Notes and References

Caveat: The Dangers of Behavioral Biology

The contents of this book are known to be dangerous.

| do not mean that in the sense that all ideas are potentially dangerous. Specifically,
ideas about the biological basis of behavior have encouraged political tendencies and
movements later regretted by all decent people and condemned in school histories. Why,
then, purvey such ideas?

Because some ideas in behavioral biology are true—among them, to the best of my
knowledge, the ones in this book—and the truth is essential to wise action. But that does
not mean that these ideas cannot be distorted, nor that evil acts cannot arise from them. |
doubt, in fact, that what | say can prevent such distortion. Political and social movements
arise from worldly causes, and then seize whatever congenial ideas are at hand. Nonethe-
less, I am not comfortable in the company of scientists who are content to search for the
truth and let the consequences accumulate as they may. | therefore recount here a few pas-
sages in the dismal, indeed shameful history of the abuse of behavioral biology, in some of
which scientists were willing participants.

The first episode is recounted in William Stanton’s The Leopard’s Spots: Scientific Atti-
tudes Toward Race in America, 1815-59 (Chicago: University of Chicago, 1960). Such names
as Samuel George Morton, George Robins Gliddon, and Josiah Clark Nott mean little to
present-day students of anthropology, but in the difficult decades between the death of Jeffer-
son and the Civil War, they founded the American School of Anthropology. This movement
dedicated itself to proving the inevitable separate status of the races and to placing white
supremacy on a scientific foundation. They attempted to do this through the study of skulls
and brain volume, combined with some “obvious” observable facts of behavior and custom—
“niggerology,” as one of them privately called it (Stanton, The Leopard’s Spots, p. 161). In its
more dignified public guise it was called “polygenism,” a reference to the supposed separate
evolutionary origins of various races. (This, incidentally, was a view that Jefferson and his
intellectual circle had rejected.) Two of the three (Morton and Nott) were physicians, but
their conjectures were based on so little and such silly “evidence” that it is puzzling how they
succeeded.

Yet succeed they did. When they came on the scene in the early part of the nine-
teenth century, the views of Samuel Stanhope Smith, according to which humankind
had a single origin and a single biological plan, held sway. It was the view taken by
Thomas Jefferson and his circle (see Daniel Boorstin, The Lost World of Thomas Jeffer-
son, Chicago: University of Chicago, 1981) and is universally accepted today. But thanks
to the efforts of the American School, by the 1850s the unity of humankind was an idea
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effectively dislodged from favor, linked to atavistic, religious, antiscientific sentimental-
ism. Miscegenation was viewed as a threat to civilization, and slavery as the logical lot of
the Negro. Now no one would suppose the Civil War to have been caused by a handful
of anthropologists; but they were highly respected and popular writers and lecturers, and
it cannot be doubted that they deceived many. Meanwhile, their counterparts in Britain,
France, and Germany laid a foundation for scientific racism that would stand firm for
about a hundred years (Marvin Harris, The Rise of Anthropological Theory, New York:
Thomas Y. Crowell, 1968, ch. 4).

The second episode involved Social Darwinism, some of which was in fact pre-
Darwinian. It is recounted by George Stocking, in chapter 6, “The Dark-Skinned Savage:
The Image of Primitive Man in Evolutionary Anthropology,” of Race, Culture and Evolu-
tion: Essays in the History of Anthropology (New York: Free Press, 1968) and by Marvin
Harris in chapter 5, “Spencerism,” of The Rise of Anthropological Theory. In the latter part
of the nineteenth century, most social theory was “evolutionary,” but in nothing like the
modern sense. Leaders of social and cultural anthropology, like Lewis Henry Morgan and
Edward Tylor, although they greatly admired the “primitive” tribes and races they studied,
nevertheless viewed them hierarchically, with the “less developed” or “less complex”
groups as essentially frozen relics of past epochs. Marx and Engels took over this view from
Morgan and made little attempt to conceal their own patronizing attitude toward pre-
industrial, especially pre-state peoples.

Darwin (see Stocking, Race, Culture and Evolution, p. 113) and his evolutionist pre-
decessor Charles Lyell (see Harris, Rise of Anthropological Theory, p. 113) both predicted
the extermination of the “savage” races by the civilized ones, and did not seem to shed any
tears over the process. This in an era when some of their readers were doubtless pursuing
that very extermination. Morgan and Tylor’s hierarchical arrangements of social and cul-
tural forms went along with explicit presumptions of a corresponding hierarchy of mental
capacity; the more complex the civilization, the greater the native intelligence of its mem-
bers. Progress through improvement was the inexorable motive force, and the pinnacle of
progress was the civilization of Victorian England.

How comforting these ideas must have been to the representatives of that and similar
civilizations just then engaged in the difficult work of subduing, enslaving, or, where nec-
essary, exterminating those “primitive” peoples. It is not surprising that they were easily
convinced, despite the lack of evidence. Herbert Spencer, the leading exponent of social
evolution, cuts a rather sad figure against this background. Always claiming to be a friend
of the poor, abhorring war and the greedy rape of the underdeveloped world, Spencer was
viewed by many contemporaries, as well as by later scholars, as an apologist for the worst
that was going on. He, not Darwin, coined the phrase “survival of the fittest” and justified
the exploitation of the weak by the strong, on the grounds that the inevitable march of
progress is only held back by humane intervention in the struggle for existence. Spencer
explicitly apologized for the most unrestrained capitalism, and opposed socialism and all
forms of social welfare. It is not difficult to imagine his words in the minds of the Robber
Barons or of the legislators who voted against child labor laws. The progress of human
decency in the nineteenth century was no doubt a complex matter, but it is logical to sug-
gest that ideas about the biology of behavior retarded that progress. (On evolutionary theo-
ries of social behavior and their consequences, see Stephan Chorover, From Genesis to
Genocide, Cambridge: MIT, 1979, ch. 5).

The third episode took place on both sides of the Atlantic between the beginning of
World War | and the end of World War Il. The American side of the episode is recounted
in Daniel Kevles's In the Name of Eugenics: Genetics and the Uses of Human Heredity
(New York: Alfred Knopf, 1985), and in the works by Kamin, Chorover, and Stocking cited
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above. Although Alfred Binet, the French psychologist who originated 1Q testing in 1905,
had intended it as a device for identifying children who needed mental improvement
through training, it began to be used a decade or so later in the United States for very dif-
ferent purposes. Under the auspices of Lewis Terman of Stanford and Robert Yerkes of
Harvard—two leaders of American psychology—it was explicitly used to reduce immigra-
tion. Both these men believed that 1Q was largely genetic, and they saw a chance to pro-
vide a much needed social service—giving the U.S. government a good excuse to stem the
rising tide of immigration. Vast numbers of potential immigrants were labeled as retarded
and sent away after taking intelligence tests in a language they did not understand.

Meanwhile, the behavior-genetic theories of the nineteenth century had crystallized
in a clear eugenics movement in the United States. With the approval and encouragement
of leading psychologists, compulsory sterilization laws were passed by the state legislatures
of Pennsylvania, Indiana, New Jersey, lowa, California, and Washington, providing for the
“unsexing” of an impressive range of undesirables. In upholding the California law, the
attorney general of California explicitly used the language of behavioral biology:

Degeneracy means that certain areas of brain cells or nerve centers of the individual
are more highly or imperfectly developed than the other brain cells, and this causes
an unstable state of the nerve system, which may manifest itself in insanity, crimi-
nality, idiocy, sexual perversion, or inebriety.

He went on to include “many of the confirmed inebriates, prostitutes, tramps, and crimi-
nals, as well as habitual paupers” in this class, all of whose members were potentially eligi-
ble for legal castration. The Harvard Law Review of December 1912—by which time all
these state laws had been passed—argued that they would be constitutional, but only in the
case of “born criminals” (Kamin, 1.Q., pp. 11-12).

Retrospective criticism of these lawyers and officials has been justifiably great, but
they were influenced by psychologists, biologists, and physicians who gave them a false
account of the facts. These experts provided what seemed to be definitive statements in a
context fraught with uncertainty. They held out false hopes for great improvements in
human welfare through eugenics, and rang loud, false alarms of racial degeneracy and
eugenic disaster in the event that their advice was not followed.

Given these remarkable intellectual and legal developments in the United States, the
parallel movements in Germany and elsewhere in Europe seem a bit less astounding. The
ideas of eugenics and racial hygiene (Rassenhygiene) became respectable and established
in German academic and medical discourse while Hitler was still a child. In 1895 the
physician Alfred Ploetz wrote The Excellence of Our Race and the Protection of the Weak;
in 1903 Wilhelm Schallmeyer won a national prize (given by the Krupp armaments fam-
ily) for his Inheritance and Selection in the Life-History of Nationalities: A Sociopolitical
Study Based upon the Newer Biology. Politisch-Anthropologische Revue and Archiv fur
Rassen und Gesellschaftshiologie (Archive for Racial and Social Biology), two important
scholarly journals concerned with eugenics and racial purity, began publication in 1902
and 1904, respectively. In 1920 a distinguished jurist, Karl Binding, and a distinguished
psychiatrist, Alfred Hoche, published The Release and Destruction of Lives Devoid of Value,
advocating large-scale, eugenic euthanasia.

It is critical to realize how very respectable these ideas were. They had nothing to do
with brown shirts, breaking glass, goose-step marches, or diabolically energized mass ral-
lies. They had only to do with respectable scientists, physicians, and lawyers communicat-
ing soberly through the usual means of discourse. Long before the Nazi party was founded,
it was widely agreed that discoveries in social biology constrained scholars to certain
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beliefs. Civilization was the result of genetic determinants, and its future depended on
racial purity and the relentless elimination of the unfit from the gene pool.

This was not a national but an international phenomenon. In 1923, a year before the
publication of Hitler's Mein Kampf, a director of health in Zwickau wrote to the German
minister of the interior urging the enactment of a program of eugenic sterilization: “What
we racial hygienists promote is not at all new or unheard of. In a cultured nation of the first
order, the United States of America, that which we strive toward was introduced and tested
long ago.” Still skeptical, the interior minister pursued the matter through the German For-
eign Office, and after receiving an extensive report became convinced. Through the legal
and judicial example set by the United States, eugenics became respectable government
business in Weimar, Germany (Chorover, Genesis, p. 98).

Daniel Goldhagen’s comprehensive and chilling account of the perpetrators, Hitler’s
Willing Executioners: Ordinary Germans and the Holocaust (New York: Vintage/Random
House, 1996), shows how deeply German culture was steeped in anti-Semitism, not just in
the folkview but in the highest intellectual circles. Yet ideas about the role of the Jews in
what might be called “racial history” were also current in international discourse. The Eng-
lish historian Houston Stuart Chamberlain had argued, in such works as Foundations of
the Nineteenth Century (originally published in German) and Race and Nation, that the
fall and rise of nations could best be understood by reference to the introduction and
removal of Jews respectively. Chamberlain’s work was widely discussed among German
students from the time it was first published. (See Lucy S. Dawidowicz, The War Against
the Jews, 1933-1945 [New York: Holt, Rinehart & Winston, 1975] for discussion and
references.)

Alfred Rosenberg, Hitler’s advisor during the early years of the Nazi movement, called
Chamberlain’s work “the strongest positive impulse in my youth,” and prepared excerpts of
Foundations of the Nineteenth Century (Grundlage des Neunzehn Jahrhunderts) for Hitler's
easy study (Dawidowicz, War, p. 20). Heinrich Himmler, later and throughout the war the
head of the SS and a key figure in all concentration and killing operations, read Race and
Nation (Rasse und Nation) at the end of 1921, and wrote of it in his diary: “It is true and
one has the impression that it is objective, not just hate-filled anti-Semitism. Because of
this it has more effect. These terrible Jews . . .” (Dawidowicz, War, p. 95). The last sentence
is almost poignant; it makes clear that reading Chamberlain gave Himmler an added mea-
sure of conviction.

Are the scribblings of intellectuals about behavioral biology really important in caus-
ing great and destructive social movements? We don’t know in every case, but the truth is
poorly served by a smug conviction that they are not. Certainly the Nazis relied heavily on
racial “science,” and on physicians who studied and practiced it, for the justification of
their program. As shown by Robert N. Proctor, in Racial Hygiene: Medicine Under the
Nazis (Cambridge: Harvard University, 1988), racial theories and “research,” emanating
from official medical and scientific institutes and journals, was of the utmost importance in
giving Nazism credibility. Doctors and public health officials were a central part of the pro-
gram from the beginning, and were numerically as well as intellectually the professionals
most supportive of Hitler. In addition to Proctor’s account, see Michael Kater’s Doctors
Under Hitler, (Chapel Hill: University of North Carolina, 1989) and Robert Jay Lifton’s
The Nazi Doctors: Medicalized Killing and the Psychology of Genocide (New York: Basic
Books, 1986/2000).

