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PREFACE

the 19th century, anthropology has focused on the

study of humankind in terms of science and reason,
as well as logical speculation. Within a comprehensive and
interdisciplinary framework, anthropology aims for a better
understanding of and proper appreciation for the place of
our species within earth history and organic development.
As such, the scientific theory of biological evolution has
been indispensable for giving meaning and purpose to the
awesome range of empirical facts and conceptual insights
that now constitute the rich content of present-day anthro-
pology. Furthermore, cross-cultural studies emphasize the
vast differences among human groups from the perspec-
tives of material culture, social behavior, languages, and
worldviews.

Because of its holistic orientation, the anthropological
quest includes four major but interrelated divisions of con-
centration: biological anthropology, archaeology, sociocul-
tural anthropology, and linguistics. These four divisions
represent many specific areas of academic interest and schol-
arly research, each area with its own unique topics and meth-
ods of inquiry. Early anthropologists sought not only to
document human evolution, but also to record the cultural
differences of other societies. They also speculated on the
origin and history of human societies, cultures, and lan-
guages. Furthermore, early anthropologists benefited from
and contributed to other special sciences, from geology and
paleontology to sociology and psychology. To their advan-
tage, anthropologists have remained open to the scientific
discoveries in modern biology, for example, the DNA mole-
cule, and the critical ideas in recent philosophy (e.g., the
Marxist approach to solving social problems).

Following the pivotal writings on evolution by Charles
Darwin (1809-1882), the early anthropologists took time
and change seriously. They speculated on the origin and
history of our species and its relationship to the other pri-
mates, especially the great apes. Sir Edward Burnett Tylor
wrote Primitive Culture (1871), extending the framework
of organic evolution to include the historical development
of human societies and their cultures. In the early 1890s,
Eugene Dubois discovered a Homo erectus specimen at the

Since its emergence as a discipline in the middle of

Trinil site on the island of Java. Among others, these two
events contributed to the emergence of anthropology as an
academic discipline in its own right.

Throughout the 20th century, scientific research
remained a major concern for anthropologists. The discov-
ery of Machu Picchu by Hiram Bingham in 1911 and the
tomb of Tutankhamen by Howard Carter in 1922 brought
worldwide attention to archaeology. Later, at Columbia
University, the writings of Ruth Benedict, Franz Boas, and
Margaret Mead offered a cross-cultural perspective on
human biology, language, thought, and behavior.

In 1959, in central East Africa, the discovery of a
Zinjanthropus boisei skull at Olduvai Gorge in Tanzania by
paleoarchaeologist Mary D. Leakey and the study of wild
mountain gorillas in their natural habitats on the slopes of
the Virunga volcanoes by zoologist George B. Schaller
helped to usher in modern biological anthropology. And
then there was the crucial extension of genetic research to
the study of our own species in order to understand and
appreciate the human animal within the wider framework
of primate evolution.

Today, after about 150 years, the discipline of anthropol-
ogy is as active and relevant as ever. Incorporating the ongo-
ing advances in science and technology, specialists in
anthropology find no lack of engaging topics for scholarly
research. There is the challenge and need to study and pro-
tect endangered nonhuman primates, to continuously search
for fossil hominid specimens and hominid-made stone arti-
facts, and to comprehend the many complex relationships
between our biocultural species and its dynamic environ-
ment. Moreover, anthropologists have been very instrumen-
tal in increasing human tolerance for the biological variations
and cultural differences that exist within the hundreds of
societies that comprise our global species. As a new research
area, applied anthropology strives to be relevant in this civi-
lized but converging world (e.g., the emergence of forensic
anthropology and biomedical anthropology).

The 102 chapters in this two-volume 21st Century
Anthropology: A Reference Handbook attest to the many
research topics being investigated by current anthropolo-
gists and related scholars in science and philosophy. Each

X1
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of the 15 general categories offers not only the most recent
empirical facts and explanatory concepts in the topics
treated, but also those new areas that require further scien-
tific research and philosophical reflection. And there are
always new models, methods, theories, discoveries, and
perspectives that will emerge in the ongoing development
of anthropology throughout the coming decades.

Within these pages, one will explore many varied but
fascinating topics (e.g., from the concept of culture, ancient
civilizations, and human ecology to paleopathology, twin
studies, and terrorism). It is hoped that the 102 intriguing
subjects, which make up this reference handbook, will
both enlighten and inspire some readers to join the ongo-
ing anthropological quest.
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demic background includes a BA in anthropology from
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Emory University and an MLIS from the University of
South Carolina. She has lived in South Africa, France,
Germany, and the United States. Her interest in the subject
of twin studies is personal, as she is related to two sets of
monozygotic twins, aunts and uncles; she is also 7 years
older than her two dizygotic twin sisters. Her chapter was
written as a way to make up for all the misery she put them
through while growing up together.

Robert Bollt (1971-2010) was an archaeologist who
specialized in ancient Polynesia. He obtained his PhD
from the University of Hawai'i at Manoa in 2005.
Recently he had concentrated on the Austral Islands in
East Polynesia, where he found and excavated the archi-
pelago’s earliest known site to date. The results of this
work are published in the monograph Peva: The
Archaeology of an Austral Island Settlement (2008). He
also excavated sites in Hawai'i and the Marquesas. His pri-
mary interests included Polynesian material culture and
patterns of long-distance exchange among islands, deter-
mined by using geochemical sourcing analyses to trace
stone tools to their geological source of origin. He also
enjoyed experimental archaeology, especially stone tool-
making. Additional interests included Polynesian subsis-
tence strategies, faunal analysis, human-environment
relations, sociopolitical transformation, and warfare.

Laura M. Bolt is a PhD candidate in biological anthro-
pology at the University of Toronto, Canada. She received
her master’s degree from the University of Cambridge,
UK, where her thesis addressed Darwinian sexual selec-
tion theory and the origins of music. Her published and
forthcoming works explore topics such as Charles
Darwin’s social context, the development of Darwin’s
views on music and evolution, biomusicology, primate
vocal communication, and ring-tailed lemur behavior.

James Pleger Bonanno is a PhD student at the State
University of New York at Binghamton. He received his
MA in European history from the University at Buffalo.
His research interests include the Enlightenment, the French
Revolutionary period, and European intellectual history.
His current research involves the influence of French
Revolutionary ideas in Italy during the Napoleonic
period, and the emergence of Italian nationalism.

Lucas Bowman is currently pursuing a master’s degree in
geography at Appalachian State University in Boone,
North Carolina. He holds a bachelor’s degree in history
with a minor in anthropology and geography. He also has
interests in archaeology, performing cultural resource
management with various companies across America.
His current work revolves around early American banjo
and the people who carry on this musical culture. Aside
from academic interests, he is a caver and has partici-
pated in several cave-mapping surveys in West Virginia
and Illinois. He also is an avid musician and plays with
several bands.
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Paul F. Brown is Professor and Chair of the Department
of Anthropology at Minnesota State University, Mankato,
where he has been on the faculty for 30 years. He received
his BA in anthropology from California State University,
Northridge, and his MA and PhD from the University of
Colorado, Boulder. In 1980, he spent a year at Michigan
State University as an NIMH postdoctoral fellow in med-
ical anthropology. In 1985, he spent a sabbatical year doing
postdoctoral work in skeletal biology and paleopathology
at the University of Massachusetts, Amherst, under the
direction of Dr. George Armelagos. He has conducted
research on human biocultural adaptation in the Andes of
Peru, osteological analysis of human remains from
Minnesota and, most recently, research on race and racism
in science and society.

Frances D. Burton is Professor Emerita in the
Department of Anthropology, Scarborough Campus of
the University of Toronto. She received her doctorate as
the first graduate in anthropology from the City University
of New York. A primatologist by training, her interest in
food and food habits stems from her research primarily on
macaques in Gibraltar and the hybrids of TaiPo (Hong
Kong) and her interests in the stimuli of human evolution.
She has recently published a book dealing with this issue,
Fire: The Spark That Ignited Human Evolution, which
speculates on the importance of insects in the diet of
hominins, which led to an association with fire and its
light, and the consequences deriving from the alteration of
circadian rhythms. She has taught several courses concern-
ing the anthropology of food as nutrient and culture, and
has published on enhancing food production through sim-
ple means for the journal Emergency Nutrition Network.

Cris Campbell is a PhD candidate in the Anthropology
Graduate Program at the University of Colorado, Boulder.
He previously earned degrees from the University of Tulsa
(BA, 1987), Duke University (MA, 1991), and Duke
University (JD, 1991). His current work in biocultural
anthropology builds on his earlier graduate studies in phi-
losophy and focuses broadly on the interplay of these two
disciplines. In particular, he studies hominid evolution,
cognitive architecture, and human behavior as these
topics relate to the problems of metaphysics, meaning,
and motivation.

Patricia N. Chrosniak is Associate Professor in the
College of Education and Health Sciences at Bradley
University. She holds a BA in philosophy from Niagara
University, an MS in speech and hearing science, and a
PhD in educational psychology from the University of
[llinois at Urbana-Champaign. She spent 5 years working
on her doctorate at the National Center for the Study of
Reading in Champaign, Illinois, where she participated in
eye-movement research and research studies on text pro-
cessing. Her main foci have been on anaphoric referenc-
ing, language transfer, and cross-linguistic influences in
the interpretation of written texts by deaf individuals. Her

writings include a chapter on visual literacy in Visual
Data (2009) and several chapters regarding language
in the Encyclopedia of Anthropology (2006) and the
Encyclopedia of Time (2009). Among the scholarly orga-
nizations where she has regularly presented her research
on language processing and cross-linguistics are the
National Reading Conference (NRC), the Association of
College Educators of the Deaf, and the American
Association of Applied Linguistics (AAAL).

Jill M. Church is Librarian and Head of Periodicals
Department at D’ Youville College in Buffalo, New York.
She received a BA in anthropology and an MLS from the
State University of New York at Buffalo. She has authored
many articles for the Encyclopedia of Anthropology
(2006) and the Encyclopedia of Time (2009). She is
active in her regional chapter of the Association of
College and Research Libraries and is working to find
ways to improve the research skills of students. Her
research interests include the broad areas of archacology
and biological anthropology, in addition to evaluating
research skills and improving indexing and access to
electronic resources.

Cynthia Crosser is Reference Librarian in Social Science
and Humanities, and Subject Specialist in Psychology,
Human Development, and Education, at the University of
Maine. She received an MA in psycholinguistics from the
University of Florida and an MS in library studies from
Florida State University. She is currently pursuing an
advanced degree in literacy from the University of Maine.

Christopher David Czaplicki received a BS degree from
Canisius College in Buffalo, New York, majoring in biol-
ogy, with a minor in both neuroscience and anthropology.
He has previously written several other entries for Sage
Publications, including “Degenerative Diseases” in the
Encyclopedia of Time (2009).

Suzanne E. D’Amato is Associate Professor at Medaille
College in Buffalo, New York. She holds a BS in elemen-
tary education (human relations cluster) from State
University of New York College at Buffalo, an MS in ele-
mentary education and a MEd in administration and super-
vision from Canisius College. Her doctorate in curriculum
and instruction was earned from University of Buffalo in
1994. To complement her interest in education, she studies
anthropology, and she presented a paper titled
Anthropology and Education at the University of Montana
in 2003. Several of her entries appear in the Encyclopedia
of Anthropology (2006) and the Encyclopedia of Time
(2009). She has taught for a remarkable 49 years, 10 of
which are in higher education.

Irina Jovan Deretic is Assistant Professor of Ancient
Greek Philosophy at the University of Belgrade. She was a
guest professor at the Friedrich Schiller University in
Jena, Germany (summer semesters 2007, 2008), Pandion
University, Athens, Greece (2001), and Yeditepe University,
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Istanbul, Turkey (2004). She was awarded the Sasakawa
Scholarship and the Onassis Scholarship. Her fields of inter-
ests are ancient Greek philosophy, German hermeneutics,
Hegel’s philosophy, philosophical anthropology, philoso-
phy of language, and national and international Russian and
Serbian literature. She authored both How fo Name the
Being (2001) and Logos, Plato and Aristotle (2009), which
has been selected as one of the best theoretical books in
Serbia, as well as 70 academic papers in Serbian, English,
German, Slovenian, and Macedonian. She has participated
in more than 20 conferences and seminars. With Stefan
Lorenz Sorgner, she organized an international conference
on Humanism and Posthumanism, in honor of Professor
H. James Birx, at the University of Belgrade (April 2009).
She is a member of the executive board of the Serbian
Philosophical Society and has been a member of the editor-
ial board of the Serbian journals Theoria and Literary Word.

Anna Maria Destro is Consultant Professor of
Anthropology at the Eastern Piedmont Medical School.
She graduated in psychology and philosophy at the
Universities of Padua and Milan, maturating a broad inter-
est in culture studies, with a particular dedication toward
medical humanities. She was recipient of the Fulbright
Scholarship in 1992, and accordingly studied at the State
University of New York at Stony Brook in a program
focused upon cultural identities and differences. During
that time, she was also a fellow of the Martin Luther King
Center and Bellevue Hospital, New York. She was
appointed to the International Philosophy of Nursing
Executive Committee (IPONS), and she is currently a
member of the American Sociological Association. She is
dedicated to Amish culture studies and, in particular, she
works on a project endorsed by the Department of
Anthropology at the Catholic University of Milan in 2004.
She is presently part of the teaching staff of different
Italian universities (Turin, Milan, Pavia, Novara).

Marcia B. Dinneen is Head of Reference Services at
Bridgewater State College, in Bridgewater, Massachusetts.
She is also a visiting lecturer, teaching English composi-
tion and literature courses at Bridgewater State. She
received her MLS from Columbia University and PhD
from the University of Rhode Island. She has written a
number of articles for peer-reviewed journals and refer-
ence books. Her dissertation topic on travel as a metaphor
has led to articles in the Literature of Travel and
Exploration: An Encyclopedia (2003) and a continuing
interest in the whys and wherefores of migration.

Terry W. Eddinger is Vice President for Academics and
Professor of Old Testament at Carolina Evangelical
Divinity School in High Point, North Carolina. He earned
his PhD in Old Testament with an emphasis in ancient
Near Eastern history and archaeology from The Southern
Baptist Theological Seminary in Louisville, Kentucky, in
1995. In addition to teaching biblical Hebrew and Old
Testament studies at Carolina Evangelical Divinity School,
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he has been a member of the Karak Resources Project
since 1996, which conducts archaeological fieldwork and
research on the Karak Plateau in central Jordan. He exca-
vated at al-Mudaybi, an 8th century BCE fortress, with the
Karak Resources Project in the summers of 1997 and
2001. He also worked with the Mitrou Archaeological
Project in central Greece in the summers of 2007 and
2008, where he led a team in conducting an archaeological
survey of the East Lokris region. Also, he excavated at Tell
Halif, Israel, with the Lahav Research Project in 1993 and
spent 6 months in western Iraq with the United States
Marine Corps in 2005. His travels have taken him to many
places in Europe, the Mediterranean Basin, and the Middle
East including Bahrain, Belgium, Crete, Germany, Greece,
Iraq, Israel, Jordan, Kuwait, Malta, Portugal, Spain, and
the United Arab Emirates.

Katie E. Englert is Adjunct Instructor of Anthropology
for Northern Kentucky University. She holds a BA in
photojournalism/anthropology from Western Kentucky
University (2000) and an MA in anthropology from the
Australian National University (2005), where she com-
pleted her MA thesis, Pictures Worth Thousands of
Words: Youth, Ethnicity, and Photography. She is inter-
ested in visual anthropology, and her latest visual work was
conducted in the Eastern and Southern Highlands of Papua
New Guinea. Currently, she resides in Portland, Oregon.

Patricia E. Erickson, JD, PhD, is Professor of Sociology
and Criminal Justice at Canisius College. She received her
JD from the State University of New York at Buffalo and
her PhD from the University of Denver. In recent publica-
tions, she has addressed such issues as a critical assessment
of child-abuse and child-neglect policy in the United States,
the substantive due-process concerns raised by recent sex-
offender statutes, and justice consciousness in the context
of the practice of law. She is the coauthor (with Steven K.
Erickson) of Crime, Punishment, and Mental [llness: Law
and the Behavioral Sciences in Conflict (2008).

Isabelle M. Flemming is Reference Librarian at the Ela
Area Public Library in Lake Zurich, Illinois, where she
teaches workshops, acts as computer specialist, and pro-
vides in-depth reference assistance for patrons. She is a
member of the American Library Association and three of
its specialized divisions. She received an MA in history,
specializing in history of science, from the University of
Florida, and an MLS from the University of Illinois at
Urbana/Champaign. She has published a short story and
also published and written articles for an upcoming ency-
clopedia publication. Formerly an antiques dealer, much of
her research has covered the history and use of objects,
decorative and practical, particularly from the 19th and
early 20th centuries. In addition, she has created a refer-
ence Web page designed to make searches simpler. Her
research interests lie in the related fields of the history of
culture and ideas, with a special focus on the future of vir-
tual worlds and their impact on society.
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Michael J. Francisconi is Professor of Sociology and
Anthropology at the University of Montana Western. As
one of four children raised in a railroad worker’s house in
Pocatello, Idaho, he became a nontraditional student at
Boise State University, where he received his BS in sociol-
ogy while employed as a full-time staff member. He con-
tinued his full-time staff and student status during his
years in the graduate programs with the Department of
Sociology and Anthropology at the University of Oregon
in Eugene. He used his theories of applied education while
processing the papers of the International Wood Workers
of America for the Special Collections Library at Oregon,
and, while working on his dissertation, he both taught and
pursued his research at Diné College on the Navajo Nation
in Tsaile, Arizona. After receiving his PhD in anthropology
from the University of Oregon, he and his family moved to
Dillon, Montana, where he became the sole sociologist
and anthropologist at the University of Montana Western.
He has taught there since 1996, in addition to instructing
graduate students in the sociology of education through the
University of Montana. His book Kinship, Capitalism,
Change: The Informal Economy of the Navajo Nation
(based on his research and teaching on the Navajo Nation)
was published in 1998. He continues to publish through
Sage and other journals. His areas of focus include social
theory, political sociology and anthropology, economic
anthropology, social movements, and cultural ecology.

Stephen D. Glazier is Professor of Anthropology and
Graduate Faculty Fellow at the University of Nebraska—
Lincoln. He received his PhD in anthropology from the
University of Connecticut in 1981. He served as editor of
Anthropology of Religion: A Handbook (1999), The
Encyclopedia of African and African American Religions
(2001), and (with Andrew S. Buckser) The Anthropology
of Religious Conversion (2003). Currently, he researches
Sango and Spiritual Baptist healers on the Caribbean
island of Trinidad.

Robert Bates Graber is Professor Emeritus of
Anthropology at Truman State University. He received his
AB from Indiana University and his MS and PhD from the
University of Wisconsin—Milwaukee. He is author of many
scholarly articles and several books, the latest of which is
Plutonic Sonnets (2008)—a sonnet cycle centering on the
discovery and naming of planets and elements. His current
research interest is quantitative analysis of social and cul-
tural evolution.

John K. Grandy is Physician Assistant (RPA-C) for Lee
Medical Associates in Dunkirk, New York, and has been prac-
ticing medicine for 5 years. His area of specialty includes inter-
nal medicine and psychiatry. He earned his degree as a
physician assistant at D’Youville College in Buffalo, New
York. In addition, he earned a master’s degree from the
University of Buffalo Division of Roswell Park Cancer
Institute with concentrations in molecular immunology and
neurophysiology. Prior to these two degrees, he completed a

bachelor of science degree at Canisius College in Buffalo,
New York, with a major in biology and minors in anthropology
and the classics. His research interests include internal medi-
cine, psychiatry, consciousness studies, genetic engineering,
philosophy, and the DNA molecule. Working in medicine and
psychiatry exposed him to the importance of genetic relation-
ships to diseases and successful treatments. The time he spent
working in psychiatry piqued his interest in neurophysiology
and neuropharmacology, which in turn increased his desire to
study consciousness not only from a clinical or scientific
standpoint, but also from a philosophical standpoint. It was
while he was publishing articles on both consciousness and the
DNA molecule that he developed his theories of DNA con-
sciousness. During his work on the chapter in 21st Century
Anthropology, he realized that genetic engineering may pro-
vide ways to further understand this process.

John R. Grehan is Director of Science at the Buffalo
Museum of Science. He holds a PhD in zoology from
Victoria University of Wellington (New Zealand) and is
also an adjunct faculty member at Buffalo State College
and a research associate in the Invertebrate Section at the
Carnegie Museum of Natural History. His research inter-
ests include evolutionary biogeography, evaluation of mor-
phology as phylogenetic evidence for human—great ape
relationships, and the integration of phylogenetic and geo-
graphic evidence for reconstructing the biogeographic ori-
gins of hominid ancestry.

Mary J. Hallin is a doctoral candidate in geography, with
a specialization in anthropology of indigenous peoples at
the University of Nebraska—Lincoln. She has worked in
Cameroon for 5 years. Her dissertation examines collabo-
ration between traditional and biomedical practitioners in
northwestern Cameroon.

Pamela Hayes-Bohanan is Reference Librarian and
Coordinator for Library Instruction Services at the Clement
C. Maxwell Library at Bridgewater State College in
Massachusetts, where she is also a Spanish Instructor. She is
active in the College’s Writing Across the Curriculum network,
the Diversity and Inclusion Research Institute, and developing
strategies for the integration of information literacy into the
college curriculum at all levels. She serves on Bridgewater’s
One Book One Community steering committee and the
library’s Events Planning Committee, and is an occasional
contributor to the Internet Review of Books. Her primary
research interests are in censorship and book banning, infor-
mation literacy, and Latin American studies. She has previ-
ously written articles in such reference resources as Ready
Reference: Censorship (1997), The Latino Encyclopedia
(1996), and The Seventies in America (2006), among others.
She received her master of library science degree from the
University of Arizona in 1991 and her master of Spanish liter-
ature degree from Miami University of Ohio in 1990. Prior to
coming to Bridgewater State College in 1997, she served as
head of reference at the McAllen Memorial Library in
McAllen, Texas, where she served a bilingual community of
active library users.
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Jacob R. Hickman is a doctoral candidate at the
University of Chicago in the Department of Comparative
Human Development, where he specializes in psychologi-
cal anthropology and cultural psychology. Jacob investi-
gates the psychological and cultural dynamics of
migration, resettlement, and social change in general. His
current work constitutes a comparative ethnography of per-
sonhood and morality in Hmong communities that have
resettled to the United States and Thailand from Laos. He
has also published research on the changing health con-
cepts among Hmong in Alaska (““Is It the Spirit or the
Body?’ Syncretism of Health Beliefs Among Hmong Immi-
grants to Alaska,” NAPA Bulletin, 2007; and “Treating
Hmong Children in America: Two Case Studies,” in The
Child: An Encyclopedic Companion, 2009) and the
dynamics of ethnic identity in Western Highland
Guatemala (“Inverse Typology and Ethnic Identity: An
Analysis of Inverse Image Theory in Two Guatemalan
Communities,” The Journal of the Utah Academy, 2003).

Britteny M. Howell is Adjunct Faculty of Anthropology
at Northern Kentucky University and Anthropology
Instructor at Gateway Community and Technical College.
She received her bachelor of science degree in anthropol-
ogy at Central Michigan University and her master of arts
degree in anthropology at the University of Cincinnati,
and she is a registered professional archaeologist. Her
research interests include osteology, medical anthropol-
ogy, human growth and development, and the anthropol-
ogy of children. She has conducted skeletal analyses of
human decapitation sacrifices in Peru, forensic analyses
of human remains in Albania, and research into the factors
contributing to childhood undernutrition and the associ-
ated skeletal pathologies. Her research in anthropology
has taken her to Alaska, Scotland, Arizona, and the
Midwest, and she has presented her research at numerous
professional conferences. Her recent research examined
the health perceptions of early adolescent Latina girls
using community-based participatory research methodol-
ogy and was published in Family and Community Health
(2008). She has also used participatory-research method-
ology to evaluate the effectiveness of a hospital-based
home-visitation program aimed at assisting at-risk and
first-time mothers in creating a nurturing, healthy envi-
ronment for their children (accepted by Infants and Young
Children).

Pamela Rae Huteson attended Fairbanks University,
University of Alaska Southeast. She authored Inuit-
related entries for the Encyclopedia of Anthropology
(2006), including “Aleut” and “Inuit Acculturation.” She
also contributed to the Encyclopedia of Race, Ethnicity,
and Society (2008) with “Aleuts” and “Canada, First
Nations,” and to the Encyclopedia of Time (2009) with
“Myths of Creation.”

Chang-Ho C. Ji is Professor of Education and Middle
Eastern Studies at La Sierra University in California, where
he also teaches statistical and quantitative research methods.
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He holds a PhD from the University of California at
Riverside, and from 1995 to 2002, he directed two large-scale
archaeological survey projects in the regions of Iraq al-‘Amir
and the Dhiban Plateau in Jordan. In addition, he conducted
several salvage excavations at Khirbat Mahatta, Khirbat
Bayada, the Wadi as-Sir, and the dolmen sites near Iraq
al-‘Amir, Jordan. Currently, he serves as the director of
the Khirbat ‘Ataruz excavation project and the Dhiban-
Machaerus regional research project in Jordan. His additional
research interests lie in the areas of prehistoric dolmens and
stone monuments in the Middle East, Europe, and Asia,
ancient Israelite and Iron Age religion, and the Hellenistic—
early Roman history of the Levant. His research also extends
to psychology of religion and Islam and their influence on
social attitudes and behaviors, particularly in relation to
authoritarian personality, principled moral reasoning, and
social conservatism.

Richard R. Jones is Associate Professor of Anthropology
at Lee University in Cleveland, Tennessee. He received his
PhD in anthropology from Wayne State University and his
MA in linguistics from Oakland University. He has con-
tributed to the Encyclopedia of Anthropology (20006),
Jacking in to the Matrix Trilogy (2004), and other edited
works. His current research interests include popular cul-
ture, ethnographic research of Christian groups on the
Karak plateau in Jordan, migrant Arab communities in
Chile and elsewhere, and archaeological survey in eastern
Tennessee.

Joachim Klose is Commissioner of the Konrad Adenauer
Foundation for the Free State of Saxony. He studied theol-
ogy, physics, philosophy, theory of science, logic, and sta-
tistics in Magdeburg, Berlin, Dresden, Munich, and
Cambridge (Harvard University). In 1997, he earned his
PhD at the Ludwig Maximilian University in Munich. He
was the president of the Catholic Academy of the Dresden-
Meissen Diocese, and since 2006 has held the commis-
sioner position at the Konrad Adenauer Foundation. He has
organized and held many lectures on the difficulties of the
transformation process of the former East Germany from a
closed to an open society after the fall of the Berlin Wall in
1989. For his work, he was awarded the Prize of Innovation
for Adult Educational Work in the Free State of Saxony
(2002).

Kris “Fire” Kovarovic, PhD, is Lecturer in Human
Evolution at Durham University, UK. As an undergradu-
ate, she attended McGill University in Montréal to pursue
a degree in anthropology and archaeology. Possessing
limited talent for flint-knapping, she discovered an
archaeological passion for bones rather than stones. She
then crossed the Atlantic for an MSc in archaeology at
University College London’s (UCL) Institute of
Archaeology in 1997 and has remained in the UK since
that time. She obtained her PhD in the Department of
Anthropology at UCL, spent time as a postdoctorate in
the Human Origins Program at the Smithsonian
Institution, and then returned to UCL to take up a
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Leverhulme Early Career Fellowship prior to moving to
Durham. Her research interests include palacoenviron-
mental reconstruction and faunal analysis, particularly at
Plio-Pleistocene hominin sites in East Africa. She has
participated in fieldwork at Laetoli, Tanzania, and cur-
rently codirects a long-term study of modern mammalian
bone accumulations in Kenya. Her present research pro-
ject investigates ecological trends at a number of Rift
Valley localities and explores the differences in habitat
signals provided by analyses of bovid fossil dentition and
skeletal remains.

Ramdas Lamb is Associate Professor of Religion at the
University of Hawai'i. Prior to entering academia, he was a
Hindu monk in the Ramananda order in northern India for
nearly 10 years. Since the early 1970s, he has done field
research on the monastic traditions and the religious cul-
tures of northern and central India. Among his publica-
tions are Rapt in the Name: The Ramnamis, Ramnam, and
Untouchable Religion in Central India (2002). He has
written numerous articles in journals, encyclopedias, and
edited volumes on various aspects of religious traditions
and movements in South Asia. He also works with a non-
profit foundation (Sahayog Foundation) educating rural
youth in central India.

Sang-Hee Lee, PhD, BA, is Associate Professor of
Anthropology at the University of California at Riverside.
She received her PhD from the University of Michigan in
1999 and her BA from Seoul National University in Korea
in 1989. Her research examines the evolution of human
morphological variation, and how different mechanisms
(such as taxonomy, sex, age, and time) explain what is
observed in fossil data.

Oliver W. Lembcke is Senior Researcher at Friedrich
Schiller University in Jena, Germany, and director of the
Hellmuth Loening Center. He received his MA in 1995
from Christian Albrechts University in Kiel and his PhD
in 2004 from Friedrich Schiller University (FSU) in Jena.
His expertise is in political theory, constitutional theory,
and public law. He has published 16 books (8 of them as
an editor) and over 60 articles on the relationship between
law and politics from both an empirical approach and a
normative perspective. In 2005, his studies on the
German Constitutional Court received an award from
both the Institution of Political Science and the Faculty of
Social Sciences at FSU Jena. In addition, he has been a
visiting scholar at Jagiellonian University in Krakow, both
Fudan University and Tongji University in Shanghai,
Tilburg University (the Netherlands), and the Free
University of Amsterdam. He has given presentations at
Tampere University (Finland), Harvard University, the
German Historical Institute in Paris, University of
Copenhagen, Leiden University, and Hebrew University,
Jerusalem. As a political scientist at Friedrich Schiller
University, his research interests now focus on ideas about
the French Revolution and the political philosophy of
Thomas Hobbes.

Debra M. Lucas is Head of Reference and Interlibrary
Loan at D’Youville College in Buffalo, New York. In
this position, she has the unique opportunity to be an
active scholar who also actively assists those faculty and
students involved in research and scholarly pursuits
at D’Youville College. She has published articles in
the Encyclopedia of Time (2009), Encyclopedia of
Anthropology (2006), St. James Encyclopedia of Pop
Culture (2000), and the Journal of Information and
Library Science. Her articles have also appeared in sev-
eral Buffalo magazines and newspapers. She was
included in Who'’s Who of American Women (2009) and
was selected as D’Youville Faculty of the Year at the
Library in 2007-2008 and 2005-2006.

David Alexander Lukaszek, MA, BA, AAS, AOS, is cur-
rently a PhD student at the University of Alaska, Fairbanks.
He has participated in conferences at the University of
Moscow and the University of Montana and has con-
tributed to the FEncyclopedia of Time (2009) and
Encyclopedia of Anthropology (2006). His research inter-
ests include osteology, functional morphology, methodol-
ogy, and evolution history. He also has an interest in the
philosophy of science.

Sarasij Majumder has a PhD in Anthropology from
Rutgers University and is currently an Assistant Professor
of International Relations at St. Mary's University in San
Antonio, Texas. In Fall 2010, he will start as an Assistant
Professor in Anthropology and Asian Studies at Kennesaw
State University, Kennesaw, Georgia. His primary focus is
politics around land and industrialization in contemporary
India. He studies identities and conflicts arising out of
ownership of agricultural land and economic development
in India. He also looks at how villages and villagers
are represented by activists, media, and the state as “peas-
ants” or “farmers.” Theoretically, his research looks at the
complex relations between the local and the global, con-
nected with each other both materially and discursively.
He has an MA and an MPhil in sociology from Delhi
University, India.

Sara Rofofsky Marcus is Electronic Resources/Web
Librarian at Queensborough Community College in
New York. She earned her MLS from Queens College and
her EdS degree in educational technology from the
University of Missouri. Her PhD is in e-learning admin-
istration. Her prior employment includes teaching at the
postsecondary level, both face-to-face and online, and
working at a variety of libraries.

Belete K. Mebratu is Assistant Professor of Education at
Medaille College in Buffalo, New York. He received his
PhD from the State University of New York—University at
Buffalo and has been a lecturer at Addis Ababa University
in Ethiopia. He has published on, and given presentations
about, topics concerning modern Africa.

Melissa A. Menasco is Assistant Professor of Sociology at
Canisius College in Buffalo, New York. She received a BA
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in mathematics from UCLA and a PhD in sociology from
the State University of New York—University at Buffalo.
Her postdoctoral research was in nonverbal communica-
tion, with an emphasis on deceptive behaviors. Specializing
in the area of criminology, her primary interests include
social control theory, as well as juvenile delinquency and its
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BioLoGicAL ANTHROPOLOGY

H. JamMES BIrRx

Canisius College and State University of New York at Geneseo

nthropology is the scientific study of humankind
A (Birx, 2006a). It strives for a comprehensive

understanding of and proper appreciation for our
species within the earth’s history. As such, anthropology is
grounded in the empirical facts of the special sciences and
the logical argumentation of critical thought. Furthermore,
scientific evidence is supplemented with rational specula-
tion, especially when facts are lacking. Ongoing advances
in science and technology continuously add new informa-
tion to the growing discipline of anthropology, thereby
strengthening some concepts and hypotheses, while modi-
fying or dismissing others.

Besides incorporating the scientific method, anthro-
pologists view the natural history of humankind within
an evolutionary framework (Fortey, 1998; Hublin, 2006;
Mayr, 2001). Our species is seen as a product of organic
evolution in general, and primate history in particular.
The human species is related to apes, monkeys, and
prosimians. Both fossils and genes substantiate the bio-
logical and historical unity of primates in terms of
the factual theory of organic evolution (Coyne, 2009;
Ridley, 2004).

Biological anthropologists (Kennedy, 2009) use the
comparative method in order to understand and appreciate
the evolutionary relationships among primate fossils, as
well as living species. They compare and contrast fossil
skeletons (especially jaws and teeth), DNA molecules, and
morphologies (both anatomy and physiology), as well as

psychological and behavioral patterns. A convergence of
facts and concepts clearly shows that the human animal is
closely related to the four great apes, or pongids (orang-
utan, gorilla, chimpanzee, and bonobo).

This anthropological quest is both intradisciplinary and
interdisciplinary. Specialists in the discipline work together
to achieve a comprehensive and coherent view of our human
species; for example, biological anthropologists work
closely with prehistoric archaeologists at a fossil hominid
site, while sociocultural anthropologists work closely with
anthropological linguists in studying other societies with
different cultures (particularly nonliterate peoples with a
“primitive” technology). One goal is to derive meaningful
concepts and generalizations from the vast range of empiri-
cal evidence (Fuentes, 2007).

More and more, as naturalists and humanists, anthropolo-
gists are multidisciplinary in their approach. They strive to be
relevant in the modern world. Consequently, one speaks of
applied anthropology (e.g., forensic anthropology and bio-
medical anthropology). Anthropological knowledge adds to
human enlightenment, particularly in terms of increasing tol-
erance for human biological and sociocultural differences. In
the discipline of anthropology, teaching and research go hand
in hand; that is, biological anthropologists aim for a clearer
view of humankind that concerns its evolutionary past, pres-
ent convergence on the earth, and future possibilities
(perhaps its migration beyond our planet and even outside
this solar system).
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Biological anthropologists focus on the organic evidence
of primates (e.g., their fossils, skeletons, teeth, genetic
makeup, and physical characteristics, as well as psychologi-
cal and social behavior patterns). They present this evidence
in a comprehensive and intelligible manner, while searching
for meaningful concepts and generalizations about primate
evolution in general, and our species in particular.

The German naturalist Johann Friedrich Blumenbach
(1752-1840) is considered to be the father of biological
anthropology (previously known as physical anthropology)
because he focused on studying the human variations in
those biological characteristics that manifest themselves
within a population and among populations. Although the
academic discipline of anthropology did not yet exist, his
pioneering research paved the way for the later, intensive
studies of our species and the other primates—from com-
parative paleoanthropology to comparative genetics.

Charles Darwin (1809-1882) was a major influence on
the emergence of biological anthropology. As presented in
his two major works, On the Origin of Species (1859) and
The Descent of Man (1871), his theory of evolution sug-
gested that much light would be shed on the history of life-
forms and the nature of our own species (Darwin, 1859,
1871). The origin and development of humankind, as well
as its evolutionary relationships to the other primates, now
became the subject matter for scientific inquiry. No longer
was our species viewed as being isolated from other life-
forms or organic history. As such, the discipline of anthro-
pology dedicated itself to rigorously studying humankind
in terms of science and reason (Bollt, 2009).

As biological anthropologists, early naturalists worked
alone in their search for fossil hominid specimens. Usually,
outside funding was not available and significant findings
were often dismissed by the scientific community.
However, as more evidence was discovered, the theory of
human evolution was taken seriously. Since the middle of
the 20th century, paleoanthropologists have stressed a mul-
tidisciplinary approach (both intradisciplinary and interdis-
ciplinary) in their research (Wolpoff, 1999). As a result, at
a fossil hominid site, a scientific team of international spe-
cialists may include chemists, geologists, paleobotanists,
paleozoologists, prehistoric archaeologists, photographers,
and artists. Specialists also work with paleoanthropologists
in museums and laboratories. Some biological anthropolo-
gists specialize in primate-behavior studies or primate-
genetics research (including twin studies, as well as growth
and development research). Today, thanks in part to anthro-
pologists, there is a growing awareness of the critical rela-
tionship between our species and the natural environment,
both inorganic and organic. Academic books (Angeloni,
Parker, & Arenson, 2009; Haviland, Walrath, Prins, &
McBridge, 2008; Park, 2010; Relethford, 2010; Stanford,
Allen, & Antoén, 2009), professional journals, museum
exhibits, college and university courses, and educational
programs in the mass media are making the scientific evi-
dence in biological anthropology available to a widening
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audience of teachers and students, as well as the interested
public. The presentation of facts, concepts, hypotheses, and
perspectives is very helpful in discrediting racism and pro-
moting evolution.

Evolutionary Framework

The idea of evolution neither originated with the thoughts of
Charles Darwin nor had its final formulation in his scientific
writings; as such, one may speak of the evolution of evolu-
tion from an early concept in antiquity to its present status as
a brute fact of the modern worldview (Birx, 1984, 1991b).

Pre-Socratic Speculations

During the pre-Socratic Age, several early philosophers
as natural cosmologists anticipated the evolutionary frame-
work in their rational speculations on the nature of things.
Rejecting legends and myths, as well as personal opinions
and religious beliefs, these critical thinkers emphasized
deriving explanatory concepts by rigorously reflecting on
their own experiences within nature and the use of reason.
Although they were neither scientists nor evolutionists,
their answers to general questions about this universe did
establish a dynamic worldview that paved the way for fur-
ther discoveries in the future development of the special
sciences, from geology and paleontology to biology and
anthropology.

Among the pre-Socratic thinkers, Thales claimed that
life first appeared in water; for him, water is the fundamen-
tal substance of this cosmos. He argued that, over time,
aquatic organisms changed and eventually there were life-
forms that could adapt to and survive on dry land. It is reas-
suring that Thales, as the first Western philosopher, had
glimpsed the biological significance of change throughout
planetary time. In his rational speculations, he had grasped
both the fluidity of life and the unity of this universe.

Extending this vision, Thales’s student Anaximander
held that, in the development of life-forms from water to
land, lineage leading to the human animal had once passed
through a fishlike stage of development. It is tempting to
refer to this pre-Socratic thinker as the father of compara-
tive morphology; one may imagine Anaximander compar-
ing the innards of a dead fish with those of a human
corpse, and consequently being very impressed with the
similarities (rather than with the differences).

Reflecting on the flux of reality, the naturalist meta-
physician Heraclitus argued that change is the quintessen-
tial characteristic of this universe. Looking for order in this
dynamic world, he further claimed that all changes in
nature are cyclical. As a result, for Heraclitus, there is the
endless repetition of day and night, life and death, the four
seasons of the year, and even the cosmos itself. For later
naturalists to accept the evolutionary framework, it was
necessary for them to take both time and change seriously.
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Of particular importance was Xenophanes, who recog-
nized both the organic and historical significance of fossils
as the remains of once-living but often different organisms
related to the living life-forms of today. The fossil record is
crucial, in that it provides empirical evidence to substanti-
ate the fact of organic evolution. Despite our present
knowledge of genetic variations, it would be difficult to
convince many people of the truth of organic evolution if
no fossil evidence had ever been discovered. However, the
more paleontologists search, the more fossils they find
(including paleoanthropologists discovering fossil hominid
specimens).

Lastly, Empedocles even offered an explanation (although
a bizarre one) for the origin of organisms. He speculated that
in the past, the surface of the earth had been covered by free-
floating organs of different sizes and shapes; they haphaz-
ardly came together, forming organisms (some, of course,
were monstrosities). Those organisms that could adapt to the
environment survived and reproduced, while the monstrosi-
ties perished. What is implicit in this explanation are the
basic ideas that constituted the evolutionary framework of
both Charles Darwin and Alfred Russel Wallace: multiplicity,
variation, adaptation, survival, and reproduction or extinc-
tion. Unfortunately, with irony, the proto-evolutionary ideas
of these five pre-Socratic thinkers were squelched by the
greatest thinker of ancient Greece—Aristotle.

Aristotle

Aristotle was the “father of biology,” including compar-
ative studies in embryology, morphology, and taxonomy.
His encyclopedic interests ranged from cosmology and
meteorology to botany and zoology. Aristotle assumed that
the human mind is capable of discerning a natural design
within the mixed species on this planet. He referred to this
terrestrial order as the great chain of being, or ladder of
nature. For him, each species is eternally fixed in nature,
each type of organism occupying a special place in the
great chain of nature depending upon its degree of com-
plexity and sensitivity or intelligence. This hierarchical
ladder ranged from the simplest mineral at its bottom to the
rational human at its apex. Since Aristotle dismissed both
the creation and extinction of species, as well as the appear-
ance of new ones, he was not an evolutionist (although he
was interested in the development of individual organ-
isms). Because many thinkers gave priority to the fixed
Aristotelian worldview, a serious evolutionary framework
did not emerge until the scientific writings of Charles
Darwin and Alfred Russel Wallace over 2,000 years later.

Before Darwin

Challenging the fixed Aristotelian worldview, the
Roman philosopher and poet Lucretius presented a
dynamic interpretation of both the earth’s history and the
material universe. In his groundbreaking work On the

Nature of Things, he argued that our planet itself has cre-
ated plants and animals, and even outlined the sociocul-
tural development of our own species from cave-inhabiting
early creatures to the citizens of the Roman empire.
Furthermore, Lucretius boldly held that life-forms (includ-
ing intelligent beings) inhabit planets elsewhere in the cos-
mos. His ideas paved the way for a naturalistic study of
humans within nature.

During the Italian Renaissance, the artist and visionary
Leonardo da Vinci recognized the biological and historical
significance of fossils as the remains of once-living but
usually different species—in fact, he had found these
fossils in the top rock strata of the Alps. Moreover, his
dynamic view of the earth’s history in terms of geology
argued that the age of our planet must be at least 200,000
years (an astonishing claim in the eyes of his contempo-
raries). Furthermore, Leonardo’s study of the human body
foreshadowed serious comparative-anatomy research.

In 1735, Carolus Linnaeus fathered modern taxonomy.
He recognized the close similarities among the human ani-
mal and the apes, monkeys, and lemurs. Consequently, he
placed all of these forms in the primate order. Although he
was not an evolutionist, Linnaeus discovered that species
are capable of producing varieties of themselves (an example
of microevolution).

