew tougher foods. This widened their dietary choices. 
Paleoanthropologist Craig Stanford hypothesizes the improvement 
of primate jaws a step further when he suggests that stronger jaws 
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led to the  ingestion of more food and to the gradual development of 
larger body  size.

With the passing of the Oligocene Epoch, the face of the Earth 
and its habitats were transformed dramatically from what had 
been the warm, tropical Eocene world that had spawned the early 
radiation of primates. The continents drifted farther apart. North 
America became isolated from Europe. India, once a drifting island, 
fused with Asia. Africa became geographically isolated from most 
of Eurasia. A cooling trend that largely affected the Northern Hemi-
sphere made the  once- tropical habitats of North America, Europe, 
and Asia inhospitable for primates, and primates subsequently dis-
appeared from many areas above the  equator.

By the beginning of the Miocene, primate populations were 
largely isolated on different continents. The Old World monkeys 
and early anthropoids were in Africa, India, Southeast Asia, and 
Japan. The New World monkeys were in South and Central Amer-
ica. This regionalized concentration of primate populations led to 
an explosion of evolutionary trends in Africa. The main product 
of this evolutionary activity was the rapid rise of the apes and the 
eventual appearance of  humans.

The  Prosimian- Anthropoid  Divergence
The higher  primates— the haplorhines (anthropoids)—consist of the 
monkeys, apes, and humans. Anatomical trends of the haplorhines 
as compared with the lower  primates— the strepshirhines (prosim-
ians)—include larger brains, an eye socket enclosed by a bony orbit, 
a fusion of the bones of the skull cap, a shortened face, and a differ-
ent dental formula. Prosimians are also primarily arboreal, or tree 
living, having adapted long limbs, clawlike nails, and prehensile 
tails in many species. No anthropoids developed prehensile tails, 
and there is a tendency in this group toward large body size and a 
 ground- based lifestyle with some tree  climbing.

The early anthropoids appeared in the middle Eocene and were 
more monkeylike than the great apes we picture today. Many of the 
features associated with apes today were not yet well developed in 
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the basal apes. The earliest known fossils of apes often consist only 
of teeth and jaws. The oldest known fossils believed to be those of 
an early anthropoid consist of several molar teeth of Algeripithecus 
(Middle Eocene, Algeria). While the occurrence of these fossils 
in North Africa has argued for an “Out of Africa” origin for the 
haplorhines, the discovery of an equally old and more informa-
tive primate specimen from China has complicated this view. The 
remains of Eosimias (“dawn monkey”) were discovered by a joint 
 American- Chinese paleontological team between 1994 and 1997. 
The remains consist of jaw and skull fragments as well as pieces of 
limb and ankle  bones.

Eosimias was a tiny primate, as small as a pygmy marmoset— 
about 6 inches (15 cm) excluding the tail. Its remains show that 
many anthropoid traits of the skull and teeth were evolving prior to 
the attainment of the larger body size associated with most higher 
primates. The teeth of Eosimias were more primitive than those of 
Algeripithecus from North Africa, which suggests that Eosimias rep-
resented a more ancient branch of anthropoid  lineage.

The discovery of Eosimias in Asia has great implications for the 
“Out of Africa” theory of haplorhine origins. Christopher Beard of 

Differences in the skulls of haplorhine and strepsirhine  primates
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the Carnegie Museum of Natural History was the expedition leader 
of the team that discovered Eosimias. According to Beard, “The 
fact that Eosimias was so much more primitive than roughly con-
temporary African higher primates was potentially one of its most 
important attributes from a scientific perspective.” Beard explains 
further: “First, the presence of the most primitive higher primates 
in China could mean that higher primates actually originated on 
the Asian landmass, thus bursting the bubble of the ‘Out of Africa’ 
hypothesis.”

The existence of early anthropoids is much clearer a little later in 
the fossil record. One significant source of early haplorhine fossils 
is the Fayum Depression, a geologic formation in Egypt. The fossils 
from this locality date from the Late Eocene and Early Oligocene. 
The Fayum Depression is located in the Sahara Desert. The area 
once was a lush, tropical forest divided by rivers, however, and was 
home to many kinds of plants and animals. The Fayum Depres-
sion is noted for its fossil remains, although most are fragmentary. 
Among these are several undisputed taxa of extinct anthropoids 
that include Oligopithecus, Proteopithecus, and Catopithecus. Like 
Eosimias, these primates contained a mosaic of primitive and more 
derived features of  haplorhines.

The fossil record of prosimians and anthropoids show that even as 
far back as 45 million years ago, the two lineages of primates were well 
established and often were living in the same regions. The ancestral 
origins of the two lineages were probably the same. The divergence 
of anthropoid species from prosimian species was a gradual one. The 
development of larger brains and a modified dental  formula— so sig-
nificant to distinguishing anthropoids from  prosimians— came later 
in the evolution of the early apes. This suggests that other traits may 
have played a more important role in this divergence. Modifications of 
the limbs and supporting skeletal structures gradually converted the 
apes from a predominantly  tree- borne lifestyle to one that was more 
ground based. Anatomical evidence also shows more sexual dimor-
phism in early apes. Such visible differences between the size and 
physiological features of males and females suggests the emergence 
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of more sophisticated social behavior in early apes, a feature that may 
have improved their survival potential. The topic of primate social 
behavior is discussed in more detail in Chapter  4.

The diversification of early apes progressed rapidly between the 
Early Miocene Epoch and the beginning of the Pliocene Epoch, a 
span ranging from about 23 million to 5 million years  ago.

Apes (Hominoidea)
The Hominoidea, or apes, today include the gorillas and chim-
panzees from Africa, the gibbons and orangutans from Asia, and 
humans. The hub of ape evolution was eastern Africa, along the area 
where the Great Rift Valley was developing. The earliest fossils of 
true apes are known from Kenya, Namibia, Uganda, and Ethiopia. 
Apes of the Miocene formed a much more diverse group than apes 
do today. Miocene apes were forest dwellers and primarily fruit 
eaters, and they lived in an environment that was largely forested. 
Whereas living apes are restricted to just four taxa, Miocene apes 
are known from dozens of taxa. The earliest apes typically had bod-
ies similar to those of monkeys but skulls and a dental formula that 
were apelike. Most of the earliest apes were quadrupeds. Because of 
their small eyes, they were most likely  diurnal.

The ancestors of modern apes arose during the Middle Miocene. 
Some kinds of apes migrated to the north to populate Europe and 
Asia. By the Late Miocene, human ancestors had diverged from the 
lineages of gorillas and  chimpanzees.

The quest to determine which Miocene apes were the direct 
ancestors of humans is at the center of an ongoing debate in the 
study of primate evolution. The following are representative taxa of 
extinct apes, some of which come close to fulfilling the goal of that 
quest. A discussion of the earliest humans begins in Chapter  5.
Extinct Apes
Proconsul (Early Miocene, Africa). The most abundant group of 
hominoids from the Early Miocene belongs to the taxon  Proconsul 

(continues on page 76)
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THINK ABOUT  IT

DNA Evidence for the Origins of Primate  Groups
Evidence for the evolutionary relationships between organisms comes 
from many sources. Traditionally, the  phylogeny— the family tree based 
on shared, inherited  traits— for any lineage of organism has been based 
on an accumulation of evidence from the fossil record. In the case of 
fossils, to know the geologic time and location for a given fossil animal 
is of key importance. With that knowledge, a case can be made for the 
ancestral relationships of a given lineage. This is done by comparing the 
sequence of fossils for the presence of traits that may have been inher-
ited from earlier members of the  clan.

In many cases, the fossil record simply lacks the kind of evidence 
needed to put the pieces of the evolutionary story together. The use of 
molecular phylogenetic methods offers an option for filling in some of 
these  gaps.

A phylogenetic analysis based on molecular evidence uses information 
derived from genes or proteins of living species to determine when in the 
past such species may have diverged from ancestral groups. This work 
is done statistically, using data derived from such techniques as DNA 
sequencing to compare the composition of molecules from different spe-
cies. In 1969, anthropologist Vincent Sarich and biochemist Allan Wilson 
compared amino acid sequences of  hemoglobins— the  oxygen- carrying 
component of red blood  cells— from humans, chimpanzees, gorillas, and 
rhesus monkeys as the basis for determining when, in the past, these 
lineages most likely diverged into separate  species.

By knowing that genetic differences between species require time to 
accumulate, the two scientists originated the concept of the molecular 
clock to detect when related species branched away from each other in 
the far past. For this mathematical clock to work, the scientists needed 
to calibrate it to a known point in the fossil record when a specific diver-
gence between species took place. By comparing a verifiable fossil date 
with the composition of the  present- day genetic molecules of a species, 
Wilson and Sarich ascertained a rate at which molecular change took 
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place. This was a revolutionary approach to phylogeny at the time, but 
Wilson and Sarich were quite confident that their methods would stand 
the test of time. They suggested that their molecular clock placed the 
divergence of ancestral humans from apes at about 5 million years ago. 

 

origin and Classification of the Primates  75

(continues)

16881_PE_Primates_dummy.indd   75 11/12/08   11:57:46 AM



76  PRIMATES AND HUMAN ANCESTORS

(“before Consul”). The original specimen was named in 1933 for 
Consul, a popular performing chimpanzee in Europe. A 1947 
expedition to the Lake Victoria area of Kenya, mounted by anthro-
pologists Louis Leakey (1903–1972) and his wife Mary Leakey 
(1913–1996), resulted in the spectacular find, by Mary Leakey, of 
a fairly complete specimen of Proconsul. The discovery and study 
of Proconsul represented an important contribution to the study of 
hominoid and even human evolution. Louis Leakey said of Procon-
sul that it seemed to be “neither an ancestral ape, nor yet an ancestor 
of man, but a side branch with characteristics of both stocks.” This 
rational assessment has stood the test of time, even as many more 
Miocene hominoids have been  discovered.

They also came to the bold conclusion that, “Indeed, our calculations indi-
cate that it is difficult to consider seriously any date in excess of 10 million 
years for the origin of the hominid lineage.”

The  Wilson- Sarich model has held up pretty well over the years. Much 
research in molecular phylogeny has been done during the intervening 
years. Humans are most closely related to the genus Pan, or chimpan-
zee. Techniques for using DNA and genomes as a source to extrapolate 
the timing of the  Pan- human evolutionary split have grown increasingly 
sophisticated since the work of Wilson and Sarich. Today, the consensus 
is that ancestral humans split from the great apes somewhere between 
5 million and 7 million years ago, at the end of the Miocene  Epoch.

As paleoanthropologist Craig Stanford points out, the goal of molecu-
lar phylogeny is not to replace the traditional phylogenies developed by 
comparing actual fossil specimens. Ideally, both methods eventually will 
converge on the same  conclusions.

(continued)

(continued from page 73)
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Proconsul is known from three species that range in weight 
from about 24 pounds to about 190 pounds (10.9 to 86.7 kg). With 
a long back and slender limbs, the Proconsul body was much more 
like that of a monkey than that of a modern ape. Proconsul lacked a 
tail, however. Its skull and teeth were more apelike, with hominoid 
dentition. It probably lived in trees and was adept at swinging from 
branch to  branch.

Proconsul once was considered the last common ancestor held 
by apes and Old World monkeys, but that distinction now may go 
to another Miocene hominoid, Morotopithecus (Early Miocene, 
Uganda). Morotopithecus includes an even more radical mosaic of 
monkeylike and apelike features than Proconsul. Specifically, the 
dentition of Morotopithecus is less derived and more like that of 
monkeys than that of apes, and the postcranial skeleton of Moroto-
pithecus features a shorter, stiffer back and a shoulder girdle better 
adapted for apelike arm swinging than for  brachiation.

Afropithecus (Middle Miocene, Africa). Weighing an average of 
110 pounds (50 kg), Afropithecus was a moderately large hominoid. 
It is known from fragments of its skull, jaw, and skeleton. Afropithe-
cus had a long, narrow snout; relatively small eyes; and robust, 
tusklike canine teeth. The protruding upper incisors were wide and 
flat and appear to have worked in concert with the large canines to 
gather and grind hard seeds and nuts. Afropithecus is considered 
close to the origins of modern  hominoids.

Sivapithecus (Late Miocene, Africa, Europe, and Asia). Siv-
apithecus represents a line of Miocene hominoids that radiated 
widely after the land bridge between Africa and Eurasia was rees-
tablished during the Middle Miocene. Sivapithecus was discovered 
first in India and Pakistan, but examples have been found since in 
such widely separated regions as Turkey, Kenya, and China. The 
facial and dental traits of Sivapithecus were similar to those of the 
living orangutan, and it is likely that Sivapithecus was ancestral to 
the modern lineage of Asian great apes. The body of Sivapithecus 
was not very orangutanlike, however, and it had grasping feet more 
like those of the chimpanzee. Sivapithecus measured about 5 feet 
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(1.5 m) tall. The thick enamel of its teeth indicates that Sivapithecus 
fed largely on hard foods such as nuts and  seeds.