Many people wonder why the Jews did not try to get out. Of course, they did, in much
larger numbers than were able to do so. The rising tide of immigration to the United States
after World War | was in part due to the recognition by Jews and other Europeans of omi-
nous signs on the horizon. As mentioned above, American psychologists helped to stem
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this tide. Terman, Yerkes, and others, referring to very poor research, involved themselves
in the perpetration of falsehoods that laid the foundation for a much more restrictive immi-
gration policy, formulated in the Immigration Act of 1924 and other laws. A much-quoted
study was Henry Goddard’s report about 1Q testing of immigrants at Ellis Island, which
claimed that 83 percent of the Jews, 80 percent of the Hungarians, 79 percent of the Italians,
and 87 percent of the Russians were “feeble-minded” (Kamin, 1.Q., p. 16). These statistics
were due primarily to sloppy testing and language barriers. Robert Yerkes published the
results of similarly poor, “confirmatory” research, under the auspices of the United States
National Academy of Sciences, in 1921.

The result in immigration policy was formidable for many ethnic groups, but for Jews
it was deadly. Because of the views of American psychologists and other behavioral biolo-
gists about the genetics of mental competence, many Jews were trapped in Europe, later to
become Nazi victims. Speeches and writings by respected Americans like Henry Ford and
Charles Lindbergh echoed the vicious anti-Semitism pervasive in Germany, but they
would have had less credibility without the assent of scientists. (The definitive work on the
Holocaust remains Raul Hilberg, The Destruction of the European Jews, New York: Holmes
& Meier, Inc., 1985. See also Hilberg's Perpetrators, Victims, Bystanders: The Jewish
Catastrophe 1933-1945, New York: HarperCollins, 1992; Lucy Davidowicz's The War
Against the Jews and Daniel Goldhagen’s Hitler's Willing Executioners, cited above; and
Martin Gilbert’s The Holocaust: A History of the Jews of Europe During the Second World
War, New York: Holt, Rinehart & Winston, 1985.)

Incidentally, after 1920 the role of American anthropology in these intellectual currents
became a very different, rather heroic one. (See Stocking’s Race, Culture and Evolution,
ch. 11, for details.) Franz Boas had established a new and completely different “American
School” of anthropology, the main thrust of which was to break decisively with the racist
and evolutionist past. He and his students (among them Alfred Kroeber, Ruth Benedict,
and Margaret Mead) rejected all notions of cultural hierarchy, and Boas’s book The Mind
of Primitive Man broke down the notion that mental function was correlated with civiliza-
tional complexity. Anthropologists of the Boas school placed the concepts of culture and
cultural relativism at the center of the field, stressing the dignity and independent validity
of all ways of life.

In the arguments over 1Q, race, and eugenics that raged during the 1920s and 1930s,
they opposed the psychological testers and eugenicists, stressing the mounting evidence for
cultural conditioning in all dimensions of ethnicity and for the universality of human men-
tal functions. They traveled everywhere on earth searching for evidence, sifting and orga-
nizing it into a new science of culture. As Stocking put it:

In the long run, it was Boasian anthropology—rather than the racialist writers asso-
ciated with the eugenics movement—which was able to speak to Americans as the
voice of science on all matters of race, culture, and evolution—a fact whose signifi-
cance for the recent history of the United States doubtless merits further exploration.
(Race, Culture and Evolution, p. 307)

But the taint of scientific racism lingered. Konrad Lorenz, who shared the Nobel
Prize in medicine and physiology in 1973 for his work in behavioral biology, and who
remained an active and distinguished investigator well into the 1980s, provided an uncom-
fortable link with the past. As noted by Leon Eisenberg (in “The Human Nature of
Human Nature,” Science 176 [1972], pp. 123-128) and by Chorover (in Genesis,
pp. 104-105), Lorenz wrote an article in a scholarly journal in 1940, decrying miscegena-
tion and racial impurity as leading to degeneracy in the genetically determined aspects of
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behavior and character. And he explicitly praised the Nazi state for its accomplishments
against this danger. Lorenz deeply regretted and retracted these statements. He also paid a
high personal price for his support of the Reich, spending years in a Soviet prison camp
after his capture on the eastern front. Yet the watchword should not be “forgive and forget”
but perhaps something more like “forgive and remember.”

Statements made by Arthur Jensen, William Shockley, and other investigators in the
late 1960s and early 1970s about race and 1Q or social class and 1Q rapidly passed into cur-
rency in policy discussions. Many of these statements were proved wrong, but they had
already influenced some policymakers, and that influence is very difficult to recant. The
sociobiology of the late 1970s was soon cited in support of neofascist movements. It must
be said that there is nothing specific about these ideas that should be useful to neofascists;
merely the highly visible statement that genes affect behavior, combined with an emphasis
on the strict Darwinian sense of the word fitness. The National Socialist youth movement
in Britain adopted a sort of sociobiological cant, quoting or referring to E. O. Wilson,
Richard Dawkins, and others. To be sure, they had little understanding of what they read,
yet they found it useful.

An early exchange of letters published in Nature—correspondence between Steven
Rose and Dawkins, to this day English arch-rivals in the sociobiology controversy—is still of
interest (S. Rose, Nature 289 [1981], p. 335; R. Dawkins, ibid., p. 528). Rose pointed
smugly to the neofascist use of Dawkins’s views, called on Dawkins to dissociate himself
publicly from them, and said, almost explicitly, | told you so. Dawkins dissociated himself,
and expressed amazement that anyone could have so misconstrued his views as to make
use of them in a neofascist cause. He said explicitly that it never crossed his mind that this
could happen. Now, Rose was ill-mannered, and one wonders whether he expects other
scientists to conceal their findings when they turn out to be susceptible to misuse. But
Dawkins’s naive amazement was more distressing.

Early in the controversy, an article in Time magazine on sociobiology included a brief,
innocuous quotation from me. | simply pointed out that not only bad human traits but also
good ones such as altruism were part of our evolutionary endowment. I did not mention
race or individual differences, and the rest of the article said little or nothing about either,
focusing instead on universals of human nature. Yet | received a long, poignant letter from
a woman who identified herself as African-American and who, despite being quite articu-
late, expressed thoughts and feelings that suggested mental illness. Among other things she
wrote at length on the genetic and moral inferiority of African-Americans, attributing many
of her own and her people’s problems to this “theory.” | had said nothing remotely related
to the main theme of her letter, yet she had interpreted my little remark about altruism as
support for her theory. She was writing in a strange spirit of collegiality and congratulation.
Never since then have | underestimated the power of even a few words about behavioral
biology.

What of the latest currents of thought? Are they likely to lead to, or at least encourage,
further distortions of social policy? The indications are not all encouraging. Richard
Herrnstein and Charles Murray published a book in 1994 clearly directed at policy, just as
Jensen and others had in the 1960s and 1970s. The Bell Curve: Intelligence and Class
Structure in American Life (New York: Free Press, 1994) teamed a psychologist with a con-
servative policy advocate to try to prove that both the class structure and the racial divide in
the United States result from genetically determined differences in intelligence and ability.
Their general assertions about genes and 1Q were not very controversial, but their specula-
tions on race were something else again.

Also in the 1990s, Phillipe Rushton has tried to couch racial differences in 1Q in a
theory drawn from evolutionary biology. This theory takes the concepts of r and K selec-
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tion, crudely useful when applied to a vast range of living creatures considered on a con-
tinuum, and apply it to subtle differences in skull form, mental test results, and sexual
behavior within our one species. This theory has no academic legitimacy and little rela-
tionship to real evolutionary theory, but it taints the whole Darwinian enterprise, strongly
recalling the “scientific anthropology” of the era of slavery.

The reality is quite different. As argued by George Armelagos in his Presidential
Address to the American Association of Physical Anthropologists (“Race, Reason and Ratio-
nale,” Evolutionary Anthropology 4, 1995, pp. 103-109) race itself is a dubious concept for
the human species. Obviously it is sociologically meaningful, but even in the social realm
it is a constantly moving target with little or no core biological legitimacy.

The overwhelming genetic unity of our species becomes clearer all the time. We are,
every one of the six billion of us, descended from a very small group of people who lived in
Africa around 100,000 years ago. During almost all of that time, challenges to intelligence
have been remarkably similar on every continent. There has been little or no opportunity
for racial separation, and the physical variety that seems so obvious to us is just an intersec-
tion of geographic trend lines known as clines, each a gradient of variation along a particu-
lar dimension, such as nose shape, height, or skin color. You can point to any spot on earth,
draw a circle around it, and call it a race, but all you will have done is arbitrarily label the
local intersection of several of these clines.

The human genome project has draft-sequenced five people’s genes, three women
and two men, self-described as Hispanic, Asian, Caucasian, and African-American. Craig
Venter, head of Celera Genomics and one of two main leaders of the project, said, “In the
five Celera genomes there is no way to tell one ethnicity from another.” (See chapter 17 for
discussion and references.) Statistically, it has been repeatedly shown that the vast majority
of human genetic variation occurs within, not between, ethnic groups (See Ryan Brown
and George J. Armelagos, “Apportionment of Racial Diversity: A Review,” Evolutionary
Anthropology 10, 2001, pp. 15-20).

If this is so, why is there a persistent difference in 1Q and school success among
African-Americans and European-Americans? Here are a few of the reasons. Slavery was a
devastating blow to African-Americans, destroying language and culture and gravely dam-
aging family and identity. It lasted for almost three centuries, followed by another century
of systematic deprivation. African slaves were virtually the only group of Americans not self-
selected to come here. Twentieth-century immigrants from Africa and the Caribbean had
the same racial background as the slaves but had an experience very similar to that of all
other ethnic groups in U.S. history. This alone gives the lie to a genetic explanation of the
problems of the descendants of former slaves.

Genetic explanations of group differences ignore the immense power of culture to
govern motivation and performance. There is nho culture-free test of intelligence, and mental
tests have been constructed on which African-Americans outperform European-Americans.
Studies have shown that even a hint of racial stereotyping in the setting of a test markedly
diminishes the performance of those being stereotyped. Peer pressure is also powerful.
Identifying test performance and school success as “White” has kept generations of African-
Americans, especially boys, from doing well. If genes are the explanation for group differ-
ences, why do African-American girls do so much better than boys, while among European-
Americans the sexes perform more similarly?

If genes are the explanation, why is there no correlation between the test performance
of African-Americans and their degree of admixture of European genes? Because sociologi-
cally our racial designations are categorical, so that any noticeable degree of African
ancestry—indeed, the label alone—exposes you to all the cultural risks associated with
being Black. Why do African-American children adopted by Whites grow up performing as
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well as Whites? Because they are given most of the advantages of the dominant culture.
Why do the illegitimate children of Black and White American servicemen in Germany
have comparable mental test scores? Because they are all brought up by German mothers,
sharing most of the same cultural opportunities and disadvantages.

These are only a few of the counterarguments against ongoing, twenty-first-century
racial determinism. Race is the least interesting and least significant of biological cate-
gories, yet it continues to compel the attention of many people. The most likely explana-
tion for this is not the intrinsic merit of the subject. It is the desire to simplify the world, to
justify unfair treatment of minorities, and to shore up a weak identity with a false sense of
superiority. Human beings characteristically dichotomize the social world, and much of
what is wrong with the world stems from this fact of human nature.

The need for vigilance continues. Anyone who investigates or writes about behavioral
biology without recognizing the potential for grave misuse of it, proven many times in the last
two centuries, is either a dangerous charlatan or a dangerous fool. Since the Enlightenment
gave science a central place in our lives, scientific ideas have been abused. But to those who
think these studies should stop, there is a clear answer: closing our eyes to biological influ-
ences cannot make them go away or prevent other people from distorting them. In fact, the
distortions are made more likely by such suppression. Will there be further abuses? Of
course. But can we ignore a subject so central to self-understanding? | don't think so.

Behavioral biology is a strong, dangerous physic, potentially healing if used appropri-
ately, poisonous if not. For the great questions of race and social class, it has far more rele-
vance to the behavior of the oppressors than it does to that of the victims. It does not show
that the oppressed are inferior, but it does help explain why the oppressors are selfish,
greedy, and violent. Yet other, false claims will be made for it—claims that echo the worst
errors of the nineteenth and twentieth centuries. Hence, this caveat, a sort of package insert
for the book, warning of the known dangers of improper use of this kind of knowledge. |
would not purvey such medicine if | did not think that the human species is in a critically
ill condition, needing every kind of knowledge it can get. But it would be far better for
behavioral biology to disappear from view than to be applied as carelessly, as stupidly, and
as destructively as it has been in the past.
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chapter one: The Quest for the Natural

This chapter uses the !Kung San as one example of the hunting-gathering adaptation that is
known to have played a central role in human evolution. The best current reference on hunters
and gatherers generally is Richard B. Lee and Richard Daly’s The Cambridge Encyclopedia of
Hunters and Gatherers (New York: Cambridge University, 1999). From it, myriad paths lead to
a large and rich literature on this vital and once-central human adaptation. Accessible intro-
ductions to the !Kung may be found in Lorna Marshall’s Nyae Nyae !Kung: Beliefs and Rites
(Cambridge: Harvard University, 1999), Richard Lee’s The Dobe Ju/'hoansi (New York: Har-
court Brace, 1993), and Marjorie Shostak’s Nisa: The Life and Words of a IKung Woman (Cam-
bridge: Harvard University, 1982). Shostak’s Return to Nisa (Cambridge: Harvard University,
2000) offers a personal account of their situation late in the twentieth century.