Decades later, as a result of taking the implications
of geology and paleontology seriously, Jean-Baptiste
de Lamarck wrote the first serious book on organic evolu-
tion. In his Philosophy of Zoology (1809), he argued that
species are mutable and have changed throughout organic
history. Without a testable explanatory mechanism or suf-
ficient empirical evidence, Lamarck was unable to con-
vince other naturalists that life-forms had evolved
throughout geological time. Ironically, however, Lamarck’s
book appeared exactly 50 years before the publication of
Charles Darwin’s On the Origin of Species (1859).

With its emphasis on science, reason, and a historical
perspective that took both time and change seriously, the
Age of Enlightenment established an intellectual atmo-
sphere that allowed for the emergence of three important
earth sciences: historical geology, comparative paleontol-
ogy, and prehistoric archaeology. Ongoing advances in
biology (especially embryology, morphology, and taxon-
omy) and extensive travels by curious naturalists (e.g.,
Haeckel, Humboldt, Huxley, and Lyell) provided over-
whelming scientific evidence and convincing rational
argumentation for the vast age of this planet, the evolution
of life-forms, and the great antiquity of our own species.
Clearly, rocks and fossils and artifacts did not support a
strict and literal interpretation of the biblical story of cre-
ation as presented in the book of Genesis in the Holy Bible.
It was now necessary for some ingenious naturalist to
bring all of these facts and concepts together in a compre-
hensive and intelligible view of life on earth in terms of
biological evolution. Unintentionally, this task fell to the
young geobiologist Charles Darwin (Birx, 2009).
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Charles Darwin

Three major events contributed to Darwin’s developing
his scientific theory of organic evolution: his unique expe-
riences as a naturalist aboard the HMS Beagle during its
S-year circumnavigation of the world in the Southern
Hemisphere (1831-1836), his reading Charles Lyell’s three-
volume work Principles of Geology (1830-1833), and his
later fortuitous reading in 1837 of Thomas Robert
Malthus’s An Essay on the Principle of Population (1798).

For Darwin, the convergence of evidence from geology,
paleontology, and biology (as well as the implications of
both biogeography and variations in organisms) argued for
the pervasive mutability of species throughout immense
periods of the earth’s history within a naturalist framework.
Of particular significance, he offered natural selection as
the primary mechanism to explain biological evolution.
Darwin’s scientific facts and rational arguments for his
evolution theory were first presented in On the Origin of
Species (1859). However, at that time, the sensitive natu-
ralist did not yet extend his theory of evolution to include
the human animal.

In his The Descent of Man (1871), Darwin now seri-
ously considered the evolutionary implications for under-
standing and appreciating the place of our own species
within natural history. He argued that, biologically, the
human animal is closest to the three great apes known to
science at that time (orangutan, gorilla, and chimpanzee),
with which it shares a common ancestral group whose
fossils would be found in Africa. Furthermore, as had
Huxley in England and Haeckel in Germany, Darwin even
claimed that our species differs merely in degree, rather
than in kind, from these three great apes. As such, his ideas
were a major contribution to the emergence of biological
anthropology. Even so, the resultant creation-evolution con-
troversy still continued as an ongoing debate between bib-
lical fundamentalists and scientific evolutionists. Today,
the religious position is grounded in the alleged argument
for intelligent design.

Although convinced of the veracity of his evolution the-
ory, Darwin was still perplexed by four questions (among
others): What is the true age of planet earth? Why is the
fossil record so incomplete? How are organic variations
inherited from generation to generation? Can slow biolog-
ical evolution account for the emergence of the complex
human eye? Throughout the following decades, ongoing
advances in science and technology (especially in dating
techniques and computers) would help to answer these four
questions in favor of the evolution theory and a naturalist
viewpoint.

After Darwin

The discipline of anthropology emerged during the mid-
dle of the 19th century. Greatly inspired by the writings of
Charles Darwin, several naturalists were very interested in
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extending the evolutionary framework to include our own
species. In general, early biological anthropologists were
eager both to find fossil evidence to substantiate human
evolution and to compare the morphology of living pri-
mates in order to demonstrate the remarkable similarities
among lemurs, monkeys, apes, and the human animal. In
particular, some biological anthropologists extended taxon-
omy to include a racial classification of human groups in
terms of different physical characteristics. (Rigorous primate-
behavior studies and primate-genetics research would not
appear until the middle of the 20th century.) Although
conflicting interpretations of evolution were offered by
naturalists, and even though anthropologists could not agree
on the number of human races, there was no doubt that our
species was both the product of organic evolution and
closely related to the great apes, especially the chimpanzee.
During the succeeding decades, biological anthropolo-
gists would specialize in areas ranging from paleoanthro-
pology and primatology to forensic anthropology and
biomedical anthropology. The theory of evolution offers a
comprehensive and intelligible framework in which both
the physical characteristics of the human animal and its
place within natural history made sense in terms of science
and reason. Today, one may speak of the biological unity of
Homo sapiens sapiens in terms of the DNA molecule.

Science of Genetics

As the father of biology, Aristotle was interested in the
embryological and morphological development of organ-
isms. He held that a female contributes the matter and a
male contributes the form to an embryo, which then devel-
ops according to an innate, preestablished goal within the
embryo itself (a movement from potentiality to actuality).
However, Aristotle was not an evolutionist, since he held to
the eternal fixity of all species within his assumed static
hierarchy of planetary existence that ranged from simple
minerals to complex animals. This worldview dominated
Western thought until the persuasive scientific theory of
evolutionist Charles Darwin.

The monk Johann Gregor Mendel discovered the basic
principles of inheritance as a result of his rigorous, long-
term experiments with the common garden pea plant
Pisum. A particulate theory of inheritance was presented in
his monograph Experiments in Plant Hybridization
(1866), in which he not only distinguished between domi-
nant and recessive characteristics for the same trait, but
also presented the principles of segregation and indepen-
dent assortment. Unknown to himself and the scientific
community, which did not understand or appreciate the far-
reaching significance of his pioneering discoveries,
Mendel had established an empirical foundation for the
science of genetics.

In 1900, building upon Mendel’s findings, Hugo DeVries
both discovered the phenomenon of incomplete dominance
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and presented his mutation theory. Within several decades,
evolutionists realized that, taken together, genetic variation
and natural selection form the explanatory foundation of
organic evolution. Thus emerged neo-Darwinism, or the so-
called synthetic theory of biological evolution, with its focus
on dynamic populations or gene pools.

If naturalist Charles Darwin had given to biological
anthropology the factual theory of organic evolution, then
James Watson and Francis Crick (along with Maurice
Wilkins and Rosalind Franklin) gave to it a genetic foun-
dation by discovering a working model for the DNA mol-
ecule, the so-called code of life or language of heredity
(Watson, 2003). Since 1953, this groundbreaking discov-
ery has had awesome consequences for understanding and
appreciating life-forms, from a bacterium to the human
animal. The DNA molecule gives undeniable evidence for
the historical continuity and chemical unity of all life-
forms on planet earth. In particular, it now clearly links our
species with the four great apes or pongids: orangutan,
gorilla, chimpanzee, and bonobo.

The DNA molecule has the structure of a double helix
with six parts: a phosphate group, the sugar deoxyribose,
and four bases (adenine, thymine, guanine, and cytosine).
Changes to the sequence of bases, or nucleotides, in the
genome may result in changes in the phenotype or biolog-
ical expressions of an organism. Mutations may be major
or minor, and of positive, neutral, or negative value for the
organism in terms of its adaptation to and survival in a
dynamic environment. Successful reproduction will pass
on the altered hereditary information to the gene pool of
the next generation. Therefore, one may hold that the
members of a population represent differential reproduc-
tion. Over time, a species may produce a variety of itself,
and this variety may eventually become a new species; fur-
ther evolution may result in the emergence of higher taxo-
nomic groups, such as new families, orders, or classes of
organisms. Nevertheless, within the sweep of organic evo-
lution, a very sobering fact is that the extinction of species
is the rule rather than the exception.

The next step for naturalists and biological anthropolo-
gists was to extend the science of genetics to comprehend
the evolution of populations (gene pools) in terms of both
changes in gene frequencies and the appearances of muta-
tions within dynamic environments, as well as natural and
social selection (Hartl & Clark, 2006; Wells, 2002). Such
studies shed significant light on biological variations
in human populations, consequently challenging earlier
anthropological views on race and racism (Mielke,
Konigsberg, & Relethford, 2006).

In the early decades of the 20th century, anthropologists
could not agree on either the number of alleged distinct
races that comprise our human species or the criterion or
criteria to be used in determining the assumed number of
human races; the number of races ranged from 3 to over 200
(obviously, the methodology was faulty). Unfortunately,
however, the concept of human race was extended by some

anthropologists to justify racism, resulting in a racial hier-
archy from inferior groups to superior groups (Birx, 2003;
Wolpoff & Caspari, 1997). Nevertheless, as a result of
understanding and appreciating human variations in terms
of the DNA molecule and dynamic populations, modern
biological anthropologists now speak of the genetic unity of
Homo sapiens sapiens, with organic differences being sci-
entifically meaningful only below the subspecies level of
classification. Human differences in blood groups, skin
pigmentations, and morphological types are significant
only in terms of adaptive genetic variations from gene pool
to gene pool. The biological anthropologist Ashley Montagu
(1905-1999) was instrumental in discrediting race and
racism, while advocating the evolutionary framework
(Montagu, 1997). Today, it is stressed that humans manifest
cultural differences that are far greater than their biological
differences. Of particular interest are ongoing twin studies,
which are hoped to shed more light on the influences that
both biology and culture have on determining the physical
and social differences among human beings.

The mapping of the human genome, in order to discover
which gene or genes determine specific characteristics or
traits, has made possible the genetic engineering of the
DNA molecule (Ridley, 2000; Scherer, 2008). Of course,
such research holds both awesome promises and forebod-
ing perils for the future existence and evolution of our
species. In particular, ongoing stem cell research may
eliminate hereditary diseases and even improve the human
organism. As with any new science, there is (at first) wide-
spread apprehension and the possible abuse of such pow-
ers. Even so, one may argue that the long-range benefits of
genetic engineering and stem cell research far outweigh
any short-range problems, given common ethical guide-
lines and rational value judgments to prevent the misuse of
scientific research and its application.

Today, one may even speak of emerging teleology. As
the use of and advances in both nanotechnology and
genetic engineering increase, our species will more and
more be able to guide the once-random process of organic
evolution, including directing human evolution for chosen
goals on planet earth and elsewhere. If the human gene
pool departs significantly from its present makeup, then
one may anticipate (in the remote future) the emergence of
a new species, Homo futurensis.

Hominid Evolution

Biological anthropologists as paleoanthropologists com-
pare and contrast fossil bones and teeth in order to discern
whether a specimen is pongid-like or hominid-like, and
where it most likely should be placed within the long and
complex evolutionary history of hominoids (Anderson,
2005; Arsuga & Martinez, 2006; Birx, 1988; Cela-Conde &
Ayala, 2007; Tattersall, 1993). Dental features, as well as
the cranium and innominate bone, greatly help to determine
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how close an apelike specimen is to the emergence of our
own species. Modern computers and improved dating tech-
niques significantly aid paleoanthropologists in construct-
ing viable models depicting human evolution in light of the
growing fossil record, as well as genetic research informa-
tion when it is available. Furthermore, fossil and genetic
evidence sets limits to probable models for human evolu-
tion in particular, and primate evolution in general.

For early biological anthropologists, the theory of evo-
lution implied that our own species has an evolutionary
past that links it to the fossil apes of about 7 to 5 million
years ago. Thus, it is not surprising that some early natu-
ralists wanted to discover the so-called “missing link”
among those fossil hominoid specimens that are ancestral
to both the living apes and the human animal of today.
However, a debate emerged as to whether this evolution-
ary link would be found in Africa or in Asia. Inspired by
the writings of Charles Darwin in England and Ernst
Haeckel in Germany, the Dutch naturalist Eugene Dubois
decided to leave Europe for Indonesia, where he was
convinced that his research would unearth a fossil form
midway between apes and humans. In the early 1890s,
with incredible luck, Dubois actually did find a hominid
specimen that he classified as Pithecanthropus erectus or
erect ape-man (now relegated to the long Homo erectus
stage of hominid evolution); it was found at the Trinil site
on the island of Java. Skeletal features revealed that this
fossil specimen was an early hominid dated from at least
500,000 years ago. Darwin would have been delighted
with this discovery, but he himself had favored Africa
as the cradle of human evolution, since the gorillas and
chimpanzees (two of our closest evolutionary cousins) still
inhabit this continent.

Eugene Dubois’s success inspired other naturalists
to search for more fossil hominid evidence in Java.
Subsequently, several decades later, G. H. R. von Koenigswald
found an even earlier fossil hominid at the Djetis site,
which he referred to as Pithecanthropus robustus (now
also relegated to Homo erectus).

In 1924, anatomist Raymond A. Dart analyzed a fos-
sil skull that had been fortuitously found at the Taung
site in the Transvaal area of South Africa. He correctly
determined that it was a hominid child over 1 million
years old. It represented the australopithecine group of
fossil hominids that existed for several million years.
This discovery of Australopithecus africanus from
Taung suggested that Darwin had been correct in main-
taining that fossil apelike forms in Africa (not in Asia)
had given rise to those hominids that are ancestral to our
species. This incredible discovery inspired other natural-
ists to continue the search for fossil apes and fossil
hominids in Africa. Even so, more evidence for human
evolution was next found at the Zhoukoudian site near
Beijing, China, due to the ongoing research of Davidson
Black and Franz Weidenrich (including Pierre Teilhard
de Chardin, among others). The specimens represented
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Sinanthropus pekinensis, a form of Homo erectus that
lived about 350,000 years ago.

Later, with steadfast determination, the anthropologist
Louis S. B. Leakey was convinced that the earliest fossil
hominids would, in fact, be found in central East Africa. In
1959, after searching for 30 years, his second wife Mary
found the cranium of Zinjanthropus boisei at Olduvai
Gorge in Tanzania—a 1.75-million-year-old specimen.
Although the cranium was that of the first fossil hominid
ever found in central East Africa, it nevertheless represents
a side branch that became extinct (as several other forms
did) during the early evolution of hominid species.

In 1961, Louis S. B. Leakey himself found the skull
of Homo habilis at Olduvai Gorge. This specimen was
1.9 million years old, and associated with the Oldowan
pebble-tool culture. Homo habilis not only stood erect and
walked upright with a bipedal gait, but also made simple
stone implements. Unlike other hominid forms that became
extinct, this bigger-brained and culture-making species
gave rise to Homo erectus, the next phase of hominization.
The astonishing success of the Leakey family, including
both Richard E. F. Leakey (who also found a Homo habilis
skull, but at Koobi Fora) and later Meave Leakey in Kenya,
encouraged other biological anthropologists to search for
hominid fossil specimens elsewhere in central East Africa
(Morell, 1995).

During the 1970s and 1980s, three other major discover-
ies were made: the Lucy skeleton found by Donald C.
Johanson and his team at the Hadar site in the Afar Triangle
of Ethiopia (Johanson & Edey, 1981; Johanson & Shreeve,
1989; Johanson & Wong, 2009), the human Laetoli foot-
prints found at a site in Tanzania by Mary Leakey and her
team, and the Homo erectus skeleton found by Richard
Leakey and his team on the western shore of Lake Turkana in
Kenya. By the 1990s, there was no doubt that Africa had
played the major role in the origin and early evolution of
hominid species (Leakey & Lewin, 1992). More recent fos-
sil specimens make it clear that many different hominid
forms once occupied Africa during the past 4.5 million years.
To date, the fossil australopithecine complex is represented
by at least eight hominid species: aethiopicus, afarensis,
africanus, anamensis, boisei, garhi, robustus, and sediba. No
doubt, in the coming years, more incredible fossil hominid
specimens will be discovered in both Africa and Asia.

One remaining puzzle in human evolution is the “sud-
den” extinction of the Neanderthal people and the remark-
able success of their contemporaries, the Cro-Magnon
people (Sauer & Deak, 2007; Tattersall & Schwartz, 2000).
A probable explanation for the Neanderthal extinction is
that they could not compete with the far more intelligent
Cro-Magnon people, who most likely had a more complex
language and certainly an advanced material culture
(including stone and bone carvings, as well as exquisite
cave murals). New findings and ongoing research may
answer questions concerning the biosocial relationship
between these two groups of early Homo sapiens. For now,
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one fact is certain: The Cro-Magnon people gave rise to the
modern human being as Homo sapiens sapiens.

Actually, there is no common consensus among paleoan-
thropologists concerning the classification of fossil hominid
specimens. Some paleoanthropologists argue that skeletal
differences represent numerous species, and perhaps even
distinct genera. Other paleoanthropologists place different
skeletons into the same species, or maintain that they merely
represent sexual dimorphism. Nevertheless, three general-
izations seem true: (1) Hominid evolution has taken place
over 4 million years; (2) fossil hominid specimens represent
many species that became extinct; and (3) evidence shows
that sustained bipedality preceded Paleolithic culture, which
preceded the modern cranial capacity. No doubt, present
models for and interpretations of hominid evolution will be
modified in light of future discoveries.

Primate Taxonomy

In the footsteps of Aristotle and Linnaeus, modern taxono-
mists are interested in classifying living primates into
groups that reflect both their similarities and evolutionary
relationships. However, besides relying upon comparative
studies in embryology and morphology, modern taxono-
mists also use computer technology and research informa-
tion from comparative genetics. In general, primates are
characterized by a large brain, great intelligence and mem-
ory, an emphasis on vision (rather than smell), grasping
hands and remarkable motor-sensory coordination, and
complex psychosocial behavior. These special features were
slowly acquired over millions of years as adaptive charac-
teristics to enhance survival—and therefore reproduction—
in the trees. Only the human species spends its entire lifetime
on the ground.

There is no common consensus among modern taxono-
mists concerning the classification of the primates. However,
most biological anthropologists agree that six major groups
comprise the living primates of today: prosimians, New
World monkeys, Old World monkeys, lesser apes, great apes,
and our own species (Campbell, Fuentes, Mackinnon,
Panger, & Bearder, 2007; Rowe, 1996).

The earliest group of primates to emerge was the diver-
sified, arboreal prosimians. Living representatives include
the tree shrews, lorises, tarsiers, and lemurs. Although
they once inhabited the trees in both hemispheres, all
prosimians are now found only in Africa and Asia. The
classification of tree shrews as primates is debatable, but
this is to be expected since they represent an evolutionary
link between the earlier ground-dwelling insectivores and
the later tree-dwelling prosimians. Nevertheless, the tree
shrews show an emphasis on vision and motor-sensory
coordination, as well as grasping digits and a compara-
tively large brain.

Monkeys evolved out of the prosimians in both hemi-
spheres. Thus, a distinction is made between the New

World monkeys of the Western Hemisphere and the Old
World monkeys of the Eastern Hemisphere.

New World monkeys are arboreal and divided into two
groups: one group consists of the small marmosets and
tamarins, while the other group includes the larger mon-
keys, such as the spider monkey and the howler monkey.
Old World monkeys are very diversified, with some repre-
sentatives spending considerable time on the ground, such
as the baboons. Biological anthropologists are particularly
interested in studying the behavior patterns of the terres-
trial baboons, since these largest of the monkeys inhabit
open woodlands and grassy savannahs when on the
ground. Consequently, baboon behavior may shed light on
the social behavior of our earliest ancestors, the proto-
hominids, who became successful in adapting to life on the
ground in terms of biological characteristics and behavior
patterns. Other Old World monkeys include the mandrill,
drill, gelada, colobus, and vervet of Africa; the langurs of
India; and the macaques of Asia (e.g., the rhesus monkey).
Larger, more intelligent, and far better adapted to arboreal
habitats, the monkeys dominated the trees in both hemi-
spheres and nearly brought the prosimians to extinction.

The apes are placed into two groups: the lesser apes or
hylobates, and the great apes or pongids. They are larger
and more intelligent than the monkeys. The hylobates
include the gibbon and siamang. The pongids include the
orangutan, gorilla, chimpanzee, and bonobo. Fossil and liv-
ing apes are found only in the Eastern Hemisphere, where
they evolved from some earlier Old World monkeys.
Evolutionary relationships among the fossil and living pri-
mates are determined by genotypic and phenotypic similar-
ities. However, interpretations of the evidence vary among
paleoanthropologists and primatologists. One intriguing
question remains: Which of the four pongids is closest to
our own species? Many biological anthropologists maintain
that the human animal is closest to the chimpanzee
(Diamond, 1992) and bonobo. Yet, there are a few natural-
ists who argue that Homo sapiens is actually closest to the
orangutan (Schwartz, 2005). Although fossil ape specimens
are rare, future discoveries may shed more light on the evo-
lution of early hominids from even earlier fossil pongids.

Primate Behavior

Since the writings of Huxley, Haeckel, and Darwin him-
self, evolutionary naturalists recognize the biological sim-
ilarities among the primates: They all have large eyes,
flexible digits, a complex brain, and great motor-sensory
coordination. Over millions of years, primates adapted
successfully to life in the trees. They not only adapted to
their arboreal habitats in terms of physical characteristics,
but also in terms of social behaviors (Fleagle, 1998; Jolly,
1985; Strier, 2007). Our own species is particularly similar
to the four great apes: orangutan, gorilla, chimpanzee, and
bonobo (McGrew, Marchant, & Toshisada, 1996). With the
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acceptance of evolution, it is not surprising that in the mid-
dle of the 20th century, some biological anthropologists
began to study wild primates in their natural habitats. In
general, the more complex the physical features of a
primate species, the more complex is its behavior patterns.
The prosimians exhibit simpler social structures than the
monkeys, while the six apes (especially the four pongids)
manifest the most complex behavior patterns outside our
own species.

Prosimians

In the Eastern Hemisphere, prosimian behavior is
reflected in the solitary tree shrews, pair-bonded adult
lorises and tarsiers, and the lemurs of Madagascar that are
monogamous or live in small social groups with female
dominance. The ring-tailed lemurs (Lemur catta) commu-
nicate through sounds, smells, and body movements (e.g.,
social grooming). Their behavior patterns are social adap-
tations to life on the ground, enhancing survival and there-
fore reproduction.

Monkeys

New World monkeys are arboreal and live in small
social groups. The red howler monkey (4louatta seniculus)
eats fruits and leaves, defends a home range, and commu-
nicates through loud howls. Also important is cebid-
behavior research on the spider monkey and woolly monkey
of South America.

Among the Old World monkeys, of particular importance
is the common baboon (Papio anubis) in Africa (Smuts,
1985; Strum, 1987). On the ground, a baboon troupe is
headed by the dominant adult alpha male. Since these
baboons are often terrestrial during the day, in the open
woodlands and on the grassy savannahs, their social behav-
ior may give biological anthropologists a glimpse into the
group behavior of the early hominids, who adapted to and
evolved in similar environments. However, there are some
primatologists who speculate that early hominid behavior
may have been closer to the social behavior of living chim-
panzees and bonobos. Significant behavior research contin-
ues on the terrestrial langurs and macaques of Asia.

Apes

The two lesser apes, or hylobates, are the gibbon (e.g.,
Hylobates lar) and the larger siamang (Symphalangus syn-
dactylus). They are found only in the tropical rainforests of
Southeast Asia, where they have adapted very successfully
to life in the trees. Gibbon behavior varies from adult
male/female pair bonding to small social groups. Gibbons
actively defend a territory through loud sounds and aggres-
sive displays, which warn off intruding groups.

It was to be expected that some primatologists would
focus their research on studying the behavior of the great
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apes. Most important are past and ongoing close-range,
long-term observations of the pongids in their natural
environments.

Inspired by paleoanthropologist Louis S. B. Leakey,
three female primatologists established the rigorous study
of wild apes in their natural habitats: Biruté Galdikas, Dian
Fossey, and Jane Goodall. Their steadfast and pioneering
observations resulted in remarkable discoveries concern-
ing the behavior patterns of the three pongids. These social
findings supplemented the biological evidence that already
supported the close evolutionary link between the great
apes and our species.

In their natural habitats, wild orangutans (Pongo pyg-
maeus) live only on the islands of Borneo and Sumatra in
Indonesia. Galdikas devoted her research to observing the
orangutans on the island of Borneo (Galdikas, 1996,
2005). Her close-range, long-term observations of this
pongid have added greatly to understanding and appreciat-
ing this great ape of Asia. She not only focused on their
behavior patterns, but also prepared orphaned infants for
their return to the tropical rainforests. In doing so, her
devotion to studying and caring for orangutans has helped
to ensure their survival, while also informing the world
that this great ape needs to be protected from both human
harm and the threat of extinction. Unfortunately, orang-
utans are now facing extinction due to the encroachment of
human civilization, especially because it causes the defor-
estation of their environment and disrupts their behavior.
Furthermore, adult orangutans are killed in order to cap-
ture their infants; subsequently, these young orangutans
often die in captivity.

Adult orangutans are primarily loners, living in trees
and surviving primarily on fruits and leaves. There is
no complex social behavior. Nevertheless, orangutans
are intelligent. Unfortunately, in captivity, where they are
removed from an active life in the trees, orangutans are
prone to boredom and obesity; placing them in natural set-
tings therefore improves their health and extends their
longevity. Fortunately, for biological anthropology, Galdikas
continues her efforts to understand and appreciate this “red
ape” of the primate world. Following in her footsteps, other
primatologists will devote their efforts to studying this
pongid in order to save this endangered great ape from
vanishing completely.

The largest ape ever discovered is Gigantopithecus
from fossil sites in China, India, and Vietnam. It existed
from the Miocene epoch to about 500,000 years ago, but is
now known only from its massive jaws and huge teeth
(especially its premolars and molars). In part, the extinc-
tion of Gigantopithecus may have been due to the evolu-
tionary success of a competitor, Homo erectus. Evidence
suggests that, astonishingly, this fossil pongid might have
stood over 9 feet tall and could have weighed at least 500
pounds. Future research may discover a skeleton of this
astonishingly huge ape, which is related to the living
orangutan through primate evolution.
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The gorilla is the largest of the four great apes, and the
two isolated subspecies are found living only in the
forested areas of equatorial Africa. In the footsteps of
zoologist George B. Schaller, Dian Fossey dedicated her
research to studying the wild mountain gorilla (Gorilla
gorilla beringei) on the slopes of the Virunga volcanoes
in central East Africa (Fossey, 1983). Not content with
merely observing them from the safety of trees, she was
the first primatologist to actually make contact with this
large pongid. Her efforts were rewarded with surprising
findings that demolished the traditional view of the
gorilla as a dangerous and ferocious ape. In fact, Fossey
discovered that the gorilla is actually a shy, gentle, intel-
ligent but introverted pongid.

Gorillas are very intelligent and live in small social
groups, each dominated by an adult silverback male who
determines when the group members will move, eat, or
rest. There are also loner adult males. Gorillas eat fruits
and leaves, and fear few predators (except human poachers
with weapons). Unfortunately, the natural range and popu-
lation of wild gorillas are diminishing due to the ongoing
encroachment of human settlements.

For about 50 years, Jane Goodall has devoted her efforts
to studying the wild chimpanzee or common chimpanzee
(Pan troglodytes) at the Gombe Stream National Park near
Lake Tanganyika in central Africa (Goodall, 1986, 2000).
She has made significant discoveries about the social
behavior of this very humanlike great ape. Chimpanzees
are very intelligent, are both arboreal and terrestrial, sys-
tematically make and use simple tools, and are capable of
learning and communicating through symbols. They
exhibit both intriguing and disturbing behavior patterns.
Chimpanzees are aggressive, promiscuous, live in loosely
structured and constantly changing social groups, and are
capable of killing both their own infants and adults.

Chimpanzees communicate through distinct sounds,
body movements, facial expressions, and social grooming.
One remarkable discovery is that they modify twigs in
order to “fish” ants and termites from their mounds,
adding these insects to their diet. Chimpanzees crack open
nuts using rocks or branches, and also use a bone pick to
extract bone marrow. They also hunt and kill monkeys,
adding meat to their otherwise usual diet of fruits, nuts,
seeds, and leaves. One particular activity is especially
interesting: adult males will participate in a so-called “rain
dance” during a thunderstorm.

Since 1929, scientists have known about the chimpanzee-
like bonobo (Pan paniscus) or the so-called pygmy chim-
panzee. Nevertheless, only during the past two decades
have a few biological anthropologists studied the wild
bonobos in the forests of Zaire in central Africa (de Waal
& Lanting, 1997). Although they frequently walk on their
knuckles, bonobos are capable of walking upright for short
distances; they are taller and thinner than the common
chimpanzee. Bonobos eat fruits, plants, and monkeys.
There is strong bonding among adult females, and social

groups may even be dominated by them. The social behavior
of this peaceful pongid is grounded in “make love, not
war” (in sharp contrast to the sometimes vicious behavior
of the common chimpanzee). Sexual activity is pervasive
among bonobos, strengthening group interactions and
diminishing social tensions. Like chimpanzees, bonobos
share about 98% of their DNA with the human animal.

Several primatologists have focused their research on
ape communication studies; for example, Francine
Patterson has taught two lowland gorillas American Sign
Language. However, her success and similar work by other
biological anthropologists have come under sharp criticism
by scientists who claim that the great apes are merely mim-
icking the behavior of their teachers. Even so, anthropo-
logical research has revealed that pongids have greater
mental ability than is suggested by merely observing their
social behavior in natural habitats.

Forensic Anthropology

Since the middle of the 20th century, the discipline of
anthropology has striven to be relevant in terms of solving
problems in the modern world. One area of applied anthro-
pology is forensic anthropology (Birx, 2002; Komar &
Buikstra, 2008), which has increased greatly in its popular-
ity during the last 10 years. An outgrowth of biological
anthropology, forensic anthropology focuses on the skeleton
of our own species. As such, forensic anthropologists ana-
lyze and describe a human skeleton in order to determine the
biological characteristics of a human corpse and, ideally, to
make a positive identification of the deceased individual.

All human beings belong to the same genus, the same
species, and the same subspecies: Homo sapiens sapiens.
Consequently, each human individual is a biological varia-
tion on a common theme, that common theme being the
genetic unity of humankind. Biological anthropologists
specialize in understanding and appreciating our species in
terms of primate evolution and human variation. The
detailed study of a skeleton is crucial to forensic inquiry
(Schwartz, 2007). The human skeleton has 206 bones,
ranging from the large femur to the three small ear bones
or ossicles (Birx, 1991a); the glaring similarity among the
hominid and pongid skeletons, of both living and fossil
species, is convincing evidence for human evolution and
our common ancestry with the great apes. Osteological and
dental remains help the forensic anthropologist determine
the age, gender, height, weight, health, and ethnic back-
ground of an individual. Such studies may also reveal
anomalies, mutations, and the results of past diseases and
injuries. However, when present, other biological evidence
may also determine the cause or manner of death, as well
as help to identify suspects. Yet, in some cases, a positive
identification is never achieved.

Furthermore, forensic anthropologists help to recon-
struct a death scene. Forensic inquiry may determine that
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the death of an individual is due to murder, accident, sui-
cide, or a natural cause; in some cases, the cause of death
may remain unknown.

Forensic anthropologists use methods that have
emerged in the history of biological anthropology and
prehistoric archaeology (e.g., in the methods they use for
the careful investigation of a death scene). Today, data
banks of human bones and genetic fingerprints are now
available for comparative studies, as well as the use of
modern computers. Additional information comes from
the DNA molecule, serology, entomology, toxicology,
and ballistics (among other areas of specialty).

Forensic anthropologists may study such diverse sub-
jects as Neanderthal fossil remains, the 5,200-year-old
Iceman (named Otiz) from the Alps, mummies from
ancient Egypt (e.g., the remains of King Tut) and the Incas
of Peru, and individuals from bogs, war grave sites, and
recent catastrophes. Likewise, forensic scientists help to
reconstruct both a death scene and the face of a human
corpse. However, only human remains from the past 50 years
have legal significance; in these cases, the forensic anthro-
pologist may be an expert witness at a trial.

Conclusion and Future Directions

The discipline of biological anthropology continues to shed
light on the origin, evolution, and diversity of our own
species, as well as its relationship to other primates (both
fossil and living forms). Each year, new discoveries in pale-
oanthropology add more empirical evidence that enhances
our understanding of and appreciation for hominid evolu-
tion. No doubt, over the coming decades, other exciting
findings will be made in both Africa and Asia. Ongoing dis-
coveries of fossil specimens will likely help to explain the
emergence of both bipedality and our modern cranial
capacity. As such, the present model of hominid evolution
will be modified in order to accommodate all the new facts
and concepts. Likewise, more nonhominid fossil specimens
will be found, shedding new light on the evolution of pri-
mates throughout the Cenozoic era.

Ongoing advances in genetics and psychology will clar-
ify the biological, social, and evolutionary relationships
among the primates. Findings from continued primate
behavior studies, both in captivity and in the wild, will help
to narrow the gap between the human animal and the great
apes, especially in terms of language acquisition
(Bickerton, 2010) and the making of stone implements.
One urgent need is to protect the nonhuman primates from
the threat of extinction. It is deeply regrettable that the four
pongids (orangutan, gorilla, chimpanzee, and bonobo) are
now vanishing animals primarily because of the encroach-
ment of human civilization. It would be a tragedy if these
wonderful species became extinct. Of course, there is a
need to protect all the primates. It is also important that
future biological anthropologists continue to research the
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relationship between humans and apes in terms of the ori-
gin and transmission of infectious diseases within ever-
changing environments.

Human growth and development research, especially
twin studies, will help clarify the dynamic relationship
between biology and culture, discrediting unfounded racial
classification systems and overcoming their resultant
entrenched racism. And there is also a need to examine the
influence of culture and the environment on the human
gene pool and the biological variations that emerge from
external changes in the natural world.

Of course, the ongoing teaching of both biological
anthropology and the evolutionary framework is quintes-
sential for the spread of rational thought and scientific evi-
dence necessary for a proper interpretation of our human
species within natural history. Consequently, research in
biological anthropology needs to remain open to new facts,
concepts, hypotheses, and perspectives.
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HoMmINID DESCRIPTIONS

IGNACIO ARENILLAS AND JOSE ANTONIO ARZ

University of Zaragoza

he hominids are included in the superfamily
I Hominoidea, which groups together humans,
great apes (chimpanzees, bonobos, gorillas, and
orangutans), lesser apes (gibbons and siamangs), and all
the fossil relatives (e.g., Oreopithecus, Sivapithecus,
Dryopithecus, and Australopithecus). Formerly, the
hominoids were divided into hominids (humans) and
pongids (great and lesser apes), the last ones of which
were later subdivided in pongidae (chimpanzees, bono-
bos, gorillas, and orangutans) and hylobatidae (gibbons
and siamangs). For this reason, the term “hominid” has
been traditionally restricted to humans and their extinct
relatives (i.e., those fossil taxa belonging to the human
phylogenetic lineage). This definition is commonly used
even by many anthropologists. However, taxa strictly
grouping in hominids are not only humans, but also
chimpanzees and gorillas, which form the family
Hominidae. The original meaning of the hominid term
referred only to the modern meaning of tribe Hominini
(i.e., Homo sapiens and other extinct species closely
related to humans). In spite of the fact that the terms
hominin, hominid, and hominoid are different, Hominini
has been considered preferable to describe in this chapter
the species of our own evolutionary lineage (tribe
Hominina). Fossil (and modern) monkeys and apes
(including chimpanzees, bonobos, gorillas, and orangutans)
are described in the section “Fossil Primates.”

Description of Modern Humans:
Homo sapiens sapiens

The only living species of the family Hominini is Homo
sapiens sapiens. Some taxonomists also include in this
group the chimpanzees (Pan), subdividing them into two
subgroups (Panina and Hominina). Nevertheless, others
consider that chimpanzees and humans must be separated
into two groups (Panini and Hominini, respectively), and
this is the classification used here. Our species, which was
defined as Homo sapiens by Carolus Linnaeus in 1758, is
characterized by a highly developed brain and capable of
complex language, abstract reasoning, and full conscious-
ness of its thoughts, sensations, perceptions, emotions, and
self-awareness. Its intelligence allows it to explain and
manipulate natural phenomena through philosophy, science,
art, and religion. Members of this species are capable of
building fires, cooking their food, clothing themselves, and
developing numerous complex technologies, including
space exploration.

Homo sapiens belongs to the genus Homo, tribe Hominini,
subfamily Homininae, family Hominidae, superfamily
Hominoidea, infraorder Catarrhini, group anthropoidea or
simiiformes, suborder Haplorhini, and order primates.
Physically humans tend to be weaker than other similarly
sized apes, as gorillas or chimpanzees. Just like apes,
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H. sapiens has clear sexual dimorphism. The average height
in adult humans is 1.40 to 1.80 m in males and 1.30 to
1.70 m in females, and the average weight is 60 to
80 kg in males and 45 to 65 kg in females, although it
varies significantly from place to place. H. sapiens has a
rounded and large neurocranium, a small and vertical
face, a prominent vertical forehead, and an orthognatic
face (straight jaw, vertical and flat face), although with
slightly protruding jaws. The foramen magnum is placed
directly underneath the skull, and brain capacity is 1,250
to 1,850 ¢cm® with 1,350 cm® the average. Humans have
proportionately shorter palates and much smaller teeth
than other hominids and are the only extant primates to
have short canine teeth. The dorsal spine is curved
(S-shaped), and the foot bones have lost their mobility.
Although humans are relatively hairless compared with
other hominids, they have notable hair on the top of the
head, underarms, and pubic area. The color of their skin
and hair is determined by the presence of pigments called
melanin, with skin varying from very dark brown to very
pale pink, and hair varying from preponderantly black to
blond or red.

Genetically, humans are characterized by 23 pairs of
chromosomes. Their gestation period is 9 months, and
their life span is approximately 84 years for females and
78 years for males in the developed world. The individuals
mature sexually at 12 to 15 years, developing physically
until 18 years in females and 21 years in males. They are
infants from 0 to 3 years, children from 3 to 7 years, juve-
niles from 7 to 12 years, and adolescents from 12 to 18 years.
Humans are omnivorous, capable of consuming both animal
meat and vegetation. Their technology has allowed them
to colonize all the ecosystems and adapt to all climates,
including hostile environments such as Antarctica and
outer space. Unlike other apes, humans are capable of fully
bipedal locomotion, moving by means of their two poste-
rior limbs and leaving their arms for manipulating objects
through their hands. They have opposable thumbs, a char-
acter shared with all hominids.

From Linnaeus on, H. sapiens has been traditionally
subdivided in terms of races or ethnic groups based on
visible traits (especially height, skin color, cranial or
facial features, and hair texture). Formerly, some dared to
subdivide H. sapiens into subspecies, such as H. sapiens
afer (for negroids as paleocongid, sudanid, nilotid
[nilotes], and bantid [bantus] races), H. sapiens europaeus
(for caucasoids as nordic, mediterranean, alpine, baltic,
ladogan, dinaric, armenid, arabid, turanid, dravidic, and
iranoafgan races), H. sapiens asiaticus (for mongoloids
as nordsiberian, uralian [mongols], oriental, Indonesian,
tungid [inuits], ainuid, and Amerindian races), and
H. sapiens australasicus (for australoids as australian-
tasmanian, melanesian, veddoid, and negrito races), and
also H. sapiens khoisanii (for capoids as khoid and sanid
races [khoikhoi and khoisans)), H. sapiens pygmaeus (for
the bambutoid race [pygmies]), H. sapiens aethiopicus

(for the aethiopid race), and H. sapiens americanus (for
Amerindians). Nevertheless, for scientific as well as
social and political reasons, the conception of human race
is often controversial. Recent genetic evidence has defin-
itively questioned this taxonomic categorization. The
total human genetic variations are approximately 0.5%,
of which 85% can be found within any given population,
7% among populations within a race, and only 8% among
various races. Human genetic sequences are therefore
remarkably homogeneous compared with other species.
Much of the genetic variation is found in the regions of
the genome affected by the environment, mainly in genes
affecting physical appearance, such as skin color. Today,
most scientists who study human genotypic and pheno-
typic variations use concepts such as populations or cli-
nal gradation. The race definitions are imprecise and
arbitrary, and generally derived from customs, resulting
in many exceptions and much gradation. Therefore, the
gradual changes of phenotype in humans over a geo-
graphical area only allow us to subdivide H. sapiens into
gene clines and populations, not into subspecies or races,
as is possible in other species.

Description of Fossil Hominins

Through DNA comparison, geneticists consider that
humans (Homo, tribe Hominini) and chimpanzees (Pan,
tribe Panini) diverged in evolution 5.5 to 6.5 million years
ago. It is noticeable that while very few fossil species related
to chimpanzees have been identified, a significant number
of fossil species of the human evolutionary lineage have
been recognized. This is likely because organic materials
fossilize better in savannah-type environments (where our
ancestors preferably lived) than in forest environments
(where the ancestors of the great apes preferably lived).
According to known evidence to date, the tribe Hominini
includes seven genera, six of which are fossil (Sakelanthropus,
Orrorin, Ardipithecus, Australopithecus, Paranthropus, and
Kenyanthropus) and the seventh of which (Homo) has only
one living species, ours. For a better and more ordinate
description, they have been grouped into primitive hominin
fossil species (Sahelanthropus, Orrorin, and Ardipithecus),
australopithecines (Australopithecus and relatives), ances-
tral habilis humans (Homo habilis and relatives), erectine
humans (Homo erectus and relatives), archaic sapiens
humans (Homo heidelbergensis and relatives), and modern
fossil Homo sapiens.

Primitive Fossil Species

Three fossil genera have been included in this group and
represent our most primitive relatives: Sahelanthropus,
Orrorin, and Ardipithecus. Although the first two
(Sahelanthropus and Orrorin) have been provisionally
assigned to our Hominini evolutionary lineage, they may be
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ancestors of chimpanzees as well as humans. They therefore
belong to the basal group of both tribes Panini and
Hominini, and perhaps should be taxonomically separated
in other different tribes. Very few fossil remains of these
taxa have been found, but they have allowed paleoanthro-
pologists to partially cover the information gap in the
hominid fossil record between 5 and 10 million years ago.

The genus Sahelanthropus includes only one known
species discovered in Chad (central Africa): Sahelanthropus
tchadensis, so the genus characteristics have been analyzed
based on the fossil remains of the species: a nearly com-
plete cranium and a number of fragmentary lower jaws and
teeth. It is the oldest discovered hominin, dated at between
7.4 and 6 million years old (late Miocene). Its brain capac-
ity is only 340 to 370 cm’ in volume and similar to that of
modern chimpanzees. It has an elongated skull, far-set
eyes, a supraorbital ridge, and a vertical face. Although it
is yet unknown whether S. fchadensis was bipedal, some
paleoanthropologists suggest this due to the fossils of its
foramen magnum (a hole at the base of the skull over the
spinal column). Sahelanthropus could represent a common
ancestor of humans and chimpanzees, since most molecular-
clock analyses indicate both species (Homo and Pan)
diverged 5.5 to 6.5 million years ago (1 to 2 million years
after S. fchadensis). Other possibilities are that S. tchadensis
was the ancestor of chimpanzees or gorillas—or simply
related to humans, chimpanzees, and gorillas, but the
ancestor of neither. In any case, this taxon is very related
to the common ancestor of all hominids, and it is therefore
a very interesting fossil. Even if S. tchadensis was a proto-
gorilla or a protochimpanzee, this taxon would not lose its
significance, since few chimpanzee or gorilla ancestors
have been found in Africa.