Dryopithecus (Middle to Late Miocene, Africa, Europe, and 
Asia). One line of European hominoids is represented by Dryopithe-
cus, part of a group that may have included the common ancestor 
of the modern gibbons and great apes (chimpanzees and gorillas). 
Dryopithecus, which had typically hominoid molars, was a small, 
 tree- climbing animal adapted to eating fruit. Dryopithecus mea-
sured about 24 inches (60 cm) long. It had a body more like that of 
a chimpanzee than that of a monkey, so although Dryopithecus was 
most certainly a good climber, it also was well adapted for moving 
about on the ground. This adaptation would have been important 
in the Late Miocene world as grasslands and open expanses of land 
became more  common.

Pierolapithecus (Middle Miocene, Spain). Pierolapithecus is 
currently one of the best candidates for a group that consists of the 
last common ancestors of the great apes and humans. Pierolapithe-
cus existed at just about the time that apes diverged from other 
hominoids. An excellent specimen of Pierolapithecus that consists 
of skull parts, hands, feet, vertebrae, and other fragments appears 
to represent a single adult male that may have weighed about 75 
pounds (34 kg). Its flat rib cage, stiff lower spine, and flexible wrists 
and shoulder girdle made it adaptable for tree climbing as well as for 
 so- called knuckle walking while on the  ground.

Gigantopithecus (Late Miocene to Pleistocene, China, India, 
and Pakistan). The largest of all known apes was Gigantopithecus, 
a monstrous primate that probably was most like an orangutan. It 
is known only from fragmentary fossils that include jaws and teeth. 
When these fragmentary remains are scaled up to predict body 
proportions, some estimates make Gigantopithecus as much as 10 
feet (3 m) tall, with a weight of 1,200 pounds (545 kg). As big as it 
was, Gigantopithecus probably subsisted on such tough vegetation as 
bamboo, nuts, and seeds, as well as on fruit. The last of the line of 
these giant apes died out only about 300,000 years ago, a time that 
they shared with early  humans.
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CONCLUSION
The fossil record of primates provides a robust picture of their evo-
lution, including the division of the prosimians and anthropoids 
and the development of Old World monkeys, apes, and ancestral 
humans. Molecular phylogenetic methods affirm evidence from the 
fossil record by showing that ancestral humans most likely diverged 
from the apes between 5 million and 7 million years ago. Chapter 4 
examines the anatomical and behavioral traits that make primates 
unique among mammals. This examination leads to the introduc-
tion of the human primate in Section  Three.

SUMMARY
This chapter examined the evolution of the primates and especially 
the lineage of primates known as  anthropoids.

An illustration of  Dryopithecus
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 1. Primates are members of an order of eutherian mam-
mals known as the Archonta. The earliest members of the 
Archonta arose in North America and Europe during the 
Paleocene and Eocene  Epochs.

 2. At the base of the primate family tree were the Plesiadapi-
formes, an extinct group that consisted of the most primitive 
taxa associated with early  archontans.

 3. Primates traditionally have been divided into two major 
groups for classifying purposes. The prosimians (“before 
monkeys”) include lower primates with a more  squirrel- like 
body, including the lemurs and the lorises. These strepsi-
rhines are the most primitive primates. The anthropoids 
(“man structure”), or  so- called higher primates, include 
the tarsiers; New World monkeys (from the Americas); Old 
World monkeys (from Africa, Asia, and Europe); apes; and 
humans. Modern taxonomic nomenclature substitutes the 
term strepsirhine for prosimian and the term haplorhine for 
 anthropoid.

 4. Living anthropoids are classified into two large groups: the 
catarrhines (“downward facing noses”), which include Old 
World monkeys, apes, and hominins, and the platyrrhines 
(“flat noses”), or New World  monkeys.

 5. The hub of ape evolution was eastern Africa, along the area 
where the Great Rift Valley was developing. The earliest fos-
sils of true apes are known from Kenya, Namibia, Uganda, 
and  Ethiopia.

 6. Early primates were successful largely because they were able 
to adapt quickly to environmental changes that were trans-
forming the world. By the beginning of the Miocene, primate 
populations were largely isolated on different  continents.

 7. The higher  primates— the haplorhines, or  anthropoids—
 consist of the monkeys, the apes, and humans. Anatomi-
cal trends of the haplorhines as compared with the lower 
 primates— the strepshirhines, or  prosimians— include larger 
brains, an eye socket enclosed by a bony orbit, a fusion of the 
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bones of the skull cap, a shortened face, and a different dental 
 formula.

 8. The early anthropoids appeared in the middle Eocene and 
were more monkeylike than the great apes we see  today.

 9. The discovery of the tiny primate Eosimias in Asia offers 
evidence contrary to the traditional “Out of Africa” theory of 
haplorhine  origins.

 10. The emergence of ancestral humans from apes took place 
between 5 million and 7 million years  ago.
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Soon after the publication of his book On the Origin of Species in 
1859, Charles Darwin was faced with having to address the applica-
tion of his theory to the evolution of humankind. Although he had 
for many years given consideration to human origins, Darwin had 
decided not to publish these ideas in On the Origin of Species. He 
was admittedly reluctant to do so because it would “only add to the 
prejudices” against his own views. Although Darwin had gingerly 
avoided such a discussion in his most famous book, critics and sup-
porters alike immediately entered the fray to make the case for or 
against the evolution, through natural selection, of the human spe-
cies from  primates.

Among the controversies was one of classification. If humans 
were, in fact, members of the mammal group known as primates, 
on what basis were they different from other members of the group? 
Although the answer might seem obvious on the surface, the scien-
tific basis for defining humans as a member of the primates was a 
topic of fundamental importance to the community of nineteenth 
century naturalists. It was this discussion that led to the science of 
human origins and cemented the validity of evolution as the key-
stone of biological  science.

The eminent British naturalist Thomas Huxley (1825–1895), an 
avid champion of Darwin’s work, was one of the most energetic 
early contributors to thought about human origins. Darwin, when 
he finally decided to publish a book about human evolution in 1871, 
acknowledged the contributions of Huxley by  saying:

4

PRIMATE BIOLOGY 
AND  BEHAVIOR

PRIMATE BIOLOGY 
AND  BEHAVIOR
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It would be beyond my limits, and quite beyond my knowledge, 
even to name the innumerable points of structure in which 
man agrees with the other primates. Our great anatomist and 
philosopher, Prof. Huxley, has fully discussed this subject, and 
concludes that man in all parts of his organization differs less 
from the higher apes, than these do from the lower members of 
the same group. Consequently there ‘is no justification for plac-
ing man in a distinct order.’

Huxley established an early classification of primates that 
divided them into three groups, all with a common ancestor: the 
lemurs, monkeys of all kinds, and apes (including humans) alone. 
While today’s understanding of primate classification now con-
tains several other subgroups and divisions, Huxley basically had 
the right idea. Ever since, humans have widely been accepted as 
primates, the order of mammals that has arguably had a greater 
impact on life on  Earth— for better or for  worse— than any other 
mammal  order.

This chapter explores the biological and behavioral nature of 
primates. For a complete discussion of nonhuman primate origins, 
readers may wish to read another book in this series, The Age of 
Mammals. A detailed view of human anatomy is discussed in the 
book Early Humans, also part of The Prehistoric  Earth.

BIOLOGICAL CHARACTERISTICS OF  PRIMATES
Humans are one of more than 200 kinds of living primates in the 
world today. Primates (“of the first”) include the biological group 
made up of all lemurs, monkeys, and apes, including humans. Pri-
mates live today in tropical regions of the Americas, Africa, and 
Asia. Humans, of course, have used technology to adapt to living 
conditions anywhere on the  planet.

Primates range widely in size, from the largest gorillas, which 
weigh 500 pounds (225 kg), to the  chipmunk- sized dwarf bush 
baby, which weighs a mere 2.3 ounces (65 grams). Many primates 
are social creatures, but there are some that prefer to live alone. 
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Primates also vary in their degree of  intelligence; in whether they 
are most active during the day or at night; and in their dietary 
preferences, which range from fruits, leaves, and nuts to a more 
omnivorous diet to which a good proportion of insects and meat 
have been  added.

Primates are distinguished from other mammals by several ana-
tomical traits related to their limbs, posture, and locomotion; diet 
and teeth; and brain and  senses.

Limbs, Posture, and  Locomotion
One of the most familiar and defining anatomical structures of pri-
mates is the grasping hand and, in some species, grasping feet. This 
is due to the presence in all primates of an opposable thumb on the 
hand, and, in some, an opposable big toe on the foot. Each hand or 
foot has five digits. The presence of a thumb or big toe that can flex 
 against— that is, in opposition  to— the other digits makes it possible 
for a primate to grasp  objects.

The degree to which the thumb or big toe is useful for grasping 
varies, depending on the kind of primate. In spider monkeys and 
gibbons, for example, the thumb is greatly reduced and the fingers 
elongated to such a degree that grasping is not possible. In humans, 
the big toe barely functions for grasping, whereas in nonhuman pri-
mates, such as apes, the big toe makes the foot as useful for grasping 
as the  hand.

Having grasping hands and feet enables primates to take advan-
tage of several strategies for moving about. Vertical clingers or leap-
ers use their hands and feet to jump from branch to branch in trees. 
Some rely primarily on arm swinging, or brachiation, in which the 
body is fully supported by either forelimb as the animal swings 
from branch to branch. Other primates, including the apes, use 
their arm strength to pull themselves up by the arms to hang and 
climb. Most primates other than humans are quadrupedal when on 
the ground, walking on all fours. Asian orangutans walk on their 
fists; African apes walk on their  knuckles.
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In humans, the foot is flatter than in other primates, and the 
toes are arranged on the same plane, reducing the ability to grasp 
in favor of the ability to walk upright.

Primate digits also have flat nails instead of claws. This distin-
guishes them from the digits of other climbing animals such as tree 
shrews and squirrels. The primate’s sense of touch is also enhanced 
by the presence of fibrous pads at the ends of the digits.

Although most primates other than humans do not normally 
stand erect, their skeletal design has a tendency toward an upright 
posture. This is especially true because of the long spine of the 

Foot skeletons of a gorilla (left) and human (right)
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upper body. Upright posture can be expressed in many ways aside 
from standing. It may be expressed while sitting, leaping, and 
 walking.

Diet and  Teeth
There is a strong tendency toward omnivory in primates, and their 
tooth pattern, though heterodont, is generalized for the consump-
tion of foods from many sources. Most species will favor some kinds 
of foods over others, but all will consume a variety of fruits, nuts, 
leaves, and other plants, in addition to some  meat.

The primate mouth has four kinds of  teeth— incisors, canines, 
premolars, and  molars— as in most other mammals. Primate molars 
are low crowned, with blunt cusps for chewing. Primates have a 
reduced number of incisors and premolars when compared with 
other mammals. Primate canines and incisors are used for biting, 
pulling, and cutting. This dental formula makes primates highly 
adaptable to a variety of foods and capable of changing their eating 
habits quickly based on changes in their  environment.

Skull, Brain, and  Senses
Evolutionary changes in the primate skull and brain have generally 
favored the sense of vision over the sense of smell, particularly in 
diurnal  species.

Binocular vision. Primate eyes have a forward orientation and 
provide stereoscopic vision. Having two eyes with overlapping fields 
of vision allows the brain to combine images that are only slightly 
different in their horizontal projection. The differences provide a 
sense of depth and dimensionality. The primate brain has developed 
special structures to interpret  three- dimensionality and depends 
on both eyes transmitting overlapping images to the brain at the 
same time. Judging distance is especially important to  tree- dwelling 
animals capable of jumping from branch to branch. The anatomy 
of the primate skull has several modifications to accommodate 
binocular vision. These include a shorter snout, a flatter face, and 
a bony ridge on the rear edge of the orbit that forms a protective 
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encasement for the eye called a postorbital bar. The latter feature 
is more pronounced in the more advanced primates, including the 
great apes and  humans.

Diurnal primates have color vision, while nocturnal  species—
 those active mostly at  night— do  not.

Enlarged brain. Primates have a reduction in some senses when 
compared with other mammals. For example, the primate senses of 
smell and hearing are less acute than in many other kinds of mam-
mals. Other portions of the primate brain have become enlarged 
over the course of primate evolution, however, especially in regard 
to the vision and cognitive centers. Larger brain capacity provides 

Binocular vision. The fields of vision overlap and the optic signal for each 
eye is detected by both hemispheres of the  brain.
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increased intelligence and improved  adaptability— key factors in the 
success of  primates.