Excessive emphasis on the 'Kung has been rightly criticized; many other hunting-
gathering adaptations have existed or still exist, some quite different from the !Kung. Stud-
ies of the Hadza of Tanzania by James Woodburn, Kristen Hawkes, and Nicholas Blurton
Jones, of the Efe Pygmies of Zaire by Robert Bailey and Nadine Peacock, of the Ache of
Paraguay by Kim Hill and Magdelena Hurtado, and of the Netsilik Eskimo by Asen Balikci
are among the outstanding modern investigations cited below. Critics would do well to fol-
low these examples and do research on hunter-gatherers while they are still around to be
studied. In addition to the Cambridge Encyclopedia, good sources on a range of hunter-
gatherer societies include Hunters and Gatherers: History, Evolution, and Social Change,



the tangled wing

edited by Tim Ingold, David Riches, and James Woodburn (London: Berg Publishers
Limited, 1991) and The Foraging Spectrum: Diversity in Hunter-Gatherer Lifeways, by
Robert L. Kelly (Washington, D.C.: Smithsonian Institution, 1995).

The chapter, focused on the !Kung, draws primarily on the works of Marshall (The
IKung of Nyae Nyae and Nyae Nyae !Kung: Beliefs and Rites), Lee and DeVore (Kalahari
Hunter-Gatherers), Lee (The 'Kung San), Howell (Demography of the Dobe Area 'Kung),
and Shostak (Nisa: The Life and Words of a !Kung Woman and Return to Nisa), as well as
on my own experience and research. These and other works are cited fully in the notes.

No account of the 'Kung can omit mention of their present situation. After centuries
of oppression at the hands especially of whites but also of blacks in southern Africa, some
now find themselves choosing either near serfdom on Bantu farms or dependency on reser-
vations in Namibia (formerly South-West Africa), while others struggle to maintain inde-
pendence. We who study them must not forget that they are in the throes of an ongoing
historical crisis, now complicated by AIDS. For further information see Lee’s The !Kung
San and Edwin Wilmsen’s Land Filled with Flies, cited in the notes. John Marshall’s film
Nlai, The Story of a 'Kung Woman, shown several times on national public television, as
well as his numerous other films (see The Cinema of John Marshall, Philadelphia: Har-
wood Academic, 1993, edited by Jay Ruby), vividly illustrate 'Kung life. Marshall has
devoted many years to helping the !Kung survive into the twenty-first century. Lee, who is
professor of anthropology at the University of Toronto, and Polly Wiessner, at the Univer-
sity of Utah, keep up with current developments.

p. 3  Rousseau not the first: Jean-Jacques Rousseau and G. D. H. Cole, The Social Contract
(New York: Dent, 1935).

p.4 95 or 99 percent of human generations: Richard B. Lee and Irven DeVore, Man the
Hunter (Chicago: Aldine de Gruyter, 1968).

p. 4  Climate variability: Rick Potts, Humanity’s Descent: The Consequences of Ecological
Instability (New York: William Morrow, 1996).

p. 4  Studies of Inuit and other Eskimos: Asen Balikci, “The Netsilk Eskimos: Adaptive
Processes,” in Lee and DeVore, Man the Hunter, 78-82.

p. 4  Studies of aboriginal peoples: Mervyn J. Meggitt, Desert People (Chicago: University
of Chicago, 1965).

p.5 Hadza research: James Woodburn, “An Introduction to Hazda Ecology,” in Lee and
DeVore, Man the Hunter, 49-55; Nicholas Blurton Jones, “The Lives of Hunter-
Gatherer Children: Effects of Parental Behavior and Parental Reproductive Strategy,”
in Juvenile Primates: Life History, Development, and Behavior, eds. M. E. Pereira
and L. A. Fairbanks (New York: Oxford University, 1993), 309-26.

p.5 Ache studies: Kim Hill and A. Magdalena Hurtado, Ache Life History: The Ecology
and Demography of a Foraging People (New York: Aldine de Gruyter, 1996).

p.5 No one social group: Richard B. Lee and Richard Daly, The Cambridge Encyclope-
dia of Hunters and Gatherers (New York: Cambridge University, 1999); Lee and
DeVore, Man the Hunter; eds. Bruce Winterhalder and Eric Alden Smith, Hunter-
Gatherer Foraging Strategies: Ethnographic and Archeological Analyses (Chicago:
University of Chicago, 1981); Polly Wiessner, “Leveling the Hunter: Constraints on
the Status Quest in Foraging Societies,” in Food and the Status Quest: An Interdis-
ciplinary Perspective, eds. Polly Wiessner and Wulf Schiefenhdvel (Providence:
Berghahn Books, 1996), 171-191; Robert L. Kelly, The Foraging Spectrum: Diversity
in Hunter-Gatherer Lifeways (Washington, D.C.: Smithsonian Institution, 1995);
eds. Tim Ingold, David Riches, and James Woodburn, Hunters and Gatherers: His-
tory, Evolution, and Social Change (London: Berg Publishers Limited, 1991.)
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p.5

p.5

Marshall family: Lorna J. Marshall, The !Kung of Nyae Nyae (Cambridge: Harvard
University, 1976); and Nyae Nyae !Kung: Beliefs and Rites (Cambridge: Harvard
University, 1999).

Interdisciplinary fieldwork on !Kung San: eds. Richard B. Lee and Irven DeVore,
Kalahari Hunter-Gatherers: Studies of the !Kung San and Their Neighbors (Cam-
bridge: Harvard University, 1976); Richard B. Lee, The !Kung San: Men, Women
and Work in a Foraging Society (Cambridge: Cambridge University, 1979); Nancy
Howell, Demography of the Dobe Area !Kung (New York: Academic, 1979); Mar-
jorie Shostak, Nisa: The Life and Words of a 'Kung Woman (Cambridge: Harvard
University, 1981); Melvin J. Konner, in Ethological Studies of Child Behavior, ed.
Nicholas Blurton Jones (Cambridge: Cambridge University, 1972); and in Culture
and Infancy, eds. P. H. Leiderman, S. R. Tulkin, and A. Rosenfeld (New York: Aca-
demic, 1977); Melvin J. Konner and Carol Worthman, “Nursing Frequency,
Gonadal Function, and Birth Spacing Among !'Kung Hunter-Gatherers,” Science
207 (1980), 788-791; Polly Wiessner, in The Past and Future of IKung Ethnography:
Essays in Honor of Lorna Marshall, eds. Megan Biesele, R. Gordon, and Richard
Lee (Hamburg: Helmut Buske, 1986); Megan Biesele, Women Like Meat: The Folklore
and Foraging ldeology of the Kalahari Ju/’hoan (Bloomington, Ind.: Witwatersrand
University, 1993); Patricia Draper, Evolving Female: A Life History Perspective
(Princeton, N.J.: Princeton University, 1997); Marjorie Shostak, Return to Nisa
(Cambridge: Harvard University, 2000).

Massacre of the San: John Yellen, Archeological Approaches to the Present: Models
for Reconstructing the Past (New York: Academic, 1977); ed. Phillip Tobias, The
Bushmen (Cape Town: Human and Rousseau, 1978); Edwin N. Wilmsen, Land
Filled with Flies: A Political Economy of the Kalahari (Chicago: University of
Chicago, 1989).

Women provide three-fourths: Lee, The 'Kung San.

Man forgets to shoot oryx pair: Nicholas Blurton Jones and Melvin J. Konner, “IKung
Knowledge of Animal Behavior” in Lee and DeVore, Kalahari Hunter-Gatherers.
Childbirth managed alone: Melvin J. Konner and Marjorie Shostak, “Timing and
Management of Birth Among the !Kung: Biocultural Interaction in Reproductive
Adaptation,” Cultural Anthropology 2 (1987), 11-28.

Conflict resolution among !Kung: Lee, The !Kung San; Lorna Marshall, “Sharing,
Talking, and Giving: Relief of Social Tensions among The !Kung,” in Lee and
DeVore, Kalahari Hunter-Gatherers, 349-371.

Ethic of sharing: Wiessner, in Wiessner and Schiefenhével, Food and the Status
Quest; Wiessner, 'Kung Ethnography; Polly Wiessner, “Risk, Reciprocity and Social
Influences on !Kung San Economics,” in Politics and History in Band Societies, eds.
E. Leacock and Richard B. Lee (Cambridge: Cambridge University, 1982).
Trance-dance ritual: Lorna Marshall, “The Medicine Dance of the !Kung Bush-
men,” Africa 39 (1981), 347-381; Richard B. Lee, “The Sociology of !Kung Bush-
men,” in Trance and Possession States, ed. R. Prince (Montreal: F. M. Bucke Memo-
rial Society, 1982); Shostak, Nisa, ch. 13, and Return to Nisa, 35-47, 215-217.
People test unity: Richard Katz, Boiling Energy: Community Healing Among the
Kalahari 'Kung (Cambridge: Harvard University, 1982).

Marshall quotation: Marshall, Nyae Nyae !Kung, 90.

Rich oral tradition: Marshall, 'Kung of Nyae Nyae; Biesele, Women Like Meat.
Hobbes quotation: Thomas Hobbes, in ed. C. B. Macpherson, Leviathan (Harmond-
sworth, Eng.: Penguin, 1968), 186.

Ancient hunting blinds: Yellen, Archeological Approaches.
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p. 8 Contact with farmers and cattle people: Wilmsen, Land Filled with Flies.

p.8  “The original affluent society”: Marshall D. Sahlins, Stone Age Economics (Chicago:
Aldine de Gruyter, 1972).

p. 8 Homicide rates: Lee, The IKung San.

p. 8 Sharing among relatives; status and prestige: Wiessner, in Wiessner and Schiefen-

hével, Food and the Status Quest; Wiessner, 'Kung Ethnography; Wiessner, in Poli-

tics and History.

Weight loss in shortages: Wilmsen, Land Filled with Flies.

Childhood illness: Howell, Dobe Area !Kung.

p.9 Hume quotation: David Hume, An Enquiry Concerning Human Understanding
(Indianapolis: Hackett, 1977), 55-56.

p.9 Montaigne quotation: Michel de Montaigne, “Of Cannibals,” in Complete Essays of
Montaigne. Translated by Donald M. Frame (Stanford, Calif.: Stanford University,
1957), 153. In fairness, Montaigne’s quote is used effectively in the essay as a coun-
terpoint to Plato’s Republic, which naively sees an idealized city as a natural society.

p. 10 Fiercely hierarchical: Brian Hayden, “Feasting in Prehistoric and Traditional Soci-
eties,” in Wiessner and Schiefenhével, Food and the Status Quest.

p. 10 Keeley's book: Lawrence H. Keeley, War Before Civilization: The Myth of the Peaceful
Savage (New York: Oxford University, 1996).

p. 10 Apollinaire quotation: Guillaume Apollinaire, Les Mamelles de Tirésias, illust.
Pablo Picasso (Paris: Editions du Belier, 1946), 10.

chapter two: Adaptation

An easy-to-read popular account of adaptation theory is Richard Dawkins’s The Selfish
Gene, New Edition (New York: Oxford University, 1989), and Robert Wright’s delightful
The Moral Animal: Evolutionary Psychology and Everyday Life (New York: Pantheon,
1994) brings the theory to bear on humans—including Darwin himself. John Alcock’s The
Triumph of Sociobiology (New York: Oxford University, 2001) thoroughly justifies its title
with a cogent summary of current research and controversy. James and Carol Gould’s Sex-
ual Selection (New York: W. H. Freeman/Scientific American Library, 1989) vividly intro-
duces the natural history of this core theoretical problem. More advanced are two books by
George Williams that have bracketed a long and distinguished career: Adaptation and Nat-
ural Selection and Natural Selection: Domains, Levels, and Challenges. Edward O. Wil-
son’s Sociobiology (Cambridge: Harvard University, 1975) is the best-known comprehen-
sive text. Though widely criticized and now a quarter-century old, it is still a vital
foundation. Wilson’s Consilience: The Unity of Knowledge (New York: Alfred A. Knopf,
1998) argues for using evolution to integrate the human sciences with the rest of scientific
knowledge.