The genus Orrorin also includes an only-known species
discovered in Kenya (central East Africa): Orrorin tuge-
nensis. The genus characteristics have been analyzed with
the fragmentary fossils (arm and thigh bones, lower jaws
and teeth) of that species. O. fugenensis is considered the
second-oldest known hominid ancestor, and it could be
related to the ancestral-human lineage or even be a direct
human ancestor. It has been dated between 5.6 and 6.2 mil-
lion years old (late Miocene), and its discovery is impor-
tant because it could be an early bipedal hominin. The
characteristics of its femur and humerus suggest that
O. tugenensis was skilled at tree climbing but not at brachi-
ation, and could have been able to walk upright bipedally.
Its size was similar to the modern chimpanzee, at about
1.40 m tall. Its teeth indicate that its diet was mostly fruits
and vegetables, with occasional meat. Orrorin lived in the
dry evergreen forest environment of Africa, not on the
savannah, as many hypotheses on human evolution had
assumed. This fact could indicate that the origin of
bipedalism occurred in an arboreal precursor living in a
forest and not a quadrupedal ancestor living in an open
savannah. Our oldest ancestors, such as O. fugenensis,
could have been able to move bipedally over branches with
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the vertebral column oriented vertically, such as orang-
utans do today, using their arms for balance and keeping
their legs straight. This adaptation moved them away from
our closer extant relatives (chimpanzees and gorillas),
which are more adapted to tree climbing and to quadrupedal
locomotion while on the ground.

The genus Ardipithecus is a hominine genus that lived
during the Miocene-Pliocene transition in central East Africa
(Ethiopia), between approximately 3.8 and 6 million years
ago. Most paleoanthropologists consider it an ancestor of
Australopithecus because of a likeness in teeth. Its species
was the size of modern chimpanzees, and the structure of
its toes and the position of the foramen magnum suggest
that it walked upright bipedally. Since it lived in shady
forests and not on savannahs, the hypothesis on the origin
of bipedalism in an arboreal precursor acquires new evi-
dential support. Two species of Ardipithecus are known:
Ardipithecus ramidus and Ardipithecus kadabba, although
both were initially described as a subspecies of 4. ramidus.

Ardipithecus kadabba is the older of the two Ardipithecus
species and lived between 5.2 and 5.8 million years ago,
during the Miocene-Pliocene transition. Its canine teeth
show primitive features shared with Sahelanthropus and
Orrorin, distinguishing them from more recent human lin-
eages. Some paleoanthropologists argue that the presence
of a canine cutting complex in this species, which is pre-
sent in modern chimpanzees but not in A. ramidus and
recent humans, indicates a need for relocation in
hominid-evolutionary history, and it is reasonable to infer
that this species was a primitive hominine lineage which
was lost but very close to the most recent common ances-
tor of Homo and Pan.

On the contrary, the other species, Ardipithecus ramidus,
is clearly related to the human lineage. It was initially dated
between 3 and 4.4 million years old, but it could have lived
as far back as 5.8 million years. Its teeth are intermediate
between Ardipithecus kadabba and Australopithecus afaren-
sis. Members of this species were bipedal and forest dwellers,
and about 1.15 to 1.20 m tall and 25 to 30 kg in weight.

Australopithecines

The Australopithecines together form those extinct
hominines that have been sometimes included in the
genus Australopithecus. Today, the australopithecines are
subdivided to three genera: Australopithecus, Paranthropus,
and Kenyanthropus. Some taxonomists consider that
Australopithecus and Paranthropus belong to a single genus,
Australopithecus, although most prefer to distinguish
between both australopithecine groups. Some paleoanthro-
pologists have defined a new taxon to group them: tribe
Australopithecini, separating them from the tribe Hominini
that would include only Homo, and perhaps Kenyanthropus.

The genus Australopithecus, first described by Raymond
A. Dart in 1925, is made up of the gracile australopithecines,
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which shared several traits with the modern great apes and
humans, although it is closely related to the genus Homo.
They lived in eastern and northern Africa between 4.2 and
2 million years ago. They are considered the ancestors of the
genus Homo, and include, for the first time, a clear bipedal
hominine. The species of Australopithecus displays a
remarkable sexual dimorphism, being that males are larger
than females. The sexual dimorphism in the lumbar spine,
seen for the first time in Australopithecus, has been consid-
ered an evolutionary adaptation of females to better bear a
lumbar load during pregnancy, something that was not
necessary in nonbipedal primates. Australopithecus has
five known fossil species: Australopithecus anamensis,
Australopithecus afarensis, Australopithecus africanus,
Australopithecus bahrelghazali, and Australopithecus garhi.

Australopithecus anamensis lived during the early
Pliocene between approximately 3.9 and 4.2 million years
ago in eastern Africa (around Kenya and Ethiopia). Its fos-
sils (including cranial fragments, upper and lower jaws,
teeth, and parts of arm and leg bones) still resemble those
of common chimpanzees (mainly the jaws), but their teeth
are much more similar to those of humans. It is believed
that 4. anamensis was primarily a tree-climbing species
and arboreal dweller—a behavior retained from the early
hominine. Nevertheless, it is known that members of this
species walked upright bipedally, and probable that lived in
a more open environment. Its dentition indicates that its
diet was exclusively herbivorous and frugivorous. This
species shares many traits (teeth and jaws) with Ardipithecus
ramidus, which may be its direct ancestor, but the arm and
leg bones are already more similar to those of humans.

Australopithecus afarensis is a gracile australo-
pithecine that lived between 2.9 and 4.2 million years ago
(late Pliocene) in eastern Africa (around Kenya and
Ethiopia). It had a considerable sexual dimorphism in
size, being that adult males were 1.45 to 1.55 m in height
and 45 to 70 kg in weight, but adult females were 1.05 to
1.15m in height and 25 to 40 kg in weight. 4. afarensis
had a brain capacity of 380 to 540 cm® (470 cm? on aver-
age), and its face was prognathic (the mandible protruded
farther than the maxilla). Its canines and molars were still
relatively lager than those of modern humans, but they
were very reduced when compared with the common chim-
panzees and other apes. Its postcranial skeleton (mainly its
pelvis) strongly indicates that it was bipedal, although it
was probably partly arboreal and tree climbing. Some
consider that 4. afarensis was almost exclusively bipedal,
since its feet features made it difficult if not impossible to
grasp branches with the hind limbs. Footprints associated
with A. afarensis showing bipedal locomotion have been
found at Laetoli in Tanzania. However, its diet was fru-
givorous, so its arboreal activity was likely great. Its
capacity to transmit sounds would not be greater than that
of the current chimpanzees. It is considered to be an ances-
tor of Australopithecus afiicanus and the genus Paranthropus,
and its own more direct ancestor is A. anamensis.

A species closely related to A. afarensis is Australopithecus
bahrelghazali, an enigmatic fossil since it is the only gracile
australopithecine found in central Africa (concretely in
Chad). The only found fossil (mandible fragment and teeth)
belongs to an individual dated at 3.6 million years old, but
it is probable that the species lived between 3 and 4 million
years ago in the late Pliocene.

Australopithecus africanus is the most famous gracile
australopithecine. It lived between 2.5 and 3.3 million years
ago in southern and eastern Aftica. 4. afiicanus shares many
traits with the older 4. afarensis, but its fossils indicate
that it was significantly more like modern humans. It
was sexually dimorphic, being that adult males were 1.35
to 1.45 m in height and 40 to 60 kg in weight, and adult
females were 1.1 to 1.2 m in height and 25 to 30 kg in weight.
Its skull was higher and more rounded and the face was less
prognathic (flat and vertical) and shorter than its ancestors.
Its teeth were also smaller, with smaller canines than those in
other hominoids such as chimpanzees. The brain capacity of
A. afiicanus was 410 to 520 cm® (455 cm’® on average). Its
cranium resembled that of the chimpanzee, but it shared human
similarities in its teeth, eye orbits, and most importantly, fora-
men magnum, which indicates a humanlike posture. The dis-
covery of A. africanus allowed paleoanthropologists to
show that a large cranial capacity had succeeded bipedal
locomotion in the human evolutionary timeline. It was con-
sidered to be a direct ancestor of Homo, although others
believe A. africanus did not have descendants or evolved into
Paranthropus instead of into Homo. Stone tools have not
been found associated with 4. africanus, which indicates that
its intelligence was still very limited.

Australopithecus garhi is a gracile australopithecine
whose fossils were found in Ethiopia in rocks of
2.5 million years ago. It probably lived between 2 and
3 million years ago. Its cranium and face were very sim-
ilar to 4. afarensis and A. africanus, although its molar
and premolar teeth had some similarities with those of
Paranthropus, since they are larger than those of the
other gracile australopithecines. The brain capacity of
A. garhi was about 450 ¢cm® on average, similar to other
australopithecines. It was considered to be the missing
link between the genus Australopithecus and the genus
Homo, although it is believed that it was only a com-
petitor species to the true ancestral species of Homo and
therefore not a direct human ancestor. However, 2.5- or
2.6-million-year-old stone artifacts (closely resembling
Oldowan technology) were discovered together with
A. garhi fossils, indicating the first tools are older than
the appearance of the genus Homo, which was not pre-
viously believed. If this is confirmed, then 4. gahri (and
Austrolapithecus) was the first toolmaker, relegating
H. habilis (and Homo) to second place.

The genus Paranthropus (Broom, 1938) groups the
robust australopithecines that lived between 1.1 and
2.7 million years ago, and it includes three known species:
Paranthropus aethiopicus, Paranthropus boisei, and
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Paranthropus robustus. They were bipedal hominine that
descended from gracile Austrolapithecus. They were very
well-muscled australopithecines, with a more massively
craniodental build, and tended to have a gorilla-like sagittal
crest on the cranium which anchored massive temporalis
muscles of mastication. Paranthropus coexisted and shared
a habitat with some Homo species, such as H. habilis,
H. ergaster, and even H. erectus. Its brain capacity was
larger than that of the gracile australopithecines, and stone
tools have been found associated with Paranthropus fos-
sils. However, there is considerable debate whether or not
those tools were made by them or by contemporaneous
Homo, so the true Paranthropus intelligence is still under
debate. They represent a hominine evolutionary branch
distinctly diverging from the human lineage.
Paranthropus aethiopicus was a robust australopithecine
that lived in eastern Africa (Kenya) between 2.2 and
2.7 million years ago (transition between Pliocene and
Pleistocene). It is therefore the earliest example of
Paranthropus and shares many primitive traits with
A. afarensis. For this reason, P. aethiopicus is considered to
be a direct descendant of A. afarensis and the ancestor of the
other robust australopithecines. It had a prognathic face (but
flatter than other hominins) and a large sagittal crest. The cra-
nial capacity of P. aethiopicus was approximately 410 cm’
on average. This species lived in a mixed savannah and
woodland environment, probably in a more arid habitat than
gracile australopithecines, and had a strictly herbivorous diet.
Paranthropus boisei (originally called Zinjanthropus
boisei) is the most famous and largest robust australo-
pithecine. They lived in eastern Africa (Tanzania, Kenya,
Ethiopia, and eastern Congo) between 1.2 and 2.6 million
years ago (early Pleistocene). Like the other australo-
pithecines, they exhibited great sexual dimorphism, with
adult males being 1.35 to 1.45 m in height and 55 to 80 kg
in weight, and adult females being 1.05 to 1.15 m in height
and 35 to 45 kg in weight. The skull was prognathic, with
a vertical, long, and broad face; a robust mandible; and a
pronounced sagittal crest. Curiously, the shape of their
foramen magnum is more similar to Homo than that of the
other australopithecines. The brain capacity of P. boisei
was 500 to 550 cm® (520 ¢cm® on average). Their cranial
characteristics are indicative of a herbivorous diet consist-
ing of hard or tough foods (tubers, nuts, and seeds).
Paranthropus robustus is the other well-known robust
australopithecine that lived in southern Africa (South Africa)
between 1.2 and 2 million years ago (early Pleistocene).
Adult males were 1.2 to 1.3 m in height and 45 to 70 kg in
weight, and adult females were 1 to 1.10 m in height and
35 to 45 kg in weight, indicating major sexual dimorphism.
Its cranium was characterized by a heavy chewing apparatus
(pronounced sagittal crest, and large jaws and jaw muscles),
and teeth (molars extremely robust, and molarized premo-
lars) that were well adapted to serve in the dry savannah
environment. The cranial capacity of P. robustus was
approximately 450 to 530 cm® (500 cm® on average).
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Finally, the australopithecines also include a genus
called Kenyanthropus, of which only one species is
known: Kenyanthropus platyops. 1t lived in eastern Africa
(Kenya) between 3.2 and 3.5 million years ago, although
some paleoanthropologists consider that it might have
lived up to 2 million years ago. K. platyops had a small
brain capacity, but it also had high cheekbones and a flat
face that relates it closely with the human lineage. This
species has been considered to be the missing link between
Australopithecus and Homo, since it has intermediate
characteristics between the typical gracile australo-
pithecines and typical humans. Concretely, its traits are
intermediate between Australopithecus afarensis and
Homo rudolfensis, relegating Australopithecus africanus
to a second place in human-evolution history. However,
this fossil is very problematic, since it is so distorted by
matrix-filled cracks that meaningful morphologic traits are
next to impossible to assess with confidence.

Ancestral Humans: Homo habilis

Paleoanthropologists have always considered that the
appearance of Homo coincides with the first evidence of
stone tools (Oldowan industry) at the beginning of the
Lower Palaeolithic, 2.5 million years ago. However, it is
not clear that ancestral humans invented these first tools
since this lithic industry has been associated with more
primitive australopithecines (Australopithecus garhi).
Three ancestral human species have been found: Homo
habilis, Homo rudolfensis, and Homo georgicus.

Homo habilis is a primitive human that lived in eastern
and southern Africa (Tanzania, Kenya, Ethiopia, eastern
Congo, and South Africa) between 1.6 and 2.2 million
years ago (early Pleistocene). H. habilis was short, with
adult males being 1.15 to 1.25 m in height and 35 to 50 kg
in weight, and adult females being 0.95 to 1.05 m in height
and 30 to 35 kg in weight. It had long arms compared with
modern humans, but it also had a clear reduction in the
prognathism of its face (which was broad and vertical),
suggesting its close relationship to modern humans. Its
foot bones show less mobility than its predecessors. Its cra-
nium was more rounded with wide-set eyes, and its fora-
men magnum was placed in a more central position than
in the other australopithecines. The cranial capacity of
H. habilis was 590 to 680 cm® (650 cm® on average). H. habilis
fossils are often accompanied by primitive Oldowan stone
tools. The intelligence and social organization of H. habilis
was probably more sophisticated than in the other australo-
pithecines or chimpanzees. For a long time, it was consid-
ered the first species of Homo to appear, descending from
a species of australopithecine (perhaps from A. afiricanus
or from another unknown species related to 4. afarensis).
However, this honor could be snatched away by H. rudolfen-
sis, not so much by age as by taxonomic interpretation. It
is also believed to be the ancestor of the more sophisticated
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Homo ergaster, but there is strong debate over whether or
not H. habilis is a direct human ancestor. Its small size,
likeness to australopithecines in body morphology, and
primitive attributes (e.g., narrow birth canal and legs
longer than arms) have led some paleoanthropologists to
propose excluding habilis from the genus Homo and,
instead, including it in the genus Australopithecus, naming
Australopithecus habilis.

Homo rudolfensis is an ancestral human, originally
considered to be a member of H. habilis, which lived
in eastern Africa (Kenya and Malawi) between 1.9 and
2.4 million years ago (late Pleistocene). It has remarkable
differences with respect to H. habilis, with a flatter face
(vertical, long, and broad), wider molar and premolar
teeth, and more complex roots and crowns. Adult males
were probably 1.30 to 1.40 m in height and 40 to 50 kg in
weight, and adult females were 1.10 to 1.20 m in height
and 30 to 40 kg in weight. The cranial capacity of
H. rudolfensis was probably 550 to 750 cm® (650 cm® on
average), and, like H. habilis, its fossils are associated
with primitive Lower Palaeolithic stone tools. According
to its fossil record, it may be the oldest species of the
genus Homo. Nevertheless, as in the case of H. habilis,
there is debate over whether or not H. rudolfensis belongs
to the genus Homo (some paleoanthropologists include
this species in the genus Kenyanthropus), and over which
one of these is the more probable ancestor of the later
human species, or if it was some third species yet to be
discovered. It has been suggested that H. rudolfensis
evolved from Kenyanthropus platyops, while H. habilis
seems to have evolved from Australopithecus garhi, rais-
ing debate on the real taxonomic position of both species
and which is the evolutionary lineage that ended in the
modern human.

Homo georgicus is an ancestral human species that
lived in the Caucasus region (Georgia) 1.8 million years
ago, according to the fossils known to date. Initially it was
considered to belong to Homo ergaster, but size and mor-
phological differences led paleoanthropologists to consider
defining a new species, apparently more primitive than this
one. It is the most primitive hominine species discovered
outside of Africa. This species presents a strong sexual
dimorphism. It is thought that adult males were 1.40 to
1.50 m in height and 45 to 55 kg in weight, and adult
females 1.10 to 1.20 m in height and 30 to 40 kg in weight.
Its skull was similar to Homo ergaster, but with a smaller
face and more prognathic. The cranial capacity of H. geor-
gicus was 600 to 680 cm® (650 cm® on average). They prob-
ably were capable of making tools, and some specialists
have proposed that the Acheulean industry existing 1.4 to
1.6 million years ago in Israel is theirs. They ate animal
meat, which was important for their survival during the
winter season. H. georgicus has been considered a human
group descended from H. habilis, which probably evolved
in Africa and was capable of emigrating to Eurasia. This
species may be the ancestor of two later species: African

Homo ergaster and Asian Homo erectus. Nevertheless, its
taxonomic position is still debatable.

Ancestral Humans: Homo erectus

Many paleoanthropologists include the diverse species
considered ancestral humans (i.e., the human type inter-
mediate between ancestral habilis humans and modern
sapiens humans) as belonging to a single species: Homo
erectus. However, most prefer to distinguish at least two
species: the African Homo ergaster and the Asian Homo
erectus. This discussion concerning the taxonomy of this
human group is still open, depending on whether H. erectus
is considered a geographically widespread species found in
Africa, Asia, and even Europe, or considered an exclu-
sively Asian lineage that evolved from the less cranially
derived African H. ergaster. In addition, two other very
derived species have been proposed: Homo soloensis and
Homo floresiensis, and they deserve special mention.

Homo erectus and its relatives were the first early
human species able to constitute hunter-gatherer societies,
procuring plants and hunting animals from the wild, with-
out significant recourse to the domestication of either.
They used more diverse and sophisticated stone tools than
their predecessors, first using the Oldowan industry and
later the Acheulean industry from 1.65 million years ago.
More important, they were the first humans to make cre-
ative use of fire. Moreover, they may have communicated
with a protolanguage much more developed than the basic
communications used by chimpanzees, but without the
developed structure of the modern human language. Their
brain capacity generally coincides with the more sophisti-
cated tools found together with its fossils and with the type
of societies that they formed.

Homo ergaster is considered the African Homo erec-
tus, but its morphological characteristics suggest that it be
considered a new species. It lived in eastern and southern
Africa (Ethiopia, Kenya, Tanzania, and South Africa)
between 1.4 and 1.9 million years ago (early Pleistocene).
It had a more reduced sexual dimorphism than the previ-
ous hominine. Adult males were approximately 1.8 to 1.9
m in height and 75 to 90 kg in weight, and adult females
were 1.7 to 1.8 m in height and 60 to 70 kg in weight. The
body proportions (longer legs and shorter arms) of
H. ergaster were, for the first time, similar to those of
modern humans. It had a smaller and more orthognatic
face, a more rounded cranium, and a smaller dental arch.
The cranial capacity of H. ergaster was 700 to 850 cm?
(800 cm® on average). They made various tool types, such
as hand axes and cleavers, belonging to the Acheulean
industry 1.6 million years ago. Moreover, evidence (such
as charred animal bones, fossils, and traces of camps)
suggests that they made use of fire. It is believed that
H. ergaster is a descendant of ancestral humans, such as
H. habilis or H. rudolfensis.
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Lately, Homo erectus has been considered an exclu-
sively Asian species that lived between 0.2 and 1.8 million
years ago (late and middle Pleistocene). Since it is the
most successful and long-lived species of the Homo
genus, it is generally thought to have a considerable num-
ber of subspecies. Although physical characteristics must
therefore be described for each subspecies, H. erectus was
characterized (on average) by a sexual dimorphism slightly
greater than that in modern humans, adult males being
approximately 1.60 to 1.70 m in height and 60 to 70 kg in
weight, and adult females being 1.50 to 1.60 m in height
and 45 to 55 kg in weight. Its face was almost orthognatic,
with minimal jaw projection. It also had a long and low
skull with a pronounced supraorbital ridge. The cranial
capacity of H. erectus was between 750 and 1,250 c¢cm?
(950 c¢cm® on average), or even more, although this
depended on the particular subspecies.

The first fossils of this species were found in the central
part of the island of Java (Indonesia) and called
Pithecanthropus erectus. Later, other similar fossils were
found in China near Beijing and called Sinanthropus
pekinensis. Today, some paleoanthropologists subdivide
H. erectus into two great informal groups: Indonesian
pithecanthropines and Chinese sinanthropines. Only one
pithecanthropine subspecies has been considered [Homo
erectus erectus], while five subspecies are suggested for
the sinanthropine group: /Homo erectus wushanensis, Homo
erectus yuanmouensis, Homo erectus lantianensis
Homo erectus hexianensis, and Homo erectus pekinensis|.

The oldest H. erectus specimens are found among the
sinanthropines, the oldest of them being the Wushan Man
(H. e. wushanensis) discovered in Longgupo (Chongqing,
China), which lived at least 1.8 million years ago. The sec-
ond-oldest member of the sinanthropines is the Yuanmou
Man (H. e. yuanmouensis) identified in Yuanmou (Yunan,
China), whose fossils are associated with stone tools,
pieces of charred animal bones, and ash from campfires;
they probably lived 1 to 1.7 million years ago. These old-
est sinanthropines had a brain capacity of approximately
750 to 990 cm® (870 cm?® on average) and an estimated
stature of about 1.60 to 1.70 m in males. Members of H. e. lan-
tianensis, popularly known as the Lantian Man, were found
in Lantian (Shaanxi, China), and probably in Gongwangling
(near Lantian), though these were promoted to a sub-
species (Homo erectus gongwanglingensis); they lived
between 0.4 and 1 million years ago. This last group prob-
ably also includes sinanthropine fossils found in Yunxian
(Hubei, China)—sometimes considered to be another dif-
ferent subspecies (Homo erectus yunxianensis) and dated
as living between 0.4 and 0.7 million years ago. The brain
capacity of this intermediate erectine group varied between
800 and 1,200 cm® (1,000 cm® on average). Another sinan-
thropine subspecies is Homo erectus hexianensis, which was
discovered in Hexian (Anhui, China); it was dated at 250,000
to 300,000 years old, and its brain capacity was 1,025 cm’.
Finally, fossils of H. e. pekinensis, originally called
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Sinanthropus pekinensis, were found at Zhoukoudian
(near Beijing, China), associated with stone tools and
evidence of the use of fire, and dated between 460,000 and
230,000 years old; their brain capacity was already 900
to 1,250 cm® (1,100 c¢cm® on average), and males had an
estimated stature of about 1.55 to 1.65 m.

Homo erectus erectus included pithecanthropines that
lived on the island of Java (Indonesia) between 0.7 and 1.6
million years ago. Their brain capacity was 800 to 950
cm® (900 cm® on average). The most famous of them is
Java Man of Trinil (eastern Java), initially called
Pithecanthropus erectus, who lived between 0.7 and
0.9 million years ago. The oldest members of this group
were found in Sangiran (central Java), and initially called
Meganthropus palaeojavanicus due to their supposed—
but unfounded—giant size; they lived between 0.9 and
1.6 million years ago. Many paleoanthropologists consid-
ered this specimen an old subspecies of erectus (i.e., Homo
erectus palaeojavanicus), and others even considered it to
be a new species.

The last pithecanthropines awakened strong controversy
over their real taxonomic position and their relationship
with the evolutionary history of modern humans.
Generally, they are regarded as a subspecies of H. erectus
and named as Homo erectus soloensis, informally javan-
thropines. They are an anomalous pithecanthropine due to
their age and characteristics. While most subspecies of
Homo erectus disappeared according to the fossil record
roughly 250,000 years ago, they persisted up until 30,000
years ago. Some of them reached a cranial capacity of
more than 1,400 cm’, and their culture was unusually
advanced. They are the largest of the pithecanthropines,
adult males being approximately 1.75 to 1.85 m in height
and 70 to 80 kg in weight, and adult females being 1.6 to
1.7 m in height and 55 to 65 kg in weight. These individu-
als were first considered as a subspecies of Homo sapiens
and thought to be the ancestors of the modern aboriginal
Australians. Today, some paleoanthropologists separate
this anomalous group into a new species, Homo soloensis,
considered as the culmination of the Asian erectine lin-
eage. The first fossil remains come from the Ngandong-Solo
River (Java, Indonesia) and were originally nicknamed
Solo Man, classified as Javanthropus soloensis, and dated
at only 50,000 to 25,000 years old. In the same region,
other similar and more complete human fossils were
found, including individuals with a brain capacity of 1,050
to 1,250 cm® and dated at 300,000 to 100,000 years (they
were classified as the subspecies Homo erectus ngando-
nensis). Populations of similar humans have been found
throughout southeastern Asia (China, Vietnam), and even
in India, Jordan, and Australia. In China, the most famous
fossils of this probable species were found in Dali
(Shaanxi, China), known initially as Dali Man and Homo
daliensis, and in Jinniushan (Liaoning, China). These
human fossils were dated between 300,000 and 200,000 years
old. Their supraorbital ridge was less robust and this cranium
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more rounded than the oldest pithecanthropines, with a
brain capacity of 1,100 to 1,250 cm®. They could belong to
the oldest group of this species, and could be included as a
subspecies: Homo soloensis daliensis. Most controversial
are the remains of similar “javanthropines” found in
Narmada (Hathnora, India), dated from 150,000 to
200,000 years old and with a brain capacity of 1,150 to
1,420 cm?; they have been considered another subspecies of
erectus (Homo erectus narmadensis) but seem to belong to
this human group. Most problematic are the relationships
of javanthropines with the 50,000- to 60,000-year-old
human fossils found in Malakunanja and Nauwalabila
(northern Australia). Interesting is the question related to
the origin of Homo soloensis. Its last specimens seem to
have coexisted with Homo sapiens in southeastern Asia.
Many paleoanthropologists find strong relationships
between this group and European H. heidelbergensis, and
consider that they are in fact H. heidelbergensis or another
archaic human relative that migrated to Asia, replacing the
older H. erectus.

A lot more problematic is the last group of humans
related to erectine humans: Homo floresiensis. 1t is possi-
bly a new species remarkable for its small body and brain
capacity with respect to other humans, and its survival
until very recent times. A complete subfossil skeleton of
Homo floresiensis, nicknamed “Hobbit” for its minute
size, was found on the island of Flores (Indonesia) and
dated to be only 18,000 years old. Other diminutive indi-
viduals, who have been identified and associated with
small stone tools, lived between 13,000 and 94,000 years
ago. There are suspicions that this small human species
may have survived longer in other parts of Flores to
become the source of the Ebu Gogo stories, told among the
local people, in which small, hairy, language-poor
humanoid creatures dwelled in caves on the island (simi-
larly, on the nearby island of Sumatra, there is notice of
another small mythological humanoid known as Orang
Pendek). They were 1.05 to 1.10 m in height, and probably
25 to 30 kg in weight, considerably shorter than the physi-
cally smallest populations of modern humans such as pyg-
mies and negritos (1.35-1.55 m). They also had small
brains, with a cranial capacity of 380 cm’, lower than in
chimpanzees and in primitive australopithecines. Despite
this, their remains are associated with sophisticated stone
tools of the Upper Palaeolithic, indicating an advanced
behavior. The origin and nature of this human group is a
controversial issue today within the scientific community.
Some anthropologists have suggested that these individuals
were microcephalic modern humans or affected by
endemic cretinism. Others have related H. floresiensis to
primitive gracile australopithecines (as 4. afarensis), not
previously thought to have expanded beyond Africa, that
survived up to modern times. However, their cranium and
body features resemble those of H. erectus, with which
they seem to have a phylogenetic relationship. The erectine
origin of H. floresiensis is the more accepted hypothesis,

despite the size difference. To explain the small size of this
species, it has been suggested that populations of H. erec-
tus underwent strong insular dwarfism (caused by the lim-
ited food environment on their islands), a form of
speciation also seen on Flores in several species, including
a dwarf Stegodon (a group of elephant-type pro-
boscideans). Since Flores remained isolated even in the
recent glacial periods characterized by low sea levels, the
discoverers of H. floresiensis suggest that this species, or
its erectine ancestors, could have reached the isolated
island of Flores only by water transportation, perhaps
arriving on bamboo rafts about 100,000 years ago.

Archaic Homo Species

Numerous vaguely defined taxa, most of which are not
widely accepted, are included in the group informally
known as archaic sapiens humans. Among them are Homo
antecessor (defined by Bermudez de Castro, Arsuaga,
Carbonell, Rosas, Martinez, and Mosquera in 1997), Homo
heidelbergensis, Homo neanderthalensis (nicknamed
Neanderthals), Homo rhodesiensis, and Homo helmei.

Homo antecessor is an archaic sapiens species that
lived in Europe between 0.8 and 1.2 million years ago. It is
considered the earliest known human form of Europe,
although individuals of Homo georgicus from Georgia are
older. Its physical traits are intermediate between the old-
est Homo ergaster and the most modern Homo heidelber-
gensis. The sexual dimorphism of H. antecessor was the
same as in its European successors H. heidelbergensis and
H. neanderthalensis, but less than in its probable ancestor
H. ergaster or H. georgicus. Adult males were approxi-
mately 1.70 to 1.80 m in height and 70 to 90 kg in weight,
and adult females were 1.60 to 1.70 m in height and 60 to
70 kg in weight. Hands and feet of H. antecessor were sim-
ilar to those of modern humans, therefore indicating mod-
ern locomotor and manipulatory behaviors. Its individuals
had a rounded cranium with a protruding occipital bun, a
single supraorbital ridge, and a long, vertical face with hol-
low cheeks (in contrast to the flat face of H. ergaster and
H. erectus). It had less robust mandibles, smaller molars,
and premolars that were more molarized than its predeces-
sors. Its teeth had primitive characteristics that resembled
H. ergaster, but its dental eruption pattern had the same
developmental stages as H. sapiens. The cranial capacity
of H. antecessor was 1,000 to 1,150 ¢cm® (1,050 ¢cm® on
average). Its fossils are associated with a great variety of
tools, including hammer-stones and retouched flakes.
Certain evidence, such as cuts where flesh had been
flensed from the bones, indicates that H. antecessor prac-
ticed cannibalism.

H. antecessor is very probably the ancestor of Homo
heidelbergensis in the Homo neanderthalensis lineage.
Since H. antecessor also has intermediate characteristics
between H. ergaster and H. sapiens, it is also considered a
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link between both species. Although the only known fos-
sils of H. antecessor come from Atapuerca (Spain), some
other specimens in Europe and northeastern Africa may
also belong to this species. One of these is the fossil human
identified in Ceprano (Italy), called Homo cepranensis,
and nicknamed Ceprano Man. It lived between 0.8 and 0.9
million years ago, and its features seem to be also inter-
mediate between H. ergaster and H. heidelbergensis. More
problematic are the African specimens Homo mauritanicus
and Homo uxoris. Both specimens have been considered to
be modern African Homo erectus or Homo ergaster, the
first one dated at 0.7 million years old and the second one
at 0.7 to 0.9 million years old. By priority, some claim that
the H. antecessor name should be changed to H. mauri-
tanicus, but the morphological differences, at least in their
mandibles (the only part found of mauritanicus to date),
are too great to consider them to be of the same species.

All of these specimens, in addition to H. georgicus and
older Homo erectus, open the debate on the origin of
H. antecessor. There are two hypotheses: a northern-
African origin and an Asian origin. According to the Asian
hypothesis, the Caucasian H. georgicus is considered the
probable ancestor of both the European H. antecessor and
the south Asian H. erectus (and perhaps even of the
African H. ergaster). In this case, H. georgicus would be
the first human to leave Africa, being the link between H.
habilis and all the later erectine humans (including ante-
cessor), requiring that specimens similar to H. georgicus
be found in Africa. Nevertheless, according to the fossil
data known to date, there are great morphological and age
differences that prevent establishing a clear phylogenetic
relationship between H. georgicus and H. antecessor. The
other hypothesis suggests that H. antecessor evolved from
the African H. ergaster, although it is not known whether
this event occurred in Africa (and therefore it is an immi-
grant to Europe) or in Europe.

Homo heidelbergensis is considered a descendant of
H. antecessor and the direct ancestor of Homo nean-
derthalensis. It lived in Europe between 0.7 and 0.15 million
years ago. They were very tall and corpulent, and had a
sexual dimorphism similar to modern humans, with adult
males being approximately 1.75 to 1.85 m in height and
70 to 90 kg in weight, and adult females 1.65 to 1.75 m in
height and 55 to 70 kg in weight. The physical characteris-
tics of its body (pelvis and limbs) were similar to Homo
neanderthalensis. Their skulls were elongated, with a
depressed, wide nasal bridge and a prominent supraorbital
ridge. They showed significant sexual dimorphism in their
teeth and jaws, but in general they had wider molars and
thicker incisors than did H. neanderthalensis.

The cranial capacity of H. heidelbergensis was 1,100 to
1,450 cm® (1,275 cm? on average), overlapping the average
of modern humans. They used core techniques to make
tools, which were very varied. Their stone-tool technology
is very close to the Acheulean industry used by H. erectus,
although more advanced (including the possible use of red
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ochre as paint). Some accumulation of individuals at spe-
cific postmortem sites could indicate ritual burial, but there
is not enough evidence. It is possible that H. heidelbergensis,
like its descendant H. neanderthalensis, acquired a prim-
itive form of language. Since there were similar archaic
sapiens humans living in Africa, such as Homo rhode-
siensis, there is a controversy over whether or not
the H. sapiens lineage evolved from an African
H. heidelbergensis, or this species is exclusively European
descending from H. antecessor and being the ancestor of
only H. neanderthalensis.

Homo neanderthalensis, nicknamed Neanderthals,
lived between 25,000 and 150,000 years ago almost exclu-
sively in Europe, but also in parts of western and central
Asia, including the Near East and the Siberian Altay moun-
tains. They have been considered for a long time to be a
subspecies of H. sapiens, but genetic evidence has shown
that these are two different species, although they share
99.5% of their DNA. It has been calculated that both
species shared a common ancestor about 500,000 years
ago, and this ancestor could have been H. heidelbergensis.
Nevertheless, other more recent studies indicate that the
common ancestor lived about 800,000 years ago, suggest-
ing that H. antecessor (and not H. heidelbergensis) was the
true ancestor of both human lineages. This conclusion is
more harmonious with the paleontological evidence and
morphological divergence found in the fossil record. The
postcranial skeleton of the Neanderthals was heavier and
stronger than that of modern humans, with a more robust
bone structure, although it was generally shorter. Adult
males were approximately 1.6 to 1.7 m in height and 70 to
80 kg in weight, and adult females 1.5 to 1.6 m in height
and 50 to 60 kg in weight. Their skulls were low, flat, and
elongated, with an occipital bun, a projecting midface, and
a thick supraorbital ridge.

The cranial capacity of H. neanderthalensis was 1,200
to 1,750 cm® (1,420 cm?® on average). The assertion that
Neanderthals had a brain capacity much larger than mod-
ern humans has persisted a long time among paleoanthro-
pologists, but it is probably an effect of the statistical
deviation in the analysis of the fossil record of Neanderthals.
Similar studies in fossil Homo sapiens specimens (e.g., Homo
sapiens idaltu) concluded that they had a 1,490 cm? cranial
capacity. Nevertheless, their intelligence might have been very
advanced. They used more advanced tools than H. heidel-
bergensis and H. erectus, having created a predominantly
flint industry known as the Mousterian of the Middle and
part of the Old Palaeolithic. They made sophisticated stone
flakes, hand axes, and spears. According to the reconstruc-
tions of their vocal tract (with the presence of a hyoid
bone), and neurological (with hypoglossal canal size simi-
lar to modern humans) and genetic evidence (with the
presence of the same version of the FOXP2 gene as in
modern humans, which plays a role in human language), it
is considered that the Neanderthals had an elaborate pro-
tolanguage that was more musical than the language of
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modern humans. Moreover, they were almost exclusively
carnivorous, being considered the apex predator (hunting
large animals, such as the mammoths) for making good
use of their stone flakes. They intentionally buried their
dead in graves with goods, used pigment ochre, and prac-
ticed ritual cannibalism or defleshing. All these ritual treat-
ments of the dead probably denote the development of a
religious ideology.

It is widely accepted that H. neanderthalensis evolved
from H. heidelbergensis in Europe and then became
extinct, to be replaced or absorbed by modern humans
traveling from Africa. Their last populations lived
in southern Iberia, around the coast of Gibraltar,
24,000 years ago. Neanderthals and modern humans
coexisted in Europe for millennia, surely intermixing
their cultures, but very probably the species never genet-
ically interbred, which has been proposed, since they
were not interfertile, as they were separate species.
Their last populations adopted the more advanced
Chatelperronian culture (Upper Palaeolithic), a culture
considered to have belonged first to our species Homo
sapiens, which later passed this culture on to the
Neanderthals.

Homo rhodesiensis, nicknamed Rhodesian Man and
sometimes classified as Homo sapiens arcaicus, is a pos-
sible direct ancestor of Homo sapiens that lived in Africa
between 125,000 and 450,000 years ago (and probably even
longer ago). Their fossil remains show some primitive traits
shared with H. ergaster and H. antecessor, and other traits
that allow us to link them to H. heidelbergensis, but they
also had other traits that relate them to H. sapiens. Adult
males were approximately 1.60 to 1.70 m in height and 60
to 70 kg in weight, and adult females 1.50 to 1.60 m in
height and 50 to 60 kg in weight. They had an elongated
skull with a large supraorbital ridge, and high and narrow
cheekbones. Their cranial capacity was 1,250 to 1,350 cm?
(1,310 cm® on average).

H. rhodesiensis belonged to the Acheulean industry of
stone tools (Lower Palaeolithic), but perhaps its first
appearance is related to the beginning of the second
phase of the Acheulean 600,000 years ago, in which the
tools became thinner, more symmetric, and more
trimmed than in older groups (ascribed to H. ergaster or
to African H. antecessor). Most current paleoanthropolo-
gists believe this archaic human group to be within the
variability of H. heidelbergensis. Nevertheless, others
consider that there are three archaic human lineages: the
African H. ergaster—H. antecessor—H. rhodesiensi—H. sapi-
ens lineage, the European H. antecessor—H. heidel-
bergensis—H. neanderthalensis lineage, and the Asian
H. ergaster—-H. erectus—H. soloensis lineage. No direct
linkage of these species can so far be determined.

Some paleoanthropologists have suggested that, within
the African record, there is room for another intermediate
species within the H. sapiens lineage: Homo helmei,
also known as Africanthropus helmei or Florisbad Man.

Another name given to this group has been Homo njarasensis.
It is anatomically intermediate between H. rhodesiensis
(or H. heidelbergensis) and H. sapiens, and is considered as
the direct ancestor of the first subspecies of human mod-
erns, Homo sapiens idaltu, and therefore the origin of our
species. This group is considered sometimes like the
African version of H. neanderthalensis. It lived between
130,000 and 300,000 years ago. The cranial capacity of
H. helmei was already 1,250 to 1,550 cm® (1,390 ¢cm® on
average), and its supraorbital ridge was very reduced. Its
stone tools belonged to the Levalloisian, Mousterian, and
Aterian cultures of the Middle Palaeolithic of Africa (which
include microliths, as well as bone tools and carvings).
Most paleoanthropologists do not consider this species as
valid, but its possible validity is based primarily on the
emergence of the Mode 3 technology (Mousterian and
Aterian), which could be associated with a speciation event
within the human lineage.

Fossil Evidence: Origin and
Evolution of Homo sapiens

It is broadly accepted that modern Homo sapiens has only
one extant subspecies (Homo sapiens sapiens) and only
one fossil subspecies (Homo sapiens idaltu). The earliest
H. sapiens fossils were found in the Omo River and at
Herto (Ethiopia), respectively dated at 160,000 and
195,000 years old, and they are assigned to the subspecies
H. s. idaltu. They lived in central East Africa (Ethiopia,
Eritrea) between 125,000 and 195,000 years ago. They had
a brain capacity of 1,450 cm’, and their supraorbital ridge
is still slightly prominent. They are considered anatomi-
cally and chronologically intermediate between archaic
humans (Homo helmei) and more recent, fully modern
humans (Homo sapiens sapiens).

Modern H. s. sapiens is first present in the fossil record
at the Kibish Formation and Mumba (Tanzania), dated
from 130,000 years ago, and at Border Cave and Klasies
River Mouth (South Africa), dated from 110,000 to
120,000 years ago. These are only slightly earlier than
early H. sapiens at Skhul and Qafzeh (Israel). The Skhul
human fossils were dated from 80,000 to 120,000 years
ago, and those of Qafzeh from 92,000 to 115,000 years
ago. These early humans may have been descendants of the
first migrants to leave Africa. They have become classified
as a new subspecies, Homo sapiens palestinus, although
this taxon is not widely accepted. Nevertheless, these humans
seem to have become extinct or retreated back to Africa
80,000 years ago, possibly to be replaced by Neanderthals
escaping the colder regions of Ice Age Europe.

All other modern human fossils found outside of Africa
are of more recent times. The oldest fossils of modern
humans outside of Africa are those of Mungo (Australia),
nicknamed as Mungo Man. They have been dated at
42,000 years old. In Asia, 40,000-year-old fossils of
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H. s. sapiens have been found in Ordos (Mongolia), and
others 32,000 years old in Naha-Okinawa (Japan) and
27,000 years old in the Zhoukoudian upper cave (China).
Finally, the oldest modern humans found in Europe come
from Pestera cu Oase (Romania), Compe Capelle (France),
Mladec and Predmosti (Czech Republic), and Cro-Magnon
(France)—all between 23,000 and 36,000 years old (they
and the rest of early-European modern humans are nick-
named Cro-Magnons or cromagnons).

DNA analysis indicates that modern humans originated
in Africa about 180,000 or 200,000 years ago. According
to the recent African origin (RAO) and out-of-Africa the-
ory, H. s. sapiens developed 180,000 years ago, possibly in
East Africa, being the capoids or the khoisan form (for-
merly classified as H. s. khoisanii), the oldest representa-
tive of our subspecies. This first lineage is the mtDNA
haplogroup L0, and it has been nicknamed the “mitochon-
drial Eve.” Khoisan mitochondrial divergence has been
dated no later than 110,000 years ago.

Three main lineages of modern humans diverged
between 80,000 and 120,000 years ago. The first lineage
(mtDNA haplogroup L1 and Y-DNA haplogroup A) colo-
nized southern Africa (ancestors of bambutoids as pyg-
mies, formerly classified as H. s. pygmaeus). The first
lineage to branch from haplogroup A has been nicknamed
the “Y-chromosome Adam.” Those early human fossils
found at Border Cave and Klasies River Mouth (South
Africa) perhaps belong to this old lineage. The second lin-
eage (mtDNA haplogroup L2 and Y-DNA haplogroup B)
appeared 80,000 years ago and settled in central and west-
ern Africa (ancestors of negroids as paleocongids, nilotids
and bantids, formerly classified as H. s. afer). Finally, a
third lineage (mtDNA haplogroup L3) remained in eastern
Africa (perhaps ancestors of aethiopids, formerly classi-
fied as H. s. aethiopicus).