Reproduction and Life  Cycle
The life cycle of primates is generally longer when compared with 
those of other mammals. Primates have an extended period of fetal 
gestation. Once born, primates mature quite slowly. Every aspect 
of growth seems to take longer in primates than in other mam-
mals. From the gestation period, to the time spent being cared for 
as an infant, to the eruption of baby teeth followed by adult teeth, 
to the reaching of sexual maturity, primates exhibit prolonged life 
 histories.

Most primate species usually have single offspring. This con-
trasts sharply with the many other, mostly small, mammals that 
routinely have multiple births. Instead of counting on sheer num-
bers to further the survival of the species, primates have adopted a 
strategy dependent on extended parental care and protection and 
longer life cycles to further their kind. In an important sense, pri-
mates use their greater intelligence to ensure the survival of their 
numbers. Having a longer life and a larger brain enables them to 
adapt continually and adjust to the dangers and risks of life. This 
provides primates with advantages beyond their genetically pro-
vided, innate  adaptations.

BEHAVIORAL CHARACTERISTICS OF 
HIGHER  PRIMATES
In addition to anatomical traits, there also are behavioral charac-
teristics that distinguish haplorhine primates from other mammals. 
The study of primate  behavior— one of the key subdisciplines of the 
field of  primatology— opens a window onto the ways early humans 
may have acted, interacted, and survived. Behavior is also part of 
the fabric of the life events that contribute to the survival and adap-
tation of a species. As such, behavior is subject to the same forces of 
natural selection that govern the continuance of an individual and, 
ultimately, the population of which that individual is a  member.
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Because of the close relationship of nonhuman hominoids to 
humans, much fieldwork has been done in the study of the social 
behavior of such nonhuman hominoids as chimpanzees, orang-
utans, bonobos, and gorillas. The social behavior of these primates 
is the subject of this  section.

Primate Social  Behavior
Higher primates, including hominoids, are social animals, and they 
display a suite of unique social behaviors that contribute to their 
success and survival. The study of primate behavior is the work of 
primatologists. They do their work by observing captive animals in 
zoos or by studying  free- ranging animals in their natural habitats. 
Each approach has certain  advantages.

The observation of captive animals not only allows the prima-
tologist to study the biology of living subjects but, perhaps more 
significantly, also provides an opportunity to interact with the 
species. This has been particularly important for the study of the 
communication skills of apes. Several historically important studies 
have shown that apes can be taught to communicate with humans 
through the use of such techniques as American Sign Language or 
images shown on a computer screen. In 1966, the husband-and-
wife team of Beatrix T. Gardner (1933–2008) and R. Allen Gardner 
demonstrated that a young chimp could be taught to communicate 
using American Sign Language. This pioneering work led to many 
 follow- up studies using a variety of communication  methods.

The Gardners chose American Sign Language as their method 
of communicating with chimps because these apes lack vocal cords 
with the same kind of verbal acuity as found in humans. Another 
American researcher, Sue  Savage- Rumbaugh of the Great Ape 
Trust, spent 30 years at Georgia State University perfecting tech-
niques that included computer voice synthesis for communicating 
with great apes, including bonobos. Among her techniques, she 
used a computer keyboard and voice synthesis to allow the animals 
to “talk” using spoken English.  Savage- Rumbaugh’s research has 
done much to document the ability of apes to recognize and recall 
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symbols, comprehend spoken words, decode language patterns, and 
learn basic concepts related to counting and quantity. Her work has 
added much to the understanding of the intelligence of these close 
relatives of  humans.

Primatologists who study  free- ranging populations of primates 
hope to observe their subjects in as natural a setting as possible. 
This means that the primates live in a habitat that is normally unaf-
fected by the presence of humans. Researchers conduct fieldwork 
by living in close proximity to their subjects, a process that first 
requires a period of habituation, until the novelty of human pres-
ence reduces the natural fear and anxiety that the primate subjects 
might initially express. Only then, after perhaps many weeks of 
blending in with a given primate population, will a researcher begin 
to observe behavior that might closely resemble behavior that might 
occur if no human were  present.

Without the dedication of such field workers, we would know 
little about the various social structures of the higher primates. 
American psychologist Robert Yerkes (1876–1956) was one of the 
first to conduct field studies of gorillas and chimpanzees. A pioneer 
of intelligence testing in the early 1900s, Yerkes became interested in 
the comparative study of the psychology of apes and humans. “Cer-
tainly it is unwise to assume that human biology can be advanced 
only by the study of man himself,” wrote Yerkes in 1943. By the 
1930s, Yerkes was sending students into the field to study gorillas 
and chimpanzees. Other landmarks in the field study of primates 
included Japanese field research begun in 1948 by Kinji Imanishi 
(1902–1992) and Junichiro Itani (1926–2001), who documented the 
social behavior of macaques, and the pioneering work of British 
primatologist Jane Goodall (b. 1934), who has studied  free- ranging 
chimpanzees in Tanzania for more than 40  years.

The Advantages of Being  Social
Among the primates, anthropoids are best known for their social 
behavior. Why does social behavior benefit the anthropoids? This 
is a complicated question because the nature and benefits of social 
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behavior vary even within the affected primate social groups. One 
thing is certain: Living in social groups has benefited anthropoids 
for many thousands of years as a successful adaptive response to 
ecological factors that otherwise might have impeded their ability 
to survive as a  species.

Living together has risks. It exposes individuals to competition 
for resources. Living in a social group also increases the likelihood 
of injury because of conflict with one’s fellow group members. 
Being in a group also complicates mate selection; it can lead to 
rivalries,  face- offs, and even death. Anthropoids have learned to 
accept these consequences of competition with their own kind to 
offset the larger risks of going it alone in a world full of even greater 
 dangers.

One of the key advantages to living in a group is the natural 
protection from predators that a group offers. According to one 
hypothesis, anthropoids are more likely to avoid being preyed on 
because they live together in  self- policing, vigilant groups. Higher 
primates are vulnerable to a range of small and large predators, 
ranging from snakes and birds to large cats and humans. Living in 
a group immediately reduces the likelihood of any one individual 
being preyed on to the exclusion of others. This  safety- in- numbers 
strategy is found in many kinds of animals that live in large groups, 
from fish, to birds, to antelope. Living in groups also provides a col-
lective awareness of the environment: Many eyes, noses, and ears 
are at the ready to detect the first signs of an approaching predator. 
When a predator is detected, it is common among nonhuman pri-
mates to let out a warning call. Baboons bark, chimpanzees scream, 
and lemurs  hoot.

Another benefit of living in social groups is the acquisition and 
protection of food resources. Being omnivorous, anthropoids are 
able to consume many kinds of foods. Most species tend to favor one 
type of food over another, however, and may spend many waking 
hours foraging. Mountain gorillas subsist mainly on leaves. Chim-
panzees are primarily fruit eaters but will supplement their diet 
when necessary with honey, termites, nuts, birds’ eggs, and small 
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mammals. Chimpanzees divide their time equally between eating 
and moving from one  food- source location to the  next.

Living in a social group leverages the talents of individuals with 
the most successful foraging skills. It also allows the group not only 
to acquire food but also to protect that food from other animals. 
Finding and eating food as a group does, however, introduce com-
petition among group members, and the rank of an individual in 
the group will influence that individual’s access to  food.

Acquiring food and guarding against predation often are fused 
as primate groups go foraging. In the case of baboon  troops— troop 
is the name given to a baboon social  group— their food consists 
largely of roots, tubers, leaves, flowers, fruits, and small animals. All 
of these food sources normally are found on the ground. Large cats 
are a serious threat to a baboon troop, and a foraging group relies 
on its largest males to protect the  group.

The Social Structures of Nonhuman  Primates
Field studies of different species of higher primates reveal that these 
animals are self-organized, using a variety of social structures. 
These social patterns and hierarchies vary from species to species 
and sometimes vary even within a given species. Generally speak-
ing, however, the following five social structures are recognized for 
nonhuman  primates:

Bonded pair and offspring. This social structure consists of an 
adult  female- male pair and all of that pair’s offspring. The 
adults usually mate for life in this structure. In most cases, the 
offspring leave the unit when they reach sexual  maturity.

Single female and her offspring. In some primate species, bonds are 
strongest between a female and her offspring, and the broader 
social organization is made up of multiple groups of single 
females and their respective young. Each  single- female unit 
may occupy a specific area, called its home range; the ranges of 
multiple  single- female units may overlap. In this social struc-
ture, interaction with males is limited except  during mating, 
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and the males tend to range over a wide area that encompasses 
the home ranges of several females.

Fission-fusion society. In this structure, a large overall social group 
breaks up on a regular basis into smaller groups that then will 
regroup to re-form the larger unit again. The breaking up into 
smaller groups is often associated with a task such as foraging. 
In bonobos, for example, the entire group may sleep together 
in one spot each night but divide and disperse into smaller for-
aging groups by day. The composition of these smaller groups 
may change from day to day.

One (adult) male group. In this form of social organization, one 
male is associated with multiple females and services them for 
mating purposes. Despite appearances, the male is not neces-
sarily the determining factor in the formation and development 
of such a group. In some cases, it is the female who chooses to 
be in a one-male group, not the male who chooses the female. 
Among mountain gorillas, females sometimes may transfer 

COMPARING NONHUMAN ANTHROPOID SOCIAL GROUPS
Anthropoid Type Characteristics

Gibbons and siamangs  Bonded pair and offspring; one adult male, one adult female, and  
their offspring; no other permanent social group

Orangutans Single female and her offspring; no other permanent social group
Chimpanzees  Fission-fusion society; community whose members may separate 

from the larger group temporarily for purposes such as foraging; 
no permanent cohesive group; 10 to more than 100 members in a 
community 

Bonobos  Fission-fusion society; community whose members may separate 
from the larger group temporarily for purposes such as foraging; no 
permanent cohesive group; strong females tend to lead; 15 to 150 
members in a community

Gorillas  One (adult) male group, several females; 5 to 30 members in a 
community

Baboons  Troop; smaller, one-male group within community; females have 
strong bonds; males often transfer from one group to another; 10 to 
200 members in a community
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94  PRIMATES AND HUMAN ANCESTORS

among  one- male groups. In some species of baboons, the bond 
between females is actually stronger than the bond between a 
male and his  so- called  harem.

Troop. In larger groups in which it becomes impractical for a single 
male to monopolize or defend a large number of females within 
his group, males will compete to gain first access. Females in 
such organizations tend to develop close bonds among them-
selves. Males, on reaching puberty, often will switch to another, 
neighboring group rather than continue to struggle for domi-
nance against antagonizing male  counterparts.

Other Characteristics of Higher Primate  Behavior
Living in groups leads to a number of other innovative features of 
higher primate behavior. As social animals, primates have a natural 
dependency on others to perpetuate their own survival and that of 
the  species.

Some primate societies have a dominance hierarchy in which 
individual males have a given status within the group. This is par-
ticularly true of baboons and chimpanzees. Those individuals who 
are dominant have more influence on the collective behavior of the 
group and on the choice of mating partners. The dominant male 
generally is one of the largest and healthiest members of the group. 
Once established, a dominant male baboon may maintain his rank 
for a long time. Other, lesser males may form an alliance with the 
dominant male and protect him from aggressive moves by newcom-
ers to the troop. Changes eventually take place as dominant males 
grow old and weaken or  die.

Female primates also establish hierarchies, and these are some-
times more important than male hierarchies within a social group. 
Among baboons, these hierarchies generally are based on the rank 
of a female’s mother within the group. Females with infants often 
carry a special status within a group as well and often are guarded 
by other member of the social order. In bonobos, rank often is 
determined by  female- to- female bonds as well as by bonds between 
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a female and her male offspring. Bonobo males yield to females 
when feeding, and groups of females have been observed attacking 
 males.

Many forms of communication are exhibited by all animals. 
These forms of communication include instinctive behaviors that 
convey emotions, express fear, or represent intent. Higher primates 
add to this repertoire of autonomic communicative responses 
a suite of purposeful, often learned behaviors that also serve as 
 communication.

Primates engage in a large collection of verbal and nonverbal 
expressions, from vocalizations to gestures, facial expressions, and 
touching. Chimpanzees engage in prolonged eye contact as a mild 
threat. A more serious threat gesture might consist of a chimp 
exposing its large canine teeth, wobbling back and forth while 
crouching, or shaking the branches of a tree to intimidate another 
primate or intruder. Researchers have studied the facial expressions 
of chimpanzees closely; the expressions reveal a set of typical “faces” 
that now can be  interpreted.