The best general introductory textbook of sociobiology remains Robert Trivers’s Social
Evolution (Menlo Park, Calif.: Benjamin Cummings, 1985). Current professional sum-
maries of research in specific areas are collected in Behavioral Ecology: An Evolutionary
Approach, 4th Ed., edited by John R. Krebs and Nicholas B. Davies (Oxford: Blackwell,
1997). No one should criticize a new scientific approach without reading the original
papers that have convinced practitioners. They are collected in T. Clutton-Brock and P.
Harvey (eds.), Readings in Sociobiology (San Francisco: W. H. Freeman, 1978). The papers
of W. D. Hamilton and Robert L. Trivers are especially noteworthy. Applications of the the-
ory to human behavior are collected in Laura Betzig’s Human Nature: A Critical Reader
(New York: Oxford University, 1997). Darwin’s On the Origin of Species is perhaps the only
major work of nineteenth-century science that continues to be essential reading. The edi-
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tion introduced by Mayr (cited in the notes) is authoritative. A modern textbook worthy of
Darwin’s legacy is Mark Ridley’s Evolution (New York: Oxford University, 1997).

For a widely cited critique of adaptationist approaches see Richard Lewontin, “Adap-
tation,” Scientific American 239, September 1978, and Lewontin and Stephen Jay Gould’s
“The Spandrels of San Marco and the Panglossian Paradigm: A Critique of the Adapta-
tionist Program,” Proceedings of the Royal Society of London, 1979, 581-588. A quarter cen-
tury of controversy is analyzed, and should be laid to rest, by Ullica Sagerstrale in Defend-
ers of the Truth: The Battle for Science in the Sociobiology Debate and Beyond (Oxford:
Oxford University, 2000).

The basic work on the interface between theories of adaptation and of learning is
Martin Seligman and Joanne Hager’s Biological Boundaries of Learning (New York:
Meredith, 1972). Various writings of psychiatrist David A. Hamburg helped set the tone for
a generation of interdisciplinary research in anthropology, psychiatry, and evolutionary
biology, and helped inspire this book. The banner of evolutionary psychiatry has been
taken up by Randolph Nesse, Michael McGuire, and others in works cited in the notes.

What Emotions Really Are, by Paul E. Griffiths, is the best account of the emotions in
evolutionary perspective. The subdiscipline of adaptationist cognitive psychology was
founded by Jerome Barkow, Leda Cosmides, and John Tooby in The Adapted Mind:
Evolutionary Psychology and the Generation of Culture (New York: Oxford, 1992). That of
evolutionary social psychology is summarized in the book of that name, edited by Jeffrey A.
Simpson and Douglas T. Kendrick (Mahwah, N.J.: Lawrence Erlbaum, 1997). For a clas-
sic account of the theory and methods of ethology, see Konrad Z. Lorenz, Foundations of
Ethology (New York: Springer-Verlag, 1981).

p. 12 *as simple and lifeless as a crystal”: Robert E. Pollack and Charles Darwin, On the
Origin of Species by Means of Natural Selection, or the Preservation of the Favored
Races in the Struggle for Life (Collector’s Edition), quoted in New England Journal
of Medicine 337 (1997), 137.

p. 12 Organism a gene’s way of making another gene: Richard Dawkins, The Selfish Gene
(Oxford: Oxford University, 1976).

p. 12 Origin of Species: Ernst Mayr, The Origin of Species: A Facsimile of the First Edition
(Cambridge: Harvard University, 1966).

p. 13 Mayr’s book: Ernst Mayr, Animal Species and Evolution (Cambridge: Harvard Uni-
versity, 1963).

p. 13  Williams's classic: George C. Williams, Adaptation and Natural Selection (Prince-
ton, N.J.: Princeton University, 1966).

p. 13 Small role for group selection: George C. Williams, Natural Selection: Domains,
Levels, and Challenges (New York: Oxford University, 1992).

p. 13 *“Sexual Selection”: Charles Robert Darwin, The Origin of Species by Means of Natural
Selection, or the Preservation of Favored Races in the Struggle for Life; introduction
by Sir Julian Huxley (New York: New American Library, 1859, 1958), 74-76.

p. 15 For eons peacock females: M. Petrie, T. Halliday, and C. Sanders, “Peahens Prefer
Peacocks with Elaborate Trains,” Animal Behavior 41, (1991) 323-331; Marie Petrie,
“Improved Growth and Survival of Offspring of Peacocks with More Elaborate
Trains,” Nature 371, (1994) 598-599; James L. Gould and Carol G. Gould, Sexual
Selection (New York: Scientific American Library, 1989); Michael J. Ryan, “Sexual
Selection and Mate Choice,” in Behavioural Ecology: An Evolutionary Approach, eds.
John R. Krebs and Nicholas B. Davies (Oxford: Blackwell Scientific, 1997), 179-202.

p. 16 “Whatever the cause . . .”: Darwin, On the Origin of Species, New American Library
Ed., 135.
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Adaptation as one-size-fits-all: Richard C. Lewontin, “Adaptation,” Scientific Ameri-
can 239 (3), 213-230 (September 1978); Stephen Jay Gould and Richard C.
Lewontin, “The Spandrels of San Marco and the Panglossian Paradigm: A Critique
of the Adaptationist Programme,” Proceedings of the Royal Society of London 205
(1979), 581-598.

Breasts mimic behinds: Desmond Morris, The Naked Ape (New York: McGraw-Hill,
1968).

Physical handicap and sexual competition: The handicap hypothesis in particular
has generated a lot of valuable research. A. Zahavi, “Mate Selection: A Selection
for a Handicap,” Journal of Theoretical Biology 53 (1975), 205-214; A. Zahavi, “On
the Definition of Sexual Selection, Fisher’s Model, and the Evolution of Waste and
of Signals in General,” Animal Behavior 42 (1991), 501-503.

Neurological status of !Kung San newborns: Melvin J. Konner, “Aspects of the
Developmental Ethology of a Foraging People,” in Ethological Studies of Child
Behavior, ed. Nicholas Blurton Jones (Cambridge: Cambridge University, 1972).
Puerto Rican frog: D. S. Townsend, “The Costs of Male Parental Care and Its
Evolution in a Neotropical Frog,” Behavioral Ecology and Sociobiology 19 (1986),
187-195.

Sage-grouse mating: R. M. Gibson, J. W. Bradbury, and S. L. Vehrencamp, “Mate
Choice in Lekking Sage Grouse Revisited: The Roles of Vocal Display, Female Site
Fidelity, and Copying,” Behavioral Ecology 2 (1991), 165-180.

Vervet monkey study: Lynn A. Fairbanks and Michael T. McGuire, “Age, Repro-
ductive Value and Dominance Related Behaviour in Vervet Monkey Females:
Cross-Generational Social Influences on Social Relationships and Reproduction,”
Animal Behaviour 34 (1986), 1718-1721.

“Spandrels”: Gould and Lewontin, “Spandrels of San Marco.”

DeVore’s “Cosmic Question”: Irven DeVore, “Not-so-Bright Design?,” quoted in
Science (April 30, 1999), 737.

“that in my earlier editions . . .”: Charles Darwin, The Descent of Man, and Selec-
tion in Relation to Sex (Princeton, N.J.; Princeton University, 1871, 1981), 152.
Biston betularia melanism: J. B. S. Haldane, The Theory of Selection for Melanism
in Lepidoptera (London: Royal Society of London, 1956); H. B. D. Kettlewell, A
Résumé of Investigations of the Evolution of Melanism in the Lepidoptera (London:
Royal Society of London, 1956); H. B. D. Kettlewell, “The Phenomenon of Indus-
trial Melanism in Lepidoptera,” Annual Review of Entomology 6 (1961), 245-262.
Galapagos finches: B. Rosemary Grant and Peter R. Grant, Evolutionary Dynamics
of a Natural Population: The Large Cactus Finch of the Galapagos (Chicago:
University of Chicago, 1989); H. L. Gibbs and Peter R. Grant, “Oscillating Selec-
tion in Darwin’s Finches,” Scientific American (October 1991); Kenneth Petren, B.
Rosemary Grant, and Peter R. Grant, “A Phylogeny of Darwin’s Finches Based on
Microsatellite DNA Length Variation,” Proceedings of the Royal Society of London
266 (1999), 321ff.

Quarter century of study: Jonathan Weiner, The Beak of the Finch: A Story of Evolu-
tion in Our Time (New York: Alfred A. Knopf, 1994).

Elegant experiments on mate choice: Grant and Grant, Evolutionary Dynamics.
Endler’s guppy research: John A. Endler, Natural Selection in the Wild (Princeton,
N. J.: Princeton University, 1986).

Adaptation weak and evolution indeterminate: Gould and Lewontin, “Spandrels of
San Marco”; Stephen J. Gould, Wonderful Life: The Burgess Shale and the Nature
of History (New York: W. W. Norton, 1989); Daniel R. Brooks and E. O. Wiley,
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p. 23

p. 24

Evolution as Entropy: Toward a Unified Theory of Biology (Chicago: University of
Chicago, 1988).

Anolis lizard: Jonathan B. Losos, Todd R. Jackman, Allan Larson, Kevin de
Queiroz, and Lourdes Rodriguez-Schettino, “Contingency and Determinism in
Replicated Adaptive Radiations of Island Lizards,” Science 279 (1998), 2115-2118;
Gretchen Vogel, “For Island Lizards, History Repeats Itself,” Science 279 (1998),
2043; Jonathan B. Losos, “Evolution: A Lizard’s Tale,” Scientific American 284:3
(March 2001), 64-69.

Morris quotation: Simon Conway Morris, The Crucible of Creation: The Burgess
Shale and the Rise of Animals (Oxford: Oxford University, 1998), 202.

“Consider animals that swim . . .”: Morris, Crucible, 204.

Lamarck’s theory of evolution: Ernst Mayr, The Growth of Biological Thought: Diver-
sity, Evolution, and Inheritance (Cambridge: Belknap/Harvard University, 1982).
Learning dominance: Donald Sade, Determinants of Dominance in a Group of Free-
Ranging Rhesus Monkeys (Berkeley: University of California, 1966); and a chapter
by the same title in Social Communication Among Primates, ed. Stuart Altmann
(Chicago: University of Chicago, 1967). Inheritance of rank was first identified
among Japanese macaques by Japanese primatologists, and has proved to be a deter-
minant of dominance in many primates: M. Kawai, “On the System of Social Ranks
in a Natural Troop of Japanese Monkeys: I. Basic Rank and Dependent Rank,” in
Japanese Monkeys, ed. S. Altmann (Edmonton: The Editor, 1958); Bernard Cha-
pais and Carole Gauthier, “Early Agonistic Experience and the Onset of Matrilin-
eal Rank Acquisition in Japanese Macaques,” in Juvenile Primates: Life History,
Development, and Behavior, eds. M. E. Pereira and L. A. Fairbanks (New York:
Oxford, 1993), 245-258; Karen B. Strier, Primate Behavioral Ecology (Boston: Allyn
& Bacon, 2000), 206ff.

Potato washing in monkeys: M. Kawai, “New Acquired Precultural Behavior of the
Natural Troop of Japanese Monkeys on Koshima Islet,” Primates 6 (1965), 1-30.
White-crowned sparrow song: Peter Marler, “A Comparative Approach to Vocal
Learning: Song Development in White-Crowned Sparrows,” Comparative and
Physiological Psychology 71 (1970), 1-25.

Dialects in white-crowned sparrows: Peter Marler, “Differences in Behavioural
Development in Closely Related Species: Birdsong” in The Development and Inte-
gration of Behaviour: Essays in Honor of Robert Hinde, ed. P. Bateson (Cambridge:
Cambridge University, 1991), 41-70.

Learned survival techniques among chimps: eds. Richard W. Wrangham, W. C.
McGrew, Frans B. M. de Waal, and Paul Heltne, Chimpanzee Cultures (Cam-
bridge: Harvard University/Chicago Academy of Sciences, 1994); A. Whiten,
J. Goodall, W. C. McGrew, T. Nishida, V. Reynolds, Y. Sugiyama, C. E. Tutin,
R. W. Wrangham, and C. Boesch, “Cultures in Chimpanzees,” Nature 399 (1999),
682-685; Andrew Whiten and Christophe Boesch, “The Cultures of Chim-
panzees,” Scientific American 284:1 (January 2001), 61-67.

“Behavior is the pacemaker . . .”: Ernst Mayr, Toward a New Philosophy of Biology
(Cambridge: Harvard University, 1988), 408.

Baldwin effect: Ernst Mayr, “Behavior and Systematics,” in Behavior and Evolution,
eds. A. Roe and G. G. Simpson (New Haven, Conn.: Yale University, 1958).
Waddington experiment: C. H. Waddington, “Canalisation of Development and the
Inheritance of Acquired Characters,” Nature 150 (1942), 563.

Huxley quotation: Julian Huxley, Essays of a Humanist (New York: Harper & Row,
1965), xiv.
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“The behavior of organisms”: B. F. Skinner, The Behavior of Organisms (New York:
Appleton-Century-Crofts, 1938).

Key experiment: John Garcia and Robert A. Koelling, “Relation of Cue to Conse-
quence in Avoidance Learning,” Psychonomic Science 4 (1966), 123-124; eds. Mar-
tin Seligman and Joanne L. Hager, Biological Boundaries of Learning (New York:
Meredith, 1972).