This last lineage (L3) was significant because it was the
first H. s. sapiens to have left Africa, crossing the Red Sea
70,000 years ago. Previously, other early modern humans
had ventured out of Africa briefly, as indicated by 90,000-
year-old human fossils found in Israel (H. s. palestinus),
but they became extinct. These people probably were more
related to the first lineage (L1) than to the second (L2) and
third (L3) African lineages.

It is known that humans are genetically highly homoge-
neous, which may have resulted from the Toba catastrophe
70,000 to 80,000 years ago. A supervolcanic event at Lake
Toba (Sumatra) could have reduced the world human pop-
ulation to 10,000 individuals or even less, extinguished H.
s. idaltu in Israel, and created a bottleneck in the human
evolution of H. s. sapiens. According to this hypothesis,
humans left Africa for the first time after the Toba super-
volcanic event, migrating to Arabia and the Middle East.
From that time, human survivors began to have a fully
modern behavior, including the ritual of burying the dead.

The mitochondrial L3 lineage crossed the Red Sea in
two waves: the first wave occurring 70,000 to 80,000 years
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ago across the narrow span of water between the Horn of
Africa and the Arabian Peninsula, and the second wave
occurring 60,000 to 70,000 years ago, crossing the Red
Sea more toward the north and settling in the Near and the
Middle East. The first ones formed an old Arabian group
(mtDNA haplogroup M and Y-DNA haplogroup M130)
60,000 years ago, which headed along the southeast coast
of Asia (India, Sri Lanka, Indonesia, Filipinas, Malasia,
and Polynesia) reaching Australia 50,000 to 55,000 years
ago. The haplogroup M is nicknamed the Coastal Clan and
is considered an ancestral east Eurasian lineage that
derived from the australoid people, such as the australians-
tasmanians, melanesians, veddoids, and negritos (those
formerly classified as H. s. australasicus). The 42,000-
year-old Mungo Man (Australia) is the oldest fossil proba-
bly belonging to this migrant lineage. They surely
supplanted and replaced the last erectine humans (Homo
soloensis) from southeastern Asia and Australia.

The second group derived from those first African
emigrants (L3) went north and radiated in the Near and
the Middle East, appearing as the mtDNA haplogroups
N and R, and Y-DNA haplogroup M89. Descendants of
these two groups moved out and explored the surround-
ing areas (Turkey, Caucasus, and central Asia), initiating
a second great migration out of Africa and eventually col-
onizing the whole world. Because almost all of the mito-
chondrial lineages found in Europe and Asia descend
from N and R groups, these people are considered the
Eurasian Clan.

Europe was colonized 45,000 years ago by migrants
from central Asia, the Near East, and the Middle East,
slowly displacing the Neanderthals. They were people
who emerged from the Next and the Middle East (mtDNA
haplogroups N and R), and that bore mtDNA haplogroups
J, T, and meaningfully pre-VH. Most people moved north
across the Caucasus, bringing their lineages into Europe
during the middle Upper Palaeolithic. These lineages were
represented in Europe for the first time by the Cro-
Magnons, heralding the end of the era of the Neanderthals
in Europe. Descendants of early Europeans began to split
off and form their own groups, represented by the mtDNA
haplogroup HV (derived from pre-VH). Around 15,000 to
20,000 years ago, colder temperatures made living condi-
tions nearly impossible for much of the Northern
Hemisphere. Early Europeans retreated to the warmer cli-
mates of Iberia, Italy, and the Balkans. Their population
sizes were drastically reduced, and much of the genetic
diversity that had previously existed in Europe was lost.
After the ice sheets began their retreat 15,000 years ago,
this people moved north again and recolonized Europe.
Some of these lineages (mtDNA haplogroups V and H,
derived from HV 15,000 to 30,000 years ago) expanded
toward Western Europe, others (mtDNA haplogroups
K and U, derived from R 50,000 years ago) towards northern
Europe, and finally others (mtDNA haplogroups I and W,
derived from N 30,000 years ago) toward Eastern Europe.
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Other groups derived from R, the mtDNA haplogroup U6,
moved to northern Africa. After the last glacial maximum,
expansions led people across the Strait of Gibraltar, allow-
ing for some gene flow between North Africa and south-
western Europe.

Radiating out from central Asia and the Middle East,
the mtDNA haplogroups B and F and Y-DNA haplogroups
M89 and M9 (appearing 40,000 to 60,000 years ago)
conquered the Far East (south and east Asia) 40,000 years
ago. They formed the different southwestern Asian
mongoloid groups that, together with Siberian groups,
were formerly classified H. s. asiaticus. Fossils found in
Ordos (Mongolia) that are 40,000 years old, and in the
Zhoukoudian upper cave (China) that are 27,000 years
old, are evidence of this new wave of human migrants
toward southwestern Asia, replacing and/or mixing with
the australoid M haplogroup in the south Asian coastals.
Descendants of early southern and eastern Asians began
to split off and form their own groups, reaching the
Philippines and Indonesia, and finally Melanesia, Polynesia,
and Micronesia in more recent times.

Radiating out from the central Asian homeland and
derived from N, R, and/or M 50,000 to 60,000 years ago,
the mtDNA haplogroups Z, A, B, X, C, and D colonized
Siberia approximately 30,000 years ago. They formed
the group known as the Siberian Clan. Some of these lin-
eages (A and B) also reached Korea, Japan, and south-
eastern Asia during this epoch. Human fossils 32,000
years old found in Naha-Okinawa (Japan), and nick-
named Yamashita-Cho Man, belong to this lineage. The
haplogroup Z migration heading west, out of Siberia,
came to an abrupt end around the Ural mountains and
Volga River (Russia). Finally, several other Siberian lin-
eages colonized America for the first time.

America was occupied by Asian people bearing
mtDNA haplogroups A, B, D, and X, and the Y-DNA
haplogroups M130 and M217; they crossed the Bering
Strait from Siberia into Alaska during the last glacial
maximum, when a land bridge, called Beringia, united
the continents of Asia and America. Most parts of these
haplogroups arrived from Siberia, except for the M217
group, which arose from east Asia. These groups were
the ancestors of all Amerindians (sometimes classi-
fied as H. s. americanus). The reduced genetic diversity
found in America indicates that these lineages arrived
only 15,000 to 20,000 years ago. In fact, only the Y-DNA
haplogroup M3 (derived from Siberian M242) is entirely
American. Since a branch of haplogroup X found in
Amerindians (such as Sioux and Navajo) is almost
entirely absent from Siberia, an alternative hypothesis of
the migration route toward America has been suggested:
the Solutrean hypothesis, asserting that stone-tool tech-
nology of the Solutrean culture in prehistoric Europe
(France, Spain) may have influenced the development of
the toolmaking culture of the Clovis Paleo-Indians in
America. This hypothesis suggests that peoples from

Europe may have been among the earliest settlers in the
Americas about 13,500 years ago.

Future Directions

Homo sapiens sapiens began its existence between
180,000 and 200,000 years ago, but its lineage began to
evolve more than 4 million years ago. After hundreds of
thousands of generations, the hominids have trended
toward being less physically skulled but showing a dispro-
portionate encephalization. According to this trend, future
humans could have larger heads and shorter legs and arms,
retaining each time more and more traits previously seen
only in juveniles (neoteny). Surely our future adults
will resemble the morphology of our present babies.
Nevertheless, future human evolution may not be governed
by the same principles that govern the evolution of other
animals, since humans differ from other species by their
advanced social organization and language, as well as the
use of advanced technology, controlled energy, and
clothes. Many paleoanthropologists claim that the human
brain has not changed for 150,000 years. On the contrary,
genetic research shows that certain genes, related to brain
size, did change between 6,000 and 35,000 years ago, sug-
gesting that humans are still evolving.

A species gradually evolves through natural selection
into a new species, but this usually occurs in small, geo-
graphically isolated populations. This type of evolution is
very slow for a large and widespread species such as
humans. Therefore, this type of evolution is not very prob-
able for humans, since the tendency for genetic intermin-
gling among humans is very large, and the mixing will
increase in the future.

Today, there is no existing species that might compete or
threaten the human species, as the Neanderthals were out-
competed by H. sapiens. However, a species could arise
that would be a rival of our own species: an explicit, new
species, artificially created through genetic manipulation of
ourselves or another species, or based on computers and
cybernetics (artificial intelligence).

We have a high adaptability to changing environments
and, excepting for a cosmic catastrophe, we will probably
survive through the future climatic turnovers. Nevertheless,
humans are capable of modifying their environment, so
there is a risk that humans themselves will modify their envi-
ronment in such a way that they cannot survive in it any
longer. If earth would suffer a global disaster in the future,
whether due to our fault or by other causes, humans could
try to find a way out: the colonization of space. Today, it is
a theme mainly of science fiction, but there are already
several space programs that have, as their objectives,
autonomous self-sufficient human habitation and the
establishment of space colonies on the moon or on Mars.
Space-colonization technology could, in theory, allow
human expansion at a high, but subrelativistic, speed
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toward interstellar colonization, permitting self-contained
habitats with life spans from decades to centuries. If the
isolation of this type of interstellar colony were prolonged
long enough in time, then the birth of a new human species
could become possible through the basic principles of evo-
lution (natural selection, adaptation, genetic drift, etc.)—
but in an extraterrestrial environment.
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HumaN BrRAIN
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University of Colorado at Boulder

hereas claims of human uniqueness used to

revolve around the soul, they now revolve

around the brain. Ever since Thomas Willis
and his Oxford circle colleagues discovered in the late
1600s that the brain governs behavior, scientists have
devoted considerable attention to this complex and
inscrutable organ. Until recently, most approaches to the
brain have been introspective and deductive. Philosophers
and scientists traditionally have attempted to explain the
brain’s workings by examining its current functioning.
They study, in other words, modern minds. While this top-
down approach has yielded many insights, the limitations
are obvious. To understand the human brain, a historical or
evolutionary approach is necessary. It is only by locating
the brain in deep time and tracing its evolutionary devel-
opment that we may hope to arrive at a more complete
understanding of that which makes us uniquely human.

Background

Humans have large brains, in both absolute and relative
terms. Presumably, it is this fact that prompted the nor-
mally restrained Charles Darwin to declare, in The Descent
of Man (1871), that no one could possibly doubt the con-
nection between large brains and higher mental powers.
Whether Darwin was expressing a scientific truth or a cul-
tural prejudice remains an open question. For reasons

26

poorly understood and rarely questioned, humans are
enamored of size—if something is big, it is usually
deemed remarkable and important. In many instances, this
habit of mind serves us well. Size often signals something
important about function. In other instances, the privileg-
ing of size is misleading. This has been especially true of
the human brain.

In the century after Darwin, it became commonly
accepted that fish gave rise to amphibians, amphibians to
reptiles, reptiles to mammals, and mammals to man.
Implicit within this overly neat phylogenetic ordering was
the idea that brain size increased with each phase change,
and that each progression involved the addition of brain
tissue. Indeed, it was this idea that inspired Paul MacLean’s
“triune brain” model, which divides the brain into three
parts (archipallium, limbic system, and neocortex) accord-
ing to the sequence of their evolutionary appearance.
Within the primate order, the story was much the same. As
told by W. E. Le Gros Clark, primate evolution was largely
a matter of progressive trends, one of which was expansion
and elaboration of the brain. According to this traditional
view, the most primitive primates (prosimians) had the
smallest and simplest brains, more advanced primates
(simians) had larger and more complex brains, and the
most advanced primates (great apes) had even larger and
more complex brains. Humans occupied the top rung of
this primate scala naturae, and their brains were the
biggest and most complex.
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Against this backdrop, it should come as no surprise that
those studying human evolution simply assumed, as Darwin
himself seems to have done, that the transition from mon-
key to ape to human was largely a matter of growing bigger
brains. Like most Victorians of his age, Darwin believed in
progress, and his theory of natural selection reflected this
belief. Firmly embedded within this progressivist para-
digm, early anthropologists devoted themselves almost
exclusively to the study of the brain, and more particularly
crania. Paul Broca, who founded the Anthropological
Society of Paris in 1859, contended that the new science of
craniology was of such importance that anthropologists
should focus exclusively on skulls. Speaking for many sci-
entists of the day, Broca asserted that larger brains trans-
lated into greater intelligence. Given the prejudices of the
time, this naturally meant that men had larger brains than
women and Europeans had larger brains than Africans. In
The Mismeasure of Man (1981), Stephen Jay Gould exam-
ined the evidence supporting these ideas and demonstrated
that the data, if not simply made up or erroneous, supported
none of these conclusions.

Obsessions over brain size have long vexed evolution-
ary thinking in general and anthropological studies in par-
ticular. In 1912, the discovery of fossils that came to be
known as Piltdown Man seemed to confirm the idea that
human evolution was largely a matter of growing bigger
brains. Although there were good reasons to doubt the
validity of the find, Piltdown’s large braincase fulfilled the
a priori expectation that encephalization was the key to
human evolution. Piltdown’s large brain cemented its sta-
tus as a human ancestor. It took another 40 years before
Piltdown was exposed as a hoax. During the interim,
scientific acceptance of an actual fossil in the hominid
lineage—Australopithecus africanus, discovered by Raymond
Dart in 1924—was long delayed because it did not possess
a large enough brain.

Given this history, one might think, incorrectly, that
anthropology has freed itself from its early focus on big
brains. One of the ongoing debates in paleoanthropology
revolves around the parameters of the genus Homo. Sir
Arthur Keith, whose distinguished career ultimately was
tarnished because he championed the big-brained Piltdown
as a human ancestor, maintained that Homo should be
defined by cranial capacity. For Keith and others this cere-
bral rubicon was 750 cubic centimeters. Any bipedal
hominid below this threshold was not Homo and anything
above it was Homo. Not everyone agreed with this defini-
tion, which became apparent in the 1960s when the
Leakeys discovered a fossil cranium below the 750 cc
threshold and named it Homo habilis. Nearly 50 years
later, anthropologists are still debating the boundaries of
our genus, with cranial capacities playing a prominent,
albeit slightly reduced, role in those debates.

These controversies have not, in the end, done much to
advance our understanding of the human brain. Part of the
problem has been the narrow focus of these studies, which
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tend to orient themselves around fossil hominid skulls on
the one hand and fully modern brains on the other. While
this approach has merit, it is important to recognize that
hominid brains have a much deeper evolutionary history.
Any thorough understanding of the human brain requires
some basic knowledge of primate brain evolution.

Primate Brain Evolution

The earliest fossil primates (adapids and omomyids) are
approximately 55 million years old. Among a host of other
diagnostic features for fossil primates, several significant
ones involve cranial modifications that implicate the brain. In
general terms, these derived characteristics include (1) brain
enlargement, (2) enhanced vision, and (3) reduced olfaction.
Because the insectivorous mammal that gave rise to primates
remains unknown, it is difficult to determine whether brain
enlargement is a valid descriptor of stem primates. The
weight of evidence suggests that early primate brains were
not enlarged and were comparable in size to primate sister
taxa (Scandentia, Dermoptera, Chiroptera, Insectivora) at
the base of the Archontan radiation. Although the earliest pri-
mate brains were not particularly encephalized, they were
different. In basal primates, the extreme forward rotation of
the eye sockets indicates an increased reliance on vision and
decreased reliance on olfaction. Extreme orbital convergence
suggests selection pressure for stereoscopic and binocular
vision. A side effect of this convergence is that it constricts
the space available for olfactory organs and their connections
to the brain. Because early primates occupied arboreal habi-
tats, the factors favoring enhanced vision may have included
the need to locate branches for leaping-grasping locomotion,
and the ability to prey on insects moving through the canopy.
Whatever the ultimate cause, there is no doubt that pri-
mate brains are visually specialized. Compared with those
of other orders, a disproportionately large area of the pri-
mate brain is dedicated to visual processing. During the
more recent course of primate evolution, the neocortex has
expanded disproportionately. Because visual areas com-
prise approximately 50% of the primate neocortex, a great
deal of this expansion is due to increased visual acuity.
Primates have two distinct visual pathways in the brain: One
(the magnocellular system) analyzes movement and form,
while the other (the parvocellular system) processes detail
and color. Visual area enhancement in early primates selec-
tively altered the magnocellular system for detecting form
and movement, whereas in later primates—including early
anthropoids—the parvocellular system for discerning
detail and color appears to have been selectively targeted.
Because stem and early primates presumably were noctur-
nal and insectivorous, the enhanced development of the
parvocellular system in later primates is often associated
with an adaptive shift toward diurnality and frugivory. This
shift, in turn, appears to have directly impacted the social
behaviors for which primates are especially noted.
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It is one thing for a small primate to hunt surreptitiously
for insects at night and quite another to forage openly for
fruit during the day. The former can be done in relative iso-
lation and small groups, whereas the latter is best accom-
plished in the company of others and large groups. Social
groups have several advantages, not the least of which is
predator detection and defense. Complex social behavior
requires considerable visual acuity—group members must
be able to recognize one another, assess nonvocal behaviors,
and respond accordingly. Group members must be able to
process emotional and other states communicated through
facial and gestural displays. It is not surprising, therefore,
that there is a significant correlation between primate social-
group size and neocortex size. There is a similar correlation
between neocortex size and feeding ecology—frugivorous
primates usually have larger neocortices than folivorous pri-
mates. This ecological correlation is typically explained in
terms of mental mapping. Frugivory requires larger range
size, with resources being patchy and temporal. The mental
maps necessary to track these resources seem to require
larger brains, larger groups, or both.

As is apparent, vision, sociality, and ecology interact in
complex ways to alter the brains and behaviors of primates.
This has been true throughout the course of primate evolu-
tion. Because none of these factors is uniform in space or
time, primates have responded to these pressures differen-
tially and variably. The resulting encephalization and reorga-
nization has not, therefore, been uniform during the course of
primate evolution. Encephalization and reorganization have
occurred sporadically and independently within different lin-
eages. Primate evolution has not simply been one long course
of selection for bigger brains and increased intelligence.

Under the old classification scheme, the idea was that
prosimians led to simians and simians to apes. With each
supposed transition, there was a grade shift involving
brains and behavior. Cladistic analyses have shown that
this progressive phylogeny is no longer tenable. While it
may be true that Strepsirrhines (lemurs, lorises, galagos)
have smaller and less specialized brains than most
Anthropoidea (a clade of primates including Platyrrhini
and Catarrhini), this observation says nothing about sup-
posed trends in primate brain evolution. Anthropoids did
not evolve from Strepsirrhines; they are separate lineages,
each with its own unique evolutionary history. Among
anthropoids, Platyrrhines (New World monkeys) and
Catarrhines (Old World monkeys and apes, including
humans) display highly divergent patterns of encephaliza-
tion and reorganization. Anthropoid brain evolution is,
therefore, mosaic. There are no consistent directional
trends, a fact made apparent by measures of encephaliza-
tion for living anthropoids.

Brain Sizes and Encephalization Quotients

It has long been understood that absolute brain size, stand-
ing alone, says little about behavioral complexity. As body

size increases, so does brain size. This is due in large part to
the principle of proper mass, which holds that a certain
amount of neural tissue is required to perform a particular
function. Because larger animals have more intrinsic func-
tions than smaller animals, they require larger brains to
coordinate their autonomic, sensory, and motor activities.
Whales, for example, have brains weighing thousands of
grams. Their absolutely massive brains, however, do not
make them more intelligent than primates, whose brains typ-
ically weigh hundreds of grams. Expressing brain weight as
a percentage of body weight simply reverses the size prob-
lem. Using this ratio, small animals such as mice appear to
be relatively more encephalized than whales and primates.

In an effort to correct these problems and identify
some measure of brain-body size that correlates with
behavioral complexity, Harry Jerison (1973) proposed
the use of encephalization quotients, or EQ. The idea is
straightforward—EQ is the ratio of an animal’s actual brain
size to the brain size expected for an animal of its body
size. On its face, EQ provides some measure of quantifiable
objectivity. Despite this fact, EQs are neither straightforward
measures of behavioral complexity nor definitive markers
of intelligence. Embedded within EQ measurements are
several assumptions, the most important of which is that
there is a universally applicable, nonlinear scaling rela-
tionship between brains and body size. Researchers can-
not, however, agree on the exponent that should be used to
calculate EQ. Estimates vary widely from .20 to .75. Given
this disagreement, the notion that an EQ value of 1.0
expresses a biological norm, or brain-size expectation
given a certain body weight, is open to question.
Consequently, EQ measurements and comparisons should
be interpreted with caution. They simply serve as a useful
first step in considering primate brain evolution and devel-
opment. With these caveats in mind, Table 3.1 contains
EQs for several species of extant anthropoid primates.

As is apparent, extant anthropoids are more encephal-
ized than expected for mammals of similar body size.
Despite this fact, EQ variation among anthropoids is great.
Alouatta (howler monkeys) occupies the low end at 1.24
and Homo the high end at 7.18. Of particular interest is the
fact that hominoid apes are not generally more encephal-
ized than New or Old World monkeys. After humans, the
primate with the highest EQ is not our closest relative the
chimpanzee (Pan), but is instead the capuchin monkey
(Cebus). Gorillas, for their part, are at the low end of EQs
for anthropoids. Considered together, the EQ data should
dispel the progressivist notion that apes are more evolu-
tionarily advanced than monkeys. Judged by measures of
EQ alone, this clearly is not the case.

When considering EQs, it is important to understand
there is no such thing as a typical “primate brain.”
Although all living primates share a common ancestor dat-
ing back to the Eocene, today there are nearly 300 extant
primate species, each one of which has a unique evolu-
tionary history. For each species, this history involves
structural reorganization of the brain, along with changes
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Table 3.1 Mean EQ for Selected Anthropoid Primates
(Platrryhines or New World Monkeys,
Cercopithecidae or Old World Monkeys, and
Hominoidea or Apes)

Taxon Mean Eq
Alouatta 1.24
Aotus 1.60
Ateles 2.39
Brachyteles 2.05
Calicebus 1.66
Cebus 3.25
Chiropotes 2.26
Lagothrix 2.20
Pithecia 2.02
Saimiri 2.86
Cercocebus 2.19
Cercopithecus 2.00
Colobus 1.34
Erythrocebus 2.09
Macaca 1.87
Papio 1.90
Presbytis 1.50
Theropithecus 1.49
Hylobates 2.50
Pongo 2.08
Pan (common) 2.70
Gorilla 1.38
Homo (modern) 7.18

SOURCE: Data based on Aiello, L., & Dean, C. (1990). An Introduction
to Human Evolutionary Anatomy. London: Academic Press.

in cell types, metabolic chemistry, vascular patterning, and
neural connectivity. While some of these changes are the
straightforward consequence of allometric enlargement,
the majority cannot be so explained. The lack of any con-
sistent pattern and the differences among species suggest
that primate brains have undergone mosaic evolution, and
there has been differential selection for particular kinds of
behaviors. While primate brains may be similar in terms of
gross morphology, this does not mean that chimpanzee
brains are more sophisticated versions of macaque brains,
or that human brains are simply scaled-up versions of
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chimpanzee brains. Each species has something unique
about its brain. Given the many differences in primate
ecologies and behaviors, this is not surprising.

Despite species-specific differences, there are some
features of primate brains that appear to be unique to the
order. Primates may be the only mammals that possess
mirror neurons. These visuomotor neurons were first
observed in macaques and are unique because they fire not
only when an individual performs an intentional task (such
as reaching for and grasping an object), but also when an
individual observes another performing precisely the same
task. Mirror neurons, in other words, appear to fire empa-
thetically during the observance of purposeful acts per-
formed by others. For this reason, mirror neurons have
been linked to a range of primate specializations, including
imitation, intentionality, agency, empathy, learning, and
language. Taken together, these skills play a major role in
social cognition. Significantly, mirror neurons also appear
to play a major role in tool use. Although primates are not
the only animals that have complex social systems and that
use tools, the quality and complexity of primate behavior
in these arenas differs from that of most other taxa.
Another specialized neuron is found only among hominoid
(i.e., great apes) species. Alone among primates, homi-
noids possess projection neurons known as spindle cells,
found in the anterior cingulate cortex, an area associated
with precision gripping and the regulation of cognitive-
emotional processes. The remarkable fact that these cells
exist only in our closest relatives (chimpanzees, gorillas,
orangutans), in quantities that decrease as the phylogenetic
distance from humans increases, suggests strong selection
pressure for these specialized cells in our lineage.

Hominid Brain Evolution

Although progressive encephalization does not characterize
primate brain evolution generally, it does characterize
hominid brain evolution specifically. From Australopithecus
to Homo, absolute brain size nearly tripled from an average
of 450 cc to 1,250 cc. Some, but not all, of this expansion
can be attributed to selection for increased body size.
Correcting for body size and calculating EQ for hominids is
not always easy, given that accurate estimates of body mass
depend on postcranial remains. Because relatively few fos-
sil crania are found with articulated or reliably associated
postcranial remains, direct measures of body size are not
often available. In their absence, researchers rely on various
cranial proxies to estimate body mass. With these caveats in
mind, Table 3.2 provides EQ values for selected hominids.
Because australopithecines had slightly larger brains
and EQ values than living chimpanzees, modest encephal-
ization is an appropriate marker (along with bipedalism)
for the earliest hominids. As is evident from Table 3.2,
absolute and relative brain sizes increased over time.
Paleoanthropologists cannot, however, agree on the tempo
and mode of hominid brain evolution. Some see steadily
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Table 3.2 Mean Endocranial Volumes and EQs

Taxa Mean (ma) Mean Volume (c¢) EQ
A. afarensis 3.11 446 4.87
A. africanus 2.66 462 5.21
H. habilis 1.76 610 7.06
H. rudolfensis 1.87 789 7.35
H. ergaster 1.74 801 6.25
H. erectus 0.81 941 7.32
H. heidelbergensis 0.27 1,266 8.64
H. sapiens 0.01 1,330 9.63

SOURCE: Data from Holloway, R., Broadfield, D., & Yuan, M. (2004). The
Human Fossil Record: Vol 3. Brain Endocasts: The Paleoneurological
Evidence (p. 301). (J. Schwartz & 1. Tattersall, Eds.). New York: Wiley-Liss.

increasing cranial capacities and support a gradualist
model. Others support a punctuated model and see an
increase in cranial capacity with the appearance of early
Homo, a long period of relative stasis, and another increase
with the appearance of Homo sapiens. Regardless of which
model is correct, two things should be kept in mind. First,
our knowledge of within-species variation is lacking.
Among modern humans, normal (i.e., nonpathological)
brain sizes vary by as much as 1,000 cc (from 750 cc to
1,750 cc), without any apparent relationship to functioning
or intelligence. Second, our sample sizes are small. For

hominids, there are approximately 200 crania from which
brain sizes can be reliably estimated. Of these, only 74 rep-
resent the human ancestral lineage if one assumes a phy-
logeny of A. afarensis, A. africanus, H. habilis, H. rudolfensis,
H. ergaster, and H. erectus (Africa only) leading to Homo
sapiens. Table 3.3 plots these 74 cranial capacity measure-
ments without any adjustments for body weight.

Regardless of how one chooses to characterize this scat-
ter, the pattern of encephalization is clear, even after
adjusting for body-size increases. Brain enlargement has
several consequences, not the least of which is that it dra-
matically alters patterns of neural connectivity and devel-
opmental trajectory. Size, however, is not the only factor
that can cause organizational change. The study of endo-
casts (molds of cranial interiors which reveal brain size
and external morphology) shows that the hominid brain
underwent significant reorganization over the last 3.5 mil-
lion years. Although hominid brains are similar to most
primate brains in terms of basic design (i.e., they are struc-
turally homologous), the relative sizes of various structures
have differentially enlarged or reduced over time. Among
hominids, lateralization is an example of such change.
Hemispheric lateralization is often associated with special-
ization of cerebral and motor function. Australopithecine
brains show a hemispheric asymmetry that becomes more
pronounced as one gets closer to Homo. A similar pattern
characterizes the enlargement of Broca’s and Wernicke’s
areas in hominid brains, both of which are associated with
language. Another distinctive feature of hominid brains,
vis-a-vis ape brains, is the relative reduction of the primary
visual striate cortex and corresponding enlargement of the
parietal lobe association cortex.

Table 3.3 Absolute Brain Size: Homo Ancestral Lineage
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Evidence (pp. 297-300). (J. Schwartz & 1. Tattersall, Eds.). New York: Wiley-Liss.
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Considered together, these and other distinctive
changes to hominid brains indicate two things. First,
hominid brains in general and human brains in particular
are not simply scaled-up versions of ape or chimpanzee
brains. Second, differential enlargement and reduction of
brain structures indicate a mosaic pattern to hominid brain
evolution. This is an important point, given that natural
selection does not see brain structures. Selection can only
see behaviors that are mediated by brain structures. If
those behaviors enhance fitness, then selection will favor
those individuals whose brains are organized in a way that
facilitates such behavior. Given the substantial changes in
brain size and organization that occurred during the
course of hominid evolution, identifying these behaviors—
and associated selection pressures—has been the focus of
much research.

Hominid Brain Evolution:
Selection Hypotheses

It has long been fashionable to suppose that once hominid
encephalization began, brain size steadily increased due to
selection for “intelligence.” There are at least three prob-
lems with this idea. First, intelligence is inchoate and rela-
tive. As a scientific term, it lacks rigor and specificity. It
cannot be directly measured. Many animals are intelligent,
in the sense that their brains fully enable them to cope with
the demands of their particular environments. Invariably,
intelligence is assessed from a Homo-centric perspective
blinding us to the considerable intelligence of other species.
This issue aside, intelligence—as applied to humans—is a
concept freighted with historical prejudice and modern
bias. Although there are researchers who believe in a gen-
eralized intelligence (called g), these beliefs nearly always
revolve around culturally specific and historically recent
forms of cognition. Whatever these might be, they rarely
are applicable to the kinds of cognitive demands made on
hominids in Plio-Pleistocene environments. Second, neither
absolute nor relative brain size is a reliable proxy for the
behavioral complexity and cognitive plasticity associated
with “intelligence.” Rats have small brains (~2 grams) yet
have remarkable behavioral repertoires that enable them to
adapt to all manner of environments. Among primates,
capuchin monkeys have relatively much larger brains than
gorillas, without major differences in assessments of intel-
ligence. Finally, intelligence is simply too broad a concept
to be useful. Rather than speaking in terms of general intel-
ligence, we should discuss specific skills and abilities for
which there may be evidence that is amenable to testing. So
parsed, intelligence includes toolmaking, foraging, social-
ity, language, and culture. Before examining how these and
other factors may have exerted selection pressure on
hominid brains, it is important to remember that encephal-
ization did not come first—bipedality was the prime mover
in hominid evolution.
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Although bipedality and the brain are often treated as
separate and distinct aspects of hominid evolution, this
approach ignores the major impact that bipedality had on
the neural organization of hominids. All primates (except
one) are quadrupeds of one kind or another. This means
that for nearly 55 million years, primate brains have
evolved in a manner that subserves the several different
forms of quadrupedal locomotion. Standing upright
requires substantial changes to this basic primate design.
Bipedalism had direct and indirect effects on neural orga-
nization. The vestibular system, which plays a major role
in balance and orientation, had to be reorganized, along
with changes to neural pathways and associated motor
regions. Several studies have shown that bipedalism is,
over longer distances, an energetically more efficient form
of locomotion than quadrupedalism. To maximize this effi-
ciency and aid upright walking, the typically flared primate
pelvis had to narrow. This reconstruction resulted in con-
stricted birth canals, which in turn altered developmental
patterns in hominids. Hominid infants had to have smaller
brains (and softer bones) at birth in order to pass through a
narrow birth canal. Having smaller brains at birth delays
development. In humans, this delayed development is
much longer than it is in other primates. Delayed postnatal
maturation (secondary altriciality) has several effects, not
the least of which is that it prolongs dependency and
enables learning. The cumulative impact of this life-history
alteration should not be underestimated. In all likelihood,
bipedality accounts for the slightly changed brain-body
size ratios first seen in australopithecines.

Bipedalism had another major impact on hominids: It
freed the hands for tasks other than locomotion. The earli-
est hominids almost certainly lacked the fine motor control
for hands that we associate with later hominids. Over time,
however, hominids would have begun using their hands for
novel tasks, including stone throwing, toolmaking, extrac-
tive foraging, and gestural communication. All of these
require an ability to sequence grasping activities in a delib-
erate manner, and would have resulted in a significant reor-
ganization of related motor control regions in the brain.
Indeed, many researchers hypothesize that activities such
as stone throwing and toolmaking laid the neural substrate
for the later emergence of language, which also involves
finely controlled motor sequencing.

Of course, bipedalism did not just happen. There had to
be selection pressure for upright walking. Most researchers
agree that upright walking began during a period of cool-
ing and drying that resulted in the retreat of African forests
and the appearance of patchy savannah-like environments.
This ecological shift resulted in changed foraging patterns,
at least for hominids who were no longer restricted to arbo-
real habitats. Bipedalism enabled hominids to range over
larger territories, where foraging opportunities are much
broader than they are in the canopy. Several changes in
hominid-foraging patterns have been suggested, including
opportunistic scavenging, cooperative hunting, tuber
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extraction, and shoreline harvesting. Whether early
hominid foraging included all or only a few of these, each
of these behaviors entail increased caloric intake, which is
a major factor in any consideration of brain evolution.

In energetic terms, brains are notoriously expensive
organs. Although the human brain constitutes a mere 2.3%
of body mass, it consumes approximately 23% of the body’s
daily energy intake. Given the high-metabolic costs of main-
taining neural tissue, there are serious constraints on brain
size. Many researchers argue that removal of these con-
straints was the essential first step in hominid encephaliza-
tion. There are several variants of this argument, the most
well-known of which is Leslie Aiello’s expensive tissue
hypothesis (Aiello & Wheeler, 1995). Aiello notes that
digestive organs are metabolically costly, and that in order to
grow larger brains, hominids had to make a trade-off
between digestive and neural tissue. The evidence for a
reduction in hominid gut size and corresponding increase in
brain size is compelling. As hominid brain size began
increasing, the shape of the rib cage and thorax changed
from the wide and flared hominoid pattern (indicative of a
large gut designed to process lower quality foods) to the nar-
row and barrel-like human pattern (indicative of a smaller
gut designed to process higher quality foods). These
changes, in turn, are often associated with increased con-
sumption of animal proteins, which could have occurred by
hunting or, more likely, by way of scavenging and the sec-
ondary processing of carcasses and bones with stone tools.

Another group of researchers argue that this foraging
and encephalization shift was associated with what they call
the shore-based diet. Under this scenario, early hominids
began exploiting the easy-to-harvest marine resources that
are concentrated around the shorelines of lakes and rivers.
These resources would have included crustaceans, mol-
lusks, frogs, turtles, spawning fish, and birds’ eggs. In addi-
tion, a wider variety of edible and nutritious plants are
available near water, and these presumably were included in
the diet. A key feature of this argument is that shore-based
diets include considerable amounts of fatty acids (docosa-
hexaenoic acid and arachidonic acid) that are essential for
encephalization in mammals. Importantly, these are limit-
ing nutrients for brain development. However, these con-
straints were removed, and there can be little doubt that a
higher quality diet was an important factor in hominid brain
evolution. Recognizing this, Richard Wrangham recently
has suggested that cooking—which results in much higher
availability of nutrients from food—played a significant
role in hominid evolution.

All constraint hypotheses have something in common:
They revolve around changes in hominid behavior. As a
general evolutionary rule, behavior remains constant
unless something causes it to change. When environments
remain stable over long periods of time, there is little rea-
son for previously adaptive behaviors to change. However,
when environments become variable and fluctuate rapidly,
formerly adaptive behaviors may become maladaptive.

Organisms with relatively stereotyped and static behaviors
that are unable to adapt thus become extinct. With this in
mind, several researchers propose that behavioral plastic-
ity in the face of environmental change was an important
factor in hominid evolution. During the late Pliocene and
throughout the Pleistocene, climactic change became
more frequent and severe. Africa in particular experienced
environmental perturbations that dramatically altered ecolo-
gies and landscapes. These changes would have exerted
strong selection pressure for flexible and fluid responses,
or an ability to behave in nonstereotypical ways. Because
behavioral plasticity is often correlated with encephaliza-
tion, habitat instability and hominid brain evolution are
probably linked.

The Social Brain

In 1976, Nicholas Humphrey published a seminal article
titled “The Social Function of Intellect”” Humphrey began
with what appeared to be a paradox: Primates are among the
most cerebral of animals, yet for the most part lead relatively
undemanding lives. This thought occurred to Humphrey
after spending a few months observing gorillas (and reading
primate behavioral literature), all of which suggested that—
compared with many other mammals—primate life (and in
particular, foraging) was not especially difficult. Humphrey
is not alone in this observation. Primatologists routinely
confirm that field studies can be tedious, with long days
spent watching primates leisurely foraging in trees or on the
ground, alternated with long periods of rest and sleep. Given
this fact, the question naturally arises: Why are primates
so behaviorally sophisticated? For Humphrey, the answer
was obvious. Primates are highly cerebral because they are
intensely social.

Sociality is a complex evolutionary adaptation. One
should not mistake mere aggregations of organisms with
sophisticated social behavior. Life in a swarm, flock, or herd
is in a limited sense social, but it does not involve the cog-
nitive computations required of highly social mammals such
as primates, cetaceans, and some carnivores. Complex
social behavior usually involves tightly bonded groups or
societies. Maintaining group cohesion while simultaneously
tracking and navigating rank orders, member coalitions,
shifting alliances, and individual relationships is no easy
task, and is one that requires a fair degree of cerebral sophis-
tication. Because relevant information must be constantly
updated and stored over long periods of time, complex
sociality places tremendous loads on memory and recall. It
should come as no surprise, therefore, that all socially com-
plex animals score rather high in various measures of
encephalization and behavioral plasticity. Primates are espe-
cially notable in this regard.

With these observations in mind, Robin Dunbar (1998)
proposed the social brain hypothesis to explain the fact that
primates have unusually large brains, given their body size,
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compared with other vertebrates. Primates consistently
have EQs higher than those of most other taxa. Dunbar
began by noting, as many researchers have done, that neo-
cortical areas of the brain are associated with reasoning
and consciousness, and that the neocortex has expanded
disproportionately during primate and hominid evolution.
Operating on the assumption that primate group size is a
rough proxy for social complexity, Dunbar measured pri-
mate neocortex size and compared it with primate group
size. He found a significant correlation between these vari-
ables, and concluded that neocortex size acts as a con-
straint on primate group size.

Sociality does not, of course, always involve coopera-
tion. It often involves group competition, which can cre-
ate selection pressure for the ability to deceive. Pursuing
this idea, Richard Byrne (2000) has found that all pri-
mates (except for Strepsirrhines) have at least some
ability to deceive. Byrne’s Machiavellian intelligence
hypothesis proposes that complex cognition in primates
arises, in part, from the need to out-compete group mem-
bers. Apes appear to possess greater deceptive abilities
than monkeys, a fact which causes Byrne to argue that
absolute brain size—rather than relative brain size alone—
is an important factor in primate cognitive evolution.
Byrne’s hypothesis has two important features that extend
beyond the confines of Machiavellian intelligence. First,
he notes that social competition has an inherent feedback
effect. Because deception engenders counterdeception
and the behavior of others is constantly shifting, there may
have been spiraling selection pressure for advanced social
cognition. This idea is similar to the “red queen” effect
that drives predator-prey adaptations in a coevolutionary
arms race. Second, advanced deception—such as that seen
in apes—requires a theory of mind, or an ability to imag-
ine others’ mental states. Significantly, mirror neurons
and theory of mind have often been linked. Although the
evidence for true theory of mind in other primates remains
controversial, researchers agree that theory of mind is a
key human attribute that played an important role in
hominid evolution.

The Linguistic Brain

There can be little doubt that what separates humans from
all other primates is language. Although cases such as
Kanzi (bonobo), Washoe (common chimpanzee), and
Koko (gorilla) show that intensively trained apes have
impressive communicative and lexical skills, they do not
possess language as we know it. More importantly, apes
neither intuitively learn language (as do human children)
nor spontaneously invent it (as did humans). Primate
vocalizations and gestural routines are a long way from
being languages or even protolanguages. Knowing this,
the linguist Noam Chomsky long maintained that human
language was so unique that it had no precedents in the
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animal kingdom. Chomsky’s early approach was anti-
Darwinian and essentially held that an innate language
module somehow appeared, fully formed, in humans.
A less saltational but explicitly Darwinian form of this
idea has recently been advanced for the FOXP2 gene.
Given the complex and supramodal nature of language, it
seems highly unlikely that it simply appeared at some
serendipitous moment in hominid evolution. For something
like language to have evolved, there must have been more
or less constant selection pressure toward it for hundreds
of thousands, if not millions, of years. For this reason,
many researchers have suggested that hominid encephal-
ization and language are closely connected. It is apparent,
however, that simply having a large brain cannot explain
language. If it could, we might expect whales and elephants
to have language.

Early researchers into brain function and anatomy
identified two regions as having special significance
for language: Broca’s area in the frontal cortex and
Wernicke’s area in the temporal cortex. While these areas
are undoubtedly important, patients with lesions to these
regions do not usually experience complete language
loss. Total aphasias or loss of language have been
reported in patients who experience severe subcortical
damage, a fact indicating that language functions are
widely distributed in the brain. More recent imaging studies
in humans confirm that language cuts across many brain
regions and involves multiple connections, some of which
appear to be of relatively recent origin. Increased con-
nectivity is frequently cited as a differential aspect of the
human brain associated with language. In the end, language
defies localization, and there is no “language module” in
the brain.

Two leading researchers on brain evolution and func-
tion, Merlin Donald (1991, 2001) and Terrence Deacon
(1990, 1997a, 1997b), argue that the expansion and reor-
ganization of the hominid brain over the last 2 million
years was driven not by language per se, but by specific
abilities that eventually culminated in language. In
Donald’s view, early Homo possessed two critical abilities
not seen in other primates: fine motor control and volun-
tary memory access. Together, these abilities allowed for
mimesis, which is an ability to rehearse and refine body
action in a representational manner. Mimetic skill could
have operated without language, and would have greatly
enhanced social cooperation and learning. In Deacon’s
view, these changes amount to symbolic thought—an abil-
ity to model the world in abstract ways and communicate
with others, even without fully developed language.
Although Donald and Deacon differ on details, they agree
that pre- and protolinguistic skills (such as gesture and
prosody) underwrote the unique course of human brain
evolution. In support of this view, Robin Dunbar (1998)
observes that primate group cohesion depends to a large
extent on grooming and hypothesizes that language
evolved as a form of social grooming.
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The Conscious Brain

In many respects, the human brain is most remarkable for
its conscious properties. Precisely what consciousness is
defies easy description or explanation. For humans, it is
often associated with attention, focus, and awareness.
Francis Crick likens consciousness to a searchlight that
deals with current tasks and conditions. Purposive inten-
tionality, goal states, future planning, and voluntary deci-
sion making are all aspects of consciousness. Given our
Homo-centric view of the world, many assume that con-
sciousness is a uniquely human attribute. This view is mis-
taken. While humans possess a type of consciousness that
is different, there is no reason to think that other animals
are not conscious. Consciousness, in other words, exists
along a phylogenetic continuum.

Whether consciousness itself is a direct product of
selection or is an emergent feature of neural evolution
remains a mystery. We know, however, that mobile organ-
isms face special challenges as they operate in multidi-
mensional environments. Sensory inputs must be coordinated
with motor outputs in a stable arena of action. For smaller,
slower, and less complex organisms, this coordination does
not even require a brain, let alone something akin to con-
sciousness. For larger, faster, and more complex organ-
isms, a brain—and some form of consciousness—appears
to be necessary. If this is the case, then it is not unreason-
able to suggest that reptiles are minimally conscious and
that mammals are moderately conscious. Conscious organ-
isms are aware of the immediate environment, and depend-
ing on feedback, are able to adjust behaviors. In this sense,
consciousness is a form of error correction and action
modulation, and its adaptive utility is obvious. The ability
to react rapidly to constantly and rapidly changing envi-
ronments is critical to survival.