Although primates do not use verbal language the way humans 
do, they often have a wide range of vocalizations available to convey 
basic information to others of their kind. Such vocalizations might 
enable the primate to signal danger, to indicate the presence of food, 
to express anger, or even to express satisfaction to other members 
of its  group.

Social groups are never without conflicts, resolutions, and ami-
cable interactions between members. Aggressive behaviors such as 
fighting, biting, and chasing individuals away from food sources 
are not uncommon in primate societies. Behaviors that bring reso-
lution and calm to the social group are known as affiliative behav-
iors. These behaviors often involve touching and friendly physical 
contact. Social  grooming— in which one individual uses its fingers 
to pick dirt, insects, or other materials from the fur of  another— is 
highly particular to primate species. Some primate species engage in 
this pleasurable activity for long  periods.
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Learning and  Tools
Nonhuman anthropoids are also distinguished by their capacity 
for learning. In many ways they show an aptitude equal to that of 
humans for observing, imitating, and mastering tasks. The behavior 
of most organisms exists at an instinctive or autonomic level and is 
programmed by the organisms’ genes. Anthropoids, however, are 
able to add to their repertory of inherited behaviors by learning new 
behaviors throughout their lives. This ability to learn and respond 
to obstacles in life’s path provides anthropoids with a tremendous 
adaptive  advantage.

Examples of anthropoid learning abound in the annals of field 
researchers. In 1979, while studying Japanese macaques, primatolo-
gist Michael Huffman of Kyoto University noticed a lone female mon-
key playing by herself with small rocks in a manner much like that of 
a child banging together and stacking a set of building blocks. On his 
return to the same locality in 1983, Huffman was astounded to see 
that half or more of the macaque troop was now engaged in stacking 
and banging stones, sometimes even on the roofs of local houses, 
creating quite a disturbance. Most interesting was that this behavior, 
apparently picked up and passed from monkey to monkey within the 
troop, had no obvious purpose other than  self- amusement. During 
earlier studies of macaques, dating back to the 1950s, researchers 
had observed a young female monkey who began to wash dirt from 
sweet potatoes. This behavior then was learned by the young female’s 
mother and slowly began to spread to other members of the troop. 
Infants copied the behavior quickly. After 10 years,  three- quarters of 
the macaques had adopted the potato-washing  behavior.

When such behaviors are passed along to other members of a 
group, a culture arises. “Culture and innovation are often ways of 
adapting to environmental changes, or a response to a change in 
lifestyle,” explains Huffman. The ability of higher primates to learn 
greatly improves their ability to adapt to their  world.

Such learned behavior is also related to toolmaking, one of the 
hallmarks of higher primate culture. Among  free- ranging primates, 
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only chimpanzees, orangutans, and capuchin monkeys are known 
to use tools. The capuchin monkey is a New World monkey from 
Central America. As such, it is only distantly related to the great 
 apes— much more distantly related than are Old World monkeys. 
Yet no Old World monkey shows a capacity in the wild for tool-
making. This leads researchers to assume that the ability to make 
tools was not inherited by a distant common ancestor of New World 
monkeys and anthropoids, but that it developed independently as 
an inherited trait in these different primate lineages. Humans, in 
turn, inherited the ability to make tools from their closest ancestors 
among the great  apes.

Chimpanzees make and use a variety of tools in the wild. They 
sometimes strip sticks of leaves and insert the sticks into termite 
mounds to fish out the insects. Chimpanzees also are known to 
crush leaves into a spongelike wad to absorb water for drinking or 
to soak up termites. The variety of tools also may vary from one 
community of chimpanzees to another. In some cases, chimpanzees 
appear to use tools with an added degree of premeditation. In West 
Africa, chimpanzees have been seen using stones and rocks to crack 
open palm nuts. A chimpanzee will use one stone as an  anvil- like 
base and then use the other to smash the nuts against the hard sur-
face. Because no similar stones have been found in the immediate 
vicinity, it appears that the stones themselves are left near the palm 
trees by the chimpanzees for future  use.

Variations of chimpanzee  nut- cracking behaviors abound. 
Instead of rocks, some chimpanzee communities use the exposed 
root surfaces of hardwood trees as anvils. Furthermore, this behav-
ior appears to have been adopted by generation after generation of 
chimpanzees. The animals have left behind traces of nut cracking 
that go back a few hundred years in some  cases.

TOWARD THE HUMAN  PRIMATE
Nonhuman primates provide a window on the kinds of adaptations 
and behaviors that were present in ancestral human species. Humans 
share many characteristics with catarrhine primates,  especially the 
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great apes. These characteristics include anatomical similarities 
related to diet, locomotion, reproduction, and larger brains. These 
nonhuman primates also demonstrate a variety of behaviors that 
also are found in humans, with social organization, communication, 
learning, and toolmaking being among the most  fundamental.

A basic definition of culture requires that a population have a 
body of learned behaviors that are passed along to other members 
and generations of the society. By this definition, some species of 
great apes, including chimpanzees, possess actual  cultures— a phe-
nomenon that until about 50 years ago was thought to be exclusively 
human in origin. Today’s field researchers not only assume that 
primates can have cultures but also now conduct comparative stud-
ies of different populations of the same species to detect cultural 
differences between them. Although human culture is vastly more 
complex than nonhuman primate culture, the study of nonhuman 
primate culture provides a vast resource for understanding the evo-
lution of culture in our earliest  ancestors.

SUMMARY
This chapter explored primate biology and  behavior.

 1. Humans are one of more than 200 kinds of living primates in 
the world today. Primates (“of the first”) include the biologi-
cal group made up of all lemurs, monkeys, and  apes.

 2. One of the most familiar and defining anatomical structures 
of primates is the grasping hand and, in some cases, the 
grasping  foot.

 3. Primate locomotion strategies comprise vertical clinging and 
leaping, brachiation in prosimians and Old World monkeys, 
and hanging and climbing in the apes. Most primates other 
than humans are quadrupedal (walking on all fours) when on 
the  ground.

 4. There is a strong tendency toward omnivory in primates, and 
their tooth pattern, although heterodont, is generalized for 
the consumption of many food  sources.
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 5. Primates have large brains and binocular vision. Evolutionary 
changes in the primate skull and brain generally have favored 
the sense of vision over the sense of smell, particularly in 
diurnal  species.

 6. The life cycle of primates generally is longer when compared 
with other mammals. Most primate species usually have 
single  offspring.

 7. Behavior is subject to the same forces of natural selection that 
act on biological  traits.

 8. Living in social groups has benefited anthropoids for many 
thousands of years and has furthered their  survival.

 9. Living in groups has many benefits, including protection 
from predators and the acquisition and protection of food 
 resources.

 10. Field studies of different species of higher primates reveal that 
they are self-organized, using a variety of social  structures.

 11. Primates engage in a large collection of verbal and nonverbal 
expressions, from vocalizations to gestures, facial expres-
sions, and  touching.

 12. Higher primates are good learners and are adept at using 
 tools.
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SECTION THREE: 
EVOLUTION OF THE 
EARLY  HOMININS
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The line of higher primates known as the Hominidae includes two 
subgroups: the apes (gibbons, orangutans, gorillas, chimpanzees, and 
bonobos) and humans. Humans and apes are linked by a common 
ancestor. 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 through-
out the Old World. Paleontologists Peter Andrews of the Natural His-
tory Museum, London, and Jay Kelley of the University of Illinois use 
fossil remains of plants and apes from eastern Europe and Africa to 
explain a likely migration scenario for early  hominoids.

The earliest apes, such as Proconsul and Rangwapithecus (earlier 
Miocene, Africa) from East Africa, were forest adapted. They lived 
an arboreal lifestyle in a multistoried, evergreen rainforest habitat. 
Plant fossils associated with apes that lived toward the middle part 
of the Miocene of East Africa suggest that the apes’ woodland habi-
tat had become more seasonal and was quite similar to the environ-
ment that existed at the same time in the more northerly Turkey. 
Andrews and Kelley proposed that as environments in Africa and 
eastern Europe shifted toward a more seasonal woodland habitat, 
apes were able to emigrate successfully to the north for much of 
the middle part of the Miocene. This migration occurred about 17 
million years ago, while Europe and Africa still were largely joined, 
prior to the expansion of the Mediterranean  Sea.

It was during the middle part of the Miocene Epoch that apes 
enjoyed their greatest diversity. Of approximately 33 known genera 
of living and fossil hominoids, 28 are extinct, and 24 of those lived 
during the  Miocene.

5

THE  APE- HOMININ  TRANSITIONTHE  APE- HOMININ  TRANSITION
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By the end of the Miocene, as the lineages of apes diminished, 
they also diverged onto two evolutionary paths. One path split off 
between 13 million and 15 million years ago and led to orang-
utans. The other path led to modern African apes and eventually 
to humans, which split from the lineage of Pan (the chimpanzee) 
between 5 million and 7 million years ago. One recent study of the 
chimpanzee genome by a team of scientists from Harvard and the 
Massachusetts Institute of Technology concluded that the speciation 
of humans took place no later than 6.3 million years  ago.

Recent molecular studies of anthropoid genetic evolution have 
led to a change in the terminology used to describe humans and 
their most immediate ancestors. The term hominid previously was 
used to include all orangutans, gorillas, chimpanzees, and humans. 
Recent gene studies have revealed, however, that orangutans 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 they are to orangutans. For the purpose of 
classification, the hominoids were divided into two subgroups: the 
Ponginae (orangutans) and the Homininae (gorillas, chimpanzees, 
humans and their ancestors). Furthermore, the term Hominini is 
reserved exclusively for humans and ancestral humans since the 
time of their divergence from other great apes. As a result, humans 
and their ancestors now are referred to as hominins instead of 
hominids. Within this book, the term human is used to refer to any 
species of the genus Homo, or modern humans. Hominin species 
prior to Homo also are referred to as ancestral  humans.

This chapter explores this pivotal time in the evolution of 
humans, the  so- called  ape- hominin transition during which ances-
tral humans first  arose.

BECOMING  HUMAN
We already have seen that many of the anatomical and behavioral 
traits found in humans are also characteristic of other primates, 
especially the hominoids. Large brains, social living, a long gestation 
period and extended childhood, and the use of tools and language 
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all are characteristics found to some degree in both nonhuman 
primates and humans. The publication, in 2005, of the chimpanzee 
genome by a research group known as the Chimpanzee Sequenc-
ing and Analysis Consortium revealed that the genetic makeup of 
humans is only 2.7 percent different from that of chimps, our closest 
relatives among the great apes. This statistically small difference in 
the genetic makeup of human and chimpanzees leads naturally to 
the question of what makes us  human.

Fortunately, the patchy but revealing record of early hominin 
fossils provides paleontologists with compelling specimens that can 
be studied and compared. In piecing these clues together, the stages 
of evolution that lead to anatomically modern  humans— Homo 
 sapiens— can be seen as a story of increasingly derived traits for 
specializations such as locomotion, food consumption, and the 
broadening application of intelligence. There was not, however, a 
single path that led to modern humans. The notion of a “missing 
link” between modern humans and extinct apes remains fixed in 
popular culture, but science long ago realized that there were many 
divergent evolutionary paths leading to modern  humans.

Apes and hominins most certainly have a common ancestor in 
the form of an extinct species of primate. The known fossil clues to 
ancestral humans do not, however, link neatly together as a single 
progression of evolutionary steps resulting in modern humans. 
As anthropologist Conrad Kottak points out, “Humans are not 
descended from gorillas or chimps. Rather, humans and the African 
apes share a common  ancestor— a creature that was like chimps 
and gorillas in some ways, like humans in others.” Each group of 
apes evolved along divergent paths, and many species have since 
become extinct, including those of some ancestral hominins. We 
might think of the human family tree as a collection of fallen twigs 
without the tree. Although all of the twigs stemmed from the same 
ancient roots, the branches that once connected the twigs to the 
trunk have been lost in time. A diagram showing the phylogeny of 
hominin evolution consists of the known scraps of independently 
evolving lineages, often overlapping but not developing identically. 
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The human ancestry diagram identifies ancestral human species 
that range from the time of early human speciation in the late Mio-
cene Epoch, between 5 million and 7 million years ago; through the 
appearance of multiple ancestral humans; and finally to the genus 
Homo in the latest part of the Pliocene Epoch. This view of human 
evolution naturally sheds light on the many extinct forms of humans 
that existed before today. It was not until recently that Homo sapiens 
existed alone as the only species of hominin. For most of the more 
than 2 million years of Homo existence, there were several other 
diverse and  long- existing Homo species. At least six species of Homo 
currently are recognized. In addition to Homo, there were 10 to 12 
other hominin species, some of which overlapped in time with the 
earliest Homo  species.