“Those findings . . . cuckoo clock”: Seligman and Hager, Biological Boundaries, 15.
Black-mouse taste experiment: L. P. Brett, W. G. Hankins, and John Garcia, “Prey-
Lithium Aversions: I11. Buteo Hawks,” Behavioral Biology 17 (1976), 87-98.
Separate patterns of learning: John Garcia, Debra Forthman Quick, and Brent
White, “Conditioned Disgust and Fear from Mollusk to Monkey,” in Primary
Neural Substrates of Learning and Behavioral Change, eds. D. L. Alkon and J. Farley
(Cambridge: Cambridge University, 1984); Vincent M. LoLordo and Anastasia
Droungas, “Selective Associations and Adaptive Specializations: Taste Aversions
and Phobias,” in Contemporary Learning Theories: Instrumental Conditioning Theory
and the Impact of Biological Constraints on Learning, eds. S. B. Klein and R. R.
Mowrer (Hillsdale, N.J.: Lawrence Erlbaum, 1989), 145-179; John Garcia, Linda
Phillips Brett, and Kenneth W. Rusiniak, “Limits of Darwinian Conditioining,” in
Klein and Mowrer, Contemporary Learning Theories.

Systems “that precede, support, and constrain learning”: William Timberlake and
Gary A. Lucas, “Behavior Systems and Learning: From Misbehavior to General
Principles” in Klein and Mowrer, Contemporary Learning Theories, 237-275.
Genetically altered smart mice: Ya-Ping Tang, Eiji Shimizu, Gilles R. Dube, Claire
Rampon, Geoffrey A. Kerchner, Min Zhuo, Guosong Liu, and Joe Z. Tsien,
“Genetic Enhancement of Learning and Memory in Mice,” Nature 401 (1999),
63-69. The enhanced animals were nicknamed “Doogie” mice, after Doogie
Howser, the boy genius on a TV series who became a doctor at age fifteen.
Dyslexia gene on chromosome 2: Markus M. Noethen, G. Schulte-Koerne, T. Grimm,
S. Cichon, I. R. Vogt, B. Mueller-Myhsok, P. Propping, and H. Remschmidt,
“Genetic Linkage Analysis with Dyslexia: Evidence for Linkage of Spelling Disabil-
ity to Chromosome 15,” European Child & Adolescent Psychiatry 8 (1999),
111/56-111/59. For an overview of the biology of dyslexia, see Elena L. Grigorenko,
“Developmental Dyslexia: An Update on Genes, Brains, and Environments,” Jour-
nal of Child Psychology & Psychiatry & Allied Disciplines 42 (New York: Cam-
bridge University, 2001).

General learning laws implausible: John Garcia, Brenda McGown, and Kenneth F.
Green, “Biological Constraints on Conditioning,” in Classical Conditioning, Vol. 2,
Current Research and Theory, eds. A. H. Black and W. F. Prokasy (New York: Apple-
ton-Century-Crofts, 1972).

Golden hamster actions: S. J. Shettleworth, “Reinforcement and the Organization of
Behavior in Golden Hamsters: Hunger, Environment, and Food Reinforcement,”
Journal of Experimental Psychology and Animal Behavior Processes 1 (1975), 56-87.
“Instinctive drift”: Garcia, Brett, and Rusiniak, “Limits of Darwinian Conditioning”;
Breland and M. Breland, “The Misbehavior of Organisms,” American Psychologist
16 (1961), 681-684.

Sauce béarnaise phenomenon: Seligman and Hager, Biological Boundaries, 8.

Ice cream aversion: I. L. Bernstein and M. M. Webster, “Learned Taste Aversion in
Humans,” Physiology and Behavior 25 (1980), 363-366.

Other clinical phobias: LoLordo and Droungas, “Taste Aversions.”

Darwin quotation: Darwin, On the Origin of Species, 416.
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chapter three: The Crucible

My favorite book on human evolution is by Donald Johanson and Blake Edgar, From Lucy
to Language (New York: Simon & Schuster, 1996), a spectacular large-format assembly of
life-size photographs of all the most important hominid fossils discovered up to the mid-
nineties, accompanied by a brief authoritative text. For the later part of the story, lan
Tattersall’s The Last Neanderthal: The Rise, Success, and Mysterious Extinction of Our Closest
Human Relatives, Revised Edition (Boulder, Colo.: Westview, 1999) is a good choice. In
Lucy’s Legacy: Sex and Intelligence in Human Evolution (Cambridge: Harvard University,
1999), Alison Jolly redresses the male bias that has affected such studies for generations.
For two brief, easily readable accounts by top fossil hunters, see Richard Leakey’s The Ori-
gins of Humankind (New York: Basic Books, 1994) and Alan Walker and Pat Shipman’s
The Wisdom of the Bones (New York: Alfred A. Knopf, 1996). In exploring the role of hunt-
ing in human experience, Matt Cartmill’s A View to Death in the Morning (Cambridge:
Harvard University, 1993) is subtle and insightful. Craig Stanford’s The Hunting Apes:
Meat Eating and the Origins of Human Behavior (Princeton, N.J.: Princeton University,
1999) has persuasively revived a central role for hunting in our evolution.

Robert Sapolsky’s A Primate’s Memoir: A Neuroscientist’s Unconventional Life Among
the Baboons (New York: Scribner’s, 2001) is a funny paean to a quarter century of fieldwork
on the African plains, combined with some of the most insightful observations ever made
on wild monkeys. Karen Strier’s Primate Behavioral Ecology (Boston: Allyn & Bacon, 2000)
is a superb, brief, theoretically sophisticated introduction to our closest relatives and their
significance for our evolution. The strange and varied roles of males among those animals
is detailed in Primate Males: Causes and Consequences of Variation in Group Composition
(Cambridge: Cambridge University, 2000). Frans DeWaal's Good Natured: The Origins of
Right and Wrong in Humans and Other Animals (Cambridge: Harvard University, 1996)
reviews a neglected and important positive aspect of primate life.

An excellent advanced text on human evolution is Richard Klein’s The Human
Career, 2d Ed. (Chicago: University of Chicago, 1999), and the great modern account of
the background to human evolution is Robert D. Martin’s Primate Origins and Evolution
(Princeton, N.J.: Princeton University, 1990). For the latter part of human evolution, espe-
cially the Neanderthals, there are books by Erik Trinkhaus and Pat Shipman, by Christopher
Stringer and Clive Gamble, and by lan Tattersall, cited in the notes. The oldest known
paintings, discovered in the 1990s, are beautifully displayed and explained in Dawn of Art:
The Chauvet Cave, by Jean-Marie Chauvet and colleagues (New York: Harry N. Abrams,
1996). John E. Pfeiffer's The Emergence of Culture (New York: Harper & Row, 1982), on
the great advances of the late Paleolithic, remains a valuable and original synthesis. The
serious student should also consult The Cambridge Encyclopedia of Human Evolution,
published by Cambridge University Press in 1992.

p. 29 General principles on hunter-gatherers: Richard B. Lee and Irven DeVore, Man the
Hunter (Chicago: Aldine de Gruyter, 1968); M. G. Bicchieri, Hunters and Gather-
ers Today: A Socioeconomic Study of Eleven Such Cultures in the Twentieth Century
(New York: Holt, Rinehart & Winston, 1972); Richard B. Lee and Richard Daly,
The Cambridge Encyclopedia of Hunters and Gathererers (Cambridge: Cambridge
University, 1999).

p. 29 Baboons as ancestor models: Sherwood L. Washburn and Irven DeVore, “The Social
Life of Baboons,” Scientific American 20 (1961), 62—71; Irven DeVore and Sherwood
L. Washburn, “Baboon Ecology and Human Evolution,” in Man in Adaptation: The
Biosocial Background, ed. Y. A. Cohen (Chicago: Aldine de Gruyter, 1968), 93—-108.



.30

.30

.30

.30

.31

.31

.31

.32

.32

.32

.32

.32

.32
.33

.33

.33

the tangled wing

Chimpanzees as ancestor models: Jane van Lawick Goodall, “The Behavior of Free-
Living Chimpanzees in the Gombe Stream Reserve,” Animal Behavior Mono-
graphs 1 (1968), 161-311.

Bonobos as ancestor models: Takayoshi Kano, The Last Ape: Pygmy Chimpanzee
Behavior and Ecology (Stanford, Calif.: Stanford University, 1992); Sue Savage-
Rumbaugh and Roger Lewin, Kanzi: The Ape at the Brink of the Human Mind
(New York: John Wiley & Sons, 1994); Frans B. de Waal, “Bonobo Sex and Soci-
ety,” Scientific American 272:3 (1995), 82-88; and Frans B. de Waal and Frans
Lanting, Bonobo: The Forgotten Ape (Berkeley: University of California, 1997).
James Moore criteria: James Moore, “Savanna chimpanzees, referential models and
the last common ancestor,” in Great Ape Societies, eds. W. C. McGrew, L. F.
Marchant, and T. Nishida (Cambridge: Cambridge University, 1996), 275-292.
The substantia nigra: Harvey B. Sarnat, Evolution of the Nervous System, ed. Martin
G. Netsky (Oxford: Oxford University, 1974), 263.

Comparative study of higher primates: Irven DeVore, Primate Behavior (New York:
Holt, Rinehart & Winston, 1965); eds. Barbara B. Smuts, Dorothy L. Cheney,
Robert M. Seyfarth, Richard W. Wrangham, and Thomas T. Struhsaker, Primate
Societies (Chicago: University of Chicago, 1987); Karen B. Strier, Primate Behav-
ioral Ecology (Boston: Allyn & Bacon, 2000).

Social complexity down the scale of nature: J. H. Crook and J. S. Gartlan, “Evolu-
tion of Primate Societies,” Nature 210 (1966), 1200-1203; J. F. Eisenberg, N. A.
Muckenhirn, and R. Rudran, “The Relation Between Ecology and Social Structure
in Primates,” Science 176 (1972), 863-874.

Unpredictable dispersal: Karen B. Strier, Primate Behavioral Ecology (Boston: Allyn
& Bacon, 2000), chapters 6-8.

“under the feet of the dinosaurs”: Ann Gibbons, “Genes Put Mammals in Age of
Dinosaurs,” Science 280 (1998), 675-676; Sudhir Kumar and S. Blair Hedges, “A
Molecular Timescale for Vertebrate Evolution,” Nature 392 (1998), 917-920.
Devonian fish crawl through the mud: Robert L. Carroll, Vertebrate Paleontology
and Evolution (New York: W. H. Freeman, 1988); and Patterns and Processes of Ver-
tebrate Evolution (New York: Cambridge University, 1997).

Burgess Shale and Pikaia: Simon Conway Morris, “Burgess Shale Faunas and the
Cambrian Explosion,” Science 246 (1989), 339-346; “The Fossil Record and the
Early Evolution of Metazoa,” Nature 361 (1993), 219-225; and The Crucible of
Creation: The Burgess Shale and the Rise of Animals (Oxford: Oxford University,
1998).

Precambrian blue-green algae: Andrew H. Knoll, “A New Molecular Window on
Early Life,” Science 285 (1999), 1025-1026.

Aegyptopithecus: Elwyn L. Simons, “The Earliest Apes,” Scientific American 217
(1967), 28-35; Elwyn L. Simons, “The Fossil History of Primates,” in The Cambridge
Encyclopedia of Human Evolution, eds. S. Jones, R. Martin, and D. Pilbeam (New
York: Cambridge University, 1992), 199-208.

“the skull of a monkey . . .”: Simons, “The Earliest Apes.”

Depth perception in early primates: John G. Fleagle, Primate Adaptation and Evo-
lution, 2d Ed. (New York: Academic, 1999), 355.

Miocene: Fleagle, Primate Adaptation; Richard Klein, The Human Career, 2d Ed.
(Chicago: University of Chicago, 1999).

Molecular evidence: V. Sarich, “The Origin of the Hominids: An Immunological
Approach,” Perspectives on Human Evolution, eds. Sherwood L. Washburn and P.
Jay (New York: Holt, Rinehart & Winston, 1970); V. Turner, The Forest of Symbols:



notes and references

p. 33

p. 33

p. 34

p. 35

Aspects of Ndembu Ritual (Ithaca, N.Y.: Cornell University, 1967), 405; V. Sarich,
Cambridge Encyclopedia, 303-306.

“The third chimpanzee”: Jared Diamond, The Third Chimpanzee (New York:
HarperCollins, 1992).

98.5 percent chimpanzee: Mary C. King and Alan C. Wilson, “Evolution at Two
Levels: Molecular Similarities and Differences Between Humans and Chim-
panzees,” Science 188 (1975), 107-116.

Only 30,000 genes: International Human Genome Sequencing Consortium, “Ini-
tial Sequencing and Analysis of the Human Genome,” Nature 409 (2001),
860-921; J. Craig Venter and 282 others, “The Sequence of the Human Genome,”
Science 291 (2001), 1304-1351; Jean-Michel Claverie, “What If There Are Only
30,000 Human Genes?,” Science 291 (2001), 1255-1257; Nicholas Wade, “Reports
on Human Genome Challenge Long-Held Beliefs,” The New York Times (February
12, 2001), A1, Al6.