Many researchers refer to primary consciousness,
which is most often noted in mammals and birds, and
higher-order consciousness, which is typically associated
with humans (and may be minimally present in some apes,
elephants, and cetaceans). Primary consciousness revolves
around a remembered present and involves episodic mem-
ory. Its activation requires an external or environmental
stimulus. Higher order consciousness entails introspection
and involves both short- and long-term memory. It is self-
cueing and does not require external or environmental
activation (though this often occurs). Higher order con-
sciousness also entails causation and subjectivity, which is
an awareness of self associated with agency. For humans,
this aspect of consciousness is self-evident and manifests
as a stable identity. For other species, its presence may be
indicated by self-recognition in mirror tests. Chimpanzees,
elephants, and dolphins all appear to recognize themselves
when presented with mirrors.

Given the central role that consciousness plays in our
waking lives, it is not surprising that many researchers
locate it in a central part of the brain: the thalamocortical

system. The thalamus is medially situated to integrate sen-
sory inputs and motor outputs. It appears to be a kind of
switching center, with huge numbers of reciprocal relay
cells engaged in recursive and parallel signaling. Gerald
Edelman (2003) calls these relay signals re-entrant inter-
actions that take place in the thalamocortical dynamic
core. Significantly, brain wave activity in this core fluctu-
ates in accordance with attention. Because the thalamus is
centrally situated, it mediates between subcortical and neo-
cortical processes. Its location, therefore, probably serves
as an integrating area for the normally stable platform we
call “consciousness.”

The Emotional Brain

Because language and consciousness play a central role in
human experience, many philosophers and scientists have
assumed that the mind is fundamentally rational. They
have, in other words, privileged conscious cognition over
other brain processes. Although Friedrich Nietzsche and
Sigmund Freud vigorously challenged this assumption
with their respective inquiries into “drives” and the “sub-
conscious,” modern neuroscience typically eschews sys-
tematic inquiry into affective or emotional states. There is,
however, one group of researchers who argue that much of
our behavior is attributable to subconscious routines oper-
ating outside of language and consciousness. They are the
evolutionary psychologists. In its most extreme form, evo-
lutionary psychology holds that most of what humans do is
driven by subconscious routines that evolved for specific
and narrow purposes during the Plio-Pleistocene. Although
there is little neurobiological evidence to support the idea
that the brain is divided into modules, softer forms of evo-
lutionary psychology focus on emotions and provide
important insights into brain function and behavior.

As is true of consciousness, emotions exist along a phy-
logenetic continuum. At their most basic level, emotions
are bioregulatory urges that govern approach/aversion and
appetite/withdrawal behaviors. These urges are often
parsed into arousal categories such as seeking, rage, fear,
panic, play, lust, and care. Emotions allow animals to
register environmental conditions, map body states, and
maintain homeostatic balances. Many kinds of organisms—
mammals prominently included—possess these abilities.
Emotions enable reflexive responses to environmental
stimuli and therefore play a major role in behavior.
Internal-drive states related to food, sex, and safety are
critical to survival and reproduction, the two essentials of
evolutionary fitness. These drive states are largely regu-
lated by emotions operating at subconscious levels. For
animals possessing only primary consciousness—those
locked into the present—emotions are highly adaptive and
unproblematic. For humans possessing higher order and
reflective consciousness, emotions—while still adaptive—
are considerably more complex and are often problematic.
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In humans, emotions register initially as drives that are
then mediated by more complex cognition (i.e., language
and memory). Feelings proper are the result of emotional-
cognitive interactions. There is, in other words, an affective
coloring to all conscious experience. This is, however, a
two-way street—cognitive processes can trigger emotional
responses. It should be apparent, therefore, that emotions
play a major role in human decision making. What may
appear to be purely rational thought processes are nearly
always inflected by feelings that originate in the emotional
brain. Under various circumstances, emotions and feelings
can completely overwhelm executive level or rational cog-
nition. Sickness and love provide but two examples, a fact
well-known to all great novelists. Pure reason, as such,
almost surely does not exist.

In the brain itself, emotions are usually identified with
the subcortical limbic system, including the cingulate cor-
tex, amygdala, and hypothalamus. In phylogenetic terms,
these are relatively ancient structures that are closely con-
nected with visceral functions. Their combined activity
often triggers neuroendocrinal (hormonal) cascades, which
can bathe the entire brain in chemicals affecting all aspects
of feeling and behavior. The cellular and neuronal activity
of the limbic system is regular and consistent. Jaak
Panksepp (2003) suggests that these subcortical systems
are akin to analog (regular stream) signals, whereas higher
cortical systems are digital (intermittent pulse) signals.
Operating within the context of the larger brain, these sub-
cortical structures have major impacts on temperamental
states, moods, and habits. They also play a role in memory
formation, given that emotions often serve as tags for par-
ticular events. When similar emotions or conditions are
experienced subsequently, the memory flood that some-
times results is a product of this valence tagging.

The Cultural Brain

Among scientists who study the brain, there is an unfortu-
nate tendency to study it in isolation, as if it existed and
operated in a box. The brain, of course, is encapsulated
within a body, and the body exists in an environment. For
humans, this environment is particularly rich: It is called
culture. Although other animals possess transgenerational,
social learning abilities that give rise to local traditions, the
human brain takes these abilities to unprecedented heights.
It is often said, with good reason, that the paramount
human adaptation is culture.

Although human brains are specifically wired for vari-
ous tasks at a subconscious level, higher order conscious-
ness enables flexible learning across nearly all domains of
thought and action. Human brains are, in a word, plastic. At
birth (and compared with other primates), a human infant’s
brain is grossly underdeveloped. To reach a similar stage
of development at birth compared with chimpanzees,
human infants would need to gestate another entire term, or
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until 18 months. This underdevelopment has several conse-
quences, not the least of which is that it renders human
infants utterly helpless and sets the stage for prolonged
dependency. During early development, enormous amounts
of energy are devoted to the brain. During the first few
years of an infant’s life, the rapidly growing brain consumes
60% of daily metabolic expenditure, a figure that stabilizes
at approximately 20% later in life. None of this growth
occurs in isolation: Human infants are constantly attended
to and surrounded by conspecifics. Though it may be hard
to discern, infants almost immediately begin imbibing this
highly social environment. As a consequence, their brains
literally develop in a cultural matrix.

As Merlin Donald (1991, 2001) poignantly observes,
there is no such thing as an isolated mind. We can no more
conceive of a brain independent of culture than we can of
a body independent of environment. Brains severed from
culture are not normal. Tragic examples of this essential
connection are seen in cases where children have been
socially isolated and neglected during their developmental
years. These abused children typically suffer permanent
impairment of linguistic, social, and other skills that most
take for granted. Clearly, the brain undergoes profound
changes during these early years and cannot develop prop-
erly unless embedded in a cultural environment. This
enmeshment is so tight and constant that we sometimes
underestimate the degree to which our minds are bound by
culture. Symbolic thought, considered by many to be the
key attribute of the human brain, does not develop as a
matter of course. Rather, cultural programming is required
before symbolic thinking can occur. Symbols, in other
words, originate outside the brain. Cultural learning allows
us to decode and manipulate those symbols, but only after
they are internalized. Because experience and learning
physically alter the brain and its connections, it can be said
that culture actually instantiates itself in the brain.

Though we tend to associate “culture” with recent
Holocene achievements such as literacy and mathematics,
hominid brains and culture have long been locked together
in an evolutionary embrace. Unfortunately, our view of
Plio-Pleistocene hominid culture is limited by the fossil
record of mostly stone tools and bones. While the lithics
associated with the Oldowan and Acheulean tool indus-
tries can tell us something about the brains and behaviors
of hominids, that something is necessarily limited. The
hominids who manufactured and transported Oldowan
tools certainly understood causation and possessed fore-
sight in ways that chimpanzees do not. The later hominids
who manufactured more refined Acheulean forms had
further developed this anticipatory cognition and under-
stood symmetry. Other than these kinds of limited
insights, however, we do not know precisely what kinds of
cultural innovations were fueling hominid evolution. The
most likely explanation is that social, technical, and com-
municative skills were all under selection pressure, with
the result being a distinctive form of hominid culture.
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Whatever this culture may have been, it surely was more
rich and complex than the picture we can paint from
stones and bones alone.

Several researchers suggest that the hominid brain and
culture formed an evolutionary feedback loop, having a
ratchet effect on both. With each behavioral change and
cultural modification, selection pressures would have
favored those best able to adapt, and those best able to
adapt would have possessed the kind of neural plasticity
that often leads to further behavioral change and cultural
modification. The notion of a hominid brain-culture spiral
receives support from the evolutionary theory of niche
construction, which posits that organisms can modify their
environments in ways that alter subsequent selection pres-
sures. The standard view in evolutionary theory is that
selection pressures emanate from the environment to shape
organisms who live, more or less passively, in the setting
which presents itself to them. Selection, in this view, is a
process with causation flowing only in a single direction.
With the use of stone, bone, and fire, there came a point at
which hominids began to actively alter their environments
in ways that influenced subsequent selection. Humans, of
course, radically alter environments to suit their needs,
with consequences for subsequent behavior. Culture, in
this view, widens evolutionary pathways so that causation
can flow in two directions.

Conclusion and Future Directions

The human brain has deep evolutionary roots extending
back in time to the first vertebrate brain, which appeared
during the Cambrian some 500 million years ago. One lin-
eage of vertebrates—the mammals—developed a rela-
tively distinct brain that is roughly homologous across
mammalian orders. Except for olfactory reduction and
visual enhancement, early primate brains were not notably
different from other mammalian brains. Primate brain
evolution is marked primarily by emphasis on visual acu-
ity, and only slightly by overall enlargement. Selection for
visual acuity in primates most likely was associated with
the shift to diurnality, changes in foraging, and complex
social behavior.

The earliest hominid brains are not especially enlarged,
but show signs of lateral and vascular reorganization that
are of uncertain behavioral significance. Gross morphol-
ogy aside, there can be little doubt that the foraging-related
shift to bipedality worked significant changes to the early
hominid brain. Bipedality forced changes to motor-control
regions and had a major impact on the timing of brain
growth and development. It was only after these changes
had occurred that the hominid brain began to progressively
enlarge. Issues of tempo and mode aside, hominid
encephalization was most probably related to behavioral
alterations involving sociality, technology, and communi-
cation. Considered together, these changes encompassed a
distinctive hominid culture.

With the appearance of Homo sapiens some 200,000
years ago, the human brain had—in terms of overall size
and external appearance—attained its modern configura-
tion. There is no reason to think, however, that the human
brain has stopped evolving since that time. Indeed, evi-
dence from genetics suggests that there have been several
mutations implicating the brain within the past 40,000
years. Some of these mutations involve size and speech,
while other more recent ones involve auditory regions.
These latter mutations may be especially relevant to the
appearance of fully developed linguistic skills.

Progressivism in evolutionary studies and prejudice
within anthropology hampered many early studies into brain
evolution. An obsessive focus on size and “intelligence” has
prevented many researchers from seeing that primate and
hominid brain evolution has been an irregular, mosaic affair
involving changes in structure, function, connection, cells,
chemistry, growth, and development. Only over the last sev-
eral decades have researchers begun to consider the brain in
an evolutionary context relatively free from cultural myopia.
This context has provided promising insights into patholo-
gies ranging from schizophrenia to autism.

With regard to the human brain, it can rightfully be said
that never has so much been known about so little. Brains,
while small and unimpressive in appearance, are incredibly
complex organs. The human brain has approximately
100 billion neurons and over 100 trillion synapses. Although
the brain’s physical, cellular, and chemical composition is
relatively well understood, its ability to give rise to mind is
not. In almost every respect, brain research is in its infancy.
Consequently, future research possibilities into brains and
behavior are nearly limitless. Going forward, anthropolo-
gists who hope to contribute to our understanding of the
human brain and mind will need to be able to cross disci-
plinary boundaries and work with researchers in genetics,
neurology, biochemistry, biology, zoology, paleontology,
psychology, ethology, and philosophy. If we hope to unravel
the marvelous mystery that is the human brain, the com-
bined insights from these fields and others will be required.
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HuMAN ADAPTATIONS

JiLL M. CHURCH
D’Youwville College

n adaptation is a feature of an organism that was
Aproduced through natural selection to perform a

specific function. The Oxford Dictionary of
Biology defines adaptation as “any change in the structure
or functioning of successive generations of a population
that make it better suited to its environment” (Hine, 2008,
p- 9). Adaptations allow organisms to cope with environ-
mental pressure or stress. Adaptations can be biological
(physiological) or behavioral (cultural) and occur in all liv-
ing organisms; however, this chapter will focus solely on
human adaptations.

Human adaptation happens on a variety of levels. In
addition to genetic adaptation through the mechanism of
natural selection and cultural adaptations (e.g., clothing,
shelter, social systems, rules/taboos), humans are capa-
ble of three additional forms of physiologic adaptation.
Acclimation refers to very short-term changes in response
to a stress, such as shivering in the cold or sweating in
the heat. Acclimatization occurs over days or months,
such as adjusting to breathing thinner air at high alti-
tudes. Developmental acclimatization is a change in
body structure over an individual’s lifetime, such as the
larger chest size and greater lung capacity of an indi-
vidual raised at those high altitudes. The ability of
humans to respond physiologically or developmentally
to environmental stresses is called plasticity. Human
responses to new environmental conditions often occur
in a combination of physiologic and behavioral changes.

38

Genetic changes would only be seen after the passing of
many generations.

Theory

A cohesive theory to explain evolutionary principles
evolved in Western Europe, building on knowledge and
observations that date back to the 16th century. Many of
these ideas were borrowed from Arab, Chinese, and Indian
scientists and philosophers. These earlier scholars proposed
the concept of evolution, but had no suggestions to explain
the theory, process, or mechanisms driving this force.

Charles Darwin, a British naturalist, was the first per-
son to suggest an explanation of the mechanics of the evo-
lutionary process. As he published his theory of natural
selection, a Scottish naturalist named Alfred Russel
Wallace independently reached the identical conclusion.
Since scientific knowledge builds on previous knowledge
and theories, it is possible to see the development of ideas
that caused these two gentlemen to simultaneously develop
the theory of evolution by natural selection.

It was generally accepted throughout the Middle Ages
that all forms of life on the planet were static. All species
existed exactly as God created them. This belief that a life-
form could not change after creation is called the fixity of
species, upholding the idea that God created all animals
and plants with the features they needed to perform their
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tasks. Irish archbishop James Ussher (1581-1656) took
this information in the early 17th century and studied the
“begat” chapter of Genesis in the Bible. He determined
that the earth was created in 4004 BCE. For decades after-
ward, this date was printed at the beginning of every Bible.
The concept of vast geologic time simply did not exist.

As Europeans learned more about the wider world
though, doubts about the common mind-set arose. From
encounters with Chinese civilization claimed to have
occurred before the date given for the creation of the uni-
verse to questions about how the inhabitants of the Americas
got there after dispersing from Noah’s ark, the literal inter-
pretation of Genesis was being systematically undermined.

It was a scientist named Copernicus (1473-1543) who
began the revolution of modern scientific thought. He was
a Polish mathematician and astrologer who simplified the
Ptolemaic model of the universe by placing the sun at the
center of the universe and the earth as an orbiting planet.
This radical change to intellectual thought enabled scien-
tists to view the physical universe in new ways. By the
early 1700s, the concept of “motion” was widely accepted
in the physical universe, but biologists still insisted on the
fixity of species. One of the leading naturalists of the time,
Carolus Linnaeus (1707-1778), declared that there was a
continuum of life from algae to humans but each species
was fixed and unchangeable. He developed a well-received
classification system called Systema Naturae to classify
organisms. He isolated common traits and assigned two
Latin names to each organism—a generic term (genus) for
the group of organisms and a more specific term (species)
for the specific plant or animal. The two words together
would be the name for that specific life-form.

While Linnaeus’s classification system was widely
accepted, he had contemporaries that were vocal in their
opposition to his views. Georges Louis Leclerc, Count
Buffon (1707-1788), was a leader among his detractors.
Buffon stressed the importance of change in the universe.
He described the variety and number of minute changes in
nature as a system of laws, elements, and forces. He felt
the aim of scientists was to discover and explain these
forces that drive nature, not simply categorize their result.
Both arguments were widely discussed in intellectual cir-
cles well into the 19th century.

Erasmus Darwin (1731-1802), grandfather to Charles,
was an eccentric scientist, doctor, and poet. He explored a
number of evolutionary ideas, but tended to express his
ideas in verse, making little impact on general scientific
thought. While he believed in the process of evolution, he
could not explain how it happened. Another scientist, Jean-
Baptiste Pierre Antoine de Monet de Lamarck (1744—-1829),
was finally able to go one step beyond Buffon and Erasmus
Darwin by organizing his ideas into a comprehensive the-
ory of adaptation. Lamarck stressed that organic forms
interacted with their environment. Their stability was pro-
portional to their living conditions, and as those conditions
changed, life-forms were impacted. In other words, physical
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changes were caused by an environmental need. As an
organism made a repeated effort to do something, “fluids
and forces” would go to that point in the body and develop
an organ to eventually fulfill that need. Lamarck also
believed that new organs, or appendages, developed this
way would be passed on to the next generation. This theory
of acquired characteristics, or Lamarckism, is known to be
untrue today, but many of his views are as valid today as
they were almost 200 years ago.

Lamarck made the concept of evolution popular, but
there was vehement opposition to the notion that existing
species could develop into new species. Georges Cuvier
(1769-1832), a contemporary of Lamarck and a very well-
known scientist often called the “Pope of Bones,” was very
vocal about his criticism of Lamarck’s views. By this time
it was widely accepted, from examinations of the fossil
record, that new species of plants and animals had come
into existence. Cuvier insisted on the fixity of species, and
developed a theory of catastrophism to explain how new
species could appear. His theory proposed that a series of
natural disasters or catastrophes (like the formation of a
mountain chain) would destroy all life in that area, and be
reflected in the geological record. Over time, the area
would be repopulated by life from surrounding areas unaf-
fected by the disaster. This would explain the appearance
of new life-forms in the fossil record of a location without
mentioning evolution.

The most influential opponent to Cuvier’s views was
Charles Lyell (1797-1875). Lyell was a lawyer with a great
interest in geology. He befriended Charles Darwin when he
returned to England after his 5-year voyage on the HMS
Beagle. Lyell’s greatest contribution to science was his
three-volume Principles of Geology. In this pivotal work,
he rejected catastrophism and reaffirmed the principle of
uniformitarianism proposed by James Hutton in 1785,
namely, that there are no forces working today that were
not also active in the past. Lyell showed that the earth’s
crust formed through very slow, gradual changes like
weathering or erosion by water, wind, and ice. These
forces, over the vastness of geologic time, could create the
mountains, rivers, deserts, and coasts seen in the present.
Lyell believed the earth was hundreds of millions of years
old, which gave Charles Darwin a conception of time that
made the gradual process of evolution possible.

Another inspiration to both Darwin and Wallace in
developing their theories of natural selection was an essay
written by Thomas Malthus (1766—1834), an economist.
Malthus pointed out that unrestrained human population
growth would cause it to double every 25 years, but the
capacity for food production would increase far more
slowly. Animals in the wild had to struggle for survival,
which would restrict the population growth, but humans
would have to apply artificial restraints given their limited
food resources but infinite breeding capacity. This gave
Charles Darwin the missing insight needed to explain selec-
tion occurring in nature. He realized that individuals with
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favorable characteristics would be more likely to survive,
and individuals with unfavorable characteristics would not.
Previous scientists looked at a species as a single entity and
minor differences within a species as irrelevant. Darwin
was the first to realize that the struggle of the individual to
survive was the mechanism that made evolution work. This
is the process of natural selection by which individuals that
share favorable characteristics will increase in number from
generation to generation, so greater numbers within the
species will share those adaptations better suited to the
environment. Over time, successful adaptations will pro-
duce enough variation that a new species is formed.
Darwin, Wallace, and others finally understood the impor-
tance of variation and adaptation and how these drive the
process of natural selection, but no one in the 19th century
understood how traits are passed to offspring. A contemporary
of Darwin, the Augustinian monk named Gregor Mendel,
was actually working out the rules of heredity, but his work
was not recognized until the early 20th century.

In the early 1900s, the foundations of modern evolu-
tionary theory were in place. Darwin and Wallace had
articulated the importance of the process of natural selec-
tion in driving evolution, and Mendel’s work was rediscov-
ered, establishing the mechanisms for inheritance. One
would think that a comprehensive theory of evolution was
developed quickly from this knowledge, but for the next
three decades rival groups would vehemently argue differ-
ent viewpoints. Some biologists took the Darwinian view
stressing the importance of natural selection in the produc-
tion of variation, while others stressed random mutations
as the source of variation. A combination of these views,
called the modern synthesis, was finally developed in the
mid-1930s. Biologists working with mathematical models
came to realize that both mutation and selection were
needed to explain evolutionary change. Mutation alone
does not produce evolutionary change, but mutations are
the source of variation, which produces different charac-
teristics that natural selection chooses for or against.

A central component of modern synthesis is the relation-
ship between populations and species. A species is a group
of populations whose members can interbreed and produce
fertile offspring. A species has a geographic range it inhab-
its, with populations of individuals clustering into smaller
areas within it. A population in a remote area with little out-
side contact may eventually select characteristics specific to
surviving in that region which result in measurable physio-
logic differences from the rest of the species. The accumu-
lation of many small genetic changes over generations
results in the differences seen in populations today. From a
modern genetic perspective, evolution is defined simply as a
change in allele frequency from one generation to the next.

Methods

Anthropologists today know that human variation is the
result of a number of evolutionary factors, including

mutation, genetic drift, gene flow, and natural selection.
Mutations are random, spontaneous changes in a gene
that can be caused by any number of environmental fac-
tors. They are the ultimate source of all genetic variation.
Genetic drift is also a random factor related to popula-
tion size. In a small population, some individuals may
contribute a disproportionate share of genes to succeed-
ing generations. Gene flow is the exchange of genes
between populations. It occurs when people migrate to a
new area (either temporarily or permanently) and inter-
breed with another population. Finally, there’s natural
selection, the principle mechanism of evolutionary
change. It is the process by which individuals with advan-
tageous characteristics for reproduction in a specific
environment leave more offspring in the next generation
with the same trait, increasing the proportion of their
genes in the gene pool over time.

Cultural adaptations have also played a significant role
in human evolution. Cultural adaptation refers to nonbio-
logical responses of individuals or groups to alleviate
environmental stress. It is an important mechanism that
allowed humans to survive and colonize relatively inhos-
pitable areas until physiological adaptations could occur.
All the evidence to date suggests that hominids evolved in
the hot savannas of East Africa. Humans today cope better
with heat than they do cold, illustrating the long-term
adaptations to heat that developed in our ancestors. As
humans migrated to colder environments, they invented
fire, clothing, and shelter to survive.

Throughout the course of human evolution, people have
settled in almost every climatic zone of the world. Using a
variety of adaptations, they have adjusted remarkably well
to living in extremely hot or cold temperatures, exposure to
solar radiation, very dry or humid air, thin atmosphere, and
broad seasonal fluctuations in climate. For populations to
cope with the challenge of new habitats, they must undergo
changes through a combination of natural selection and
physiological plasticity. The interaction between both
processes is so intertwined it is difficult to isolate either.

General build and skin color are the most obvious adap-
tations. Ancient Greeks took this knowledge one step further
by associating physical characteristics with the environment
in which people lived. People from the interior of Africa had
the darkest skin and it was assumed that the tropical sun was
the cause. Similar associations were made in other animals.
The average size and shape of indigenous individuals had a
relationship to the temperature, while nose size and shape
correlated to humidity. A zoologist by the name of
Constantin Wilhelm Lambert Gloger first commented on
this phenomenon in 1833. Gloger’s rule states that within a
species of endotherm (warm-blooded mammal), skin pig-
ment tends to be darker in warmer climates at lower latitudes
or lower altitudes, and lighter in color in colder climates at
higher altitudes or higher latitudes.

Adding to Gloger’s rule, a 19th-century zoologist
named Carl Bergmann studied the relationship between
body size and temperature in a variety of mammal species,
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explaining his findings in terms of heat loss. Bergmann’s
rule (developed in 1847) states that if two mammals have
similar shapes but different sizes, the smaller one will lose
heat more rapidly. This makes the smaller animal better
adapted to living in warm climates. Larger animals lose
heat more slowly and would be better adapted to colder cli-
mates. The reason for this relationship is that heat produc-
tion is a function of the total volume of an animal while
heat loss is a function of total surface area. A final aspect
of Bergmann’s rule factors the shape of a mammal into the
relationship between heat production and loss. He states
that two differently shaped animals with the same volume
will produce the same amount of heat, but a linear shape
would have a greater surface area and dissipate heat more
rapidly. Therefore, mammals living in hot climates will
have linear body shapes and those in cold climates will
have stockier body shapes. Another zoologist, Joel A.
Allen, applied these principles to body limbs and other
appendages. Allen’s rule (developed in 1877) predicts that
mammals in hot climates will have longer and leaner limbs
and those in cold climates will have shorter, bulkier limbs.

The Bergmann and Allen rules apply to adult humans,
but evidence to date suggests that a combination of genetic
and environmental factors influence the relationship
between climate, growth, body size, and body shape. When
children grow up in a climate that differs from that of their
ancestors, they tend to grow as indigenous children do.

Measuring the size and shape of the human head has
long been a focus of racial classification. In the 19th cen-
tury, a Swedish anatomist named Anders Retzius devel-
oped a measure of cranial shape called the cephalic index.
This index is derived from two measurements: the total
length of the head and its maximum width. The width of
the head is divided by the length, and the result is multi-
plied by 100. The cephalic index among human popula-
tions ranges from 70 to 90. These values only apply to the
average for a population. There is a certain amount of vari-
ation within a population, and the numbers for different
populations do sometimes overlap.

As this data was compiled and compared geographi-
cally, a pattern emerged. Populations in colder climates
tend to have wider skulls relative to length than those in
hot climates. This correlation fits with the Bergmann and
Allen rules. Rounded heads, those with a high cephalic
index, would lose heat more slowly and be advantageous in
cold climates. Narrow heads lose heat faster and would
have the advantage in hot climates.

Another variation with a strong relationship to climate
is the nasal index. This index is determined by dividing
the width of the nasal opening by the height of the nasal
opening, and multiplying by 100. Typical values for humans
range from 64 to 104. In the past, stereotypical racial
views associated wide noses (large nasal indices) with
African populations, but in actuality, there are some African
peoples with wide noses and others with long, narrow
noses. Instead, the nasal index has a direct relationship to
the temperature and humidity of an area. Populations in
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cold climates tend to have narrow noses, because high,
narrow noses can warm more air before it reaches the
lungs, which is advantageous in the cold. High, narrow
noses also have greater internal surface area to moisten air
in dry climates, either hot or cold. Wider noses are found
in areas of high humidity.

Applications

The study of human variation and adaptation is useful in
a variety of careers. The broad field of biological anthro-
pology, also called physical anthropology, studies the
mechanisms of biological evolution, genetic inheritance,
human adaptation and variation, and primatology. The
objects of study range from fossils and bones to living
populations. In addition to researching and teaching in
the anthropology department of a college or university,
there are many situations that require the study of human
adaptation.

A key opportunity to study human adaptations appears
in biomedical research. Biomedical scientists focus on
issues related to public health, including growth and devel-
opment, nutrition, aging, disease, genetics, epidemiology,
physiology, and forensics. Anthropology’s theoretical bases
of evolution, human adaptation, human variation, and their
relationship to cultural influences are very relevant to bio-
medical practices. A growing number of biological anthro-
pologists are therefore transferring their skills and interests
to research careers in schools of medicine and in private
biomedical research facilities.

Museums also have anthropologists on staff. Specialists
in various subfields are needed to manage collections and
prepare exhibits in addition to conducting research. Skills
in educating visitors about the relationship between biol-
ogy and culture and explaining the importance of the col-
lection to the public are an important part of a museum’s
mission. Anthropologists also write grants to secure fund-
ing for museums to support additional research.

Another critical application of the study of human vari-
ation and adaptation occurs in the military. Knowing how
troops will react to extended exposure from a variety of
environmental stressors is necessary for the training and
preparation of soldiers. Working in full body armor and
gear requires specific adaptations, whether in extreme heat,
cold, or high altitude. Psychological stress over long peri-
ods of time will also result in physiological changes to the
body. This stress can come from a variety of sources, such
as exposure to combat or the isolation of working in very
remote places like submarines or arctic research stations.

There has been a great deal of research in the last sev-
eral decades about human adaptation to conditions in
space. Physical and psychological adaptations are neces-
sary to endure long periods of time in a weightless envi-
ronment. The majority of the data to date comes from
missions of relatively short duration, making it difficult for
scientists to extrapolate the effects of long-term exposure.
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In addition, virtually all studies have been on physically
fit, male cosmonauts. The effects of space on average indi-
viduals, children, and the elderly are completely unknown.
Hence, there is a great deal of work to be done in this field
as humans contemplate future space colonization, and
researching the ability of humans to adapt to these extreme
living conditions will play a vital role.

Comparison (Global)

Environmental conditions vary greatly around the world.
Over thousands of years, human beings have adapted to liv-
ing with extreme heat, extreme cold, high altitude, dictary
limitations, and more. While human populations have a
variety of cultural or behavioral methods to combat expo-
sure to environmental stressors for rapid acclimation, the
actual physical changes in over hundreds of generations can
be seen in those native to a region. While demonstrating
direct effects of natural selection is difficult, humans do
show physiological differences in response to their environ-
ment. The question is whether these changes were due to
adaptation through natural selection, or would any popula-
tion of humans have the same physiological ability (plasticity)
to adjust to that environment, given enough time?

Ultraviolet Radiation

Skin color is the best understood relationship between
physical characteristics and climate. As the ancient Greeks
hypothesized, there is a correlation between skin color and
solar radiation. A pigment called melanin in the dermal
layer of the skin is responsible for its color. Levels of
melanin in a population are a genetic characteristic, but
exposure to ultraviolet light will increase the amount of
melanin in the skin of all populations at the same rate,
regardless of the initial pigment level.

Ultraviolet light is strongest at the equator due to the
way sunlight reaches the earth and weakens toward the
poles. It is also stronger in the Southern Hemisphere than in
the Northern Hemisphere. The distribution of human skin
color around the world illustrates past evolutionary adapta-
tions. It is believed that as hominids evolved in Africa, they
developed more sweat glands and less hair to adapt to the
hot climate. Darker skin would have been beneficial as pro-
tection from the damaging effects of ultraviolet radiation.
As some human groups migrated out of Africa, lighter skin
was selected for areas away from the equator.

Dark skin in areas of high solar intensity provides a
number of benefits. Melanin blocks ultraviolet radiation,
so the darker an individual’s skin, the more protection
against skin cancer. Some scientists reject this benefit as a
selection factor however, because skin cancer generally
affects individuals past reproductive age. If someone dies
after the reproductive years have passed, it would not
impact the process of natural selection.

Protection against sunburn has also been suggested as a
beneficial adaptation. During the thousands of years of
human civilization prior to the development of antibiotics,
severe sunburn could lead to skin damage and exposure to
dangerous infection. However, this benefit would have a
minimal impact on an entire population.

The most likely advantage to darker skin in equatorial
regions involves the damage ultraviolet radiation can cause
on the levels of folate in the body. Ultraviolet light destroys
folate, and deficiency of this mineral in an individual can
lead to both birth defects and decreased reproductive
capacity. As humans migrated farther from the equator, the
dangers of ultraviolet exposure were reduced. This does
not explain why light-colored skin evolved though, only
that it could evolve.

The most widely accepted model for the adaptation of
lightly pigmented skin focuses on the ability of the human
body to synthesize vitamin D. Vitamin D deficiency can
cause poor bone development and bone diseases like rick-
ets. These disorders can affect fertility and mortality.
Modern humans receive enough vitamin D through vita-
mins or food additives (like fortified milk), but in the past,
people obtained the vast majority of their vitamin D from
sunlight. As human populations migrated away from the
equator, their darker skin blocked too much ultraviolet
radiation. Lighter skin would then be a beneficial adapta-
tion, resulting in healthier individuals.

Hot Climate

Because humans evolved in tropic or subtropic zones,
they are genetically well adapted to hot, dry climates. They
are one of very few mammals that can remain moderately
active during the hottest part of the day. This is due to having
the most efficient process of heat reduction in mammals—
the ability to sweat.

Thermal sweat is produced by eccrine glands, which
release a watery solution with virtually no fat or protein
content, and very little salt. Most other mammals capable
of sweating depend on apocrine glands, which produce a
solution full of fats, proteins, and salt. These substances
evaporate very slowly, reducing the rate of heat loss.
Humans only have these glands on the face and hands. The
Inuit, natives of arctic regions, demonstrate a unique adap-
tation here. The Inuit sweat less on their trunks and extrem-
ities, but more on their faces. This is an advantageous
feature in the arctic, where moisture accumulating on
clothing would be a hazard.

Human skin is covered by more than 1.5 million sweat
glands, which can produce copious amounts of sweat
over the entire body. Combined with the relative lack of
body hair, sweating provides a very efficient cooling sys-
tem for humans.

Humans also have a number of behavioral adaptations to
living in hot climates. Clothing is important to protect indi-
viduals from solar radiation and the hot, dry winds of the
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desert. Typical desert clothing is lightweight and loose. This
allows air to circulate near the skin and rapidly evaporates
sweat. The layer of air between the body and clothing also
adds a layer of insulation. Desert shelter is usually compact
to minimize surfaces exposed to the sun. Light colors on
the outside reflect heat. Doors and windows are minimal
and kept closed during the day to keep the interior cool.

Heat stress in humid, tropical environments requires a
modified set of behaviors. Humidity retards the evapora-
tion of sweat, so clothing tends to be minimal to increase
the likelihood of evaporation. Shelter is open, often lack-
ing walls entirely, to maximize the circulation of air.
Lastly, behavior is modified. People will be most active
very early and very late in the day, taking a long break dur-
ing the most intense midday heat.

Cold Climate

Modern humans have a very low tolerance for cold, lack-
ing the insulation of fur and hair. Exposure of the skin to tem-
peratures as warm as 75° F causes constriction in the blood
vessels of the skin. Temperatures in the 60s increase heat pro-
duction in the body, resulting in shivering. Subcutaneous fat
gives a little protection. It has low heat conductivity and
helps retain core body heat, protecting internal organs.

If an adult submerges a finger into freezing water, blood
immediately stops flowing to the area. Continued exposure
would cause the body to force blood to the area in a cycli-
cal fashion. Expansion and constriction of the blood ves-
sels may be adaptive because this would keep heat loss to
a minimum. Once temperatures drop below the freezing
point though, the appendage would freeze without the heat
caused by circulation. Therefore, the most adaptive
response would depend on the length and severity of expo-
sure to the cold.

There are measurable differences among populations
exposed to this type of cooling. Men of black African
descent have a much lower average of finger temperature
in ice water. European men have a better physiological
response, and men from the arctic and high altitude popu-
lations have the most effective response. The different
levels of tolerance are due to vasodilation—the body con-
stricts and relaxes blood vessels automatically, cycling the
blood flow to the affected appendage.

Cultural adaptations to cold stress involve clothing and
shelter. The Inuit, again, have adapted effectively to life in
a polar environment. It is not enough to wear a great deal
of heavy clothing to stay warm. Working hard in those con-
ditions would cause an individual to overheat, and wet
clothing in the arctic is hazardous. The Inuit instead wear
layers of clothing that capture pockets of insulating air
between them, much as the desert dwellers do. Their cloth-
ing is also designed with flaps and openings that can be
adjusted as needed to prevent sweat buildup.

Inuit shelters are also highly specialized. Homes are
designed with an underground entry that is curved to block
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incoming wind. The main living area inside is constructed
on a higher level than the fireplace to maximize access to
the heat and minimize drafts. When the Inuit are out hunt-
ing or fishing for long periods of time, they build igloos.
These temporary shelters have thick walls of snow and ice,
which provide efficient insulation. The reflective surface
of the walls also helps to retain heat.

The Quechua Indians living in the cold, dry highlands
of Peru do not have such effective temporary shelters. The
temperature inside their temporary structures is often
much the same as outside. Their most effective protection
against heat loss is in their heavy, warm bedding—woven
from the fur of the llamas and alpacas they herd.

High Altitude

There are a number of stresses associated with living at
high altitudes. Low oxygen levels, cold, strong ultraviolet
radiation, and sometimes, poor nutrition combine to create
an inhospitable environment.

Oxygen deprivation, or hypoxia, is common at high alti-
tudes. While the amount of oxygen in the air remains fairly
constant more than 60 miles above the earth’s surface,
barometric pressure decreases rapidly with an increase in
altitude. The air is less compressed at high altitudes, mak-
ing oxygen less concentrated. With this, there is less oxy-
gen available to the hemoglobin in the blood. Hypoxia can
then result in increased respiration, hyperventilation, and
loss of appetite or weight loss. Memory, sensory abilities,
and hormone levels may also be affected.

The thinner air results in higher concentrations of ultra-
violet radiation, loss of rapid surface heat, and low humid-
ity. Hypoxia is not only a danger to human life; it reduces
plant and animal life as well. Trees cannot grow at altitudes
over 13,000 feet, and the limited availability of plants and
animals can be a source of nutritional stress.

Scientists have studied high- and low-altitude popula-
tions of Peruvian Indians and found two main differences.
Chest dimensions and lung capacity are greater in all ages
of the high-altitude group, and they have a shorter average
height. Studies in other high-altitude areas around the
world show similar chest and lung growth patterns, but not
all groups reflect relatively short stature. Nutrition in the
developmental years has a great influence on adult stature,
and a limited diet appears to play an important role in the
growth and development of Peruvian populations.

Water

There are no human populations living under water, but
there are groups that, for thousands of years, have lived by
the sea. Tribal groups found in Southeast Asia are referred
to as “sea gypsies,” known for their exceptional diving and
swimming ability. One such tribe, the Moken, live along
the coasts of Burma and Thailand. Moken children are
expert divers, gathering shells, clams, and sea cucumbers
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from the sea floor. While most humans have poor vision
under water (due to human eyes losing the ability to focus,
making everything blurry and small objects very difficult
to see), the Moken children can see twice as well as
European children under water. A study done by Anna
Gislén and her colleagues (2003) found that the pupils nor-
mally dilate under water because it is darker, but the pupils
of the Moken children constrict for improved focus. It is
not clear if this is a genetic adaptation in this population,
or if it is an example of human acclimatization. Given their
traditional lifestyle, the ability to accommodate under
water may have been selected for strongly.

Nutrition

There are vast differences in the types and availability
of food resources around the world. During human infancy,
childhood, and adolescence, much of the energy provided
by nutrients is devoted to growth. Too few calories can
result in a reduction in size and a delay in maturity. Too
many calories, on the other hand, can result in fat accumu-
lation and acceleration in physical maturity. Neither result
is ideal. Inadequate nutrients can impact basic biological
processes and lead to disease susceptibility.

Food acquisition changed little through most of the
course of human evolution. Humans were hunters and
gatherers starting at least 2 million years ago, until the
development of agriculture about 12,000 years ago. In gen-
eral, hunting provided the smaller portion of the calories in
a diet and the greater portion came from tubers, fruits, and
seeds, but in any case, local environment shaped diet.
Groups living near water would exploit fish and seafood
while those in arid regions relied on other sources for
nutrients. An exception is the Inuit, as having so little veg-
etation available for consumption resulted in the bulk of
their diet coming from meat and fish.

The development of agriculture had a profound impact
on human development. The domestication of crops pro-
vided an increased concentration of food, which expanded
permanent settlements and increased population growth
more rapidly. These factors, in turn, increased the spread of
disease. Climate, resources, and level of technology all
influenced food quality and quantity.

One of the best-known genetic adaptations to diet is
illustrated in the adult human ability to digest lactose,
the sugar that is found in cow’s milk. The body creates an
enzyme called lactase to break down this sugar for diges-
tion. While infants and young children in all human
populations can digest milk, the gene encoding to pro-
duce lactase shuts off during childhood in some popula-
tions. If too much milk is ingested after this happens, it
ferments in the large intestine, causing severe gastroin-
testinal distress. In many African and Asian populations
today, most adults are lactose intolerant, but in European
and Middle Eastern populations, adults tend toward lac-
tose tolerance.

What would cause this variation? In hunter-gatherer
societies throughout the Paleolithic, milk was generally not
available after children were weaned. Perhaps the body
continuing to produce an unneeded enzyme affected the
digestion of the new foods in the growing child’s diet,
making it a selective advantage to have the production of
lactase turn off after it was no longer needed. Many
European populations are lactose tolerant, and are at least
partially descended from peoples in the Middle East who
also exhibit lactose tolerance. The Middle Eastern groups
tended to be pastoral or agricultural, raising cows, goats,
and other milk-producing animals. They undoubtedly con-
sumed milk and milk products throughout their lives.
Selection pressures in this environment would favor lac-
tose tolerance.

The rise of agricultural societies created an increase in
food production, but resulted in more restricted diets.
Agriculturalists tend to rely on one or very few staple
crops, resulting in less dietary variety which can lead to
undernutrition, starvation, or malnutrition. Undernutrition
and starvation result from a lack of calorie intake to thrive,
but malnutrition results when diets lack a critical vitamin,
mineral, or protein. In underdeveloped countries, protein
malnutrition is the most common form, resulting in a dis-
ease called kwashiorkor, which causes swelling, anemia,
hair loss, and general apathy. A related syndrome called
marasmus is caused by a combination of protein and calo-
rie deficiency.

Malnutrition and starvation have a profound effect on
reproduction. Malnourished mothers suffer from high rates of
premature delivery, prenatal mortality, and delivering children
with birth defects and low birth weight. Infants that do survive
face retarded growth and development, along with decreased
resistance to infectious and gastrointestinal diseases.

In modern times, industrial societies are coping with the
result of too much food being readily available. Combined
with an increasingly sedentary lifestyle, food overabun-
dance is a source of environmental stress. If more calories
are ingested than needed to maintain an active and healthy
body, the excess is deposited as fat. Obesity is a growing
problem in Westernized societies, making people suscepti-
ble to heart disease, high blood pressure, and diabetes.

Disease

Throughout the course of human evolution, disease has
exerted a great deal of pressure on human populations,
with a variety of causes and effects. Disease can be hered-
itary (e.g., sickle-cell anemia), metabolic (e.g., vitamin
deficiency), degenerative (e.g., heart disease), from
malignant cells (e.g., cancer), or infectious (e.g., malaria).
Cultural factors are as critical as physiologic causes in the
spread of disease.

Before urbanization, disease impact was limited. Small
groups of people were constantly moving around a region
with little contact between groups to spread disease. Large
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settlements with high population densities greatly acceler-
ated the spread of airborne infections such as influenza,
smallpox, and measles. The domestication of animals also
introduced greater risks. The type of animal raised, sani-
tary conditions, and the proximity of animals to humans
influenced exposure. Cultural behavior also contributes to
the spread of disease: Practices such as ritual cannibalism,
sharing ceremonial pools, having multiple spouses, and
other activities can add to the risks.

Changing the environment also influences the devel-
opment of disease. Clearing forested land in tropical regions
for farming leads to open pools of standing water. These
still pools of open water in a warm climate stimulate
mosquito breeding, creating the ideal conditions to spread
malaria. Crowded, unsanitary urban conditions repeatedly
expose large numbers of humans to a host of easily
spread infectious diseases. Changing patterns of land use,
population density, birth rates, and access to medical care
all impact the environment and other species that cohab-
itate with us. Large numbers of animal species are endan-
gered or extinct as a direct result of human modification
of the environment.