A suite of anatomical features separates hominins from other 
anthropoids. Physical evidence from the fossil record provides 
many clues to the emergence of these traits. Among the evidence is 
a suite of changes that led to  bipedalism— walking upright on two 
 legs— as well as to larger brains and modification to the teeth and 
 jaws.

Bipedal  Primates
One of the key distinguishing features of hominins is bipedalism. 
Indeed, obligate  bipedalism— where no other form of locomotion is 
 practical— might have been the first uniquely human adaptation to 
distinguish hominins from other anthropoids. Paleoanthropologist 
Milford H. Wolpoff (b. 1942) suggests two advantages underlying 
human bipedalism. First, by dedicating the hind limbs alone to 
locomotion, the forelimbs (hands and arms) are freed for other tasks 
such as carrying tools and food and otherwise interacting with the 
 environment.

A second advantage is that hominin locomotion is more efficient 
than other primate locomotion. In the case of  long- distance walk-
ing, for example, a bipedal hominin can cover comparatively great 
distances while expending only a fraction of the energy required by 
an anthropoid walking on all fours. This energy efficiency reduces 
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body heat, increases stamina, and allows a hominin to extend its 
manageable range to a broad geographic territory. As discussed 
below, a number of anatomical changes contribute to the efficiency 
of bipedal  living.

Environmental changes may have influenced the adaptation of 
bipedalism. Geologic and climatic changes during the late Miocene 
Epoch produced a drier world. In East Africa, the possible cradle of 
hominin evolution, grasslands expanded and tropical rain forests 
receded. These changes provided a habitat of new, open vistas for 
primates to explore. Bipedalism may have provided advantages for 
crossing such expanses, for scanning the horizon for predators or 
prey, and for retreating to the forest at night to gain refuge in trees. 

The African landscape of the Miocene Epoch began a changeover from a predominantly 
forested habitat to one in which grassy plains became more  widespread.
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Kottak points out that early hominins were still partly arboreal and 
could have found safety from nocturnal predators by sleeping at 
night in trees.

The table that follows summarizes some of the factors that may 
have influenced the evolution of bipedal locomotion in hominins.

African apes are not the ideal models to use when trying to 
picture the kind of primate from which hominins evolved. Wolpoff 
points out that because certain derived features in humans, such 
as the shortening of the lower back, are not present in gorillas and 
chimpanzees, such features must have been inherited from an ear-
lier human ancestor. Among the skeletal adaptations that developed 
to support bipedalism were the following.

Skull and vertebral column. The point of connection at which 
the skull meets the vertebral column is called the foramen mag-
num. It is a hole in the bony base of the skull. In apes, the foramen 

FACTORS INFLUENCING THE EvOLUTION OF  
BIPEDAL LOCOMOTION IN HOMININS*

Factor Hypotheses

Carrying objects  Bipedal posture freed the hands to carry objects such as weapons, 
provisions, and offspring.

Hunting  Carrying a weapon made hunting more effective.
Seed and nut gathering  Standing upright and using the hands to gather seeds, nuts, and 
and feeding  berries provided access to food in the higher branches of bushes  

and the lower branches of trees.
Thermoregulation  Standing upright allowed the body to cool more easily by exposing 

less surface area directly to the midday sun and providing  
immersion in cooler breezes above the ground surface. 

Visual surveillance  Being upright provided a better view of the surroundings, making  
it easier to spot predators, food resources, and other members of  
one’s group.

 Long-distance walking  Bipedalism provided a physiologically more efficient means of 
covering long distances, thereby extending the range of food 
gathering. 

*Based on Jurmain, Kilgore, and Trevathan, Introduction to Physical Anthropology, tenth edi-
tion, 2005
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magnum is positioned on the back of the skull, with neck muscles 
also running to the rear of the skull. In hominins, the foramen mag-
num is beneath the skull, positioned in such a way that the spine 
connects from beneath. Hominin neck muscles are below the skull. 
The head of the biped—the hominin—is therefore balanced on top 
of the spine and requires less neck musculature than does the head 
of the ape, whose head is positioned out in front of the spine. The 
hominin spine also has a more pronounced S-curve shape than does 
the spine of an ape. This keeps the hominin body centered above the 
pelvis for balance.

Pelvis. Unlike quadrupeds, bipeds place most of their weight on 
one leg as they move. To make this sort of gait work without losing 
balance, a biped’s skeleton must continually shift the center of grav-
ity from one leg to the other. Primates with nonobligate bipedalism, 
such as chimps, remain balanced on two legs by walking in a rock-
ing fashion to shift their entire weight from one leg to the other. In 
contrast to the more compressed hip of a chimp, the hominin hip is 
broader and bowl-like and supports the weight of internal organs. 
This lowers the center of gravity of the hominin body. At the same 
time, a suite of muscle attachments on the hip provide balance even 
when the hominin is standing on one leg, shifting muscle power 
to accommodate the center of gravity without needing to shift the 

The skull of a human (left) and a great ape (right)

a        b
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entire body from side to side as does a chimp. A related consequence 
of pelvic structure is the size allotted for the hominin birth canal. 
This adaptation of a pelvis for better balance also narrows the birth 

The spinal column of a human and a great ape
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110  PRIMATES AND HUMAN ANCESTORS

canal. This narrowed birth canal was a possible obstacle to the 
development of the hominin skull and brain, a factor that appar-
ently has been compensated for by a longer period of childhood 
development, during which the skull and brain grow dramatically 
once outside the mother’s  womb.

Leg. To position the legs below the hips, the upper leg bone, or 
femur, of the hominin is angled downward at the point at which 
it connect to the pelvis. The  tibia— the lower leg  bone— is longer 
than in other anthropoids and is angled inward to improve balance 
by keeping the legs positioned under the body. Adaptations to the 
knee joint between the femur and the tibia provide a wide range 
of flexibility so that the legs can easily be folded inward or fully 
 straightened.

Foot. In the hominin foot, the big toe is much larger than the 
other toes and is brought into line with them. This contrasts with 
the grasping morphology of the feet of apes. The hominin foot also 
developed an arch, not seen in apes, to absorb shock through a  heel-
 down,  toes- off walking motion. By absorbing shock, the arches of 
hominins’ feet help reduce fatigue and even prevent the fracturing 
of the lower leg  bones.

The anatomical features of bipedalism just outlined represent the 
more derived form of upright walking found in anatomically mod-
ern humans. These aspects of bipedalism were not all present to the 
same degree in ancestral humans, as will be seen in the discussion 
of specific hominin fossil species later in this  chapter.

Teeth and  Jaws
In the search for early hominins, the availability of tooth specimens 
has been particularly important in detecting the transitional stages 
that separated hominins from  apes.

The generalized tooth battery of the great apes is character-
ized by large, pointed canine teeth and a  U- shaped jaw pattern 
in which the teeth located behind the canines are lined up in two 
parallel rows. In the upper jaw of a great ape there is a  gap— known 
as a  diastema— between the upper canines and the incisors. In 
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the lower jaw, there is a corresponding gap between the lower 
canines and the first premolars. These gaps provide a space for 
the oversized canine teeth when an ape’s jaws are closed. Apes use 
their large canine teeth to pierce fruit, to intimidate others, and to 
defend  themselves.

A general pattern in the reduction of the size of the teeth can 
be seen in human evolution. The canines of hominins are greatly 
reduced when compared with those of apes and functionally are 
no different from the incisors. Hominin canine teeth, like hominin 
incisors, are used to grip and tear rather than to puncture and slice 
as in apes. The diastemas seen in the jaws of apes also are miss-
ing in later hominins because of the reduction of the canines and 
the development of a different chewing process. Rather than being 
severely  U- shaped as in apes, the hominin jaw is gently parabolic, 
with many grinding  surfaces.

Whereas the ape jaw is adapted for cutting and slashing food, the 
hominin jaw and teeth evolved to maximize chewing and grind-
ing capability. In hominins, the front teeth (incisors and canines) 
became reduced and so became better adapted for plucking and 
tearing. Molars, although still quite large in early hominins, also 
became reduced and developed thick tooth enamel to improve their 
grinding capability. Generally speaking, hominin teeth have been 

Comparison of the left foot of a human (left) and great ape (right). 
This shows the contrast in the oblique axis (OA) at the digit joints and 
transverse axis (TA) between the big toe and joint of the second  digit.
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112  PRIMATES AND HUMAN ANCESTORS

adapted to provide a strong, evenly distributed biting force that 
can be sustained for a long time. This adaptation coincided with 
changes in the world of the early hominins. That world consisted 
of broad grasslands in which the vegetation was tough and fibrous. 
The chewing adaptations of hominins were maximized by a gradual 
repositioning of the jaw muscles so that they favored the back teeth. 
In apes, the jaw muscles favor the front  teeth.

Brain Size and  Organization
Intelligence is another characteristic that separates hominins from 
the great apes. The intellectual capacities of hominins represent 
some of their most astounding adaptations. Intelligence may be 
defined as the use of the brain to respond to, process, and act on 
information. This involves the detection of sensory  input— sounds, 
sights, touches, tastes, and  smells— and the operation of a network 
of nerve connections throughout the body that channel that sensory 
input to the brain for  interpretation.

To some extent, these characteristics of intelligence are pres-
ent in most animals. Animal behavior specialist Donald R. Griffin 
(1915–2003) applied a basic definition of consciousness to animals 
other than humans, based largely on his study of the behavior of 
many kinds of animals in their  free- ranging habitats. “Animal 
thoughts and emotions presumably concern matters of immediate 
importance to the animals themselves, rather than kinds of con-
scious thinking that are primarily relevant to human affairs,” wrote 
Griffin in his 1992 book Animal Minds. In that book, Griffin identi-
fied the following traits of consciousness that are shared by humans 
and other  animals:

Humans and other animals have anatomical similarities in 
the neural function of the  brain.
Humans and other animals consistently modify their 
behaviors in adaptive  ways.
The complexity of a given animal’s mental capacity is 
reflected by an equally complex method of  communication.

•

•

•
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Human intellect goes beyond the mere reflexive response to 
external stimuli and poses other definitional challenges. Finding a 
cause for the explosion of intelligence that is found in the species 
Homo also poses  challenges.

Living socially is perhaps one driving force behind hominin intel-
lectual evolution. Writing in 1990, biologist Richard D. Alexander 
of the University of Michigan suggested that natural selection acted 
on the evolution of the hominin brain because of the social context 
in which hominins developed. Basing his premise on earlier work 
(1976) by psychologist Nicholas K. Humphrey, then of Cambridge 
University, Alexander suggested that “the human intellect evolved 
as a means of dealing with the uncertainties of social life.” Putting 
it another way, high levels of cooperation within hominin social 
groups, as well as high levels of competition and dysfunction, were 
central, Alexander said, “in creating the environment of brain and 
psyche selection.” Those hominins who succeeded in their social 
discourse also succeeded in furthering their lineage and inheritable 
traits related to brain function and capacity. Alexander proposed 
three elements of human consciousness:  self- awareness, the ability 
to imagine possible alternatives, and the capacity to interpret the 
mental state of  others.

As the hominin brain evolved, it grew bigger, and its neural con-
nections reorganized to handle more complex processing functions. 
Although modern technology such as magnetic resonance imaging 
(MRI) can aid 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 braincase. An endocast is a cast made of the brain cavity inside 
the skull. Such a cast not only indicates the general shape and orga-
nization of a brain, but also reveals the impressions made on the 
skull walls by the outside surface of the brain. This information can 
reveal much about the sizes, shapes, organization, and capacities of 
the brains of extinct  creatures.
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114  PRIMATES AND HUMAN ANCESTORS

You sometimes hear about people being  “right- brained” or  “left-
 brained.” This idea stems from the fact that the human brain is 
divided into two distinct halves, each of which is dedicated to cer-
tain functions. A  “right- brained” person often is thought of as being 
visual or creative because that side of the brain is responsible for 
understanding spatial relationships and visualizing complex pat-
terns. A  “left- brained” person often is characterized as being highly 
logical or analytical. These descriptions of human traits are based 
on simplifications of descriptions of aspects of the organization of 
the human  brain.

The mammal brain has three main parts. The brain stem is at 
the base of the brain and connects the brain directly to the spinal 
cord. The brain stem serves as a conduit for the neural signals that 
pass back and forth between the brain and the rest of the body. The 
brain stem also controls many automatic body functions such as 
those of the cardiovascular system, respiration, sensitivity to pain, 
consciousness, and sleep  regulation.

The cerebellum (“little brain”) is  packed in at the base of the 
brain, behind the brain stem. The cerebellum is responsible for 
regulating voluntary muscle movement, balance, and  posture.