We have only identified one: H. H. Chou, H. Takematsu, S. Diaz, J. Iber, E. Nick-
erson, K. L. Wright, E. A. Muchmore, D. L. Nelson, S. T. Warren, and A. Varki, “A
Mutation in Human CMP-Sialic Acid Hydroxylase Occurred after the Homo-Pan
Divergence,” Proceedings of the National Academy of Sciences of the United States
of America 95 (1998), 11751-11756; E. A. Muchmore, S. Diaz, and A. Varki, “A
Structural Difference Between the Cell Surfaces of Humans and the Great Apes,”
American Journal of Physical Anthropology 107 (1998), 187-198; E. C. Brinkman-
Van der Linden, E. R. Sjoberg, L. R. Juneja, P. R. Crocker, N. Varki, and A. Varki,
“Loss of N-Glycolylneuraminic Acid in Human Evolution. Implications for
Sialic Acid Recognition by Siglecs,” Journal of Biological Chemistry 275 (2000),
8633-8640. As a result of the 92-base-pair deletion, humans do not express
N-glycolylneuraminic acid (Neu5Gc), a hydroxylated form of a common sialic
acid, on their cell surfaces. Neu5Gc, essentially undetectable in humans, is a major
component in all the four extant great apes and a variety of other mammals.
Although we can only speculate at present about the implications, cell surface mol-
ecules of this type have the potential to guide the movements of cells in the
embryo, including the destination of neurons and their connections.

Just what makes us human: A. Varki, “A Chimpanzee Genome Project Is a Bio-
medical Imperative,” Genome Research 10 (2000), 1065-1070.

Genes that make the human mind unique: David Cyranoski, “Japan’s Ape Sequenc-
ing Effort Set to Unravel the Brain’s Secrets,” Nature 409 (2001), 651-652.
Proconsul fossils in wide range: Fleagle, Primate Adaptation, 456; Alan Walker,
“Proconsul: Function and Phylogeny,” in Function, Phylogeny, and Fossils:
Miocene Hominoid Evolution and Adaptation, eds. D. R. Begun, C. V. Ward, and
M. D. Rose (New York: Plenum, 1997), 209-224.

Proconsul as human ancestor: Klein, Human Career, 122-124.

not the only possibility: Ann Gibbons, “New Study Points to Eurasian Ape as Great
Ape Ancestor,” Science 281 (1998), 622-623.

Seed-eating hypothesis: Clifford Jolly, “The Seed Eaters: A New Model of Hominid
Differentiation Based on a Baboon Analogy,” Man 5 (1970), 5-26.

Hierarchy in ground-living primates: Don J. Melnick and Mary C. Pearl, “Cerco-
pithecines in Multimale Groups: Genetic Diversity and Population Structure,” in
Primate Societies, eds. B. B. Smuts, D. L. Cheney, R. M. Seyfarth, R. W. Wrang-
ham, and T. T. Struhsaker (Chicago: University of Chicago, 1987), 121-134.
Baboon social behavior: DeVore and Washburn, “The Social Life of Baboons”;
Shirley C. Strum and William Mitchell, “Baboon Models and Muddles,” in The



p. 35

p. 35

p. 37

p. 38

p. 38

p. 38

the tangled wing

Evolution of Human Behavior: Primate Models, ed. W. G. Kinzey (New York: State
University of New York, 1987), 87-104.

Coalitions: Irven DeVore, “Male Dominance and Mating Behavior in Baboons,” in
Sexual Behavior, ed. F. Beach (New York: John Wiley & Sons, 1965).

Variations in male and female behavior: Strum and Mitchell, Evolution of Human
Behavior.

“Younger baboons . . . crossing streams bipedal”: Sapolsky, Robert, A Primate’s Memoir:
A Neuroscientist’s Unconventional Life Among the Baboons (New York: Scribner’s,
2001), 239.

Coalitional social groups in other species: Melnick and M. C. Pearl, “Cerco-
pithecines in Multimale Groups,” in Smuts et al., Primate Societies.

Chimpanzee Politics: Frans B. de Waal, Chimpanzee Politics: Power and Sex Among
Apes (Baltimore: Johns Hopkins University, 1989).

Machiavellian intelligence: eds. Andrew Whiten and Richard W. Byrne, Machiavel-
lian Intelligence, Vol. 2: Extensions and Evaluations (Cambridge: Cambridge Uni-
versity, 1997).

Equatorius: Steve Ward, Barbara Brown, Andrew Hill, Jay Kelley, and Will Downs,
“Equatorius: A New Hominoid Genus from the Middle Miocene of Kenya,”
Science 285 (1999), 1382-1386.

Kenyapithecus: Gibbons, “New Study.”

“The world is continually changing . . .”: Rick Potts, Humanity’s Descent: The
Consequences of Ecological Instability (New York: William Morrow, 1996), 71.
Fossil footprints: Mary D. Leakey and R. L. Hay, “Pliocene Footprints in the Laetolil
Beds at Laetolil, Northern Tanzania,” Nature 278 (1979), 308-312; Timothy D.
White, “Evolutionary Implications of Pliocene Hominid Footprints,” Science 208
(1980), 175-176.

Lucy: Donald C. Johanson and Timothy D. White, “A Systematic Assessment of
Early African Hominids,” Science 203 (1979), 321-330.

Kenyanthropus contemporary with Lucy: Maeve G. Leakey, Fred Spoor, Frank H.
Brown, Patrick N. Gathogo, Christopher Kiarie, Louise N. Leakey, and lan
McDougall, “New Hominin Genus from Eastern Africa Shows Diverse Middle
Pliocene Lineages,” Nature 410 (2001), 433-440. Maeve Leakey is Louis and
Mary’s daughter-in-law; Louise Leakey is her daughter and their granddaughter.
Thus, three generations of the Leakey family are now writing the history of our
own. However, there are disputes about the reconstruction of the skull, and theo-
retical debates will continue. As premier fossil hunter Tim White said of the impact
of this find, “The arms will be waving as fast as helicopter blades.” John Noble
Wilford, “Skull May Alter Experts’ View of Human Descent’s Branches,” The New
York Times (March 22, 2001), Al.

Australopithecus: Jack Stern and Randall Susman, “The Locomotor Anatomy of
Australopithecus Afarensis,” American Journal of Physical Anthropology 60 (1983),
279-317; Donald C. Johanson and Blake Edgar, From Lucy to Language (New
York: Simon & Schuster, 1996).

Knuckle walk versus two legs: Peter Rodman and Henry M. McHenry, “Bioenerget-
ics of Hominid Bipedalism,” American Journal of Physical Anthropology 52 (1980),
103-106.

Cephalopelvic disproportion: Wanda R. Trevathen, Human Birth: An Evolutionary
Perspective (New York: Aldine de Gruyter, 1987); Karen R. Rosenberg, “The Evolu-
tion of Modern Human Childbirth,” Yearbook of Physical Anthropology 35 (1992),
89-124.



notes and references

p. 38

p. 39

p. 40

Evolution of woman: Adrienne Zihlman, “Women as Shapers of the Human Adap-
tation,” in Woman the Gatherer, ed. F. Dahlberg (New Haven, Conn.: Yale Univer-
sity, 1981), 75-120; Sarah Blaffer Hrdy, Mother Nature: A History of Mothers,
Infants, and Natural Selection (New York: Pantheon, 1999); Alison Jolly, Lucy’s
Legacy: Sex and Intelligence in Human Evolution (Cambridge: Harvard University,
1999).

Jesse’s habit of two-legged walking: Sapolsky, A Primate’s Memoir, 239.

Lucy’s contemporaries and descendants: Jane B. Lancaster, “A Feminist and Evolu-
tionary Biologist Looks at Women,” Yearbook of Physical Anthropology 34 (1991),
1-11.

studies of modern-day chimpanzees: Goodall, “Free-Living Chimpanzees.”
Toolmaking and tool use by Gombe Stream chimps: W. C. McGrew, Chimpanzee
Material Culture: Implications for Human Evolution (Cambridge: Cambridge Uni-
versity, 1992); eds. Richard W. Wrangham, W. C. McGrew, Frans B. de Waal, and
Paul Heltne, Chimpanzee Cultures (Cambridge: Harvard University/Chicago Acad-
emy of Sciences, 1994).

Rudimentary cultural traditions in chimps and bonobos: A. Whiten, J. Goodall, W.
C. McGrew, T. Nishida, V. Reynolds, Y. Sugiyama, C. E. G. Tutin, R. W. Wrangham,
and C. Boesch, “Cultures in Chimpanzees,” Nature 399 (1999), 682-685; Andrew
Whiten and Christophe Boesch, “The Cultures of Chimpanzees,” Scientific Ameri-
can 284:2 (January 2001), 61-67.

Model of a leopard: Adriaan Kortlandt, “Experimentation with Chimpanzees in the
Wild,” in Progress in Primatology, eds. D. Starck, R. Schneider, and H. J. Kuhn
(Stuttgart: Fischeri, 1967).

thirty-six chimp populations: McGrew, Chimpanzee Material Culture; Wrangham
et al., Chimpanzee Cultures; Whiten et al., “Cultures in Chimpanzees”; Whiten
and Boesch, “The Cultures of Chimpanzees.”

“no fewer than 39 chimpanzee patterns”: Whiten and Boesch, “The Cultures of
Chimpanzees,” 62.

“could indeed be . . . foraging people”: Whiten and Boesch, “The Cultures of Chim-
panzees,” 61.

Variety in chimpanzee tool use: W. C. McGrew and Caroline E. G. Tutin, “Chim-
panzee Tool Use in Dental Grooming,” Nature 241 (1973), 477-748; C. Jones and
J. Sabater, “Sticks Used by Chimpanzees in Rio Muni, West Africa,” Nature 223
(1969), 100-101; A. Suzuki, “On the Insect-Eating Habits Among Wild Chim-
panzees Living in the Savanna Woodlands of Western Tanzania,” Primates 7 (1966),
481-487.

Research on cultural variation: Whiten et al., “Cultures in Chimpanzees”; Whiten
and Boesch, “The Cultures of Chimpanzees.”

Tool making and tool use as universal response: McGrew, Chimpanzee Material
Culture; W. C. McGrew, “Tools Compared: The Material of Culture,” in R. W.
Wrangham, W. C. McGrew, F. B. M. de Waal, and P. G. Heltne, Chimpanzee Cul-
tures, 25-39.

Genetic variation in chimps: David S. Woodruff, in a letter about chimp cultural
diversity, Science 285 (1999), 836.

Large sex difference in animals: Robert L. Trivers, “Parental Investment and Sexual
Selection,” in Sexual Selection and the Descent of Man, 1871-1971, ed. B. Camp-
bell (Chicago: Aldine de Gruyter, 1972), 136-179; Joseph L. Popp and Irven
DeVore, “Aggressive Competition and Social Dominance Theory: Synopsis,” in The
Great Apes, eds. David A. Hamburg and Elizabeth McCown (Menlo Park, Calif.:



p. 41

p. 41

p. 41

p. 41

p. 41

p. 42

the tangled wing

Benjamin Cummings, 1979); P. H. Harvey and J. W. Bradbury, “Sexual Selection,”
in Behavioural Ecology: An Evolutionary Approach, eds. John R. Krebs and Nicholas
B. Davies (Oxford: Blackwell, 1991), 203-233; Michael J. Ryan, “Sexual Selection
and Mate Choice,” in Behavioural Ecology, eds. Krebs and Davies, 1997 edition.
Goodall’s research: Goodall, “Free-Living Chimpanzees”; Jane Goodall, The Chim-
panzees of Gombe: Patterns of Behavior (Cambridge: Harvard University, 1986);
Jane Goodall, “Gombe: Highlights and Current Research,” in Understanding
Chimpanzees, eds. G. Heltne and L. A. Marquardt (Cambridge: Harvard Univer-
sity/Chicago Academy of Sciences, 1989), 2-21.

Sexual behavior in baboons: Barbara Smuts, Sex and Friendship in Baboons (New
York: Aldine de Gruyter, 1985).

Chimpanzee hunting behavior: Craig Stanford, “The Hunting Ecology of Wild
Chimpanzees: Implications for the Evolutionary Ecology of Pliocene Hominids,”
American Anthropologist 98 (1996), 96-113; Craig B. Stanford and Richard Wrang-
ham, Chimpanzee and Red Colobus: Ecology of Predator and Prey (Cambridge:
Harvard University, 1998); C. B. Stanford, The Hunting Apes: Meat Eating and the
Origins of Human Behavior (Princeton, N.J.: Princeton University, 1999). As shown
in detail by Geza Teleki, chimps share meat from kills: Geza Teleki, The Predatory
Behavior of Wild Chimpanzees (Lewisburg, Penn.: Bucknell University, 1973).
William McGrew has shown that the alpha male gets both a greater share of meat
and more copulations, and also that females who receive more meat from males
have more offspring: William McGrew, Chimpanzee Material Culture; and William
C. McGrew, “Dominance Status, Food Sharing, and Reproductive Success in
Chimpanzees,” in Food and the Status Quest: An Interdisciplinary Perspective, eds.
P. Wiessner and W. Schiefenhdvel (Providence: Berghahn Books, 1996), 39-45.
Systematic hunting in baboons: Robert S. O. Harding and Shirley C. Strum, “The
Predatory Baboons of Keykopey,” in The Primate Anthology: Essays on Primate
Behavior, Ecology, and Conservation from Natural History, eds. R. L. Ciochon and
R. A. Nisbett (Upper Saddle River, N.J.: Prentice-Hall, 1998), 99-105.