While many species suffer from human urbanization, other
species—namely viruses, bacteria, and other pathogens—
may thrive. In the past, infectious disease would decimate
human populations. The bubonic plague swept through
Europe in the Middle Ages and wiped out a large percentage
of the population. Today, cultural adaptations in the form of
modern medicine protect us from past diseases, but some-
times give rise to new pathogens. The overuse of antibiotics
and antibacterial health and hygiene products has caused
natural selection to occur in bacteria species. Bacteria
resistant to these products tends to reproduce, creating very
resistant “superbugs” that are very difficult to eradicate.

Future Directions

Human beings are still evolving. Evolution is a process,
not a task with a final endpoint or finished result.
Evolution is increasingly complex due to our biocultural
nature, with human adaptability primarily based on our
culture. We can change our behavior to adapt to a new sit-
uation faster than we can respond physiologically. We can
also direct our cultural evolution while we cannot control
the path of natural selection.

When one considers the vastness of geologic time, our
population explosion is extremely recent. The implications
are complex and little understood. The extent of our agri-
cultural technology assures we have not yet reached the
limits of food production. Medical technologies have (on
average) reduced infant mortality rates and increased life
expectancies, though social and political factors greatly
influence both.

What are the potential effects of dramatic population
increases? A likely result is increased genetic diversity. As
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more individuals are born, the rate of new genetic combi-
nations increases. As the individuals mature and repro-
duce, the gene pool of the species increases in diversity.
Increasing diversity increases adaptive ability, which
would be beneficial to the species.

However, there are also a number of troublesome con-
sequences. Humans can no longer rely on gathering
enough naturally growing plants for food. We are increas-
ingly reliant on highly industrialized agriculture. High-
yield crops and farmed livestock, both bred for specific
characteristics, are the norm. These engineered crops are
often treated with pesticides, hormones, fertilizers, and
more. There is also increasing reliance on manufactured
goods. The long-term impact of industrialization can only
be speculated on though, since evolutionarily, the
Industrial Revolution is still in its infancy.

Conclusion

In this chapter, we have defined various types of biolog-
ical and cultural adaptations to the environment. In the
past, human populations were viewed in terms of race.
This chapter reviewed the development of evolutionary
theory, ending with the modern synthesis of genetics
and evolution.

Culture plays a critical role in the human ability to
adapt. We have considered physiological and behavioral
adaptations to various environmental conditions, including
exposure to ultraviolet radiation, heat, cold, high altitude,
nutritional availability, and the influence of disease.

Clearly, population growth is one of the leading influ-
ences on current human adaptation. One result is increas-
ing population density in inhabited regions. Urban
centers have millions of people in close daily contact.
Evolutionarily, these situations are brand-new, so it is dif-
ficult to predict how we will adapt. Scientists have noted
correlations between the level of development of a region
and instances of heart disease, hypertension, cancer, and
neurological disorders. As generations reproduce, will
humans select for characteristics to resist these diseases?
Humans will also have to adapt to new environmental
stresses they have created themselves. In addition to crowd-
ing, noise pollution, and exposure to artificial radiation,
the greater consumption of resources leads to waste, pollu-
tion, and environmental degradation. Fossil fuels used for
energy are affecting the environment. Deforestation also
contributes to global warming. Even if the planet were
undergoing a normal warming cycle, human activity
appears to be tipping the balance toward a catastrophic,
global climate change.

It takes a long time for humans to undergo genetic
adaptation, and the characteristics that are selected for can-
not be controlled. It stands to reason that all humans in our
modern global society have to agree to work together to
protect and adapt to the always-changing world we inhabit.
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We must integrate evolutionary, biological, and anthropo-
logical knowledge in order to understand ourselves and our
place in nature. By using collaborative investigative meth-
ods and critical thinking, we surely have the capacity to
change the world for the better.
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before Darwin’s theories of natural selection and

Mendel’s work on genetics, is one of the oldest sub-
fields of anthropology. Physical, or biological, anthropol-
ogy was originally defined as “the natural history of the
genus homo” by its principle founder, Paul Broca (1871).
In 1918, Ales Hrdlicka defined physical anthropology as
the study of man’s variation, including racial anatomy,
physiology, and pathology (p. 4). Today, biological anthro-
pology includes the study of the mechanisms of biological
evolution, genetic inheritance, human adaptation and vari-
ation, human growth and development, primate behavior
and morphology, and our hominin ancestry.

Many anthropologists specializing in human growth
and development are found in departments of medicine,
health sciences, and anatomy (Stein & Rowe, 2005, p. 2).
However, it is not just biological anthropologists who
study growth and development. The development of med-
ical anthropology as a subfield has, among many other
contributions, brought attention to the relationships among
growth, development, and culture. There are also countless
specialties in the health care professions that concentrate
on human growth and development studies.

Human growth and development is an extensive field of
study. A thorough investigation of the field would include
a study of measurement, mathematical models, assessment
strategies, birth weight standards, fetal growth, breast-
feeding, weight and height ratios, childhood maturation,

P hysical anthropology, developed in the 19th century

disease, and treatments, to name just a few components.
Here, anthropometry as a means of quantifying human
growth will be discussed, along with measurement, rates of
growth, and fetal and childhood development. The history
of anthropometry will also be discussed at length because
it is integral to human growth and development studies. In
addition, the use of statistical models, anthropometric
instruments of body measurements, and standards of mea-
surements are all important developments in the field.
With this, the current and new directions of the discipline
will be introduced.

Last, the chapter will cover how malnutrition is a
major barrier to proper growth and development and how
anthropologists use anthropometry to assess malnutrition.
The four major classifications of malnutrition will be
addressed, along with malnutrition’s effect on growth and
development, how culture can contribute to malnutrition,
and examples from around the world of chronically mal-
nourished populations. In its many forms, malnutrition
remains a global health challenge around the world and an
obstacle to proper growth and development (World Health
Organization [WHO], 2004).

Anthropometry

Anthropometry, defined as the measurement of the
body and its proportions, is one of the oldest branches of
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biological anthropology. Frenchman Alphonse Bertillon
first defined anthropometry in 1883 as an early system of
classifying individuals. The beginnings of forensic anthro-
pology are rooted in anthropometry because it was under-
stood that certain measurements of the body and the
skeleton could distinguish individuals.

Anthropometry as a scientific endeavor entered main-
stream anthropology in the 19th century as a reliable,
quantitative way to study the human body. While anthro-
pometry has a wide variety of uses, here we are concerned
with this methodology in determining health and patterns
of growth and development. Anthropometric data consist
of important metrics of growth and development such as
stores of fat, muscle, and even calcium in the form of bone
mineral. Anthropometry is a dynamic field as changes in
lifestyles, nutrition, and ethnic composition of populations
can lead to changes in body dimensions around the world.
A major challenge for anthropologists, then, is the trou-
bling issue of setting standards suitable for people across
the globe with very diverse diets and cultural practices. To
assist, a standard defines a recommended pattern of
growth that is associated with specific health outcomes
(Butte, Garza, & de Onis, 2007, p. 154). Anthropologists
are continuously updating the standards and searching for
new measurement techniques.

Anthropometry is important for measuring growth and
health status because it is generally noninvasive. The stan-
dardized methods and relatively inexpensive medical
instruments of anthropometry are also used around the
world. Since anthropometry measures the body’s surfaces
rather than the precise growth and development of cells or
organs (Johnston, 1998, p. 27), it is only one of many tools
that can be used in diagnoses. This is an important distinc-
tion to make, because while abnormal nutritional status
begins with cellular changes, chronic malnutrition is later
manifested in altered body measurements (Devlin &
Horton, 1988; Waterlow, 1986).

History of Anthropometry
and Growth Studies

Human growth and development have been studied for
centuries, possibly as early as 2000 BCE with ancient
Sumerian references to the stages of human gestation
(Boyd, 1980, pp. 2—4). By the end of the 18th century, the
field of medicine had well-established vital statistics of
birth and death, as well as standards of body measure-
ments, especially those of fetuses and neonates. In 1806,
Sir Charles Bell, a Scottish anatomist and surgeon, pub-
lished Anatomy and Philosophy of Expression, which
detailed the changes in proportions of the human face and
head from birth through adulthood. This was remarkable
work for the time because it disregarded classical ideas of
facial proportions and focused on the underlying structures
of the face and head (as cited in Boyd, p. 313).

Georges-Louis Leclerc de Buffon’s Natural History:
General and Particular, translated and updated in 1812 by
William Smellie, contained the first comprehensive study
of human growth rates from birth to maturity and served as
an integral treatise on rates of growth in the 19thand early
20th centuries. This book underwent hundreds of editions
and is considered by many to mark the beginning of mod-
ern anthropometry (Hrdlicka, 1918).

In 1833, Lambert Adolphe Quetelet, a statistician and
astronomer, published an article accompanied by drawings
that acknowledged the differences between modern rates
of growth and those body proportions idealized by ancient
Greek and Roman sculptors. Quetelet also took into
account that people’s rates of growth may vary around the
world and that people with certain diseases, such as
dwarfism, may grow at different rates. Quetelet’s 1835
landmark work, titled Sur ["homme et le développement de
ses facultés, ou essai de physique sociale, marked the ori-
gins of the systematic and quantitative study of rates of
human growth and development. His theory of anthro-
pometry was based on the notion that the distributions of
anthropometric data follow the laws of chance (Boas,
1982, p. 77). Quetelet also developed a simple but revolu-
tionary measure that classified people’s weight compared
with an ideal weight-to-height ratio. The Quetelet index,
more commonly called body mass index (BMI), is the most
widely used measure of malnutrition and obesity world-
wide (Eknoyan, 2008, pp. 47-51).

Sir Francis Galton was another important figure in the
development of anthropometry. Like Quetelet, he began as
a statistician and branched out into measuring human
growth and development. Galton started an anthropometry
laboratory in which he published research from 1874 until
the turn of the century. His innovative research during this
period included the use of “fingerprints” in criminology
studies, a technique already in use in Bengal, India.

Fetal and Childhood Growth

The study of fetal and childhood growth is almost as
old as the study of growth and development itself. An
early article titled “Foetus” published in the Dictionnaire
des Science (1816) by Murat reported the length of fetuses
during their 9-month gestation. Quetelet used Murat’s val-
ues and in 1835 constructed an equation for the total
period of fetal and childhood growth (Boyd, 1980, p. 303).
However, the study of child growth rates was still consid-
ered underdeveloped at the turn of the 20th century.
Hrdlicka stated in 1918 that the study of fetal and child-
hood growth was far from complete despite the progress
of neonate studies in America. He recognized that study-
ing child growth and development had an impact on the
health of individuals later in life and that anthropometry
was especially helpful in detecting and treating individu-
als with abnormal growth or pathological development
(Hrdlicka, 1918, pp. 20-21).
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In 1876, Galton had discovered what appeared to be a
correlation between weight and height for 14-year-old
boys: As their height increased by an inch, their weight
increased by 4 pounds (Galton, 1876, pp. 174-180).
Growth status and rates of growth in children are related to
later growth, composition, and proportions of the body in
those individuals. These growth measures can be associ-
ated with current and future risk factors for serious dis-
eases, such as the various forms of malnutrition.

Population Growth

Investigators of human growth and development did not
recognize the degree of population differences for quite
some time. Louis René Villermé was the first statistician
of public health in the early 19th century to note that the
height of a population correlated positively with the pro-
ductivity of the soil. He found that stature was greater and
rates of growth were faster in wealthier countries. Villermé
may have been one of the first scientists to recognize a cor-
relation between malnutrition and growth stunting of dif-
ferent populations.

Emmanuel Le Roy Ladurie also crossed an important
threshold as one of the first historians to systematically
investigate the geographic variation and the socioeconomic
correlates of human height in 19th-century France. In a
series of publications beginning in 1969, he showed that the
physical stature of French soldiers born in the late 1840s
correlated positively with their education and wealth. Those
who were able to read and write were 1.2 cm taller than
their illiterate counterparts. It was presumed that literate
men came from wealthier families and spent more time and
money on education and less at manual labor than did illit-
erate people (Komlos, Hau, & Bourginat, 2003, p. 1).

During the late 19th and early 20th centuries, anthro-
pologists were preoccupied with measurements of skulls,
cranial capacities, and facial angles of both the dead and
the living, which were often used to reach racist conclu-
sions. In fact, much of the history of anthropometry is pub-
lished in books and articles about race and evolution.
William Stanton’s 1960 work highlights the history of
anthropometry in America in the context of race, evolu-
tion, and religious debates.

In 1842, Anders Adolf Retzius introduced an equation
of head-width to head-length ratios to distinguish the
dolichocephalic (long-headed) from the brachycephalic
(short-headed), which remained the main cephalic index
used through the 20th century. Many Native American
skeletal remains were unearthed and beheaded for such
measurements, often used to conclude their smaller cranial
capacities or differing cranial dimensions indicated aborig-
inal inferiority (Wade, 2000).

Instruments to measure cranial angles and capacities
were in heavy use in the late 19th century by biological
anthropologists. These instruments included sliding calipers,
craniographs, stereographs, goniometers, a number of
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instruments for studying the interior of the skull, and osteo-
metric boards. Many of these were developed and/or modi-
fied by physician Paul Broca (as cited in Hoyme, 1953,
pp. 418-419), the most prolific scientist of cranial mea-
surements in the 1860s and 1870s.

The emphasis on cranial measurements declined in pop-
ularity in the late 1800s, and many anthropologists shifted
to studying the total physical type of man. They attempted
to describe and compare tribes and races as biological units,
and define the normal physical status of man, “preferably
the white race” (Hrdlicka, 1918, p. 9). Additionally,
Hrdlicka stated that the paramount scientific aim of biolog-
ical anthropology was the complete study of the “normal
white man living under ordinary conditions” (p. 9).
Contemporary anthropologists believed that “the yellow-
brown or black man would serve equally well, if not better,
were we of his blood and were he as readily available” for
anthropometric study (Hrdlicka, p. 18). At this time,
“abnormal” ethnic and racial composition and admixture of
populations was considered a messy situation that could not
be properly studied. Some studies in the early 20th century,
however, were without implications of racial inferiority.
These studies provided the research essential for anthro-
pometry to become a legitimate field of study that
contributed to the larger study of human growth and devel-
opment of populations (Hoyme, 1953, pp. 422-423).

Despite this change in status of biological anthropology
and anthropometry, Hrdlicka wrote that not many institu-
tions were devoted to instruction of anthropometry and
complained that the more “attractive” subfields of
anthropology—namely archaeology and ethnology—were
diverting average anthropology students away from anthro-
pometric studies. He stated that progress of anthropometric
studies at the turn of the century was stalled due to a lack
of trained professionals and interested students, and that “a
new competent physical anthropologist is almost an acci-
dent” (Hrdlicka, 1918, p. 11).

Franz Boas, credited as a pioneer of the four-fields
approach to American anthropology, was also well versed
in German mathematics and applied his research to
human growth rates from 1883 to 1912. He is most well-
known for his research with Eskimo and Inuit popula-
tions, but he also collected anthropometric data on the
Cheyenne, Cherokee, Oglalla, Omaha, Chippewa, and
Winnebago tribes as well as European migrants, among
others (American Philosophical Society, 2006).

Although anthropometric data between populations
were gathered in the 19th century, it has been only
recently that these data were systematically collected
around the world. Documenting and analyzing the growth
patterns of people around the world can tell us much
about adaptability and the complex human-environment
interactions. The greatest differences found in human
growth and development are largely attributed to envi-
ronmental factors, as they are between industrial and
nonindustrial nations, and between wealthy and poor

(c) 2011 Sage Publications, Inc. All Rights Reserved.



50 ¢ BIOLOGICAL ANTHROPOLOGY

groups within nations. For example, developing countries
tend to exhibit low birth weight.

Current and Future
Trends in Anthropometry

Today, many anthropologists specialize in biological or
anthropometric studies. Current trends in anthropometry
seek to understand the genetic component of human growth
and development that may account for interpopulation
growth differences. Anthropometric instruments and mea-
surements have been standardized for international refer-
ence. These measurements are referred to as either standards
or references in the literature. A reference describes the
growth pattern of a defined population that is not necessarily
associated with good health (Butte et al., 2007, p. 154). A
growth reference is a table or chart that is meant to account
for differences of age and sex in anthropometry (Cole, 1998,
p- 80). A challenge to using a growth reference is the vari-
ability in rates of growth that occur in school-age and pubes-
cent children. The “peaks” of weight and height are obtained
over a wide range of ages, and thus a reference tends to flat-
ten out the median curve, especially during puberty. Also,
modern anthropologists are concerned with the validity of
international standards because, even after socioeconomic
factors are controlled for, there remain differences in rates of
growth between populations of the world (Ulijaszek, 1998).
To combat some of the challenges of using international
standards for all children around the world regardless of
their current health status, growth charts have been made
for children suffering from specific diseases. Growth charts
currently exist for such diseases as achondroplasia, Marfan
syndrome, sickle cell disease, and Turner syndrome that
allow the growth of affected children to be judged in rela-
tion to others with the same disease (Roche & Sun, 2003,
pp. 66—67). Identifying unusual growth patterns in children
given their primary diagnosis can help to identify comor-
bidity, children with more than one disease or illness.
Height and weight are highly heritable traits, and limited
data are available for interpopulation effects of genes on
growth during childhood and adolescence. In an attempt to
eliminate genetic or cultural bias, the WHO Multicentre
Growth Reference Study of 2006 collected primary
growth data from 8,440 children from Brazil, Ghana,
India, Norway, Oman, and the United States. The resulting
growth curves constituted new international standards for
growth and development for children from birth to 5 years
old (WHO Multicentre Growth Reference Study Group,
2006). Growth rates vary more for children over age 5
between populations. The current WHO growth reference
for older children and adolescents is based on 1977 data
and growth charts that are in need of updating. Cole (1998)
states that growth references need to be updated every
10 to 15 years to capture secular trends in height and
weight (p. 82). In order to produce international growth

and development standards for older children, Butte et al.
(2007) outline a number of factors that need to be consid-
ered with new data collection. Samples of healthy children
from around the world must take into account the environ-
mental influences on growth of children and adolescents:
proper nutrition, lack of endemic infections, socioeco-
nomic status that does not limit growth, low levels of envi-
ronmental pollution, and populations without high levels
of psychosocial stress (p. 155).

Three-dimensional body imaging, an emerging trend in
anthropometry, was first developed in 1973 using light
sectioning. These early attempts were laborious, time-
consuming, and not entirely accurate. Today’s computer
three-dimensional systems have dramatically increased the
usability of 3D body scans for surface anthropometry. There
are currently at least four body-imaging systems in use in the
United Kingdom, the United States, and Japan. The primary
use of body-imaging technology is to identify distortions of
body shape, such as those related to skeletal pathologies like
scoliosis or facial abnormalities. Body imaging can also be
used for producing prosthetics or measuring arthritic
swelling and tumors, among other important applications
(Jones & Peters, 1998, pp. 30-33). However, 3D body imag-
ing has its limitations. First, the human body has external and
internal factors that are always changing its form. These
small-shape changes cause the computers to record an error
factor that is even affected by skin and body-hair pigmenta-
tions. Additionally, no current medical computer system is
able to record 100% of the body’s surfaces. Despite these cur-
rent limitations, 3D imaging may become more useful in the
future as technology becomes better able to handle the
unique challenges of measuring the human body.

Malnutrition

Now that we have discussed how to measure the body, let
us discuss conditions in which measuring the body is
important for diagnosis. Anthropometric measurements
are compared with international standards in order to iden-
tify diseases such as malnutrition. Malnutrition is defined
as a medical condition that is caused by improper diet.
Nutrition is a multidisciplinary science including food sci-
ence, physiology, biochemistry, genetics, epidemiology,
anthropology, and psychology. Nutrition studies are rela-
tively young compared with growth studies and biological
anthropology, which developed over the past 150 years.
Today, there are four recognized manifestations of malnu-
trition: overnutrition, secondary malnutrition, micronutri-
ent malnutrition, and protein-energy malnutrition:

1. Overnutrition occurs when nutrients are oversupplied
relative to the amounts required for normal growth,
development, and metabolism. The term can refer to
obesity brought on by general overeating, as well as the
oversupply of a specific nutrient.
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2. Secondary malnutrition is not a direct result of the
person’s diet but describes an illness or condition that
prevents absorption of nutrients, increasing excretion, or
causes the body other damage that is triggering a
response to increase its required nutrients.

3. Micronutrient malnutrition is caused by lack of sufficient
micronutrients, such as vitamin A or zinc, in the diet that
can impair normal growth and development, as well as
make the individual susceptible to diseases.

4. Protein-energy malnutrition (PEM) is caused by
underfeeding and is expressed in two forms: kwashiorkor
and marasmus. Kwashiorkor is caused by a diet
consisting of carbohydrates with insufficient protein
intake and is identified by the potbelly-like appearance of
sufferers that is caused by edema and an enlarged liver.
Kwashiorkor usually presents at age 2 to 3 years and lasts
for a few weeks, resulting in either recovery, if one is
given proper nutrition, or death. Marasmus presents as a
result of low caloric intake and is also referred to as
wasting, where the sufferer has an emaciated appearance.
Marasmus, more common than the fatal kwashiorkor,
often develops before the child is 1 year old due to lack
of breastfeeding and lasts several months.

Micronutrient and PEM malnutrition are both classi-
fied as primary malnutrition, or undernutrition. Within the
category of undernutrition, varying degrees of severity are
expressed as either first-, second-, or third-degree malnu-
trition with third degree being the most severe. In addi-
tion, some authors also use the terms acute and chronic
undernutrition to refer to the length of time the sufferer
has experienced periods of undernutrition. Case studies
used in this chapter discuss second- (acute) and third-
degree (chronic) malnutrition in populations in various
regions of the world.

Effect of Malnutrition
on Growth and Development

Deficiencies in protein and calories are more severe
than the specific nutrient deficiencies mentioned above
because protein and calories are essential for growth,
health, activity, and survival. Calories provide the energy
the body needs for involuntary functions such as blood cir-
culation, breathing, and maintaining body temperature.
Protein is needed in the diet because the body does not pro-
duce enough amino acids to build essential proteins—it is
essential for building cells, carrying nutrients to and from
the body’s cells, and developing antibodies.

Anthropologists can assess malnutrition visually in a
number of ways. Radiographs can indicate the presence
of lines of arrested bone growth. These lines are gener-
ally believed to be caused by undernutrition. They are
identified as dense lines that form at the epiphyses of
long bones and can continue to form parallel lines down
the bone shaft if periods of undernutrition are chronic
and recurring. They occur most often in the bones of the
leg, particularly the distal tibia. Regular occurrences of
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dense lines may be an indication of repeated periods of
undernutrition or seasonal food shortages (Walimbe &
Gambhir, 1990).

Dense lines on the leg bones were first detected and
described by Ludloff in 1903, but in 1921 Stettner was the
first to interpret them in terms of arrested growth. Asada
(1924) and Harris (1933) induced line formation in exper-
imentally starved laboratory animals, and it was Harris’s
research that dubbed them Harris lines. The precise mech-
anism of line formation remained obscure until the
research of Park and Richter in 1953 (as cited in Mays,
1985, p. 207). They were able to show that periods of
undernutrition cause the bone growth to form transversely,
instead of in normal, vertical columns. The impact of
Harris lines on bones was articulated by Scrimshaw,
Taylor, and Gordon (1968), who stated that Harris lines
can result in permanent stunting of the skeleton (pp. 56-57)
and result in short-statured individuals.

Park (1964) has stated that Harris lines do not form
with a mere slowing of growth; arrested growth needs to
be complete to form Harris lines (p. 823). In addition, after
growth arrest, sufficient recovery from undernutrition is
needed to restore bone growth (Mays, 1985, p. 209).
Marshall’s 1968 longitudinal study has found there is a
significant correlation between periods of malnutrition/
infection and the presence of Harris lines. Mays states that
the probability of line formation is significantly increased
by a period of nutritional stress or disease, but there is not
a simple, direct correlation where Harris lines always indi-
cate undernutrition.

Another way to assess undernutrition is by visual
inspection of teeth. Dental hypoplasia can be identified as
striations on the teeth that indicate severe periods of
undernutrition. Dental hypoplasia is the loss of thickness
of surface enamel due to periods of arrested growth dur-
ing the development of the teeth; it can be viewed as a line
or a groove in the tooth, called linear enamel hypoplasia
(LEH). LEH can be present in adult or deciduous (baby
teeth) dentitions. Like Harris lines, LEH indicates a
recovery from malnutrition, in that the tooth shows a
period of arrested growth in the form of a groove or line
and the recovering period of normal enamel deposition
below the LEH. Researchers sometimes use dental
hypoplasia analyses to assess adults who have experienced
childhood undernutrition and its recovery and to docu-
ment famine cycles.

Most commonly, individuals can also be assessed by
anthropometric measurements of skin-fold thicknesses,
BMI, and weight:height, weight:age, and height:age ratios.
These ratios can be interpreted differently by researchers,
and many studies have differing parameters to determine
malnutrition. Today, the various WHO standards tend to be
the reference point that anthropometric measurements are
evaluated against. The WHO standards indicate measure-
ments of healthy individuals, and deviations from these
standards can aid in malnutrition diagnoses.
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Consequences of Malnutrition

Comorbidity refers to the presence of one or more dis-
eases in addition to a primary disease in an individual.
Undernutrition lowers resistance to infectious diseases
resulting in comorbidity. Of most concern to malnourished
children of developing countries are diarrheal disease and
pneumonia. Tuberculosis, malaria, measles, whooping
cough, and intestinal worms follow. Measles is another
concern, which results in extremely high mortality rates in
the developing world because of malnutrition at weaning
age and lack of vaccinations. In developing countries,
childhood death rates due to measles can be up to 83 times
higher than in the United States.

There is another manifestation of undernutrition called
nutritional growth failure, or sfunting. Stunting appears as
children, and then later adults, come to lie outside the nor-
mal range of body weight and/or height for their age.
Short-term undernutrition is indicated by wasting, and
long-term, chronic undernutrition can result in growth
stunts (McElroy & Townsend, 1996, p. 220). While growth
stunting does not present itself with kwashiorkor or maras-
mus symptoms, individuals are likely to suffer from phys-
ical underdevelopment and mental impairments.

Culture and Malnutrition

Culture plays an important role in dictating food con-
sumption, as well as defining and treating nutritional ill-
nesses. Since food is a basic necessity that is often part
of a frequently repeated family routine, attitudes and
usages centered on food are intimately connected with
individual and family life (Black, 1943, p. 142). Acceptable
foods to eat, dietary restrictions, religious fasting, heal-
ing rituals, and many other cultural factors may hinder
proper nutritional status. For example, African mothers
often put children affected by diarrheal diseases on a
prolonged starvation diet that causes acute forms of mal-
nutrition, also making them susceptible to other infec-
tions (Konczacki, 1972).

Differences in the nutritional status of children in
Mexico are attributed largely to cultural food styles and/or
available income of a household. In many studies, it has
been concluded that nutrition is better in rural mestizos,
individuals of mixed native and Spanish ancestry, than rural
Indians and worst in urban mestizos (Balam & Gurri, 1992;
Malina, Himes, Stepick, Guiterrez Lopez, & Buschang,
1981; Muifioz de Chavez et al., 1974). Rural Indians and
mestizos may both be extremely poor, but nutritional dif-
ferences may lie in the narrow scope of foods used by more
“traditional” Indian families, who rely mainly on staples such
as maize and beans. However, in Mexico, Baer (1998) states
that women are contributing more to household income and
are thus making more important spending decisions. As this
area is largely reliant on imported and store-bought foods,

the mother’s education level is thought to be directly related
to the dietary status of her children. Baer goes on to state
that the imported foods in the local stores are unfamiliar
and that women do not know their nutritional value—a
problem exacerbated by local advertising of these unfamil-
iar and high-priced foods as being “healthy” regardless of
their nutritive qualities (p. 5). Baer’s study concluded that
people of low income in the Sonoran region consume
greater amounts of beans and grains while the higher
income households consume more fruits, vegetables, dairy,
and meat (p. 43). These findings are consistent with areas
where there is a high prevalence of malnutrition and diet is
restricted to local or ethnic foods such as maize and beans.
These foods do not contain sufficient amounts of protein or
calories. However, this is not to say that all “traditional”
foods are deleterious.

In addition to providing food, in many societies the
family also delivers most of the health care. Studies have
shown a positive correlation between poor health outcomes
and the level of stress in the home (Loustaunau & Sobo,
1997, p. 24). This implies that stressed families of mal-
nourished individuals may not be seeking or have access to
outside health care. In the following examples, it becomes
apparent that different forms of malnutrition are prevalent
in different areas of the world due to cultural norms of food
consumption and recognizing malnutrition.

Examples of Malnutrition Worldwide
Protein-Calorie Malnutrition in Mesoamerica

In 1988, 14.2% of children under age 5 in Mexico were
considered underweight, and 22.8% of them were short for
their age, as stated by Long-Solis and Vargas (2005). These
authors also stated that short stature is a sign of chronic
malnutrition and higher risk of disease. They also con-
ducted a survey in 1999 and found that the percentage of
underweight children dropped to 7.5 and those considered
to be short for their age was down to 17.7%, reduced by
22%. In addition, the authors found that half of the indige-
nous children surveyed were considered to be too short for
their age, or stunted, with implications on their nutritional
status (Long-Solis & Vargas, 2005, p. 165).

Malina et al. (1981) researched undernutrition in
Oaxaca because it is among the poorest states in Mexico,
with high child mortality rates. They analyzed children by
weighing and measuring stature, arm circumference, and
the triceps skin fold of 1,410 children 6 to 14 years of age.
Excluding the children of wealthier families, the authors
found that in categories of weight and stature, the rural
mestizo children were healthier than the rural, indigenous
Zapotec children. In addition, urban mestizo and indige-
nous children were found to be smaller and more under-
weight than the rural mestizos. This study shows that the
move to cities does not necessarily lead to improved
growth status (p. 269).
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However, within chronically malnourished areas, there
exist children with good nutrition; not every child in the
community will be undernourished. Mufioz de Chéavez et al.
(1974) examined the epidemiology of good nutrition in
these areas to find factors that lead to some children being
better nourished than others in families of similar size and
economic status. It was found that large family size was
not a factor because many well- as well as ill-nourished
children were from families of the same size. The differ-
ence lies in the composition of the family; those with more
working adults had better nourished children while fami-
lies with more children than adults did not have good nutri-
tion (p. 224). The families with more working adults had
greater income and were observed to have spent more of
their earnings on food than the families of undernourished
children. In addition, in support of Baer, this study found
that families that were more “indigenous” had more under-
nourished children than the “occidentalized” families.
Maize and beans were the staple foods in the families with
more traditional cultural views, while the families that had
more Western concepts and culture actively sought out
other food items for their children (p. 225).

Secondary Malnutrition in Africa

Individuals suffering from certain diseases may become
susceptible to undernutrition due to the nature of their ill-
ness. In many parts of Africa, adults and children have
been found to have high rates of secondary malnutrition
due to HIV infection. The undernutrition is due to
decreased nutrient intake, malabsorption, and altered
metabolic rates due to HIV infection. Secondary malnutri-
tion of this nature has even been identified as the cause of
death in AIDS patients due to the depletion of body mass
(Gramlich & Mascioli, 1995, p. 2).

In fact, HIV-infected African children were 17 times
more likely to suffer from undernutrition than uninfected
children (Mgone et al., 1997). In South Africa, marasmus,
or wasting, was more strongly associated with HI V-infected
children than kwashiorkor. This study also found that
HIV-infected children had higher rates of mortality than
uninfected children (Yeung, Wilkonson, Escott, & Gilks,
2000, p. 108).

Micronutrient Malnutrition in Asia

Micronutrient malnutrition can occur in any population
in which the local diet lacks one or more essential nutrients
for proper growth and development. In Southeast Asia,
many people subsist on a diet lacking in green and yellow
fruits and vegetables that contain vitamin A. The symp-
toms of vitamin A deficiency begin with impaired vision
and night blindness, leading to xerophthalmia and total
blindness. Xerophthalmia is an ocular condition that leads
to opaque spots on the eye and degeneration of the cornea.
Additionally, individuals suffering from micronutrient
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malnutrition may also exhibit signs of undernutrition such
as wasting or stunting.

Vitamin A deficiency is considered a significant public
health problem in India, Pakistan, Bangladesh, Indonesia,
and the Philippines. A study in India estimated that the
prevalence of xerophthalmia in children under age 6 was
8.7%. A study among children in Yemen showed that night
blindness was found in 0.5% of the children. In northeast-
ern Thailand, the prevalence of night blindness in rural
areas was 1.3%, and among children of the Orang Asli of
Malaysia night blindness was found in 16.0% of the chil-
dren (Ngah et al., 2002, p. 88).

Overnutrition in the Western World

Overnutrition often refers to being overweight or obese,
the general condition of overeating foods high in calories,
surpassing the amounts needed for proper growth and
development. Overweight is defined by a BMI of between
25 and 29.9 (kg/m?), and obesity is defined by a BMI
greater than 30. Overnutrition is a growing problem in
developed countries. In 2006, Dr. Barry Popkin from the
University of North Carolina stated there were now more
overweight people worldwide than undernourished people.
He reported to the International Association of
Agricultural Economists that the number of overweight
people had topped one billion (of which 300 million are
obese), compared with 800 million undernourished.

In 2003 and 2004, 17.1% of U.S. children and adoles-
cents were overweight and 32.2% of adults were obese.
Approximately 30% of non-Hispanic white adults were
obese, 45.0% of African American adults, and 36.8% of
Mexican American adults. Among adults age 20 to 39,
28.5% were obese, 36.8% of adults age 40 to 59 years were
obese, and 31.0% of those age 60 or older were obese in
2003 and 2004 in the United States (Ogden et al., 2006,
p- 1549). In England, rates of overweight and obesity are also
growing, with 23.1% of men and 24.8% of women classi-
fied as obese in 2005 (The Information Center, 2006).

Overnutrition and excessive body weight in developed
countries is brought on by a host of conditions. Increased
sedentism, lack of exercise, increased use of packaged and
processed foods, fast-food consumption, poor diet choices,
and general overeating are all contributing factors. Excessive
body weight is associated with various diseases such as
cardiovascular diseases, type 2 diabetes, sleep apnea,
certain types of cancer, and osteoarthritis. As a result,
obesity has been found to reduce life expectancy.

Conclusion

This chapter examined human growth and development
through two perspectives: anthropometry as a means of
quantifying growth and development, and malnutrition as
a major obstacle to proper growth and development
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worldwide. The long history of anthropometry began in
1883, contemporaneous to the development of physical,
or biological, anthropology. Anthropometry benefited the
field of anthropology as it provided a quantifiable way to
measure the human body and its parts.

Many scientists played a part in the development
of anthropometry as a scientific endeavor, including
Quetelet, Broca, Boas, Galton, and Hrdlicka. These indi-
viduals developed mathematical and statistical models of
human growth rates, developed the instruments of anthro-
pometry, and set standards for anthropometric measure-
ments and population studies. These “founding fathers” of
anthropometry helped pave the way for anthropometry as
a widely accepted means of measurement of the human
body worldwide. But of course, this was not a totally
smooth transition. The history of anthropometry was
marred by a period of racist thinking and conclusions. The
fields of anthropometry and biological anthropology have
since distanced themselves from those racist ways of think-
ing and have developed into reputable fields of scientific
inquiry. Today, anthropometric measurements and methods
are widely accepted and practiced, and can even be used to
diagnose abnormal growth patterns such as those charac-
teristic of malnutrition.

A major barrier to proper growth and development is mal-
nutrition. Malnutrition comes in four major forms: (1) over-
nutrition, (2) protein-calorie malnutrition, (3) micronutrient
malnutrition, and (4) secondary malnutrition. Taken together,
malnutrition remains a formidable obstacle to proper growth
and development worldwide, and much of the earth’s popu-
lation suffers from one type of malnutrition or another.
Protein-calorie malnutrition is referred to as undernutrition
and manifests as wasting or stunting. Chronically stunted
populations, like those of Mexico, provide an example of
where culture and diet may play a part in the prevalence of
undernutrition.

Micronutrient malnutrition refers to a condition where
individuals are not receiving adequate amounts of the vit-
amins and minerals the human body needs for proper
growth and development. In Asia, populations that subsist
mainly on rice and have low intakes of green and yellow
fruits and vegetables tend to be deficient in vitamin A.
Vitamin A deficiency leads to blindness and remains a
problem in certain areas of India and Southeast Asia.

Overnutrition tends to be a disease of the developed
nations but is now found all over the world in people with
abundant food resources. The United States remains one
of the fattest countries in the world, where overindul-
gence has led to high rates of cardiovascular disease, dia-
betes, and cancer.

There are many ways to approach a synthesis of
human growth and development. Much of the literature in
the field today is housed in medical journals. However,
biological anthropologists remain at the forefront of
developments in anthropometric techniques and instru-
ments. Anthropologists are also leaders in the study of

how culture and population differences play a part in
proper growth and development around the world.
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his chapter focuses on human diversity as seen in

I both culture and biology. Of the innumerable ways

humans can be culturally diverse, this chapter

briefly discusses just a handful of characteristics such as

religion and belief, social organization, gender, sexual ori-

entation, and even the cultural constructs of race and eth-

nicity. In addition, a few features of human biological

diversity will be discussed such as skin, hair, and eye color
and body structure and stature.

Skin color, hair texture and color, nose form, stature,
and even eye color are just some of the observable aspects
of human biological diversity that have served as adap-
tations to environmental and geographic conditions.
Anthropologists strive to teach physical diversity in terms
of geographic clines, gradual changes in physical charac-
teristics over a geographical area. In certain geographical
areas, there tends to be a co-occurrence of physical traits
such as skin color, and these are often explained as human
adaptations to the environment.

Lastly, human groups construct ideas of race differently.
This chapter will conclude with a brief history of the concept
of race in the Western world and its impact on society. The
ways in which race can be constructed by each culture vary
dramatically. From the very narrow ideas of four races in
America to the over 500 racial classifications of Brazil, the
race concept is very much in the eye of the beholder. This
chapter aims to provide a broad overview of only some of the
ways in which humans are culturally and biologically diverse.

56

Cultural Diversity

Humans express themselves in a myriad of ways—through
customs, traditions, sexual orientation, religion, and many
more. As such, these expressions of cultural diversity are
much more prevalent than are expressions of biological
diversity. Culture refers to the set of learned behaviors,
beliefs, attitudes, values, and ideals that are characteristic
of a particular society (Ember & Ember, 2009, p. 23).
Since many characteristics of culture, such as customs, tra-
ditions, language, kinship, politics, and subsistence strate-
gies, are discussed elsewhere in this text, this section of
this chapter aims to briefly address aspects of cultural
diversity such as religion, belief, gender roles, sexual ori-
entation, and social organization.

Religion and Belief

It is often stated in anthropology that concern for a
higher power is a cultural universal (Kottak & Kozaitis,
2008, p. 85). Religion has been defined anthropologically
as the “belief and ritual concerned with supernatural
beings, powers, and forces” (Wallace, 1966, p. 5). For
many, religion is a formal institution involving regular
worship in groups. With its group nature, religion creates a
community of shared beliefs. The solidarity that partici-
pants experience is an important social function, but just as
religion forms bonds between people, it is also divisive.
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People have a sense of belonging to a religious belief sys-
tem, often to the exclusion of others. Religious diversity is
defined by the different ways people interact with deities
and the supernatural, the types of religious practitioners
that are sanctioned, and the way religion is used as an
adaptation to external forces.

Communication With the Supernatural

The supernatural refers to the existence of entities out-
side the visible universe. People in every human culture
believe there are supernatural forces that affect their daily
lives. The founder of the anthropology of religion, Sir
Edward Burnett Tylor, stated that people invented the
supernatural as a way to explain events and conditions for
which they had no reference to explain any other way. People
needed to explain their existence, the meaning of death,
and even dreams, but had no other explanation for these
phenomena. He posited that the earliest forms of religion
were animistic, involving the belief that humans, animals,
and nature were imbued with spirits (Tylor, 1871/1958).
This also means the earliest religions were probably poly-
theistic, in which people believed in more than one god.
Monotheism, belief in a single god, developed later.

People around the world interact with supernatural
beings and deities in different ways. These strategies include
prayer, dreams, visions, rituals, and sacrifices (Wallace,
1966, pp. 52—66). Ember and Ember (2009) simplify the dif-
ference between these strategies. Prayer refers to asking the
supernatural to do something on one’s behalf, while rituals
and sacrifices are thought to be sacred acts that will please
and compel the supernatural to act (p. 195). The latter strat-
egy is termed magic, supernatural techniques meant to
accomplish specific goals (Kottak, 2008, p. 183), while
manipulating the supernatural for harm against others is
referred to as witchcraft. Witchceraft is often used to explain
tragic or unforeseen accidents and illness in cultures such as
the Azande of Zaire or populations in Papua New Guinea.
Violating a taboo or acts of carelessness are recognized
causes of illness or death, but witchcraft is used to explain
the otherwise unexplainable.

People in cultures that believe in witchcraft also tend to
believe strongly in revenge and retaliation for bewitching
each other. Some anthropologists have stated that belief in
witchcraft may be an adaptive mechanism that acts to level
society and purge marginalized individuals from the
group. People who are particularly successful and acquire
much wealth are often accused of invoking witchcraft to
cause their peers to fail so that they may triumph. Accusing
wealthy individuals of using sorcery for ill-gotten gains
often strips them of their wealth and acts to level society
again (Whiting, 1950).

Shamans are intermediaries between the human and
spirit worlds. These part-time religious specialists are also
often associated with healing. Common techniques of the
shaman include dreams and trances. Trance involves the
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use of an altered state of consciousness in which communi-
cation with the supernatural is possible. Individuals may
obtain trancelike states through exhaustive dance or run-
ning, taking alcohol or hallucinogenic drugs, or deprivation
of food, water, or sleep. It has been stated that 90% of the
world’s societies practice religious trance (Bourguignon,
1973). Shamans are also quite common around the world,
and the ability to communicate with the supernatural and
cure the sick is the shaman’s primary responsibility. The
belief that illness is caused by the supernatural is prevalent
worldwide. In 1980, George Murdock compared 139
societies and found that only 2 did not contain the belief
that gods or spirits could cause illness.

Religion as an Adaptation

The purpose of religion is more than just explaining the
unexplainable. Religion serves the emotional needs of peo-
ple as well. People can take comfort in the fact that there is
an omnipresent and all-powerful deity watching over them.
A belief in the afterlife or a “better place” can also help
people cope with emotions experienced due to terminal ill-
ness and death. Anthropologists recognize that all religions
act to reduce anxiety and uncertainty. According to
Malinowski (1931/1978), when humans face much uncer-
tainty and danger they turn to magic. He hypothesized that
when people lack control, magic and spirituality alleviate
psychological stress.

Human societies around the world are divided into
many major and minor religions and belief systems. The
largest world religions are Christianity, Islam, Buddhism,
and Hinduism. Of course, there are many others not men-
tioned here as well as numerous divisions within religions.
Religion is a major factor in human cultural diversity
because people around the world see religion as part of
their identity, as something that defines them to the exclu-
sion of other belief systems. Because people tend to be
emotionally attached to their belief system, religion is
often a form of conflict that divides groups of people.

Gender and Sexual Orientation

To understand diversity in gender and sexual orientation
it is important to distinguish between sex and gender. Sex
is a biological and anatomical classification referring to
the chromosomes present in an individual; females have
two X chromosomes and males have one X and one Y chro-
mosome. Men and women also differ biologically in pri-
mary and secondary sexual characteristics. Primary sexual
characteristics are genitals and reproductive organs, while
secondary sexual characteristics are often breasts, voice
differences, and hair distribution (Kottak & Kozaitis, 2008,
p. 145). But there are other differences in male and female
biology beyond sexual characteristics. Sexual dimorphism
refers to those nonsexual differences such as height, weight,
muscle mass, lung capacity, and endurance. Today, there is
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quite a bit of overlap in these areas but these differences
existed to a greater degree throughout human evolution.