The cerebrum is the largest part of the brain. It is the part that 
we visualize most clearly when we think of the brain. The cerebrum 
is divided into two halves, or hemispheres. Each hemisphere is 
devoted to a different suite of higher brain functions such as lan-
guage, analysis, and the senses. The two hemispheres are joined by 
a thick bundle of nerve fibers called the corpus callosum. The corpus 
callosum enables the two halves of the cerebrum to work together 
and also permits them to work separately for certain functions. The 
concept of right brain and left brain originates with this basic ana-
tomical feature of the  cerebrum.

Endocasts of hominin brains show that the most obvious 
changes in the size and organization of the brain have taken place 
in the cerebrum. In most mammals, the two hemispheres of the 
brain are not divided to handle different functions but actually 
mirror each other. Memories, for example, are stored twice. In 
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computer terms, the brains of nonhuman mammals consist of 
redundant systems to provide backup and uninterrupted perfor-
mance in case of injury. Milford H. Wolpoff describes this advan-
tage as allowing normal functions to continue even if part of the 
brain is  damaged.

What, however, would happen if this redundancy were to be 
eliminated in favor of using the other, redundant half of the brain 
for additional functions? This, apparently, is how hominins man-
aged to evolve additional and often novel higher brain functions 
while still managing to cram all of these capabilities into a relatively 
compact skull. The loss of redundancy, especially in memory capac-
ity, might seem like a severe  trade- off, but Wolpoff points out that 
“culture has largely taken the place of redundant information stor-
age.” Why store information in the brain if you can use language 
and writing to store it on the  outside?

The accompanying table summarizes which functions of the 
human brain are found in which  hemispheres.

The brain is, of course, more than just a bundle of nerves. To 
fully understand the intelligence of another creature, one must be 
able to observe a living specimen. Because this is not possible in the 
study of fossil humans, researchers have devised a relative measure 
of brain function called the encephalization quotient (EQ). Also 
known as a  brain- to- body- mass ratio, the EQ is a ratio that com-
pares the actual brain mass of an animal with the expected brain 
mass of an animal of that size. Larger animals obviously have larger 
brains, so brain size alone does not provide a reliable measure for 
intelligence. The development of such a quotient provided an objec-
tive, measurable way to determine the potential for intelligence in 
an animal even when working with only an endocast of a fossil 
 skull.

An EQ of 1.0—a measure based on the anatomy of the common 
house  cat— is used to indicate a normal brain size for an animal of 
a given size. An EQ higher than 1.0 indicates a brain that is bigger 
than expected for a mammal of the same size. An EQ less than 1.0 
suggests a brain that is smaller than  expected.
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116  PriMATEs And HuMAn AnCEsTors

SOME HEMISPHERIC DIFFERENCES  
IN HUMAN BRAIN FUNCTION

Left (dominant) hemisphere right (nondominant) hemisphere

Auditory  Auditory
Speech sounds Melody recognition
Processing of consonant syllables  Vocal nonspeech sounds (coughing,  

laughing, crying)
Symbol translation and analysis Steady-state vowels
Language production centers
Recall of auditory images of visual objects

Visual Visual
Perceptual recognition of conceptual  Drawing, building models from a picture 
similarity
Naming items perceived Two- and three-dimensional space relations
 Perceptual recognition of identity

Tactile and Motor Tactile and Motor
Localization and naming of body parts Contralateral motor control
Contralateral motor control Tactile pattern recognition
Fine-hand motor skills Awareness of illness
Hand gestures during speech

Conceptual Conceptual
Short-term memory  “Gestalt-synthetic” operations on perceptual 

material
Right-left differentiation Spatial mapping
“Logical-analytical” operations on  
perceptual material
Semantic mapping
Temporal sequential ordering

Source:  Adapted from Laughlin and d’Aquili (1974), Kolb and Whishaw (1985), and Wallace 
(1992)

Comparing the EQs of different mammal species quickly puts 
this ratio into perspective, but such comparison also has its draw-
backs. Based on an EQ of 1.0 for a cat, an opossum has an EQ 
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of 0.4; a caribou, 0.78; a chimpanzee, 2.38; a dolphin, 6.0; and a 
Homo sapiens, 6.28. Generally speaking, primates deviate from the 
ratios expected in other mammals. This means that primates have 
relatively large brains for the size of their bodies. A word of cau-
tion is in order about these figures, however. EQ calculations vary 
widely from researcher to researcher, based on each researcher’s 
own methods of estimating cranial capacity, brain mass, and body 
weight. Two of the leading researchers, Harry Jerison (University of 
California) and Robert Martin (The Field Museum), use formulas 
that produce results that can differ by as much as 28 percent from 
the calculations of other researchers when used to calculate EQ for 
 hominins.

The EQ formula also is biased toward smaller animals and so 
loses it relevancy when used to examine animals of enormous size, 
especially whales. Also, in some mammals, including most pri-
mates, males have larger brains than females. However, given dif-
ferences in body size, the EQ of males and females of a given species 
are usually about the same. Such is the case for orangutans, gorillas, 
and humans. Finally, because the EQ is based on brain size as well 
as body size, the forces of natural selection that act on the size of a 
mammal’s body may be extreme without having much effect on an 
animal’s relative intelligence when compared with individuals of 
different sizes of its own species. Craig Stanford points out that even 
though a German shepherd dog is much larger than a chihuahua, 
one would not say that the larger dog is any more intelligent than 
the smaller  one.

Given these limitations of EQ as a way of comparing the intel-
ligence of animals, it is perhaps best to think of EQ as a measure of 
the capacity for intelligence in a species rather than as a measure 
of a specific kind or expression of intelligence. As a measure of 
brain capacity, EQ can be especially helpful when used to compare 
changes seen in the evolution of a given lineage of related animals, 
including  hominins.

The enlargement of the hominin brain closely followed the 
advent of bipedal locomotion. The fossil record of ancestral humans, 
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represented primarily by the group known as australopithecines 
(described below), shows that their cranial capacity remained almost 
the same—from 400 to 530 cubic centimeters (cc)—for 2 million 
years. From an EQ standpoint, australopithecines were about as 
smart as modern gorillas, with a ratio between 1.87 and 2.50. With 
the coming of various Homo species, brain capacity expanded dra-
matically, from about 630 cc 2 million years ago to about 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. The 
table that follows compares the average cranial capacities and EQs 
of fossil hominins.

The rapid evolution of the size of the hominin brain is certainly 
the most remarkable aspect of human evolution. The reasons for the 
accelerated evolution of the brain are the source of much disagreement 
among paleoanthropologists. Because brain size is directly related to 
increased energy needs, the hominin brain would not have enlarged 
had there not been an advantage to its doing so. One explanation is 
that hominin brains increased in size and complexity because of the 

AvERAGE CRANIAL CAPACITIES FOR FOSSIL HOMINIDS  
(ADULT SPECIMENS ONLy)

 number of Average Cranial 
Taxon specimens Capacity (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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demands of living in social groups in which interactions, conflicts, 
competition, and bonds occupied much of the time of each individual 
in a given group. That is to say, the stresses associated with living in 
complex social groups favor the natural selection of cognitive abilities 
that enable individuals to survive among  others.

The role of nutrition and diet has been suggested as another 
factor in the rapid evolution of hominin brain size. In 1999, Craig 
Stanford suggested that meat eating among early humans provided 
a diet rich in protein and fats that supported the metabolic demands 
of increasingly large brains. Anthropologist William Leonard of 
Northwestern University assessed the energy needs of the modern 
human brain and compared those needs with the kinds of nutri-
tional sources available to early hominins. What he found was that 
at rest, human brain metabolism accounts for 20 percent to 25 per-
cent of an individual’s total energy needs. This is far more than the 8 
percent to 10 percent energy needs found in nonhuman  primates.

Using this data on modern humans as a reference point, Leonard 
examined the  brain- to- body- mass ratios of ancestral humans and 
determined that australopithecines (brain capacity of 450 cc) would 
have devoted about 11 percent of their resting energy to the brain. 
Early Homo species (brain capacity of 900 cc) would have allocated 
about 17 percent of their resting energy to the brain. Leonard con-
cludes that early hominins could not have supported the energy 
requirements of such a hungry brain without having adopted a diet 
that was increasingly rich in calories and nutrients. While some of 
these additional calories certainly came from the consumption of 
meat, the evolution of the hominin jaw also shows that ancestral 
humans developed teeth and jaws that were increasingly adept at 
chewing a variety of vegetation, from leaves and fibrous stalks to 
fruits, nuts, and berries. All of this food went to feed the demands 
of an increasingly hungry  brain.

SUMMARY
This chapter explored the evolution of early hominins and the traits 
that separated hominins from other  apes.
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 1. Of approximately 33 known genera of living and fossil homi-
noids, 28 are extinct; 24 of those extinct genera lived during 
the  Miocene.

 2. Fossil evidence supports the hypotheses that chimpanzees, 
apes, and humans share a common ancestor that is more 
recent among this group than any common ancestor shared 
with  organgutans.

 3. The stages of evolution leading to Homo sapiens can be seen 
as a story of increasingly derived traits for specializations 
such as locomotion, food consumption, and the broadening 
application of  intelligence.

 4. Ancestral human species first appeared between 5 million 
and 7 million years  ago.

 5. At least six species of Homo are currently recognized. Exist-
ing prior to and overlapping with the evolution of Homo spe-
cies were about 10 to 12 other hominin  species.

 6. The evolutionary links between ancestral hominin species are 
not well  understood.

 7. Distinguishing anatomical features of hominins include 
bipedalism; a general reduction in the size of dentition along 
with a jaw structure that favored the grinding of food using 
the back teeth; and an enlargement of the brain and associ-
ated gains in  intelligence.

 8. EQ is a mathematical formula for determining the capacity 
for intelligence based on a ratio of expected brain size to body 
size. The brain capacity of hominins has increased by about 
400 percent over the past 3.5 million  years.
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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. The fossil record for early humans is 
more complete during the early Pliocene Epoch, when there appears 
to have been a dramatic radiation of early hominin species through-
out East Africa. In the search for early hominins, paleontologists 
look for fossils that include any of the telltale signs associated with 
the human species, as described in Chapter 5. These signs include 
evidence of bipedal locomotion, modified dental batteries with 
reduced canines and a thickening of tooth enamel on the molars, 
and skull and brain capacity, among others. This chapter explores 
the fossil evidence for early hominin species prior to Homo. The 
emergence of Homo is explored in Early Humans, another book in 
this  series.

OUT OF AFRICA: EARLY  HOMININS
Fossils representing the earliest examples of hominin species have 
been found in East Africa and date from about 5 million years ago, 
perhaps earlier. A few specimens from even earlier times, dating 
from between 5 million and 7 million years ago, may represent early 
hominins, but the fragmentary nature of these remains still leaves 
some doubt about this designation. The  best- represented hominin 
species prior to Homo include those of Australopithecus (“southern 
ape”). Australopithecus is known from six undisputed species that 
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ranged widely in East Africa from about 4.2 million to 1 million 
years  ago.

Identifying early hominins from fragmentary remains is dif-
ficult because of the close resemblance of early hominins to apes. 
Without such telltale skeletal remains as a hip, foot, skull, jaw, or 
teeth, paleontologists are left with pieces of a jigsaw puzzle but no 
clear picture to which they can match those pieces. The fossil record 
is most spotty during the span of 5 million to 7 million years ago, 
when hominins first evolved as species distinct from the great apes. 
A little later, between 2 million and 4 million years ago, the fossil 
record is much clearer, and a fairly complete picture of early homi-
nins can be surmised with accuracy. Researchers continue to comb 
the fossil beds of East Africa for more specimens, and each new one 
brings new revelations. There is promise that the gaps eventually 
will be filled and that the transition from apes to hominins will be 
more clearly spelled out in the  future.

The first significant early hominin specimen was found in 
South Africa in 1925 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 was positioned underneath the skull 
instead of at the posterior, indicating an upright posture. The speci-
men was popularly known as the “Taung child” because of its small 
size, but Dart gave it the scientific name of Australopithecus africa-
nus (“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 
considered a hominin and was the first of its kind to be  described.

Following the initial discoveries in South Africa, the search for 
early hominins broadened to East Africa. East Africa has produced 
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many extraordinary hominin specimens from a geologically rugged 
area known as the Great Rift  Valley.

Located in the eastern Serengeti Plain of northern Tanzania, the 
Olduvai Gorge is one of the most important  fossil- bearing regions 
of the Great Rift Valley. The gorge is about 30 miles long and 
consists of a deeply cut ravine in a  mile- high grassy plateau. The 
semiarid climate, similar to that which probably existed when early 
hominins first lived there, makes the region hot, dry, and devoid of 
thick vegetation. These conditions are helpful in making visible the 
fossils that have eroded to the  surface.