“Killer ape” hypothesis: R. Ardrey, African Genesis (New York: Atheneum, 1961).
Chimpanzee violence: Richard W. Wrangham and Dale Peterson, Demonic Males:
Apes and the Origins of Human Violence (Boston: Houghton Mifflin, 1996).
Wild-bonobo studies: Kano, The Last Ape; Takayoshi Kano, “Male rank order and
copulation rate in a unit-group of bonobos at Wamba, Zaire,” in Great Ape Soci-
eties, eds. W. C. McGrew, L. F. Marchant, and T. Nishida (Cambridge: Cambridge
University, 1996), 135-145.

Captive-bonobo studies: Frans B. M. de Waal, “Behavioral Contrasts Between
Bonobo and Chimpanzee,” in Heltne and Marquardt, Understanding Chim-
panzees, 154-175.

Zihlman studies: Adrienne Zihlman, J. E. Cronin, D. L. Cramer, and Vincent M.
Sarich, “Pygmy Chimpanzee as a Possible Prototype for the Common Ancestor of
Humans, Chimpanzees, and Gorillas,” Nature 275 (1978), 744-746; Adrienne
Zihlman, “Reconstructions Reconsidered: Chimpanzee Models and Human Evo-
lution,” in McGrew, Marchant, and Nishida, Great Ape Societies, 293-304.

Sexual behavior in bonobos: Yukio Takahata, Hiroshi Ihobe, and Gen’ichi Idani,
“Comparing Copulations of Chimpanzees and Bonobos: Do Females Exhibit Pro-
ceptivity or Receptivity?,” in McGrew, Marchant, and Nishida, Great Ape Societies,
146-155.

Bonobo dominance hierarchies: Kano, The Last Ape. Bonobos also hunt, but tend to
share vegetable foods more than they do meat: Gottfried Hohmann and Barbara



notes and references

p. 42

p. 43

p. 43

Fruth, “Food Sharing and Status in Unprovisioned Bonobos,” in Food and the Sta-
tus Quest: An Interdisciplinary Perspective, eds. P. Wiessner and W. Schiefenhovel
(Providence: Berghahn Books, 1996), 47-67.

Which is the right model?: As was recently pointed out to me by Jon Seger of the
University of Utah, given how much chimps and bonobos have diverged from each
other in one or two million years, consider how much we might have diverged from
both of them in five or six million. The argument that we must choose between
them is not compelling.

Savanna-dwelling chimps as model: James Moore, “Savanna Chimpanzees, Refer-
ential Models and the Last Common Ancestor,” in McGrew, Marchant, and
Nishida, Great Ape Societies.

Hunting minor in evolution: Pat Shipman, “Scavenging or Hunting in Early Hominids:
Theoretical Framework and Tests,” American Anthropologist 88 (1986), 27—43.
Hunting in chimps: Craig Stanford, The Hunting Apes: Meat Eating and the Ori-
gins of Human Behavior (Princeton, N.J.: Princeton University, 1999).

Hunting elaborate and central: Richard Klein, The Human Career, 2d Ed.
(Chicago: University of Chicago, 1999).

Lake Turkana: Alan Walker and Richard Leakey, “The Hominids of East Turkana,”
Scientific American 239:2 (1978), 54-66; Richard Leakey, The Origin of
Humankind (New York: Basic Books, 1994); Alan Walker and Pat Shipman, The
Wisdom of the Bones (New York: Alfred A. Knopf, 1996).

Butchering of a carcass: John E. Pfeiffer, The Emergence of Man (New York: Harper
& Row, 1978), 100; eds. Glynn L. Isaac and Elizabeth R. McCown, Human Origin:
Louis Leakey and the East African Evidence (Reading, Mass.: W. A. Benjamin,
1976), 521.

Low profile of women: Lancaster, “Feminist and Evolutionary Biologist”; Dahlberg,
Woman the Gatherer.

Tool making and brain evolution: Sherwood L. Washburn, “Tools and Human Evo-
lution,” Scientific American 203:3 (1960), 3-15; Jane B. Lancaster, “On the Evolu-
tion of Tool-Using Behavior,” American Anthropologist 70 (1968), 56-66.

Darwin: Charles Darwin, The Descent of Man, and Selection in Relation to Sex
(Princeton, N.J.: Princeton University, 1871, 1981).

Made explicit by Engels: Friedrich Engels, in The Origin of the Family, Private
Property and the State (New York: International, 1972).

Stone-tool research: Kathy D. Schick and Nicholas Toth, Making Silent Stones
Speak (New York: Simon & Schuster, 1993); Nicholas Toth, Kathy D. Schick, E.
Sue Savage-Rumbaugh, Rose A. Sevcik, and Duane M. Rumbaugh, “Pan the Tool-
Maker: Investigations into the Stone Tool-Making and Tool-Using Capabilities of a
Bonobo (Pan paniscus),” Journal of Archaeological Science 20 (1993), 81-91.

Early brain function: Marjorie LeMay and Norman Geschwind, “Hemispheric Dif-
ferences in the Brains of Great Apes,” Brain, Behavior and Evolution 11 (1975),
48-52; Marjorie LeMay, Michael S. Billig, and Norman Geschwind, “Asymmetries
of the Brains and Skulls of Nonhuman Primates,” in Primate Brain Evolution:
Methods and Concepts, eds. E. Armstrong and D. Falk (New York: Plenum, 1982),
263-277; Patrick J. Gannon, Ralph L. Holloway, Douglas C. Broadfield, and Allen
R. Braun, “Asymmetry of Chimpanzee Planum Temporale: Humanlike Pattern of
Wernicke’s Brain Language Area Homolog,” Science 279 (1998), 220-222; William
D. Hopkins, Lori Marino, James K. Rilling, and Leslie MacGregor, “Planum Tem-
porale Asymmetries in Great Apes as Revealed by Magnetic Resonance Imaging
(MRI),” NeuroReport 9 (1998), 2913-2918.



.43

.43

.44

.44

.44

.44
.44

.45

.45

.45

.45

.45

.45

. 46

. 46

.46

.46

. 46

.46

the tangled wing

Range of skull variation: Walker and Leakey, Hominids of East Turkana.

Four species names: Leakey, Origin of Humankind. With Kenyanthropus platyops
now set beside Lucy, we know that even three or four million years ago there were
at least two species of hominids.

Cranial capacity: Ralph L. Holloway, “The Casts of Fossil Hominid Brains,” Scien-
tific American 231:1 (July 1974), 106-115 .

“Capable man”: Louis Leakey, P. V. Tobias, and J. R. Napier, “A New Species of
the Genus Homo from Olduvai Gorge,” Nature 202 (1964), 7-9.

Turkana boy: Ann MacLarnon, “The Vertebral Canal,” in The Nariokotome Homo
Erectus Skeleton, eds. Alan Walker and Richard Leakey (Cambridge: Harvard Uni-
versity, 1993), 359-390; Alan Walker, “Perspectives on the Nariokotome Discov-
ery,” in Walker and Leakey, Nariokotome Homo Erectus Skeleton, 411-430.
Proconsul gave rise to Equatorius: Ward et al., Equatorius.

To Australopithecus and Lucy: Klein, Human Career; Johanson and Edgar, Lucy to
Language.

“subjective judgements are inevitable”: Richard Dawkins, “Branching Out,” review
of Extinct Humans, by lan Tattersall and Jeffrey H. Schwartz, The New York Times
Book Review (August 6, 2000), 18.

Rest of the story: Klein, Human Career; Walker and Shipman, Wisdom of the Bones;
C. B. Stringer, “Evolution of Early Humans,” in Cambridge Encyclopedia,
241-251.

Risk and hardship of childbirth: Trevathen, Human Birth; Rosenberg, Evolution of
Modern Human Childbirth.

Increase in brain size: Klein, Human Career.

Reorganization is fundamental: Ralph L. Holloway, “Cranial Capacity and Neuron
Number: A Critique and Proposal,” American Journal of Physical Anthropology 25
(1966), 305-314.

The Taung child’s brain: Raymond Dart, “Australopithecus africanus: The Man Ape
of South Africa,” Nature 115 (1925), 195-199.

“The nature and uses of immaturity . . .”: Jerome S. Bruner, “Nature and Uses of
Immaturity,” American Psychologist 27 (1972), 687-708. (The quotation is from p.
687.)

Beliefs and rituals of recent hunter-gatherers: Lorna J. Marshall, Nyae Nyae !'Kung:
Beliefs and Rites (Cambridge: Harvard University, 1999).

Ituri Pygmy hunting ritual: Colin M. Turnbull, The Forest People: A Study of the
Pygmies of the Congo (New York: Simon & Schuster, 1962), 134ff.

Siriono eagle feathers: A. R. Holmberg, Nomads of the Long Bow: The Siriono of
Eastern Bolivia (Garden City, N.Y.: Natural History, 1969), 241.

“Women like meat”: Megan Biesele, Women Like Meat: The Folklore and Foraging Ide-
ology of the Kalahari Ju/’hoan (Bloomington, Ind.: Witwatersrand University, 1993).
Sambia and Masai manhood rituals: David D. Gilmore, Manhood in the Making:
Cultural Concepts of Masculinity (New Haven, Conn.: Yale University, 1990). For
a wide range of hunter-gatherer societies, Polly Wiessner found that even though
hunters cannot keep extra meat for themselves or their families, hunting success
confers status, largely because of sharing. “Meat is a desired and nutritious food, the
only one that can satisfy what many hunter-gatherers experience as ‘meat hunger.””:
Polly Wiessner, “Leveling the Hunter: Constraints on the Status Quest in Foraging
Societies,” in Food and the Status Quest: An Interdisciplinary Perspective, eds. P.
Wiessner and W. Schiefenhdvel (Providence: Berghahn Books, 1996), 171-191.
(The quotation is on pp. 174-175.)



notes and references

p. 46

p. 46

p. 47

p. 47

p. 47

p. 49

p. 49

p. 49

Hunting as a transforming and passionate experience: Matt Cartmill, A View to
Death in the Morning: Hunting and Nature Through History (Cambridge: Harvard
University, 1993).

Human control of fire: Davidson Black, Pierre Teilhard de Chardin, Chung-chein
Yang, and Wen-chung P’ei, Fossil Man in China: The Choukoutien Cave Deposits
with a Synopsis of Our Present Knowledge of the Late Cenozoic in China (Peiping:
Geological Survey of China, and the Section of Geology of the National Academy
of Peiping, 1933).

Homo erectus meat roasting: Steve Weiner, Qingi Xu, Paul Goldberg, Jinyi Liu, and
Ofer Bar-Yosef, “Evidence for the Use of Fire at Zhoukoudian, China,” Science 281
(1998), 251-253.

Fire and spread of agriculture: Johan Goudsblom, Fire and Civilization (London:
Penguin, 1992).

Rituals centered around the fire: Richard B. Lee, “The Sociology of IKung Bushman
Trance Performances,” in Trance and Possession States, ed. R. Prince (Montreal:
F. M. Bucke Memorial Society, 1982); Melvin Konner, “Transcendental Medica-
tion,” The Sciences 25 (1985), 2—4.

discussion of each day’s events: Marshall, Nyae Nyae; Biesele, Women Like Meat;
Lorna Marshall, “Sharing, Talking, and Giving: Relief of Social Tensions Among
the IKung,” in Kalahari Hunter-Gatherers: Studies of the !Kung San and Their
Neighbors, eds. Richard B. Lee and Irven DeVore (Cambridge: Harvard University,
1976), 349-371; Marjorie Shostak, Nisa: The Life and Words of a 'Kung Woman
(New York: Random House, 1982).

“Look not too long . . .”: Herman Melville, Moby Dick (New York: Hendricks
House, 1952), 422.

Huts with hearths: Henry de Lumley, “A Paleolithic Camp at Nice,” Scientific
American 220 (1969), 42-50.

Brutal big-game hunting: Klein, Human Career, 358; F. Clark Howell and Time-
Life Books, Early Man (New York: Time-Life, 1968).

Earliest Homo sapiens specimens: William W. Howells, Evolution of the Genus
Homo (Reading, Mass.: Addison-Wesley, 1973).