As opposed to sex, gender refers to the cultural con-
struct that defines acceptable male and female behavior.
These gender roles vary widely across the globe.
Anthropologists have identified recurring themes in gen-
der divisions of labor, but gender roles differ with the envi-
ronment, economy, and political system of societies
(Kottak & Kozaitis, 2008, p. 146).

Because gender differences exist in societies, often gen-
der stratification develops. Gender stratification is the
unequal distribution of power between males and females
that reflects their different positions in the social hierarchy.

In many societies, gender stratification favors males.
According to many anthropologists, gender divisions of
labor progressed into gender stratification favoring men
when many societies abandoned foraging in favor of farm-
ing (see Diamond, 1987, 1998; Kottak, 2009). Previous
foraging subsistence valued the work of women because
their vegetable food-gathering and small-animal trapping
provided a majority of the daily caloric requirements
(Diamond, 1987, 1998; Lee, 2003). The shift to agricul-
tural lifestyles involved long days of hard manual labor, in
which male biological differences were favored. As men
became the primary food producers, there was a shift of
women and domestic tasks to an inferior status. Also, in
many societies, males are granted access to the public
sphere and the outside world, which gives them experi-
ences and power over females who do not possess access
to such experiences (Rosaldo, 1980; Kottak, 2009, p. 228).

However, the gender roles and expectations are too great
for some. Individuals sometimes feel they do not belong to
their sex or gender. In some societies, there is a place for
these people whose sex and gender do not correspond, indi-
viduals who feel they are neither man nor woman.

The Third Gender

The “two-spirits” Native North Americans constitute a
third gender, often referred to as berdache. The two-spirits
has been identified in over 150 North American tribes in
the historical and ethnographic literature. An interesting
feature of the berdache identity is that it could include both
males and females. Berdache are known for preferring
work of the opposite sex and engaging in homosexual rela-
tionships with nonberdache individuals. The two-spirits
identity is believed to be the result of supernatural forces
that come to them in visions or dreams. The community to
which berdache belong often regards them as being neither
male nor female, but they are distinguished from typical
male and female gender roles. Many Native North
American tribal groups also attributed fertility and sexual
powers to berdache shamans (Roscoe, 1998).

In the Middle East, the country of Oman has a third gen-
der called xanith. A xanith is anatomically male but takes
on gender roles that are in between those of males and
females. While men wear white and women wear bright

patterns, xaniths wear unpatterned, pastel clothing. They
also have medium-length hair and intermediate social roles.
Gender roles are strictly defined in Oman and women are
not to leave the home without permission. A xanith, though,
may come and go as he wishes as well as interact with both
men and women socially. Xaniths may have sexual rela-
tionships with women or men, or choose to remain unwed.
If a xanith is involved in a relationship with a man, he will
be allowed to retain his male public status as a man as long
as he is also married to a woman and can prove he con-
summated that marriage (Wikan, 1982).

The fa’afafine are a third gender specific to Samoa, in
the South Pacific. These individuals are born male but are
raised as females. The literature suggests there are two
ways in which parents may choose to raise their son as a
fa’afafine. First, and traditionally, sons became fa’afafine
because the couple had plenty of sons and not enough
daughters. Traditional gender divisions of labor prohibited
men from doing domestic work, and raising a son as a
fa’afafine served as an adaptation to having too few
daughters. Other sources state that, more recently, sons
may choose to be raised and treated as fa’afafine because
of homosexual or effeminate tendencies (Mageo, 1992).
Fa’afafine are not always considered homosexuals or
transvestites, because they retain characteristics of being
both male and female; they do “women’s work” as well as
sometimes taking a wife and having a family.

In contrast to fa’afafine, hijras are third-gender indi-
viduals of India, a group that includes hermaphrodites
(individuals born with both male and female genitalia),
eunuchs (castrated men), and homosexual men. Due to the
relatively few humans that are born truly hermaphroditic,
Nanda (1999) believes that most hijras are men who have
undergone the emasculation procedure or homosexual men
who have retained their genitalia. Many hijras state that
they were born as neither man nor woman, even if they had
undergone the emasculation procedure, and are united in
their belief that “no greater insult is possible than to
describe them as males™ (Lal, 1999, p. 127). In fact, hijras
dress and behave as females but do not try to pass them-
selves off as females; they make themselves known to be
true hijras, neither man nor woman.

Hijras belong to a special caste of devotees to the
mother goddess Bahuchara Mata and are traditionally
employed as performers in special ceremonies, such as
weddings and the blessing of newborn children. According
to Hindu belief, and much like Native American berdaches,
these third-gender individuals have the power to bring fer-
tility and prosperity in traditional ceremonies. Although
the presence of hijras at ceremonies is believed to be aus-
picious, Indians are somewhat fearful of these sexually
ambiguous individuals because they also have the power to
bring infertility and misfortune on families that do not pay
them enough. Additionally, many hijras are homosexual
prostitutes, which decreases their respect, and those hijras
that make a living as street performers receive much pub-
lic scorn and ridicule (Nanda, 1999).
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All of the societies with a third gender discussed here
are considered to have some form of institutionalized
homosexuality. Sexual orientation is generally divided into
four forms: (1) heterosexuality, sexual attraction to the
opposite sex; (2) homosexuality, attraction to the same sex;
(3) bisexuality, attraction to both sexes; and (4) asexuality,
no sexual attraction to either sex. Although all four forms
exist in many parts of the world, they are defined differ-
ently by each culture. For example, in the societies men-
tioned above, a form of institutionalized homosexuality
exists within the purview of a third gender.

Institutionalized “Homosexuality”

An extreme example of institutionalized homosexuality
can be found among the Etoro of Papua New Guinea.
Here, masculinity is considered an achieved status
whereby adolescent boys need to acquire the characteris-
tics that will make them men. Particularly, this includes the
acquisition of semen from older men. Beginning around
age 10 and continuing into adulthood, males are insemi-
nated orally by older men, usually their maternal uncles
(Kelly, 1976). It was considered inappropriate for two
youths to engage in this activity because it is believed they
are draining each other’s semen supply, and thus shorten-
ing their life spans.

It is also important to note that a number of Papuan soci-
eties practice female avoidance. Femininity is believed to
be an ascribed status—something one is born with and does
not need to acquire through deeds during the lifetime. This
innate femininity is also considered highly polluting. Males
in these regions live in communal housing with other men,
hide ritual and sacred objects from women, limit all inter-
actions with females, and even have a taboo against hetero-
sexual intercourse. Sex with women is believed to sap the
life force from men and is only to be practiced for procre-
ation. Viewed in light of these dramatic circumstances of
female avoidance, institutionalized homosexuality does not
seem so surprising. The Etoro are exhibiting homosexuality
not as something driven by their hormones or genes, but as
a cultural tradition (Creed, 1984).

Discussions of gender roles and sexual orientation need
to be viewed in light of a number of cultural characteristics,
such as religious beliefs, and social and political structure.
Particular practices and belief structures can often be better
understood by how they trace their descent, how power is
structured, and how these relations came to be.

Sociopolitical Organization

Human cultural diversity is also expressed by human
social and political organization. Elman Service (1962) is
well-known for his sociopolitical typology that divides
human groups into the four categories of band, tribe, chief-
dom, and state. A band is a kin-based society where all
members are related through blood or marriage. Band-
level societies engage in nomadic or seminomadic foraging,
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or hunting and gathering. This type of society is usually
egalitarian, where people enjoy relatively equal political,
economic, or social status. This does not mean that all
people in band-level societies are equal; egalitarian bands
do have status differences based on gender and age. Bands
are also based on reciprocity, an economic system that
governs exchange between social equals, which serves to
forge and solidify relationships. The Khoisan of southern
Africa are famous examples of band-level societies that
retained many “traditional” features up until the 1970s
(Lee, 1979, 2003).

Tribes are sedentary or seminomadic societies living in
villages that practice small-scale agriculture such as pas-
toralism and/or horticulture. Like bands, tribes are also
organized by kin groups, although tribes claim common
descent through clans and lineages. Also like bands, tribes
lack formal government, but many tribes possess a village
head or “big man.” A big man is like a village leader that
has influence in more than one village. The Yanomami of
the Amazon forest and the Masai of East Africa are exam-
ples of tribal societies.

Chiefdoms are also kin-based societies. Although they
do possess permanent government, Kinship, marriage,
descent, age, and gender are factors that divide people in
chiefdoms into social classes. A person’s status can be
determined by achievement or ascription. Achieved status
refers to the social position one holds due to hard work,
perseverance, skills, or other actions and activities achieved
during one’s lifetime. An example of an achieved status
would be an occupation, since no one is born a doctor and
that status must be earned. An ascribed status is one that is
assigned at birth and generally cannot be controlled or
changed, such as gender and nationality. Wealth, power,
and social status can be either achieved or ascribed in
chiefdom-level societies. An example of a chiefdom is the
Cherokee of North America.

State-level societies are political units with formal gov-
ernments based on codified law with law enforcement.
States also have economic, or fiscal, systems that are
needed to support the large population and government
officials. Compared with bands, tribes, or chiefdoms, states
are large and urban based, and they exist as today’s nation-
states. Any contemporary country is a state-level society.

Even though Services (1962) classification system
seems clear-cut and functional, this is no longer the case.
Anthropologists recognize that no category except the
state truly exists today as a self-contained form. All forms
of social organization exist within the larger nation-state
and are subject to its laws and regulations (Kottak, 2009,
pp. 108-125).

Cultural diversity exists in many forms. Diversity is
expressed in the way people worship, the way they adhere
to or reject gender roles and norms of sexual orientation,
and even the way they are socially organized. These are just
a few of the ways in which humans express diversity; oth-
ers include language, kinship structures, values, marriage,
folklore, ethnicity, and music, which are discussed in further
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detail throughout this text. Now we turn our attention from
human cultural diversity to biological diversity.

Biological Diversity

In addition to the many ways people can be culturally
diverse, there also exist some biological differences.
Again, human biological diversity is far less pronounced
than the infinite ways in which people express themselves
culturally. Anthropologists explain physical differences in
human appearance in terms of geographic clines, a term
coined by Sir Julian Huxley in 1938. Clines are gradual
shifts in phenotypes over a geographical area. A phenotype
is an observable trait or characteristic, such as skin, hair, or
eye color, nose form, or stature. Biological anthropologists
recognize that human expression of certain physical char-
acteristics shifts with geographic and environmental con-
ditions. These gradual shifts in phenotypes are not clearly
delineated, and they do not separate “races” of people.
Phenotypic variations are known to be adaptations to envi-
ronment and geography.

Human Adaptations

Over the course of human evolution, human physiology
has adapted to a number of environmental factors such as
amount of UV light exposure, extreme hot and cold cli-
mates, and availability of nutritious food. Many human
biological traits have taken about 4 million years to develop
while others are more recent in human history. As Homo
sapiens sapiens migrated out of Africa, they began to
inhabit a wider variety of climate zones. Humans were able
to adapt to many environmental conditions within the last
500,000 years of their existence. This section of the chap-
ter aims to describe the most common environmental
obstacles and how human biology was able to adapt and
even flourish under these conditions.

Skin Color

Humans manufacture most of their vitamin D by absorb-
ing and then synthesizing UV light through the skin.
However, the ultraviolet light emitted from the sun that
reaches the earth is unevenly dispersed. Areas around the
equator are exposed to higher levels of the sun’s UV light
than far northern or southern areas, and this UV light dis-
persal is roughly latitudinal. The UV light distribution on the
earth’s surface is quite uneven and is even considered inad-
equate for proper vitamin D production in some regions.

Melanin is a pigment compound found in the skin.
Melanin granules range in color from brown to black
and protect the skin from overproduction of vitamin D.
Individuals exposed to high levels of UV light express high
levels of melanin in the skin, resulting in dark skin color.
Individuals living in environments with little to no UV

exposure are characterized by low levels of melanin in the
skin and express light skin color. In other words, the
amount of melanin in the skin is related to the amount of
daily exposure to UV radiation (Frisancho, 1993, p. 154).

Skin color is darkest near the equator, in regions where
melanin production in the skin is elevated due to the
amount of sunlight. These high levels of melanin protect
the body from sunburn. Additionally, increased melanin
production prohibits overproduction of vitamin D. As one
moves farther away from the equator, either north or south,
the clines of skin-color variation contain less melanin,
resulting in lighter skin. Light skin is able to better manu-
facture vitamin D without much exposure to UV sunlight
(Frisancho, 1993, pp. 166—167). This being said, individu-
als living in extreme northern or southern latitudes may
still experience ill health due to vitamin D deficiency.

In the 17th through 19th centuries, many children in
northern European countries suffered from rickets, a vita-
min D deficiency disease. Rickets is characterized by mus-
cle weakness, projections above the ribcage, and skeletal
malformations such as bowed legs and narrow pelves. This
corresponded to a time in history when middle- to upper-
class Europeans prized milky-white skin and outdoor
activities were seen as “lower class.” Thus, outdoor activi-
ties were avoided unless the skin was completely covered
up. Scientists then began to notice a link between rickets
and sun exposure and ran some experiments to determine
if this was the case. In 1919, Huldschinsky exposed chil-
dren with rickets to radiation from a lamp and found that
the children were cured of the disease in a few months. A
few years later, in 1921, Hess and Ungar exposed children
with rickets to sunlight in New York City for a few months
and also found that they were healed of their lesions.
Vitamin D deficiency has also been found in women in the
Middle East due to cultural mandates that women be
shielded from view in public. The practice of covering the
skin with dark clothing in this region has led to hypocal-
cemia, low calcium levels in the blood, in women, which
also affects the health of their children through breastfeed-
ing (Dawodu et al., 1998).

Another factor affecting skin color is disease. Recessive
genes can cause albinism, or hypomelanism, which is char-
acterized by a lack of melanin in the skin, hair, and eyes.
People born as “albinos” have white hair and skin and eyes
with pink or pale-blue irises because their cells lack the
ability to produce melanin. Albinism can be severe or quite
mild, but individuals who cannot produce normal levels of
melanin are at higher risk of skin cancer, astigmatism,
optic nerve hypoplasia, and photosensitivity.

Hair and Eye Color

Ultraviolet light exposure affects not only melanin in
the skin but also hair color and texture and even eye
color. This is due to variation in melanin content of hair
and eye pigment. Most humans have brown or black hair
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that contains more melanin than red or blond hair.
Likewise, different eye colors contain a different density
and distribution of melanin: Blue eyes contain the least
amount and dark brown eyes contain the most melanin.

Generally, dark or light skin, eyes, and hair co-occur as
an adaptation to the environment. Light hair, skin, and eyes
help people of northern regions produce adequate amounts
of vitamin D for survival where little UV radiation reaches
the earth’s surface. By the same token, large amounts of
melanin in the skin, hair, and eyes protect these features
from overexposure to high levels of UV light in equatorial
environments. However, this generalization has a few excep-
tions. Many European children are born with blond hair that
darkens with age. Additionally, Aboriginal Australians have
dark skin and eyes but light or even blond hair.

It is important to note that eye and hair color are not
entirely defined by geographic clines. There are complex
patterns of genetic inheritance that affect eye and hair
color. Researchers know that there are many genes that
affect these traits as well as admixture among the world’s
populations (Molnar, 1998, pp. 246-247).

Body Shape and Stature

Another environmental factor that has affected human
evolution is climate. Human physiology is quite remarkable
in its ability to adapt to extremely hot or cold conditions.
Body build and stature appear to have been altered in order
to acclimate to environmental conditions. Although gener-
alizations can be made that body shape and stature follow
geographic clines, there are a few notable exceptions. It is
imperative to remember that other factors such as diet, dis-
ease, and complex genetic inheritance and variation also
play a role in determining body shape and stature.

According to Fourier’s law of heat flow, we know that
the amount of radiant heat that can be lost in an object
depends on the ratio of surface area to body mass.
Researchers also know that about 67% of the heat lost in
a human at rest is due to radiation (Stein & Rowe, 2000,
p. 408). Taking these two facts into account, one can see
how humans with a higher surface area:body mass ratio
would be better at radiating heat from the body.
Conversely, humans with a low surface area:body mass
ratio would be better able to retain, or conserve, that
body heat. We would expect to find tall and slender indi-
viduals with a higher surface area:body mass ratio in hot
climates and short, stocky people with a low surface
area:body mass ratio in cold climates. A good example is
the Nuer of equatorial Africa. The Nuer are part of a
larger group of tall East Africans, referred to as Nilotes,
that all exhibit long, slender bodies with long limbs.
These features are adaptations that allow their bodies to
dissipate and dispel large amounts of body heat in their
hot climates. Conversely, the Inuit of the Arctic exhibit
short, stocky bodies with short limbs that allow them to
retain body heat in their cold climates. The high amount
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of subcutaneous fat that makes them “stocky” acts to
insulate and help retain body heat.

Of course, there are a few exceptions to this theory. Most
notably, the Mbuti Pygmies of the Congo live only a few
hundred miles from some of the tallest people in the world,
the Tutsi (Hiernaux, 1977). How could the world’s smallest
population live so close to one of the world’s tallest? A pos-
sible explanation for this has to do with the humidity in the
hot, steamy forests that they inhabit. The pygmy body form
is completely different than that of their tall, heat-dissipating
neighbors; however, they are well suited to a hot, wet cli-
mate. The high humidity of the forest makes heat loss due
to radiation and sweating ineffective. Instead, pygmies
compensate with a reduction of internal body heat produc-
tion. This is possible with a reduction in metabolism and
muscle mass, which are accomplished with weight reduc-
tion. They are light and small because they are not produc-
ing as much body heat as their tall neighbors. While their
neighbors can thermoregulate with sweating, pygmies had
to adapt a different mechanism to acclimate to the hot and
humid regions they inhabit (Molnar, 1998, pp. 198-200).
Further evidence to support this hypothesis is that “pyg-
moid” populations around the world, such as Negritos of
the Philippines and New Guinea, exhibit a similar body
form and inhabit similar high-humidity regions.

As has been demonstrated in the preceding sections of
this chapter, humans display a wide range of both cultural
and biological variation. However, the cultural variation of
humans is much greater and more complex than their bio-
logical variation. Cultural variation includes such differ-
ences as religion, beliefs, gender, sexual orientation, and
socioeconomic status in society. Cultural features can also
be widely dispersed throughout the world’s populations. In
contrast, much of humanity’s biological variation can be
explained as adaptations to geographic clines. Such fea-
tures as skin color, hair and eye color, and body form and
stature have helped people acclimate and thrive in different
areas of the globe.

While the biological facts seem to point to adaptation to
environmental conditions, other factors, such as diet, dis-
ease, and inheritance, play a role in the expression of
human variation. Additionally, cultural constructs of these
physical differences are quite different around the world.
Many cultures rely on the concept of human races to
explain physical differences. Unfortunately, the concept of
race in the Western world has largely ignored biological
explanations for human differences and historically has
aimed to classify people into discrete categories. Grouping
people based on phenotypes has led to prejudice, discrim-
ination, and segregation.

Race in Western Culture

The concept of race in Western science has changed dra-
matically over the last 200 years. At the beginning of the
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19th century, European thought about race was influenced
by two significant forces: the doctrine of Christianity and
the rational philosophy of the Enlightenment. The Judeo-
Christian creation story reinforced the belief that all of
mankind is descended from a single couple, Adam and
Eve. The theory that all humans are descended from a sin-
gle pair of ancestors is called monogenesis.

Since before the medieval period, the perception of the
universe known as scala naturae was strongly integrated
into both religious and scientific European thought. Scala
naturae, or the “great chain of being,” was a perspective
that fit the natural and supernatural world into a hierarchal
structure that paralleled medieval European society itself.
Scala naturae placed God at the top of the universal order,
nobility at the highest levels of humanity, and the peasants
at the bottom. The Christian church and the medieval state
used scala naturae as a philosophical source of authority.
Following this system meant never questioning one’s
station in the great chain, much less the validity of the
structure as a whole. Even into the Enlightenment of the
18th century, this perspective had a strong following.

The Enlightenment

As Europe’s exploration and colonization expanded
throughout the world in the 18th century, its society
became increasing aware of human cultural and biological
diversity. Scientists of the time worked to put this diversity
into a rational order. Carolus Linnaeus was an 18th-century
biologist best known for his work creating a classification
system, or taxonomy, of organisms. Contemporary biology’s
current taxonomical system is based on his work. Linnaeus
included humans in his taxonomy, separating mankind into
distinct races, and attributing certain traits to the races as a
whole. The development of racial types by Linnaeus in
1758 is perhaps the beginning of the model of race we
still experience in contemporary Western culture. Another
very important Enlightenment typologist was Johann
Blumenbach. In his text, On the Natural Varieties of
Mankind (1776), Blumenbach divided humanity into
three major races, as well as two connecting minor races.
At the center of this continuum was the “ideal” Caucasoid
(Europeans). The Malaysian minor race connected the
Caucasoid to the African race, and the Aboriginal Indigenous
Americans connected them to Asians. There are several
important aspects to Blumenbach’s approach. He argued
for the influence of climate on race type, which explained
how such gradation of variation could occur. The grada-
tions of race that he observed, and his environmental
explanation for the emergence of race, reinforced the pos-
sibility of a single origin of humanity.

Polygenism

European society considered its exploitation of cultures
on other continents as bringing positive changes to inferior

races. In America, however, the exploitation was not kept
in far-off colonies, but was a part of everyday life.
American society subjugated both the American Indians
who were being driven from the land, and the African
slaves being used to develop the economy. In this context,
some thinkers proposed that these other races were not
descended from the same ancestors as Europeans, but were
instead effectively different species.

Gould outlines two key players in the American school
of polygeny: Agassiz the theorist and Morton the empiri-
cist (Gould, 1996, p. 74). Louis Agassiz was a Swiss-born
comparative paleontologist and biologist at Harvard who
never produced any evidence to back up his radical poly-
genist claims. As Gould describes, Agassiz appears to have
arrived at the polygenist conclusion from visceral reaction
to close contact with black slaves in America. He made
subjective, racist observations and claimed them to be
objective philosophical inquiry. Despite the abstract nature
of his work, Agassiz was still an important figure in the
polygenist-monogenist debate.

Samuel Morton (1839), an American physician and nat-
ural scientist, focused his efforts in support of polygeny on
practical craniometry. He believed bigger skulls equated to
bigger brains, which indicated greater intelligence
(Wolpoff & Caspari, 1997). Morton sought hard scientific
data to build a comparative body of evidence for inherent
racial distinctions. To do this, he compared a large number
of human skulls from many different populations through-
out the world. His comparisons observed smaller volumes
in American Indian than in Caucasian skulls. Another
observation he saw as important was made in his study of
Egyptian skulls, Crania Aegyptiaca (1844). He found a
clear distinction between the white ruling class and the
“Nubian” working class of ancient Egypt. Using a world
chronology based on a literal interpretation of Christian
scriptures, Morton dated these white Egyptian skulls to
soon after creation, or around 4000 BCE. Such a find rein-
forced the concept of the original diversity of races, and
argued that race was beyond the influence of environment,
as Blumenbach had postulated. Besides conclusions
brought about by his literalist-scriptural view, Morton’s
more empirically based conclusions, derived from calcu-
lating cranial capacity by filling skulls with mustard seed
and measuring how much the skull could hold, also pro-
duced what could only be described as bad science. His
samples were chosen from both men and women, without
any concern over characteristics that vary between men
and women (sexual dimorphism). Also, he excluded sam-
ples that he deemed anomalous, despite the clear bias
inherent in such manipulation.

At the same time that Morton was conducting racial
studies biased toward fitting observable data into precon-
ceived notions of race, scientists like Charles Darwin were
working sufficiently outside the influence of scala naturae
to produce new explanations for human diversity. Darwin’s
On the Origin of Species (1859) implied, as a matter of
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logic, that humanity is a product of divergence from a pre-
vious species altogether. Darwin’s work also credited the
influence of randomness; all biological variation did not
follow some predestined chain of being, but rather was
subject to unpredictable variability. This is a critical dis-
tinction that served to completely overturn much of the
philosophy of science up to that point. If Darwin’s work
served to completely outmode the issue of polygenism versus
monogenism, it also set in motion what would become the
contemporary challenge to the concept of race as a whole.

Race as a Social Construct

Biology since Darwin has still included concepts of
race determined by culture and its understanding of genet-
ics. Despite increasingly strong arguments against scien-
tifically definable race, the concept has not disappeared
from biological study. The Race, Ethnicity, and Genetics
(REG) Working Group of the National Human Genome
Research Institute (2005) highlights the lack of genetic
diversity among so-called races when compared with other
animal species. Of the genetic variation that does exist
among humans, only 5% to 15% occurs between groups on
different continents (p. 521).

Grouping populations into racial or ethnic categories
due to a small part of their phenotype can confuse issues
that have a much more complex genetic background.
While doing broad population studies does require some
generalizing terms, the most specific, unambiguous types
should be used. Overall, the type of study being done
should determine such classifications. Clearly, how scien-
tists have approached race over the last 200 years has been
determined by a variety of forces. Researchers like Samuel
Morton serve as examples that science is inevitably a prod-
uct of the society that produces it. In “Darwin’s Influence
on Modern, Thought,” Ernst Mayr (2000) argues that such
a relationship can exist between a scientist’s work and the
culture that produced it.

Conclusion

Humans vary culturally and biologically. It must be noted,
however, that humans express far less biological diversity
than cultural diversity, and many of these variations can be
explained as adaptations. Humans striving to explain the
inexplicable, to understand death and the nature of life,
have invented belief systems to help them cope with the
world around them. People use these beliefs and traditions
to alleviate anxiety, to obtain hope, and to create equality
among the believers.

In their quest to understand the world, people have clas-
sified all that is around them, putting types of animals,
plants, and even people into categories they can understand.
In so doing, humans have created ideas of racial groups
and even gender roles and divisions that are not based on
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biological realities. These classifications have often served
to benefit one group and subjugate others. In many cultures,
these human divisions are not accepted by all and subgroups
have emerged. In Samoa, Papua New Guinea, and Native
North America, third and fourth genders have emerged as a
way for some people to deal with the gender divisions and
inequalities that had been instituted.

People are also divided into different socioeconomic
categories. Elman Service’s (1962) typology aimed to
order all humans into bands, tribes, chiefdoms, or states. It
is well understood that these categories no longer exist as
self-contained entities, but humans continue to keep them-
selves divided. Racial classifications have also served to
group people together often under the assumption of bio-
logical differences. Anthropologists now understand that
many human biological traits serve as adaptations to the
environment. Traits used to classify people into races are
actually advantageous characteristics for their environ-
ment. Despite this new knowledge, people continue to use
racial classifications as a way to organize the people
around them. Although the history of the race concept in
Western culture has come a long way, it is apparent there is
still a long way to go.
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RACE AND RAcCISM

PauL FE. BRowN

Minnesota State University, Mankato

ing in Louisiana, decided to apply for a passport in

order to take a cruise. Since she didn’t have a previous
passport, she went to the Division of Vital Records in New
Orleans to obtain a copy of her birth certificate. In addition
to her parents’ names, her date of birth, and so forth, her
birth certificate also listed her race, a common feature on
birth certificates at the time of her birth. Much to her
shock and dismay, her race was listed as “colored.”
Apparently, she took this news so badly that she was
forced to retreat to her bed for three days. She claimed
there had been a terrible mistake. She was white, she said,
had white children, two white husbands, and lived in a
white neighborhood.

In 1982, Susie Phipps sued the state of Louisiana to get
her racial designation changed to “white.” During the
ensuing trial, a number of scientific experts, including
physical anthropologists, were called to testify. Without
exception, they all stated that there was no scientific way
to determine a person’s race, and that the concept lacked
scientific validity. The judge, as it turns out, was in com-
plete agreement with the scientists and yet he ruled in
favor of the state and threw out the suit. Why?

It turned out that Susie Phipps was the great-, great-,
great-, great-granddaughter of a black slave who even-
tually married a Frenchman by the name of Joseph
Greggerie Guillory, Phipps’s great-, great-, great-,
great-grandfather. According to a Louisiana law passed
in 1970, any person with at least 1/32 “Negro blood”

In 1977, 43-year-old Susie Phipps, a white woman liv-

was black. Therefore, the judge ruled that Susie Phipps,
a woman who had lived her entire life as white, whose
race on her children’s birth certificates was listed as
white, whose friends and family members saw her as
white, was legally black. Culture, it seems, trumped
science.

This story underscores the ongoing confusion and
tension in our society over the very meaning of race, it’s
validity as a concept, and it’s application. Anthropology
is not immune from this tension. Since Sherwood
Washburn’s (1963) “new physical anthropology” of the
1950s, most anthropologists have rejected the concept of
race as a scientifically valid means of describing human
biological differences. Nevertheless, the notion of race
still persists within both anthropology and the public. In
order to sort out this confusion, we need to understand
exactly what is meant by the term race, and how it is
understood and used by different segments of society.
This seemingly contradictory view of race is made
explicable through an analysis of the history of the con-
cept, beginning with its use by the ancient Greeks and
continuing through the development of science in
Western thought. Our ongoing ambivalence toward the
concept of race is evident in the ways in which we, as
anthropologists, teach our students about race in partic-
ular, and biological variability in general. Race epito-
mizes the tension within modern anthropology between
those who focus on our diversity and those who empha-
size our sameness.
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According to the Oxford English Dictionary (1989),
race is defined as

each of the major divisions of humankind, having distinct
physical characteristics; . ..a group of people sharing the
same culture, language, etc.; an ethnic group; a group of peo-
ple or things with a common feature; a distinct population
within a species; a subspecies. (Vol. 13, p. 69)

This definition includes references to both cultural and
biological characteristics. This mixing of the biological
with the cultural is a basic component of racism and has a
long history in Western thought. In addition, the definition
implies that different races are identified with essential,
inherent tendencies or behaviors.

History of the Concept of Race

Greek Essentialism

The notion that different races not only look different, but
also behave differently as a result of their physical differ-
ences, can be traced back in Western thought at least as far as
the writings of the ancient Greeks, particularly to the humoral
model of existence proposed by Hippocrates (460—377 BCE)
in his Discourse on Airs, Waters, and Places.

In Hippocrates’s humoral model, all living things are
imbued with an essence that determines their physical char-
acteristics and nature. The essence of an organism not only
determines its physical traits, but also, in the case of ani-
mals, determines temperament (aggression, passivity, etc.),
intelligence, and behavior. The essences are the product of
the exact combination of qualities, elements, humors, and
associated temperaments. All living things have the four
humors of yellow bile, blood, black bile, and phlegm; it is
the exact ratio of these humors in an organism that ulti-
mately determines its physical traits and temperament.
Once the first member of a particular group arises, a tem-
plate is created from which all descendants are derived. For
example, a dog is a dog because it contains dog essence.
The first dog arose in a particular part of the world and the
qualities and elements of this dog resulted in a preponder-
ance of one of the four humors with its corresponding
temperament. Once the first dog came into being, all sub-
sequent dogs inherited the same essence, thus determining
their dog features and behaviors. These essences are
immutable; thus all dogs will remain basically the same
indefinitely in physical composition and temperament. All
living things were also listed along a scale, the “great chain
of being,” which ranked organisms from the most godlike
(humans) to the least godlike (insects, etc.).

The humoral model was also used to explain humans.
Unlike dogs, however, the Greeks saw humans as made
up of a number of distinct groups, each with its own
physical features, temperaments, and corresponding
behaviors. Thus, some humans, because they originated

in an environment characterized by the qualities of “hot”
and “moist,” resulting in the element “air” and the humor
“blood,” have the temperament of bravery, aggression,
and militancy; others, who originated in a region where
“moist” and “cold” qualities resulted in a predominance
of the element “water” and the humor “phlegm,” are pas-
sive and lethargic. All descendants of these original
human types would inherit these same immutable fea-
tures and temperaments from their parents.

Different human types were also ranked differently
along the great chain of being. Thus, some people were
inherently superior or inferior to others. During the
medieval period in Europe, the Greek humoral model was
kept mostly intact; the only significant change was in terms
of origins. Instead of influential environmental factors such
as air, water, heat, cold, and so forth, the church substituted
the God of Genesis as the creator of all living things.
However, the basic-essentialist assumption that different
types of animals, including different human groups, were
unchangeable remained the same. The medieval Europeans
also adopted the notion of the great chain of being, ranking
different types of people into higher and lower groups. This
ranking was held to be unchangeable; one’s position on the
hierarchy was assumed to be part of God’s divine plan.

“Scientific” Racism

One of the first Europeans to explicitly apply the
humoral model to different racial types was Jean Bodin
(1530-1596). In his Methods for Easy Comprehension of
History, Bodin associated people of different skin colors
with different humors. Thus, whites (Europeans) had a pre-
dominance of the humor phlegm; yellow-skinned people
(Asians) had a predominance of yellow bile; blacks
(Africans) were assumed to have more black bile; and red-
skinned peoples (Indians) were associated with the humor
blood. Following the Greek model, Bodin also associated a
particular temperament with each of these peoples based
on their predominant humor. Indians (red skin, blood) were
savage and warlike, while Africans (black skin, black bile)
were lethargic and slow-witted. Asians (yellow skin, yel-
low bile) were cunning and devious, and Europeans (white
skin, phlegm) were reflective and rational. Thus, the rela-
tionship between racial features and behavior, which was
commonly assumed in the minds of most Europeans,
became officially established in Western thought thanks to
the work of Jean Bodin.

Following Bodin, the work of Carolus Linnaeus (Carl von
Linne, 1707-1778) lent further scientific credibility to the
racist association between race and behavior, including
things like personality, intelligence, and morality. In his
famous work, Systema Naturae, Linnaeus created the first
formal system of taxonomy, the classification of plants and
animals. Expanding on the work of John Ray, Linnaeus
extended scientific nomenclature to all known life-forms,
including humans. Organisms were grouped into categories
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(taxa) based on similarities in the form and function of traits.
However, this was not an evolutionary scheme. All species
were viewed as permanent and immutable. Each was made
by the creator in its present form and would remain so indef-
initely. This applied as much to the different types of humans
as it did to any other organisms. While Linnaeus put all vari-
eties of humans into the same genus and species, Homo sapi-
ens, he did assign different races to different subspecies
categories. Thus, Africans were given the name Homo sapi-
ens afer, while Europeans were called Homo sapiens
europaeus. In keeping with Bodin’s use of the Greek
humoral model, Linnaeus assigned different temperaments
or behavioral characteristics to each racial subspecies. For
instance, Homo sapiens afer was “ruled by caprice.” He
described African women as “women without shame,
[whose] breasts lactate profusely.”” Homo sapiens europaeus,
on the other hand, was described as “rational” and “ruled by
customs.” Because of his reputation among the naturalists of
his day, Linnaeus gave scientific credibility to the idea that
people could, indeed, be divided up into races, and that these
different races possessed different inherent and unchange-
able abilities and potentials. Furthermore, these races could
be ranked in terms of behavior and ability: Europeans
(whites) were the highest, followed by Asians (yellows), then
Indians (reds), and finally Africans (blacks).

Blumenbach’s Skulls

Linnaeus’s work sparked a great deal of interest in clas-
sifying all manner of plants and animals, including humans.
Among those who were caught up in the taxonomy frenzy
was a naturalist by the name of Johann Friedrich
Blumenbach (1752-1840). He, too, assumed that people
could be easily and accurately divided into essentialist
racial categories. However, unlike his contemporaries,
Blumenbach wasn’t content to merely create racial typolo-
gies without reasonable data to support them. He looked at
skin color and rejected it as the basis for racial types, not-
ing that greater color variability existed within types than
among them—an observation that turned out to be quite
prophetic. Instead of looking at externals, such as skin color
or hair texture, Blumenbach focused his work on the many
characteristics and landmarks of the skull, taking dozens of
measurements and observations. These data led him to cre-
ate five racial types. While still essentialist in character, his
work was less subjective than his contemporaries. In fact,
some of the measurements Blumenbach developed are still
used by forensic anthropologists today in order to establish
the biological affinity of human remains. Because of his
pioneering work in osteometrics, some people refer to
Blumenbach as the father of physical anthropology.

Polygenesis: Beyond Racial Typologies

An underlying current that ran throughout much of the
research on race was that different races represented, at the
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very least, different subspecies or perhaps even separate
species of humanity. The latter view is known as polygen-
esis, the belief that different races have entirely separate
biological lineages. Perhaps the most explicit use of poly-
genesis in explaining different racial types is found in
Types of Mankind (1854), by Josiah Nott and George
Gliddon. Nott and Gliddon argued that each racial type had
its own independent evolutionary line proceeding through
a series of animals to its modern racial form. Among other
things, this work gave scientific legitimacy to the common
belief that races should not crossbreed; the result was dan-
gerous to both parties involved. It also made it easier to
justify the ranking in the chain of being for the races since
they were actually separate species.

The Darwinian Revolution

In 1859, Charles Darwin published On the Origin of
Species. The impact of this work on the thinking of people
about life was monumental. The belief in the fixity of cat-
egories in nature, having existed at least since the Greeks,
was shown to be incorrect. Instead, Darwin described a
world in constant flux. The effects of natural selection
reshaped every generation. Our taxonomic categories were
fleeting and arbitrary; there was nothing essentialist or per-
manent about them.

These ideas transformed the way we look at the world,
however, there were some notable exceptions. Darwin him-
self couldn’t imagine how racial features could in any way
be considered as promoting fitness. After all, what possi-
ble difference could the color of one’s skin or the shape of
one’s nose make to survival and reproductive success?
Darwin’s failure to consider racial features as part of the
adaptive process in humans led him to assume that these
characteristics were not merely irrelevant but also perma-
nent. It is hard to miss the irony that the very person who
overthrew the notion of fixity in animals added to the pre-
vailing ideas that racial types were permanent. It wasn’t
until his volume The Descent of Man (1871) that Darwin
himself finally recognized the possibility of adaptive value
in different racial traits. By then, of course, the damage had
already been done and, consequently, the publication of
Darwin’s Descent had little impact on racist views.

Francis Galton and Eugenics

The failure of Darwin’s work to overthrow the essen-
tialist views of race gave rise to a number of so-called
evolutionary schemes to address the race “problem” in
England. One of the most insidious of these was eugenics.

Francis Galton, a cousin of Darwin’s, began the eugen-
ics movement in the 1880s as a way of addressing what he
called “the race-destroying problem of heiress blood.” Like
most racial essentialists, Galton firmly believed that supe-
rior behavior was determined by superior biology, and that
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those individuals who behaved “poorly” did so because of
inferior biology. He believed that if the “superior races”
(i.e., upper-class British) could produce more offspring
than the “inferior races” (the lower classes), England could
do away with all manner of ills (e.g., crime, prostitution,
insanity, and drunkenness). However, he observed that in
spite of their superior biology, the upper classes repro-
duced at a slower rate than the lower classes. The reason
for this circumstance, he reasoned, was the tendency of
upper-class men to seek out heiresses as marriage partners.
It was the “bad blood” in such families that caused the
lower rates of reproduction among wealthy families.

Galton assumed that upper-class families with “good
breeding” would surely have produced male heirs to titles
and lands; heiresses would only be found in families of
lesser breeding who were incapable of producing male off-
spring. Not only did these inferior families fail to produce
male heirs, but also they had less reproductive success
overall compared with families of “good blood.” Thus,
heiress blood was “race destroying.”

Galton’s solution to the problem was “positive” eugenics,
the deliberate matching of children for marriage from fami-
lies of good blood. Galton reasoned that if a registry could
be created listing superior families, then prospective brides
and grooms for one’s children could be selected from this
list, assuring healthy and plentiful offspring for the upper
classes, and reducing the likelihood that the superior races
would be degraded by marriage to people from the inferior
races. And since behavior follows biology, the greater the
number of children produced from these matches, the
greater the number of properly behaved people in society.

These registries proved difficult to construct; genealo-
gies were often vague, lacking in completeness and hard to
verify. Galton’s response to this setback was the promotion
of “negative” eugenics: the active reduction in fertility
among the lower classes. Social programs were established
that prohibited certain people from marrying, and in
extreme cases (i.e., prostitution, criminal behavior, insan-
ity, “feeblemindedness”) people were involuntarily steril-
ized. This was all done in the name of improving society.
Since crime and other similar behaviors were caused by
inferior biology, the only way to solve the problem was to
reduce the number of people of inferior biology in society.
Eventually, the majority of the population would be com-
prised of people of good breeding, thus creating a utopian
society in which bad behavior was eliminated.

By the early 1900s, eugenics spread from England to
other European countries and to the United States. In the
United States, class distinctions were less marked than in
England, so ethnicity replaced class as the main marker of
social/biological rank. Each new wave of immigrants to the
United States was assigned the bottom rung of the latter.
Thus Italians, Irish, Jews, and Germans each took their
turn as the most despised group.

Eugenics received much support from the new science
of genetics that had sprung from the 1900 rediscovery of

Gregor Mendel’s work. Heredity was being seen more and
more as something relatively fixed and immutable. This
idea of “hard” heredity gained favor as the notions of
“soft” heredity, based on the work of Jean-Baptiste de
Lamarck, were discredited. Environmental influences on
behavior were minimized as the pendulum swung strongly
to the “nature” side of the nature-nurture debate. People
are the way they are in their ethnicity and behavior because
of their genes. Change was only possible through the long,
slow process of mutation.

Franz Boas

The first real challenge to the claims of the eugenicists
came from the work of Franz Boas, the father of American
anthropology. Boas was the subject of scorn and even cen-
sure from his scientific colleagues for questioning the con-
nection between race and behavior. The “hard” heredity of
the eugenicists implied that one’s behavior (ethnicity or
culture) was essentially determined by one’s biology. In the
absence of any real adaptive explanations of so-called
racial features, it was assumed that racial features and their
associated behaviors were fixed. This represented a clear
example of preevolutionary, essentialist thinking.

In a landmark article on eugenics published in The
Scientific Monthly in 1916, Boas systematically lays out
the problems with the eugenicist argument. He begins by
saying how wonderful it would be if we could, indeed, rid
humanity of all ills through the control of reproduction in
the same way that desired characteristics are bred in
domesticated animals. He follows this with a series of bril-
liant syllogisms pointing out that no firm connection
between biological features and any sort of temperament,
intelligence, or behavior had been established, only
assumed. He also argues that even if such a connection did
exist, then we would be hard-pressed to decide which fea-
tures would be considered desirable under all conditions,
and which may be subject to fad and fancy. Imagine, he
said, selecting for a type of personality or talent that may
be considered important today, only to have such a trait
become less desirable in the future. Furthermore, the
future may bring problems that call for certain behavioral
traits that aren’t necessarily seen as useful today. By reduc-
ing biological variability, we reduce our adaptability.