Another reason that the gorge is so accommodating to fossil 
hunters is that it exposes sedimentary layers that otherwise would 
not be accessible from the surface. The sedimentary layers also are 
easy to study, a factor that has led to excellent documentation about 
the ages of the various visible strata. Any fossils found in the region 

The Olduvai Gorge in the Great Rift Valley of East  Africa
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can be clearly dated and correlated with other specimens found in 
slightly different  levels.

The first significant anthropological work in the Olduvai Gorge 
was conducted by Kenyan Louis Leakey and his  British- born wife, 
Mary Leakey. Born of missionary parents in British East Africa 
(now Kenya), Louis met Mary, an anthropologist, while they were 
both doing field work in England. They married and moved to 
Kenya in 1937, had three children, and began to explore the Olduvai 
Gorge for fossils of human ancestors. The Leakeys’ son Richard (b. 
1944) and Richard’s wife, Meave (b. 1942), also became noted fos-
sil hunters. Together, for more than 40 years, this “first family” of 
anthropology has been at the center of discovery of early hominins. 
The family’s work naturally attracted other researchers to the area, 
and although some of the work now has shifted to other areas of 
East Africa, the Leakeys and their pioneering work remain a pro-
found influence on the science of early  hominins.

The accompanying box summarizes the kinds of anatomical 
traits that enable paleontologists to distinguish fossil hominins 
from fossil  apes.

A SURVEY OF FOSSIL  HOMININS
A pivotal point in time in the speciation of ancestral humans was 
around 5 million years ago, at what today is known as the end 
of the Miocene Epoch and the beginning of the Pliocene. By the 
early Pliocene, human ancestors were ranging widely across Africa 
and establishing themselves as a species with some uniquely hom-
inin characteristics. These characteristics included bipedalism 
and increasingly advanced intelligence. Prior to the 5  million- year 
marker, hominins were most certainly divesting themselves of their 
ancestral ape traits, perfecting bipedalism, and adapting to a rapidly 
changing African  environment.

The following discussion is organized roughly chronologically, 
from the most primitive hominins to those that were possibly the 
direct ancestors of  Homo.
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Because there are numerous important species of the major gen-
era of ancestral humans, the descriptions that follow are provided at 
the species level. The scientific names provided for these hominins 
include both the generic and species names, such as Ardipithecus 
(genus) ramidus (species). In discussing different species of the 
same genus, it is also a convention to abbreviate the genus name by 
signifying it with a capital letter alone, as in A. afarensis for Aus-
tralopithecus  afarensis.

ANATOMICAL TRAITS OF 
EARLy  HOMININS

Features of the  skull
reduced teeth overall, especially the  canines
reduced shearing mechanism between the upper canine and 
lower premolar when the jaw was  closed
molars with thick  enamel
rounded, parabolically shaped dental  battery
foramen magnum, the point of connection where the skull meets 
the vertebral column, positioned below the  skull

other skeletal  Features
modifications to enable bipedalism,  including:

broad,  bowl- like  pelvis
angled connection of the femur to the  hip
arched  feet
big toe aligned with other toes for  balance
flexible  knee
long lower leg  bones

shorter  arms
less-curved  fingers

•
•

•
•
•

•
◆
◆
◆
◆
◆
◆

•
•
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The Earliest Hominins
Data derived from molecular clock research suggests that the first 
hominins in the fossil record should be found in deposits that 
range from 5 million to 7 million years old, in East Africa. During 
that time, it is presumed that some form of apes began to develop 
 hominin-like features. Regretfully, the fossil record of this stage of 
ape evolution is woefully lacking. For the few specimens that are 
available, it is difficult to ascertain without a doubt whether the spe-
cies in question are true hominins, apes, or something in between. 
Having said that, the search for the earliest hominin continues, and 
several exciting recent discoveries continue to push the origins of 
ancestral humans farther back in time.

Sahelanthropus tchadensis (Late Miocene, 6 million to 7 mil-
lion years ago, Chad). French anthropologist Michel Brunet led an 
expedition to the deserts of Chad, in north central Africa, in 2001 
and 2002. Although located far from the usual stomping ground 
for hominin remains, these desert deposits offered up what now 
has been recognized by some scientists as the oldest known hom-
inin species, Sahelanthropus tchadensis (“the Sahara hominin from 
Chad”). The specimen was nicknamed “Toumai” after the Chadian 
phrase for “hope of life.” Consisting of a nearly complete cranium, 
a mandible (lower jaw), and several isolated teeth, the specimen was 
dated to about 7 million years ago. Reconstruction of the skull sug-
gests that the foramen magnum was positioned far enough beneath 
the skull to accommodate a bipedal posture.

Lacking much more than these pieces, however, many pale-
ontologists at first were reluctant to accept Sahelanthropus as the 
oldest hominin. They thought that the specimen probably was an 
ape showing some transitional features of the skull and jaw. Mil-
ford H. Wolpoff, for one, believed that some of the supposed fea-
tures of the skull, such as the position of the foramen magnum, 
are disputable because of the incompleteness of the material. 
Wolpoff also argued that the anatomy of the face and jaws clearly 
show that Sahelanthropus did not normally hold its head aloft. 
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Wolpoff and several colleagues concluded that “Sahelanthropus 
was an ape living in an environment that was later inhabited by 
australopithecines and, like them, it adapted with a powerful 
masticatory complex.”

In 2005, however, the French team discovered additional teeth 
and jaw fragments of the same age. These show that Sahelanthro-
pus indeed lacked the large canines associated with the shearing 
bite of apes and had molars that showed  hominin- like enamel. 
These finds strengthened the case for Sahelanthropus as the ear-
liest hominin, although this matter is still disputed among sci-
entists. Sahelanthropus is not entirely  hominin- like, however; it 
includes such ape features as a  U- shaped tooth battery, small brain 
size, and a somewhat flat  face.

The presence of Sahelanthropus well outside the Great Rift Val-
ley by the late Miocene is also notable to those interested in the 
radiation of hominins to Asia. The earliest hominins known from 
Asia at present are from the genera Homo. Could it be that some 
remains of hominins ancestral to Homo may also be found in Asia 
one  day?

Orrorin tugenensis (Late Miocene, 6 million years ago, 
Kenya). Discovered in Kenya and described by paleoanthropolo-
gists Martin Pickford of Kenya and Brigitte Senut of the Labora-
toire de Paleontologie du Museum National d’Histoire Naturelle, 
in Paris, Orrorin tugenensis is known from dental and postcranial 
skeletal elements. These were found in deposits that date from 6 
million years ago. The fragmentary remains make it difficult to 
ascertain with certainty whether Orrorin tugenensis was a hominin 
or an ape. Among the most diagnostic material are parts of a thigh 
bone, but this material is not enough by itself to indicate bipedal-
ity with certainty. Senut describes the speciment as being a cross 
between ape and hominin. She explains, “The front teeth are closer 
to those of apes . . . but the back teeth are clearly more human in 
their square shape, their gracility and their enamel thickness.” The 
apelike size of the canine argues against Orrorin tugenensis being 
a  hominin.
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Ardipithecus ramidus and Ardipithecus kadabba (Early 
Pliocene to Late Miocene, 4.4 million to 5.8 million years ago, 
Ethiopia). A fossil site along the Awash River in northern Ethiopia 
has yielded fragmentary remains of several individual  hominin- like 
creatures. Initial work in 1992 by an international team of research-
ers garnered many jaw fragments, teeth, limb bones, and some cra-
nial elements. These specimens originally were thought to be fossils 
of Australopithecus (see below). The team later revised its thinking 
on closer consideration of the limbs, teeth, and other features that 
appeared to be more primitive than those of australopithicines. 
Consequently, the name Ardithiphecus ramidus (“ground living root 
hominin”) was given to the  specimen.

Additional specimens were announced in 2004, and these 
were even older: They dated from as long ago as 5.8 million years. 
These specimens were even more apelike, and the team decided 
to designate them as a separate species, Ardithiphecus kadabba. It 
was also of interest that the habitat in which Ardithiphecus once 
lived was not the open, grassy plain normally associated with 
ancestral humans, but a dense forest in which other early primate 
fossils have been found. This suggests that Ardithiphecus was a 
hominin with forest-dwelling habits similar to those of modern 
 gorillas.

Hominins of the  Pliocene
The genus Australopithecus is perhaps the best candidate for a 
direct ancestor of Homo. Australopithecus existed for much of the 
Pliocene Epoch, and the apparent extinction of the genus coincides 
closely with the appearance of the first Homo species. Australo-
pithecines were clearly bipedal. Their molars have the distinctively 
thick enamel characteristic of hominins, and there are measurable 
increases in the size of their brains during the 2 million years of 
their existence. They are found in the eastern and southern regions 
of Africa, where the remains of different species appear to have 
arisen at about the same time. Australopithecines were short com-
pared with modern  humans.
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Some of the later australopithecines are sometimes described 
as being either robust or gracile. Robust species were heavily built, 
with heavy muscles and thick bones. Their skulls were tall, with 
a thick lower jaw and massive molar teeth. The face of a robust 
hominin was flat, with thick cheekbones. The top of the skull had a 
small, bony crest down its midline that served as an additional place 
to attach the heavy muscles needed to increase the chewing force of 
its massive  jaws.

Gracile australopithecines had a more slender bone structure 
and exhibited a general reduction in many of the same features 
associated with robust hominins. The molars were still large, but 
the jaws and associated muscles were not quite as massive. The face 

Australopithecus afarensis gathering  fruit

16881_PE_Primates_4p_all.e.indd   12916881_PE_Primates_4p_all.e.indd   129 10/22/08   4:42:36 PM10/22/08   4:42:36 PM



130  PRIMATES AND HUMAN ANCESTORS

was not so flat and developed a short snout. The crest on top of the 
smaller skull cap was greatly reduced or  lost.

Despite their primitive characteristics, the robust australopith-
ecines were among some of the later species known from this genus. 
The lineage of most of these ancestral human species did not evi-
dently lead to the development of increasingly  well- adapted succes-
sors, but to the dead end called  extinction.

Australopithecus anamensis (early Pliocene, 3.9 million to 
4.2 million years ago, Kenya). A team led by Meave Leakey discov-
ered the earliest known species of Australopithecus in 1995. Dat-
ing from about 4.2 million years ago, Australopithecus anamensis 
(“southern ape of the lake”) was found in the Lake Turkana region 
of Kenya, an environment that comprised a savannahlike habitat 
in the early Pliocene. If the team had discovered only the jaws, 
which retained fairly large canines and some shearing action, this 
species might have been thought to be a species of ape. Remains of 
the limb bones, however, clearly show that Australopithecus ana-
mensis walked on two legs. There is variation in the size of indi-
viduals, suggesting that males may have been larger than females. 
The mandible and dental battery of A. anamensis are primitive 
enough to distinguish this species from later australopithicines, 
particularly A.  afarensis.

Australopithecus afarensis (middle Pliocene, 2.9 million to 
3.9 million years ago, Ethiopia). Australopithecus afarensis is known 
from more than 70 specimens. It is the  best- understood species of 
ancestral human. Discovered and first described by American pale-
ontologist Donald Johanson (b. 1943) in 1974, the first specimen was 
that of a small female individual that measured only 3.5 feet (1 m) 
tall. Nicknamed Lucy, after the Beatles’ song “Lucy in the Sky with 
Diamonds,” A. afarensis was remarkably well preserved for a hom-
inin specimen. Twenty percent of the skeleton was found, includ-
ing bits of skull, jaws, teeth, ribs, pelvis, spine, arms, and legs. A. 
afarensis was unquestionably bipedal yet  primitive in many other 
aspects of its anatomy. Lucy’s brain was about as big as that of a 
modern chimpanzee. The arms of A. afarensis are longer than in 
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Australopithecus afarensis: Life restoration of the Lucy specimen
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later hominins, and this ancestral 
human may have had curved fin-
gers, a feature associated with the 
arboreal lifestyle of apes. The jaw 
of Lucy did not show the para-
bolic curvature of later hominins. 
Instead, it had a U-shape, with par-
allel rows of teeth, that was more 
akin to apes.

A set of fossilized footprints dis-
covered in Tanzania and associated 
with A. afarensis provides a unique 
look at ancestral hominin behavior. 
Dating from 3.6 million years ago, 
the trackway includes prints made 
by two individuals, one larger than 
the other, walking side by side. The 
trackway stretches for 75 feet (23 
m). The footprints reveal arched 
soles and a strolling gait consisting 
of slow, short strides.