The most prescient part of Boas’s argument is his discus-
sion about the role of the environment, both physical and
cultural, in shaping behavior. This is where he lays the foun-
dation for anthropology’s separation of biology and cultural
behavior. Culture, he argues, is not biology dependent.
Indeed, it is wholly the product of one’s social and physical
environment, along with the specific history of the society
to which it belongs. This is such a part of the anthropology
worldview today that we take it for granted. However, in
1916, this was seen as revolutionary, even heretical. It was a
“rejection of modern science.” “Modern science,” of course,
meant eugenics in particular, and genetics in general.
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Boas was not content with merely suggesting hypothet-
ical views to counter eugenics. He was first and foremost
a scientist, and he recognized the importance of empirical
evidence to support his ideas. He soon began a study of
recent immigrants to the United States. He began by look-
ing at Sicilian immigrants in terms of two factors: (1) cranial
features, such as cephalic index, and (2) cultural behavior.
He had two major goals in mind. First, he wanted to test
the assumption held by the eugenicists that racial features,
such as the cephalic index (a simple index derived by com-
paring the length of the skull with the width of the skull),
were permanently linked with behavior. Second, he wanted
to examine the connection between environment and
behavior. He tested his idea that biology and culture were
independent by comparing the cultural behavior of immi-
grants and their children upon arrival in the United States
with their behavior after 10 years in residence. His find-
ings were surprising, even to Boas. As he expected, the
behavior of the Sicilians after 10 years in the United States
was markedly different than their behavior upon arrival.
This cultural change was most profound among the chil-
dren, many of whom behaved in ways identical to children
whose families had been in America for generations.
Clearly, cultural behavior was the product of the environ-
ment, and was independent of biology.

The part of the study that was most unexpected, even to
Boas, was that even the biology was subject to change.
Cephalic index, once thought to be a static identifier of
race, also changed among the Sicilian immigrants. Again,
the most profound changes occurred among the children.
Even biology, it seemed, was subject to modification from
the environment.

Sherwood Washburn and
the New Physical Anthropology

Boas and his students separated the racist connection
between biology and culture for all of anthropology.
However, physical anthropologists continued in their
efforts to categorize human biological diversity. This
search for “types” was not unique to physical anthropol-
ogy. Cultural anthropologists described “Apollonian” and
“Dionysian” cultural types, while archaeologists con-
structed any number of typologies based on pottery design
or lithics. All of these involved the creation of an archetype
through the arbitrary selection of characteristics deemed
essential to a particular type, and the subsequent search
for cases that fit the archetype. As in all essentialist
approaches, the defining characteristics of a particular
type were fixed and stable.

In the 1950s, physical anthropologist Sherwood
L. Washburn changed the way we look at biological diver-
sity. He argued that the search for racial types is not scien-
tific, and actually ignores the dominant paradigm in all of
the life sciences—evolutionary theory. One of the most
important implications of evolutionary theory is that life is
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in a constant state of flux. There are no static, unchanging
elements. Even the taxonomic category of species is a tem-
porary designation of a breeding population. In applying
this to physical anthropology, Washburn (1951) said,
“[Anthropology] must change its ways of doing things to
conform with the implications of modern evolutionary
theory. . .. There is no way to justify the division of a
breeding population into a series of racial types” (p. 298).

Racial Typologies: Essentialist View

Racial types, like all essentialist concepts, are based on the
assumption that certain core features exist almost exclu-
sively in one type and not in another; each type is discrete
and relatively stable. This is precisely why Washburn rec-
ognized that racial typologies are nonevolutionary in their
form. All humans belong to a single species, Homo sapi-
ens. Any biological differences we can observe among
individuals or breeding populations (demes) must have
arisen after the dawn of our species. This is evidence that
humans, like all species, are in a constant state of change,
in terms of both our biology and our culture. So-called
racial traits, therefore, may have come about as adaptive
responses to the different environments humans encoun-
tered as we expanded out of Africa some 100,000 years
ago. This shifts our focus in physical anthropology from
searching for static, essential features of racial types, to
evolutionary explanations of biological diversity.

The American Anthropological Association (AAA)
(2007) permanent Web site on race, Race: Are We So
Different? (http://www.understandingrace.org), shows why
essentialist views on race are arbitrary and nonscientific.
Take, for example, stature. If we observe three people of
different heights, as illustrated in Figure 7.1, we can easily
divide them up into three types: short, medium, and tall.

However, as we add more and more people to our sample,
we quickly realize that our essential types are arbitrary and
lacking in scientific validity. As our sample size grows, as
shown in Figure 7.2, we see that what we thought were
fixed types actually are part of a graded continuum from
short to tall, with no obvious or justifiable points to divide
one type from another.

A similar situation exists with attempts to divide people
up by skin color. If we start with three, as shown in
Figure 7.3, we can easily create a typology comprised of
light skin, medium-color skin, and dark skin.

Here, we see three actual groups: the Chopi, the Jirel,
and the Dutch. Each is supposed to represent a skin-color
type. However, as Figure 7.4 shows, we encounter the
same problems that we did with stature when we expand
our sample size to include many more people from around
the world.

Once again, we can find no scientifically valid point
to draw our lines to separate this continuum into skin-
color types.
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MEDIUM

Figure 7.1 Human Stature: Sample of Three
SOURCE: Journal: American Anthropological Association, http://www.understandingrace.org. Image courtesy S2N Media, Inc.
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Figure 7.2 Stature: Large Sample Size

SOURCE: Journal: American Anthropological Association, http://www.understandingrace.org. Image courtesy S2N Media, Inc.
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Figure 7.3 Skin Color: Sample of Three
SOURCE: Journal: American Anthropological Association, http://www.understandingrace.org. Image courtesy S2N Media, Inc.
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Figure 7.4 Skin Color: Large Sample Size
SOURCE: Journal: American Anthropological Association, http://www.understandingrace.org. Image courtesy S2N Media, Inc.
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What these examples illustrate is that the biological dif-
ferences we observe in people today represent clines, not
types. Clines are gradual, usually continuous changes in
the representation of traits from one area of the world to
another. Skin color is an excellent example of a cline. As
we move from the tropical areas of the world, where we
find the darkest skin shades, to more northerly latitudes,
skin shades get progressively lighter and lighter. There are
no breaks or jumps in skin shade where one might reason-
ably draw a line.

Washburn pointed out in his presidential address at the
American Anthropological Association meeting in 1962
that because “races” are open-ended systems that blend
seamlessly into one another, the number of races one pro-
poses depends on the purpose of the classification
(Washburn, 1963). In other words, unless one specifies
why a particular group does or does not have a particular
trait, the classification has no meaning and leaves open the
possibility of creating an almost limitless number of races.

Recent genetic research demonstrates that there are
very few genetic characteristics that are unique to any par-
ticular breeding population. Rather, the majority of genetic
varieties (alleles) are found in all human populations. The
difference is in the frequency in which they are distributed
from one population to another. Again, skin color provides
a good example of how this works.

Pigmentation in the skin is determined by the amount of
melanin. Melanin is produced by melanocytes, cells
located in the bottom layer of the skin’s epidermis. The
more melanin produced, the darker the pigmentation. All
people, no matter what their skin shade, have about the
same number of melanocytes. The differences come from
how active the melanocytes are. The activity of the
melanocytes is determined by the action of two genes that
turn on the chemical activity that produces melanin. The
differences in skin shades aren’t due to discrete differences
in biology from one group to another. Rather, the biologi-
cal mechanism for pigmentation is found in all groups. As
we move from the tropics to Scandinavia, the melanocytes
produce less and less melanin. Surprisingly, all of this is
related to the amount of ultraviolet radiation striking the
earth (more at the equator and less at the poles), the syn-
thesis of vitamin D, and the absorption of calcium.

Finally, racialist views of humanity have been discred-
ited through worldwide comparisons of DNA. The old
essentialist view separated people into distinct groups
genetically with only the slightest amount of overlap
between groups, as seen in the Venn diagram in Figure 7.5.
However, the actual genetic picture looks quite different. As
shown in Figure 7.6, humanity is all about overlap in DNA.
The most salient feature about our species in terms of bio-
logical variability is our sameness. The differences are only
minor adjustments to different environments made by our
ancestors as they moved around the globe.

A couple of other quick points about racial typology: In
addition to the fact that most biodiversity exists in the form
of clines, we should also note that the traits used to categorize

The Essentialist Concept, an Abstract Interpretation
In this view, the human species is divided into races
defined by anatomical features; individual variations and
mixtures between races (shown here by the overlapping
translucent circles) are seen as unimportant deviations
from the basic pure races (shown here by the solid
circles).

[ African [ European [EH Asian

Figure 7.5 Human Variability: Essentialist View

SOURCE: Journal: American Anthropological Association, http://www
.understandingrace.org. Image courtesy S2N Media, Inc., based on the
work of Jeffrey Long.
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All
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Actual Patterns of Diversity Based on Observed Data

The pattern of DNA variation across populations shows a nested
subset. African populations harbor some alleles (gene variations)
that are absent in non-African populations; however, all of the
alleles that are common in non-African populations are also
common in African populations.

[ African [ European [EH Asian

Figure 7.6 Human Variability: DNA Evidence

SOURCE: Journal: American Anthropological Association, http://www
.understandingrace.org. Image courtesy S2N Media, Inc., based on the
work of Jeffrey Long.
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people into races are often arbitrary. Everything from
skin color to the shape of the nose has been offered as
“essential” elements of a race. Furthermore, the traits that
are used to define races often don’t go together. A par-
ticular skin shade will vary independently of nose or ear
shape. This is something that Blumenbach realized over
two hundred years ago.

While physical anthropologists have abandoned the
search for racial types, they certainly haven’t lost interest
in human biodiversity. On the contrary, Washburn’s advice
to use evolutionary theory to explain the frequency and
geographical distribution of different phenotypes has led
to the creation of a vigorous and productive research
agenda in physical anthropology. Such topics as lactose
tolerance among certain adults, the persistence of sickle-
cell anemia and related conditions, differences in immune
responses, and differences in lung and vascular capacities
in certain parts of the world are just a few of the many
issues being investigated today in biodiversity studies.

Race and Intelligence

Despite decades of research on intelligence by modern
psychologists and other scientists, some segments of our
society still cling to the persistent belief that some “races”
are inherently more intelligent than others. If this were
merely the view of white supremacists or other hate
groups, then it could be easily ignored. Unfortunately, pub-
lications from some academics purporting to show racial
differences in intelligence continue to show up on a regu-
lar basis. These publications tend to rely on two things to
“prove” their case: 1Q scores and standardized-test scores.

Modern psychologists are quick to point out that what
one measures in an IQ test is as much about social envi-
ronment as it is about innate intelligence. If intelligence
were only genetically determined, then a person’s IQ should
remain stable throughout life. However, we know that 1Q
can change depending on the social or intellectual envi-
ronment in which one lives. Furthermore, psychologists
recognize that all instruments such as IQ or aptitude tests
contain a certain amount of cultural bias that will tend to
favor test takers from the same cultural background. In
order to compare two groups in terms of intelligence, we
would first need to show that the individuals who comprise
those groups are essentially identical in terms of back-
ground, cultural affiliation, and social experiences. It’s
fairly easy to demonstrate that certain groups in our soci-
ety, because of discrimination, have not shared equally in
terms of wealth, education, and other benefits.

In the same presidential address mentioned above,
Washburn (1963) described a study that compared the
standardized-test scores (mean scores) of blacks and
whites in the North and the South. It found that black chil-
dren in the North scored better than white children in the
South. Rather than accept the obvious conclusion that
Northern schools were expending more educational effort
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than Southern schools, those who saw things in racialist
terms argued that all the “bright” black children had migrated
to the north, so these represented an innately more intelli-
gent group than the white children in the South. However,
Washburn (1963) pointed out that the mean score of
Northern whites was also higher than that of Southern
whites. Washburn quipped, “Are we to believe that the
intelligent Whites also moved to the North?” (p. 529).

Should We Abandon the Concept of Race?

Human traits exhibit continuous grading rather than dis-
crete boundaries, making it scientifically impossible (or at
least invalid) to group people into meaningful units called
races. Furthermore, a person’s biological ancestry is the
result of fluid adjustments over time to changing environ-
ments. The traits we might use today to classify people into
races may be quite different or even absent in the future.
Given these facts, should we simply discard the concept of
race from anthropology? The resounding answer in the
anthropological literature is “yes and no.” In order to
untangle this paradox, we need to look at who is using the
term race and exactly how they are using it.

Forensic Anthropology

Most anthropologists have no quarrel with the notion
that race has no biological validity in terms of defining dis-
tinct groups based on physical attributes. However, there is
one area in physical anthropology where the idea of classi-
fying people into types is still very much alive and well:
forensic anthropology.

Forensic anthropologists are charged with identifying
individuals in a medicolegal context. They are called upon
by law enforcement to help identify human remains that
are too skeletonized to be analyzed using conventional
soft-tissue methods of identification. Their skills are used
in homicide cases, disasters such as plane crashes or fires,
and any situation where osteological analysis may shed
light on the deceased. Forensic anthropologists examine
skeletal remains to determine age at death, sex, and any
signs of trauma or disease that might affect the skeleton. In
police cases, they look for any unique characteristics that
may help in identifying the deceased, and they attempt to
determine time, manner, and cause of death.

While anthropologists may balk at the idea of putting
people into racial boxes, this sort of information is of great
value to law enforcement. An obvious question one would
ask, when trying to determine the identity of a person
whose skeletal remains have been found, is about race:
Was the individual black? White? Asian? It falls on foren-
sic anthropologists to try to provide this information. The
way they do this is through the careful measurement of
dozens of features of the skeleton, in particular the skull.
Decades of analysis of skeletons of people of known
ancestry have enabled forensic anthropologists to identify

(c) 2011 Sage Publications, Inc. All Rights Reserved.



74 ¢ BIOLOGICAL ANTHROPOLOGY

a constellation of osteological features that vary by ances-
try. No single feature is sufficient to make a designation
about ancestry, but taken together these features are highly
predictive of a person’s biological affiliation. Dr. George
Gill (2000), a forensic anthropologist, reports an accuracy
level of over 80% using new and traditional methods. The
anthropology department at the University of Tennessee,
Knoxville has taken the osteometric information from
many thousands of individuals of known ancestry and put
together a useful program called FORDISC, a computer
program that can help individual researchers assign bio-
logical affiliation to a specimen of unknown ancestry.
While FORDISC has been criticized for providing false
identifications, most of these cases have been shown to be
the result of user error and not due to the program itself.

Conclusion

Outside of the rather narrow confines of forensic anthro-
pology, shouldn’t we abandon the outmoded and danger-
ous term race? If we simply stop talking about race and
instead talk about individuals, then couldn’t we achieve a
race-blind society and put an end to racism? After all, race
is not a valid way to describe human biological variability,
and, at best, it is simply a cultural construction.

Dr. Alan Goodman, former president of the American
Anthropological Association and a noted authority on the
concept of race, firmly supports the idea that race is not a
valid way of conceptualizing human biodiversity, but he also
rejects the notion that “race” is a mere cultural construct that
has no real impact on people’s lives. He calls race “a lived
experience” that can have devastating effects (Goodman,
2006). People discriminate based on appearance. This
includes such things as skin color. But overwhelmingly,
discrimination is based on cultural or ethnic indicators such
as language, dress, social habits, and so forth.

We tend to separate people into ethnic categories, but
we often use racial terms to identify these categories. Thus,
one talks about “black” culture or “white” culture as if the
color of one’s skin is somehow connected to one’s behav-
ior. While the connection is clearly not genetic, it is real
nonetheless. An example can be found in the 2008 presi-
dential election when then-candidate Obama was criticized
by some leaders in the African American community for
not being “black enough.” Clearly, they were not talking
about his skin color, but rather his lived experiences as a
person of color. Obama didn’t go through the “typical”
black experience of discrimination and the social injustice
that goes along with it, because he was raised by a white
family in biologically and ethnically diverse Hawaii.

Using racial labels like “black” or “white” as shorthand
for ethnic experiences may be useful and even necessary
for Americans when talking about race. However, it also
keeps alive the centuries-old essentialist notions about race
and behavior. As long as we keep using biological terms to
describe cultural characteristics, it may be inevitable that

we will continue to see the connection between the two as
inexorable. Can we find a way to talk about the social
injustice caused by racism without using racialist termi-
nology? That remains one of the biggest challenges facing
our society today.
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DNA AND (GENETIC ENGINEERING
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nthropology has studied humankind in numerous
Acapacities: morphologically, culturally, archaeo-

logically, and philosophically. However, the
knowledge gained by understanding the DNA molecule
has increased our knowledge of humankind on a genetic
and molecular level. In addition, with the completion of
the Human Genome Project in 2003, the entire human
genome has been sequenced and is now available for
analysis. This is important to anthropologists because it
allows the field to go beyond the bones and into the DNA.

Genetic engineering may provide scientific ways
to explore the chemical record provided by DNA.
Anthropologists will be able to view and explore the past,
the present, and conceivably the future of any species,
including our own, by the scientific examination of DNA. In
addition, understanding DNA and genetic engineering will
potentially provide anthropologists with analytical data to
explain our genetic relationship to other primates. This type
of data will serve to strengthen and further clarify earlier
DNA homology studies that have already provided empiri-
cal evidence of our close genetic relationships to chim-
panzees and gorillas. In the future, this technology can be
used to determine our genetic relationship to Neanderthals
and Cro-Magnons.

The genetic study of Homo sapiens sapiens is possible
because the DNA molecule provides a chemical record of
humankind’s genetic makeup and evolutionary history as a
process of time. This chemical record will allow examination
because DNA is present in every cell in the body and is
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universal to all life-forms on this planet. All current con-
glomerations of DNA in all living species are a result of
genetic variation and natural selection within populations
throughout ongoing organic evolution.

An Introduction to Biotechnology
and Genetic Engineering

The two terms biotechnology and genetic engineering are
used somewhat synonymously. However, the two have dif-
ferent origins and initially they had slightly different appli-
cations. Biotechnology, by conventional definitions, is the
intentional alteration of other living things (i.e., plants and
animals) for the purpose of benefiting humankind. This
has been done throughout the history of our species. In
fact, the word clone is Greek for “twig,” because small
sprouting twigs were removed from mature trees and
planted in order to grow new trees.

Examples of early biotechnology include breeding ani-
mals that have desirable characteristics in order to increase
the chances of producing offspring with those characteris-
tics. It was noted even as far back as ancient times that if a
fast male horse was bred with a fast female horse, most of
the offspring would be fast.

Another example of early biotechnology would be the
intentional pollination of specific crops that are more dis-
ease resistant and yield better fruition, while purposely not
pollinating other crops lacking those desired characteristics.
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Historically this method of biotechnology was limited to
controlling what type of particular male specimen bred
with a particular female specimen in an attempt to procure
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favorable genetic characteristics in the resulting offspring.
In many ways, these practices were an early form of eugen-
ics (see Box 8.1).

BOX 8.1 EUGENICS AND EUTHENICS

Eugenics is considered the use of genetic measures, such as selective breeding, to make improvements to the genetic
characteristics of a population. The word eugenics was originated by Sir Francis Galton (1822-1911), in his book
Hereditary Genius (1869/1990). Positive eugenics is the encouragement of individuals within a population, with desirable
and beneficial characteristics, to propagate through breeding. Conversely, negative eugenics is the discouragement or
intentional prevention of the procreation of individuals in a population with undesirable, or subjective and nonbeneficial,
characteristics.

Euthenics is the improvement of an individual's (or organism's) functioning, efficiency, and well-being by modifying
environmental factors that are controllable. Examples of controllable environmental factors are living conditions, medical
treatment, and education. Positive euthenics is the proactive method of improving an individual's quality of life. Examples
of positive euthenics would be vaccinating against debilitating diseases and the potential use of genetic engineering to
correct genetically inherited disease. Conversely, negative euthenics is the intentional or unintentional degradation of
controllable conditions that subjects a population to a poorer quality of life. Examples of negative euthenics would be
pollution, overpopulation, lack of education, lack of access to medical treatment, and disproportionate distribution of vital
resources.

Euthenics differs from eugenics in that the focus of improving the individual is done after birth has already occurred,
whereas eugenics strives to improve the probability of giving birth to an individual with desired genetics through selective
breeding habits (i.e., before birth). Note that positive and negative euthenics affects an organism after it has been born
and does not focus on selective breeding or the discouragement of two individuals breeding together. Another way of
looking at this concept is that eugenics is a pregenetic attempt to improve an organism. Conversely, euthenics is a
postgenetic strategy to improve an organism's well-being.

The concept of proliferagenics is the utilization of both eugenics and euthenics to improve and proliferate the genome
and the well-being of a species. This idea focuses on improving pregenetic natural selection and then applying postgenetic

euthenics to maximize the vitality of a species's genome.

Genetic engineering is similar to biotechnology in that
there is an alteration of an organism’s characteristics. In
contrast to biotechnology, the process of genetic engineer-
ing denotes the intentional alteration of the actual DNA by
using applications of new scientific technology that make
changes at a molecular level. This means that a change is
made in the actual genetic constitution of a cell by intro-
ducing, modifying, or eliminating specific genes by apply-
ing modern molecular-biologic techniques.

Another distinction is that biotechnology has tradition-
ally been applied to agriculture for improving food prod-
ucts and livestock, whereas genetic engineering has more
applications in medicine and anthropology. However, mod-
ern biotechnology has integrated genetic-engineering tech-
niques as opposed to just utilizing breeding strategies to
achieve those improvements. Due to the fact that biotech-
nology currently applies genetic-engineering techniques,
the two terms are now frequently used interchangeably.

An alternative way to view the effects that biotech-
nology and genetic engineering could have on a
modern population requires the natural manipulation of
individuals through human intervention (using eugenics

and euthenics or proliferagenics). The desired or bene-
ficial genetic results can now be accelerated with genetic
engineering.

From a historical perspective, humankind long ago began
to alter the process of natural selection of animals and plants
to yield beneficial results. Now, with the advent of genetic
engineering, humankind has the ability to accelerate that
process even more. In fact, one can speculate that humankind
may eventually possess control over its own evolution.

The possibility that humankind may have direct con-
trol over its own evolution, by using genetic engineering
and DNA nanotechnology, is known as emerging teleol-
ogy. Emerging teleology is the theory that scientists can
direct evolution by using genetic engineering and DNA
nanotechnology—a technique that uses molecular recog-
nition to create self-assembling branched DNA com-
plexes, which in turn yields the engineering of functional
systems at a molecular level. This concept of emerging
teleology was first proposed by philosopher and anthro-
pologist H. James Birx in 1991.

In conclusion, we have to ask ourselves, what is genetic
engineering expected to accomplish for humankind?

(c) 2011 Sage Publications, Inc. All Rights Reserved.



78 ¢ BIOLOGICAL ANTHROPOLOGY

Or what has genetic engineering accomplished for
humankind already? As mentioned earlier, understanding
DNA can potentially help anthropologists to better under-
stand the genetic relationships among species. Currently,
several genetic-engineering techniques are already in use.
Modern genetic-engineering applications include the use
of genetically modified cells or microorganisms that can
accomplish three major benefits:

1. Cells or organisms can be engineered to produce
medically beneficial substances. The most common
example of this is the production of insulin (see Box 8.2).

In 1987, the FDA approved the use of the first
genetically engineered vaccine, which was used for
Hepatitis B.

2. Genetically modified organisms can be engineered that
will help in the study of human diseases. An example
of this is the use of “knockout mice,” which has
helped scientists to understand diseases like cancer
(see Box 8.3).

3. Gene therapy allows the possibility of curing genetically
inherited diseases by making corrections to the genetic
defect at the level of the gene responsible. This can be
achieved by inserting the correct gene(s) or by deleting
the defective gene(s).

BOX 8.2 INSULIN

In 1978, a biotechnology company called Genentech produced the first synthetic human insulin. This synthetic insulin was
produced by bacteria called Escheria coli using recombinant DNA techniques, which inserted a human insulin-producing
gene into E. coli. This was the very first genetically engineered product made for human consumption and was approved
for use by the Food and Drug Administration in 1982. The insulin-producing E. coli is an example of a transgenic organism.
A transgenic organism is an organism with artificially inserted DNA from a different organism.

Prior to this, insulin was obtained from pigs and cows (bovine insulin actually differs from human insulin by three
amino acid sequences). This type of insulin was associated with many allergic reactions and side effects. The genetically
engineered insulin is identical to human insulin because it is manufactured by a human gene inserted into a bacterium;
therefore, it is associated with fewer side effects and allergic reactions.

BOX 8.3 KNOCKOUT MICE

A knockout mouse is a mouse that has been genetically engineered to have a particular gene (or genes) turned off or
“knocked out." Knocking out or inactivating a particular gene can provide a research model, which can then provide
information on what that gene normally does functionally. This is important because it is now known that 85% of human
genes are shared with mice. Therefore, information about a particular gene in a mouse can be extrapolated to provide
provisional information in relation to many human genes.

The first knockout mouse was engineered by Mario R. Capecchi, Martin Evans, and Oliver Smithies in 1989, for which
they received a Nobel Prize in Medicine in 2007.

Knockout mice (also known as transgenic mice) can provide models to study genetic diseases (e.g., cystic fibrosis and
neurofibromatosis). These knockout mouse models are known as disease analogues, which are used to create genetic
databases that are collected by experiments on knockout mice. Results of the Mouse Genome Project (MGP) were
published in 2001, and because humans share many genes in common, it is possible to accurately compare these similar
sequences of genes to study disease.

This technology could be very significant in anthropology for the study of primates. It is conceivable that knockout
chimpanzees or gorillas could be engineered.

Although these three major benefits offer the potential
to help millions of people—and already have—controversy
will ultimately arise over the direct, nonmedical applica-
tion of genetic engineering to enhance normal physiological
functions in humans.

Genomics is the study of the genetic makeup of a
species. A genome project of a species is a comprehensive
identification and classification of a species’s genetic
makeup. Genome projects of several microorganisms have
been completed including many viral and bacterial
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genomes (e.g., Haemophilus influenza and Mycoplasma
genitalium genomes were sequenced and completed in 1995).
In addition, the Mouse Genome Project was completed
in 1996 and the Human Genome Project was completed in
2003. Currently, other primate genome projects are under-
way, including the Chimpanzee Genome Project and the
Neanderthal Genome Project.

In order to understand and conceptualize how under-
standing the DNA molecule and genetic engineering will
impact many areas, including medicine and anthropology,
one needs to first appreciate the history leading up to this
marvelous technology. In addition, we need to stop and
think about how the DNA molecule was discovered and
what new technology enabled humankind to accomplish
that important discovery. Finally, we need to be aware of
the ideas that were proposed to be responsible for the
phenomenon of inheritance before the discovery of the
DNA molecule.

Early Concepts of Inheritance

Before the DNA molecule was discovered, there were only
ideas and theories about heredity and inheritance. The
most enduring dogma was the idea of “pangenesis,” which
held that all of the cells throughout the human body shed
gemmules. These gemmules were believed to be able to
collect in the reproductive organs periodically before fer-
tilization and reproduction.

The term pangenesis came from the Greek word pan,
meaning whole or encompassing, and genesis/genos,
meaning birth/origin. Pangenesis was found in Greek
writings in the 5th century BCE and was advocated (and
in some ways espoused) by Hippocrates (460—370 BCE).
This idea was accepted by fellow Greek thinkers Plato
(428-347 BCE) and Aristotle (384-322 BCE). However,
Aristotle later attempted to refute pangenesis with his
idea of entelechy.

Aristotle proposed the concept of entelechy to explain
the manner in which an organism inherits and expresses
its traits, which according to this idea are determined by
a “vital inner force.” He also noted the idea of “having
one’s end within,” meaning that an organism’s essential
potential can be actualized by its own vital inner force,
or entelechy. Aristotle also believed that this vital force
was possessed by males in their semen and that females
merely possessed the raw material to be formed.

Pangenesis and entelechy were both prevalent and
accepted as facts throughout the Middle Ages by great
thinkers such as Albertus Magnus (1193-1280), his stu-
dent Thomas Aquinas (1225-1274), and Roger Bacon
(1220-1294). In the later part of the Middle Ages, a
physician named Paracelsus (1493—-1541), also known
by the name Philippus Theophrastus Aureolus Bombastus
von Hohenheim, proposed that semen was actually an
extract of the human body, which contained all of the
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organs in what he called an “ideal form.” He believed
that this was the biological link between parent and off-
spring. He was close.

Jean-Baptiste de Lamarck (1744—1829) proposed a the-
ory that he called inheritance of acquired characters
through use and disuse. In his theory, he proposed that
changes in an organism’s physiology (over the course of its
life span) were acquired and modified through the use of a
particular function and then became a permanent and
adaptable modification in what he called the germ-line.
According to Lamarck, this modification was impressed
on the parent form and then transmitted to the offspring,
who would, as a result of this process, express this modifi-
cation as a permanent characteristic that could be altered
subsequently through use or disuse.

The acceptance of pangenesis and gemmules appeared
as a provisional hypothesis by Charles Darwin (1809-1882)
in his publication On the Origin of Species (1859), and
later again in The Variation of Animals and Plants Under
Domestication (1868). However, Darwin was unaware of
the DNA molecule (which was not yet discovered) or of
the works of Gregor Mendel (which were published during
Darwin’s lifetime, and received but never read by him);
therefore Darwin continued to comprehend his theory
of evolution according to those concepts of his time—
pangenesis and gemmules.

Thus, before any scientific explanation could account
for the phenomenon of inheritance (or evolution), there
were several unfounded ideas that were accepted. These
ideas were mainly pangenesis, gemmules, and entelechy.
Later theories such as the use and disuse of acquired
characteristics were proposed and gained some popular-
ity, but no theoretical model existed that could scientifi-
cally or mathematically account for how characteristics
were inherited.

Gregor Mendel: The Father of Genetics

Gregor Johann Mendel (1822—-1884) was a monk and
a mathematician, and known as “the father of genetics”
because his seminal works inspired others to study
the phenomenon of inheritance. In 1857, he began con-
ducting experiments using pea plants, Pisum sativum.
He bred particular plants together and then he meticu-
lously recorded the characteristics of the resulting
offspring.

Mendel’s term character was a description of what we
now call a phenotype (see Box 8.4). Typical characters that
Mendel studied and measured were the height of the plants
and the color of the pea plant’s flowers. Each character
possessed different traits; for example, height was mea-
sured as tall, normal, or short; and color was measured as
white, pink, or red. Therefore, traits were different varieties
of phenotype (i.e., the measurable or observable character-
istics of the plants).
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BOX 8.4 GENOTYPE AND PHENOTYPE

information that is expressed.

The study of genetics uses the terms genotype and phenotype. An organism's genotype is the actual genetic constitution,
or its DNA. The term phenotype is used to describe the observable, tangible, and measureable physical properties of an
organism. The phenotype of any characteristic is a result of the interaction between the organism's genes with each other
and also with those genes' interaction with the environment over time:

Phenotype (expressed characteristics) = Genotype (genes/DNA) x Environment x Time

A phenotype has a genetic and environmental component that affects how it is expressed. The genotype contains the

Mendel’s experiments demonstrated that the traits of a
character were distributed in a mathematically predictable
pattern. He used these mathematically predictable patterns
to devise two important laws known as Mendel’s laws,
which he called the law of segregation and the law of inde-
pendent assortment.

In general, the first law, which was the Mendelian law of
segregation (of genetic factors), was hypothesized by Mendel
to mean that each trait (e.g., height or color) must have two
“factors.” Mendel would later call these factors “alleles.” One
factor, or allele, was inherited from each parent, one from the
mother and one from the father. Although two alleles are
inherited, only one of the alleles was expressed, and there-
fore, according to Mendel, they were segregated. Today it is
known that gametes are sperm and egg cells, which combine
their genetic material during fertilization.

Mendel did not know the underlying biological process
in cell replication and division at that time. However, it is
now known that during the cell cycle, the DNA replicates
itself and divides, yielding two identical cells, each with
two sets of chromosomes, known as diploids. This process
is known as mitosis. In addition, a specialized version of
mitosis takes place with the production of the gametes, in
which the gametes, known as haploids, have one set of
chromosomes each. This process is known as meiosis.
When the two separate gametes (or haploids) are joined
during fertilization—one from the mother and one from
the father—to form a zygote, the alleles (i.e., the DNA)
then recombine.

During the course of his experiments, Mendel found
that each allele was either dominant or recessive for a spe-
cific trait. He elaborated that there were three possibilities.
First, if the two alleles were both dominant, then the trait
inherited was considered to be homozygous dominant
(AA). Second, if the two alleles were both recessive, then
the inherited trait was considered to be homozygous reces-
sive (aa). Third, if the two alleles were different, one dom-
inant and one recessive, then the inherited trait was
considered to be heterozygous (Aa), or a hybrid. The
homozygous dominant, homozygous recessive, and het-
erozygous combinations could be crossbred and those

results could be used to mathematically predict the proba-
bility of what type of offspring would result.

The Punnett square was devised by British geneticist
Reginald Punnett (1875-1967), who published the first
textbook on genetics, Mendelism (1905). He used these
Punnett squares to predict the mathematical probability of
the outcome of a particular breeding experiment. The
results of the Punnett square could be used to predict the
probability of possible genotypes of the offspring in a par-
ticular cohort given the genotype of the maternal allele and
the makeup of the paternal allele.

Mendel’s second law, the Mendelian law of independent
assortment (of genetic factors), is where he hypothesized
that the inheritance pattern of one trait does not affect the
inheritance pattern of another trait (i.e., they assort inde-
pendently). He justified this with his concept that alleles
segregate during gamete formation and then recombine
independently of one another. He was incorrect in this
assumption. It is now known that there is a multigene inter-
action and what is known as the blending of inherited
traits. This was proven in the early 1900s by Thomas Hunt
Morgan (1915/1978) and his colleagues in experiments
involving fruit flies.

In essence, Mendel’s second law worked with pea plants
because they are much simpler organisms, genetically, than
mammals. In addition, the characteristics that he was mea-
suring were not complicated. However, Mendel himself
speculated that these laws may only apply to certain
species, but he didn’t know why, because the DNA mole-
cule had not been discovered yet. This is the reason why
Mendel and others at his time could only study what was
being expressed genetically. They did not understand or
appreciate the genetic material itself.

In Example 1 (see Figure 8.1), a trait that is homozygous
dominant (YY) is crossed with a trait that is homozygous
recessive (yy). This example yields 100% heterozygous/
hybrid offspring (Yy). In Example 2, two hybrid traits are
crossed. This example yields 50% heterozygous offspring,
25% homozygous dominant offspring, and 25% homozy-
gous recessive offspring. This is a classical and simplified
example of Punnett squares.
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Figure 8.1 Punnett Squares

In addition to the two laws that Mendel devised, there are
three other elements that made his work significant. First,
he demonstrated the value of conducting controlled experi-
ments. Second, he was a mathematician and applied math-
ematics to analyze and interpret his data. Third, he
published his results, which is probably the most significant
of all because his findings were not widely acknowledged
during his time. However, his works were rediscovered after
his death and had a profound effect on the study of inheri-
tance and genetics. His work was of particular significance
because this was the first successful mathematical model
that had been proposed to explain inheritance.

Hugo DeVries:
The Mutation Theory of Evolution

Hugo Marie DeVries (1848—1935) was a Dutch botanist
and is considered to be one of the first geneticists. He is
known for his mutation theory of evolution, which was
chiefly influenced by Gregor Mendel’s laws of heredity,
which he rediscovered in the 1890s, and Charles Darwin’s
theory of evolution.

DeVries’s (1905/2007) mutation theory of evolution
speculated that new varieties of a species could appear in
sudden, single jumps as opposed to slowly changing over
time. His theory proposed that differences in an organism’s
phenotype could change rapidly from one generation to the
next; this also became known as saltationism. He based
this theory on his experiments, which involved hybridizing
plants. One particular observation was made by DeVries
during these experiments that influenced and compelled
his mutation theory of evolution. Occasionally an offspring
appeared that had different characteristics than both the
parents and was also different from the other offspring.
Based on this finding, he postulated that new varieties of
species could appear in nature spontaneously. By this, he
in essence proposed that a mutated gene could equal a new
species (i.e., mutation equals speciation). This was
opposed to Darwin’s theory of gradualism.

DeVries’s mutation theory of evolution was supplanted
in the late 1930s by modern evolutionary synthesis, initi-
ated by Julian Huxley (1887—1975). Huxley first introduced
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this theory in his book Evolution: The Modern Synthesis
(1942). At this time, he attempted to rationalize a unifica-
tion of several biological specialties (e.g., genetics, sys-
tematics, morphology, cytology, botany, paleontology, and
ecology) in order to postulate a more rational account of
evolution. Julian Huxley’s work was stimulated by popula-
tion genetics and served to clear up confusion and mis-
communication between specialties existing at that time.
In addition, modern evolutionary synthesis defended the
notion that Mendelian genetics was more consistent with
Darwin’s gradualism (and natural selection), as opposed to
DeVries’s hypothesis of the mutation theory.

The mutation theory of evolution proposed by DeVries
had nothing to do with what we currently acknowledge as
genetic mutations. The current definition of a mutation is
the process by which a gene undergoes a structural change
to create a different form of the original allele, which
results in a completely new allele. Therefore, spontaneous
changes can occur in the DNA that can (but sometimes do
not) cause changes in an organism’s physiology. This
change does not give rise to the sudden appearance of a
new species; rather it can produce a modification of the
erstwhile species. This was later supported by genetic
research done on white-eyed and red-eyed fruit flies by
Thomas Morgan and colleagues (1915/1978).

DeVries was known for another accomplishment that arose
from his experiments when he speculated that the inheritance
of specific traits of an organism occured through a transfer of
particles, which he termed pangenes (derived from the word
pangenesis). The term pangenes was shortened 20 years later
by Wilhelm Johannsen (1857-1927) to genes. The term gene
is currently defined as a basic unit of inheritance.

There was some debate that surrounded the “rediscov-
ery” of Mendel’s work. In DeVries’s publication on the
topic of inheritance, he mentioned Mendel in a footnote
but took credit for the concept of particles of inheritance
with his idea of pangenes. It was Carl Erich Correns
(1864-1933), a German botanist and geneticist, who
pointed out Mendel’s priority, which DeVries eventually
publicly acknowledged.

As it turned out, Carl Corren was a student of Karl
Wilhelm von Nageli (1817-1891), a famous Swiss
botanist, who had corresponded with Mendel regarding his
findings years earlier. Corren was familiar with Mendel’s
work as a result of this association. An even stranger twist
to this was that when Nageli and Mendel were collaborat-
ing, Nageli had actually discouraged Mendel from doing
any future work studying genetics, for what he considered
religious and ethical reasons.

Morgan and Muller:
The First Genetic Experiments

Thomas Morgan (1866—1945) was a geneticist who per-
formed experiments on fruit flies (Drosophila melanogaster).
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He chose to conduct experiments on fruit flies because
they required few resources, reproduced quickly, had
observable characteristics that could be measured, and had
only four chromosomes, which made them ideal for
genetic research.

As a result of his experiments in the “fruit-fly lab,”
Morgan established that genes were arranged in a line on
what is known as a chromosome, which is present in every
living cell. Since genes were believed to be responsible for
inheritance and were now shown to exist on chromosomes,
this became known as the chromosomal theory of inheri-
tance, which had been alluded to prior to Morgan but had
not been supported scientifically. He also noted that there
was recombination of inherited characteristics resulting
from the exchange of genes between two chromosomes of
a pair, which he called “crossing over.” This of course dis-
proved Mendel’s second law of independent assortment.

Morgan collaborated with three of his very important
students: Hermann Muller, Alfred Sturtevant, and Calvin
Bridges, all of whom continued performing genetic
research on fruit flies. Collectively, from around 1908 to
1914, they were able to establish that chromosomes carry
genes, those genes are distinct physical objects that are
arranged on the chromosomes, the genes also could
change place on the chromosomes, the genes could be
mutated, and those mutated genes could be reliably inher-
ited in future generations.

Morgan’s experimental proof that genes were discrete
physical objects carried on chromosomes and they govern
the patterns of inheritance was of major significance. Prior
to this, the gene was a speculation with no scientific evi-
dence to support it. Morgan’s research also illustrated that
the sex of a species was inherited just as all other charac-
teristics are inherited. He became aware that it was the
chromosomal differences between the sperm and egg cells
that correlated with the determination of gender. This was
proven by his famous experiments with white-eyed male
fruit flies and red-eyed female fruit flies.

A significant discovery, made by Hermann Muller (1890—
1967), was that mutations could be caused by exposure to
high-energy radiation. This technique enabled them to per-
form those significant genetic experiments, and to give valid-
ity to the chromosomal theory of heredity. Hermann Muller
received a Noble Prize for physiology and medicine for his
discovery that X-rays induced mutations. He was also the
first to visualize genes as the origin of life. The reason he
believed this was because genes (or chromosomes) can repli-
cate themselves. He further speculated that all of natural
selection and evolution acted at the level of the gene.

Prior to Morgan and Muller, the first proof that chro-
mosomes carried hereditary material came from American
physician and geneticist Walter Sutton (1877-1916), based
on his research on grasshopper cells. Sutton was the first
to speculate that the Mendelian laws could be applied to
the chromosomes at a cellular level, which is now known
as the Boveri-Sutton chromosome theory. However, it was

Morgan’s genetic research that provided enough repro-
ducible scientific data to support the chromosomal theory
of heredity, which became generally accepted by around
1915 (even though some geneticists, such as William Bateson,
continued questioning it until about 1921).

The Discovery of the DNA Molecule

In the early 1920s, it was generally accepted that genes
were arranged on chromosomes and that this is how the
inheritance of characteristics arose. However, no one was
sure what chromosomes were chemically made of or how
they worked.

In 1928, a British scientist named Frederick Griffith
(1871-1941), who was influenced by Mendel’s hypothesis
of units of inheritance, theorized that a molecule of inher-
itance must exist. He began conducting experiments on
Streptococcus pneumonia and proposed that an inheritance
molecule existed and could be passed on from one bac-
terium to another by a process called transformation.
Griffith’s research on transformation proved how an inher-
itance molecule could be transferred from one bacterium
to another; however Griffith never discovered what the
inheritance molecule was. Nevertheless, his work in turn
inspired others to continue looking.

During this time, it was known that genes were arranged
on chromosomes responsible for the phenomena of inheri-
tance, but no one was able to prove their makeup. This dis-
pute narrowed down to proteins, lipids, carbohydrates, and
nucleic acids. The popular belief was that the inheritance
molecule was protein because there were more proteins in
existence, whereas only four nucleic acids were known
(later a fifth nucleotide would be discovered in RNA).
Some postulated that it was proteins and nucleic acids that
made up the inheritance molecule, but there was no scien-
tific proof to support any of these arguments.

Friedrich Miescher (1844-1895) discovered nucleic
acids in 1868, while studying white blood cells. He called
them nuclein because they were located in the nucleus, but
no proof existed to support the fact that nucleic acids were
responsible for the inheritance of characteristics.

In the early 1940s, a scientist named Oswald Avery
(1877-1955) rediscovered Griffith’s work on transforma-
tion. Avery had the advantage of newer technology and
advances in cellular biology. Avery had begun to conduct
experiments that selectively destroyed different compo-
nents (carbohydrates, proteins, lipids, and deoxyribonu-
cleic acids) of a virulent bacterium, which he injected into
a mouse. If the mouse died, he concluded that the bacterium
had maintained its virulence (i.e., it was able to replicate its
virulence). During his experiments, he found the bacteria
were able to maintain their virulence when the carbohy-
drates, proteins, or lipids were destroyed. However, the
bacteria were unable to be virulent when their deoxyri-
bonucleic acids were destroyed. Therefore, Avery was the
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first scientist to prove that the genetic material responsible
for inheritance was composed of nucleic acids.

Avery’s findings were very significant because they
proved that genes, which are made out of nucleic acids
(i.e., deoxyribonucleic acids or DNA), are responsible for
the genetic inheritance of all organisms’ characteristics.
However, at this time, no one knew what DNA’s structure
was or how it functioned.

In 1952, Erwin Chargaff (1905-2002) published results
based on his experiments involving the isolation of nucleic
acids from three microorganisms: Serratia marcescens,
Bacillus schatz, and Hemophilus influenza type C. He was
able to separate the nucleic acids using a technique called
adsorption chromatography. He discovered that DNA was
composed of two purines, adenine (A) and guanine (G),
and two pyrimidines, thymine (T) and cytos