Kenyanthropus platyops (middle Pliocene, 3.5 million years 
ago, Kenya): A somewhat contentious specimen is that of Kenyan-
thropus platyops, described in 2001 by Meave Leakey and her 
colleagues. There is disagreement as to whether this is a unique 
species or another example of A. afarensis. In support of her case, 
Leakey points to the smaller molars (a primitive feature) and the 
flat face of Kenyanthropus to distinguish it from Australopithecus. 
The implication is startling in that it means that several lineages 
of extinct hominins were living side by side in East Africa at the 
time. This implication adds complexity to the discussion of evolu-
tionary linkages to  Homo.

Australopithecus garhi (late Pliocene, 2.5 million years ago, 
Ethiopia): A. garhi was found in Ethiopia and is known from cra-
nial and limb remains. It lived at a slightly more recent time than 

The skull of “Lucy”—she is known from 
more than 70 specimens, making it the best-
understood species of ancestral human.
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A. afarensis and is distinguished by having larger molars and pre-
molars and somewhat larger canine teeth. Another unusual and 
more derived feature are its longer arms and legs, which are more 
like those of Homo. Equally significantly, the remains of A. garhi 
were found along with animal bones that showed signs of having 
been butchered with tools: early evidence for toolmaking among 
 hominins.

Australopithecus africanus (late Pliocene, 2.0 million to 3.5 
million years ago, South Africa). This australopithecine species 
hails from southern Africa and includes the famous “Taung child” 
described earlier. A. africanus is more derived than other aus-
tralopithecines in several ways. It has a slightly larger braincase, 
smaller front teeth, a rounded skull cap, and a less protruding face. 
It was a small hominin and traditionally has been grouped with 
the gracile australopithecines. It probably weighed between 70 and 
100 pounds (32 to 45 kg).

Paranthropus aethiopicus and Paranthropus boisei (late 
Pliocene, 1.2 million to 2.7 million years ago, Kenya) and Paran-
thropus robustus (late Pliocene, 1.5 million to 2.0 million years 
ago, South Africa). Among the robust australopithecines were 
these species that lived in East Africa and South Africa. There has 
been a  long- standing dispute over the proper naming of Paran-
thropus; some researchers consider it a species of Australopithe-
cus. Of the two East African species, P. boisei was much smaller 
than P. aethiopicus. P. boisei had an estimated body weight of 
only 40 pounds (18 kg), which is smaller than a chimpanzee. 
P. aethiopicus was nearly twice that weight. In southern Africa, 
A. robustus was smaller still, with a weight of about 36 pounds 
(16 kg). The molars of P. boisei were more massive than those of any 
earlier hominin and had begun to take on a parabolic shape for the 
dental battery as in later  hominins.

Each of these three Paranthropus species exhibited the cranial 
features associated with the robust descriptor: a bony crest on the 
midline of the skull (possibly only in males), a broad face, massive 
teeth, and a deep lower jaw. The dentition is so specialized that it 
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appears that such robust species may have been highly adapted for a 
particular kind of tough vegetation or roots. The massive teeth and 
the jaw musculature are more  derived— more highly  adapted— than 
those of early Homo, indicating that robust australopithecines had 
veered away from the evolutionary lineage that may have led to the 
rise of  Homo.

The accompanying diagram shows the positions in time of the 
ancestral human species discussed in this  chapter.

Timeline of Early  Hominins
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SUMMARY
This chapter explored the rise of early hominins and described the 
most significant known species prior to the appearance of the genus 
 Homo.

 1. 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.

 2. Africa is the cradle of early hominin  evolution.
 3. East Africa has produced many extraordinary hominin speci-

mens from a geologically rugged area known as the Great Rift 
 Valley.

 4. Specimens of possible hominins that are older than 5 million 
years include Sahelanthropus, Orrorin, and  Ardithiphecus.

 5. The genus Australopithecus is the best candidate for a direct 
ancestor of  Homo.

 6. Some of the later, most derived australopithecines often are 
described as either robust or gracile. Robust species were 
more heavily built and had powerful jaws and teeth. Their 
skulls were tall, with a thick lower jaw and massive molar 
teeth. Gracile australopithecines had a more slender bone 
structure and exhibited a general reduction in many of the 
same features associated with robust  hominins.

 7. Australopithecus afarensis is known from more than 70 speci-
mens. This makes it the  best- understood species of ancestral 
human. The  best- known and most complete specimen is 
nicknamed Lucy and represents a small female  individual.

 8. Several different lineages of ancestral humans appear to have 
lived at the same time, in Africa, during the middle Pliocene 
 Epoch.

 9. The massive teeth and jaw musculature of Paranthropus are 
more  derived— more highly  adapted— than those of early 
Homo, indicating that robust australopithecines had veered 
away from the evolutionary lineage that may have led to the 
rise of  Homo.
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CONCLUSIONCONCLUSION

The wealth of fossils of ancestral humans from the late Miocene 
and Pliocene forms a complicated  puzzle— a maze of evolutionary 
links and dead ends in the lineage of the hominins. Through the 
relentless dedication of field researchers in recent decades, the pic-
ture of hominin evolution is becoming increasingly clear. The hub 
of ape evolution was eastern Africa, along the area where the Great 
Rift Valley was developing. The earliest fossils of true apes are 
known from Kenya, Namibia, Uganda, and Ethiopia. As the lin-
eages of apes diminished by the end of the Miocene, the apes also 
diverged onto two evolutionary paths. One path split off between 
13 million and 15 million years ago and led to orangutans. The 
other path led to modern African apes and, eventually, to humans. 
Humans split from the lineage of Pan (the chimpanzee) between 
5 million and 7 million years  ago.

Fossil evidence for early hominins from the late Miocene is scant 
and often controversial. It is clear, however, that by about 4.2 million 
years ago, in the Pliocene, ancestral humans were well established 
on the savannahs of Africa. The hominin adaptations of bipedal-
ism and an increasingly generalized dental battery well suited for a 
varied diet gave early hominins an adaptive advantage. Before very 
long, hominins of the Pliocene Epoch had left the forests of their ape 
ancestors and broadened their range of influence across the open 
grasslands that stretched through Africa. Soon, hominins migrated 
northward out of Africa to occupy Europe, Asia, and other parts of 
the globe as anatomically modern humans of the genus Homo. The 
story of Homo evolution is the subject of another book in The Pre-
historic Earth: Early  Humans.
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GEOLOGIC TIME SCALE
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Positional terms used to describe vertebrate anatomy

APPENDIX TWO:
POSITIONAL TERMS
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GLOSSARY

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

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).
anthropologist  Scientist who studies the biological and cultural 

evolution of  humans.
anthropology  The study of biological and cultural human  evolution.
australopithecines  Genera of ancestral humans who date primarily 

from the Pliocene  Epoch.
basal  At or near the base or earliest level of evolutionary development; 

a term usually used to refer to an ancestral  taxon.
binocular vision  Overlapping vision of the two  eyes.
bipedalism  Walking upright on two  legs.
brachiation  Swinging from branch to branch using grasping arms and 

 legs.
carnivorous  Meat- eating.
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.
diurnal  Active during the  day.
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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eutherian  Mammal that gives birth to live young after an extended 
gestation period during which the embryo is nourished by means of a 
placenta, a temporary organ found in females during pregnancy; also 
called a “placental”  mammal.

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.

femur  Upper leg  bone.
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 flow  The introduction of new alleles from an outside population 

of the same  species.
gene pool  The combined genetic makeup of a species  population.
genetic drift  A chance fluctuation in allele frequency in a gene pool 

that is not caused by natural  selection.
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).

geographic isolation  The isolation of species on a land formation as 
a result of naturally occurring geologic events (e.g., formation of an 
island or of mountains).

gradualism  The emergence of new species as a slow and gradual 
 process.

herbivore  An animal whose primary food source is  vegetation.
heterodont  Having different kinds of teeth in different zones of the 

 jaw.
hind limbs  The two rear legs of a  vertebrate.
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hominin  (alternatively: hominid) Fossil and living  humans.
Homo sapiens  Modern human  species.
macroevolution  The evolutionary process that results in new  species.
metabolism  The combination of all biochemical processes that take 

place in an organism to keep it  alive.
microevolution  The genetic changes that can take place within a 

species  population.
molecular clock  A mathematical model for estimating when two 

species diverged in the distant past by comparing genetic differences 
between species and establishing a time scale required for such 
changes to  accumulate.

morphological  Pertaining to the body form and structure of an 
 organism.

mutation  Any change in the genetic code; mutations occur at  random.
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.
nocturnal  Active during the  night.
Old World  Africa, Asia, and  Europe.
omnivorous  Eating a diet consisting of both plants and  meat.
opposable  Word used to describe a thumb or big toe that can flex 

 against— that is, in opposition  to— the other digits, making it possible 
to grasp objects: a trait of  primates.

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

paleoanthropology  Study of biological aspects of human origins and 
evolution; the study of primate and hominin  fossils.

paleontologist  Scientist who studies prehistoric life, usually 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.
population genetics  The study of the frequency of alleles, genotypes, 

and phenotypes in a given group of  individuals.
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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.
primatology  The study of living  primates.
prosimians  Lower primates (lemurs, lorises, and tarsiers).
punctuated equilibria  Rapid evolutionary changes caused when a 

population of a given species suddenly encounters a dramatic change 
to its  habitat.

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

sexual dimorphism  Variation in morphology 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.

taxa  (singular: taxon) In classification, a taxon is a group of related 
organisms, such as a clade, genus, or  species.

taxonomy  The discipline of classifying  organisms.
theory  A comprehensive, testable explanation about some aspect of the 

natural world that is backed by an extensive body of facts over  time.
theory of acquired characteristics  An early theory of evolution, now 

proved to be incorrect, stating that an organism could be altered by 
circumstantial changes in the environment and that such alterations 
could be passed along to  offspring.

tibia  Lower leg  bone.
trackway  Series of sequential animal  footprints.
transitional  Representing one step in the many stages that exist as a 

species  evolves.
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Web sites
BBC. Human Beginnings

A collection of text and video content related to the evolution of 
humans, sponsored by the British Broadcasting Corporation.
http://www.bbc.co.uk/sn/prehistoric_life/human/

International Commission on Stratigraphy. International  
Stratigraphic Chart

Downloadable geologic time scales provided by the International 
Commission on Stratigraphy.
http://www.stratigraphy.org/cheu.pdf

Maddison, D.R., and K.-S. Schulz. The Tree of Life Web Project
The Tree of Life Web Project is a meticulously designed view of 
life-forms based on their phylogenetic (evolutionary) connections. 
It is hosted by the University of Arizona College of Agriculture 
and Life Sciences and the University of Arizona Library.
http://tolweb.org/tree/phylogeny.html

National Museums of Kenya
Guide to museums in Kenya, many of which house important 
fossils of ancestral humans from East Africa.
http://www.museums.or.ke/

National Primate Research Center. University of Wisconsin, Primate 
Info Net

An excellent resource for scientific information about living 
primates. Includes fact sheets about different species and an 
 audio-visual library of primate vocalizations and research video.
http://pin.primate.wisc.edu/index.html
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Public Broadcasting Service. Evolution Library: Evidence for  Evolution
This resource outlines the extensive evidence in support of both 
the fact and theory of evolution, basing its approach on studies of 
the fossil record, molecular sequences, and comparative  anatomy.
http://www.pbs.org/wgbh/evolution/library/04/

Scotese, Christopher R. Paleomap  Project
A valuable source of continental maps showing the positioning of 
Earth’s continents over the course of geologic  time.
http://www.scotese.com/

SOMSO Modelle, Reconstructions of Primate and Hominin  Skulls
This is the Web site of a commercial maker of scientifically 
accurate skulls and skeletal bones of extinct apes and hominins. 
This link features a gallery of these  images.
http://www.somso.de/index.htm?f=english/anatomie/
stammesgeschichte.htm

Teaching About Evolution and the Nature of Science. Investigating 
Common Descent: Formulating Explanations and  Models

This educational resource designed for high school science 
teachers provides background, research ideas, and facts regarding 
human evolution as defined by the National Research  Council.
http://www.nap.edu/html/evolution98/evol6-d.html

University of California Museum of Paleontology. History of 
Evolutionary  Thought

A tutorial about the thinkers who founded the modern science of 
evolutionary  biology.
http://www.ucmp.berkeley.edu/history/evothought.html

University of Michigan Museum of  Anthropology
The Museum of Anthropology is an internationally recognized 
center for anthropological and archaeological research. This Web 
site contains information about faculty research, the museum’s 
organization, and selected images from its  collections.
http://www.lsa.umich.edu/umma/
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