Classic Neanderthal controversy: Christopher Stringer and Clive Gamble, In Search
of the Neanderthals: Solving the Puzzle of Human Origins (New York: Thames &
Hudson, 1993); Erik Trinkhaus and Pat Shipman, The Neanderthals: Changing the
Image of Mankind (New York: Alfred A. Knopf, 1993); lan Tattersall, Becoming
Human: Evolution and Human Uniqueness (New York: Harcourt Brace, 1998) and
The Last Neanderthal (Boulder, Colo.: Westview, 1999).

Shanidar: Erik Trinkhaus, “Hard Times Among the Neanderthals,” Natural History
87 (1978), 58-63; and William W. Howells, “The Neanderthals,” Scientific Ameri-
can 241:6 (1979), 118-133.

Neanderthal patterns of injury: T. D. Berger and Erik Trinkhaus, “Patterns of
Trauma Among the Neanderthals,” Journal of Archeological Science 22 (1995),
841-852.

Cause of death of Shanidar man: Erik Trinkhaus, The Shanidar Neanderthals (New
York: Academic, 1995).

Neanderthal cannibalism: Elizabeth Culotta, “Neanderthals Were Cannibals, Bones
Show,” Science 286 (1999), 18-19; Alban Defleur, Tim White, Patricia Valenzi,
Ludovic Slimak, and Evelyne Cregut-Bonnoure, Science 286 (1999), 128-131.
Cannibalism may be much older: Tim D. White, Prehistoric Cannibalism at Man-
cos 5Mtumr-2346 (Princeton, N.J.: Princeton University, 1992); Paola Villa et al.,



.49

.49

.49

.50

.50

.51
.51

.51

.51

.51

.51

.51

.51

.51

.52

.52

.52

.52

.52
.52

the tangled wing

“Cannibalism in the Neolithic,” Science 233 (1986), 431-437; Peggy Reeves Sanday,
Divine Hunger: Cannibalism as a Cultural System (Cambridge: Cambridge Uni-
versity, 1986); D. DeGusta, “Fijian Cannibalism: Osteological Evidence from
Navatu,” American Journal of Physical Anthropology 110 (1999), 215-241; N. Wade,
“If You Are What You Eat, Mind If | Move to Another Table?: Reconsidering Can-
nibalism,” The New York Times (February 2, 2000), D3.

Mousterian stone-tool industry: Stringer and Gamble, In Search of the Nean-
derthals; Frangois Bordes, The Old Stone Age (New York: McGraw-Hill, 1968).
Legitimate skepticism: Klein, Human Career, 452; Stringer and Gamble, In Search
of the Neanderthals, 158ff.

Cave of Witches theory: Bordes, The Old Stone Age; Johannes Maringer, The Gods
of Prehistoric Man (New York: Alfred A. Knopf, 1960).

Deliberate burial among Neanderthals: Klein, Human Career, 467ff.; Trinkhaus,
“Hard Times”; Howells, “Neanderthals.”

Shanidar flower burial: Ralph S. Solecki, Shanidar: The First Flower People (New
York: Alfred A. Knopf, 1971).

Widely accepted theory: Tattersall, Becoming Human.

Mitochondrial Eve: M. Stoneking and H. Soodyall, “Human Evolution and the Mito-
chondrial Genome,” Current Opinion in Genetics and Development 6 (1996), 731-736.
“all humans are therefore Africans”: Svante Padbo, “The Human Genome and Our
View of Ourselves,” Science 291 (2001), 1219-1220.

More than 90 percent of variation in any one race: Richard Lewontin, “The Appor-
tionment of Human Diversity,” Evolutionary Biology 6 (1972), 381-398; Ryan
Brown and George J. Armelagos, “Apportionment of Racial Diversity: A Review,”
Evolutionary Anthropology 10 (2001), 15-20.

“no way to tell one ethnicity from another”: J. Craig Venter, at the White House
Conference on the sequencing of the genome, June 26, 2000, “White House
Remarks on Decoding Genome,” The New York Times (June 27, 2000), D8.
Migrants are Cro-Magnon: Johanson and Edgar, From Lucy to Language; Bordes,
The OId Stone Age; Michael H. Day, Guide to Fossil Man (Chicago: University of
Chicago, 1988).

What the Cro-Magnons carried: lan Tattersall, The Last Neanderthal, chapter 9.
“Creative explosion”: John E. Pfeiffer, The Emergence of Culture (New York: Harper
& Row, 1982).

Altamira cave: Abbé H. Breuil, Four Hundred Centuries of Cave Art (Montignac,
France: Centre d’etudes et de documentation prehistoriques, 1952); Pedro A. Saura
Ramos, The Cave of Altamira (New York: Harry N. Abrams, 1999).

Chauvet: Jean-Marie Chauvet, Eliette Brunel Deschamps, and Christian Hillaire,
Dawn of Art: The Chauvet Cave, The Oldest Known Paintings in the World (New
York: Harry N. Abrams, 1996); E. H. Gombrich, “The Miracle at Chauvet,” The
New York Review (November 14, 1996), 8-12.

Arcy cave art: Michael Balter, “Restorers Reveal 28,000-Year-Old Artworks,” Science
283 (1999), 1835.

Lascaux: Mario Ruspoli, The Cave of Lascaux: The Final Photographs (New York:
Harry N. Abrams, 1986).

“Paleolithic Sistine Chapel”: Fernand Windels, The Lascaux Cave Paintings (New
York: Viking, 1950).

Cave paintings as theater: Pfeiffer, Emergence of Culture.

Other explanations: Ann Sieveking, The Cave Artists (London: Thames & Hudson,
1979).



notes and references

p. 52 “A language for which we have no vocabulary”: Sieveking, The Cave Artists, 209.
p. 53 Renoir quote: Phoebe Pool, The Impressionists (New York: Praeger, 1969).
p. 53 “To our distant ancestors . . .”: Windels, Lascaux Cave Paintings.

chapter four: The Fabric of Meaning

Books on the brain fill libraries, and | can only mention a few. Excellent starting points are
Jean-Pierre Changeux’s Neuronal Man, 2d Ed. (Princeton, N.J.: Princeton University,
1997), a developmental approach, and John Allman’s Evolving Brains (New York: W. H.
Freeman, 1999), an evolutionary one. The Human Brain Coloring Book, by Marian Diamond,
Arnold Scheibel, and Lawrence Elson (New York: HarperPerennial, 1985), is a wonderful
exercise for the learner. Walle Nauta and Michael Feirtag’s Fundamental Neuroanatomy
(New York: W. H. Freeman, 1986) is a classic introduction to structure; Gordon Shep-
herd’s The Synaptic Organization of the Brain (New York: Oxford University, 1990), a
cogent account of nerve cell and circuit function; and Jack R. Cooper, Floyd E. Bloom,
and Robert H. Roth’s The Biochemical Basis of Neuropharmacology (New York: Oxford
University, 1996) is the best introduction to brain chemistry. Other books are more techni-
cal. There is no shortcut to the nervous system, but it is perfectly accessible to anyone will-
ing to invest a few hundred hours. The standard comprehensive text is Principles of Neural
Science, by Eric Kandel, James Schwartz, and Thomas Jessell (New York: McGraw-Hill,
2000). For visual learners, the beautifully illustrated and brilliantly designed Human Brain,
4th Ed., by John Nolte (St. Louis: Mosby, 1999), is a feast for eye and mind. And for
higher-brain functions, the indispensable collection is Michael Gazzaniga’s The New Cog-
nitive Neurosciences (Cambridge: MIT, 2000).

p. 55 Formal chaos in development: Brian Goodwin, How the Leopard Changed Its Spots
(New York: Scribner’s, 1994). See also notes on p. 67 below.

p. 55 Genome’s sequence complete: International Human Genome Sequencing Consor-
tium, “Initial Sequencing and Analysis of the Human Genome,” Nature 409
(2001), 860-921; J. Craig Venter and 282 others, “The Sequence of the Human
Genome,” Science 291 (2001), 1304-1351; John Aach, Martha L. Bulyk, George
M. Church, Jason Comander, Adnan Derti, and Jay Shendure, “Computational
Comparison of Two Draft Sequences of the Human Genome,” Nature 409 (2001),
856-859.

p. 55 Regulatory, growth-factor, cell-adhesion genes: G. W. Davis and C. S. Goodman,
“Genetic Analysis of Synaptic Development and Plasticity: Homeostatic Regulation
of Synaptic Efficacy,” Current Opinions in Neurobiology 8 (1998), 149-156; Esther
Bell, Richard J. T. Wingate, and Andrew Lumsden, “Homeotic Transformation of
Rhombomere Identity After Localized Hoxb1 Misexpression,” Science 284 (1999),
2168-2171; Pasko Rakic, “Discriminating Migrations,” Nature 400 (1999), 315; A.
Smith Fernandez, C. Pieau, J. Repérant, E. Boncinelli, and M. Wassel, “Expression
of the Emx-1 and DIx-1 Homeobox Genes Define Three Molecularly Distinct
Domains in the Telencephalon of Mouse, Chick, Turtle, and Frog Embryos: Impli-
cations for the Evolution of Telencephalic Subdivisions in Amniotes,” Development
125 (1998), 2099-2111.

p. 55 Enriched and deprived rat pups: Mark R. Rosenzweig, “Environmental Complexity,
Cerebral Change, and Behavior,” in The Biopsychology of Development, eds. E.
Tobach, L. R. Aronson, and E. Shaw (New York: Academic, 1971), 303-342; Mark
R. Rosenzweig, Edward L. Bennett, and Marian Cleeves Diamond, “Brain
Changes in Response to Experience,” Scientific American 226:2 (1972), 22-29.



o

. 56

. 56

. 56

.57

. 57

. 57

.57

.58

.58

. 58

.58

.59

.59

.59
.59

.59

the tangled wing

Tay-Sachs: Dominick P. Purpura, “Pathobiology of Cortical Neurons in Metabolic
and Unclassified Amentias,” Congenital and Acquired Cognitive Disorders, ed. R.
Katzman (New York: Raven, 1979), 55; Dominick P. Purpura and K. Susuki, “Dis-
tortion of Neuronal Geometry and Formation of Aberrant Synapses in Neuronal
Storage Disease,” Brain Research 116 (1976), 1-21.

Elderly rat brains change: J. R. Conner, S. E. Beban, B. Hansen, P. Hopper, and
M. C. Diamond, “Dendritic Increases in the Aged Rat Somatosensory Cortex,”
Society for Neuroscience Abstracts 10 (1980), 2; Marian C. Diamond, R. E. John-
son, A. M. Protti, C. Ott, and L. Kajisa, “Plasticity in the 904-Day-Old Male Rat
Cerebral Cortex,” Experimental Neurology 87 (1985), 309-317.

Rats that just watch don’t change: Rosenzweig, “Environmental Complexity,” 334;
Rosenzweig, Bennett, and Diamond, “Brain Changes,” 27; Marian C. Diamond,
“Environmental Influences on the Young Brain,” in Brain Maturation and Cogni-
tive Development: Comparative and Cross-Cultural Perspectives, eds. K. R. Gibson
and A. C. Petersen (New York: Aldine de Gruyter, 1991), 107-124.

Michelangelo on sculpture: H. W. Janson, History of Art (Englewood Cliffs, N.J.:
Prentice-Hall, 1962), 10-11.

Various sizes of mammal brains due to cerebral-cortex differences: Barbara L. Finlay
and Richard B. Darlington, “Linked Regularities in the Development and Evolu-
tion of Mammalian Brains,” Science 268 (1995), 1578-1584.

Earliest primate ancestors ahead: Leonard B. Radinsky, “The Fossil Evidence of
Prosimian Brain Evolution,” in The Primate Brain, eds. C. R. Noback and William
Montagna (New York: Appleton-Century-Crofts, 1970); and “Early Primate Brains:
Fact and Fiction,” Journal of Human Evolution 6 (1977), 79-86; Harry Jerison, Evo-
lution of the Brain and Intelligence (New York: Academic, 1973).

Brain evolution a “packaging problem”: Jerison, Evolution of the Brain and Intelli-
gence; and “Paleoneurology and the Evolution of Mind,” Scientific American 234
(1976), 90-101.

Behavior as “pacemaker of evolution”: Ernst Mayr, Toward a New Philosophy of Biol-
ogy (Cambridge: Harvard University, 1988).

Genes reordering the brain: Svante P&abo, “The Human Genome and Our View of
Ourselves,” Science 291 (2001), 1219-1220.

Outcome is impressive: John Nolte, The Human Brain: An Introduction to Its Func-
tional Anatomy, 4th Ed. (St. Louis: Mosby, 1999).

“Final common pathways”: Walle J. H. Nauta and Michael Feirtag, Fundamental
Neuroanatomy (New York: W. H. Freeman, 1986).

Cerebral cortex newest, largest brain structure: John Allman, Evolving Brains (New
York: W. H. Freeman, 1999).

Reticular activating system: Nauta and Feirtag, Fundamental Neuroanatomy.
“Posture of the internal milieu”: Nauta and Feirtag, Fundamental Neuroanatomy, 187.
Reticular core: Alfred S. Romer, The Vertebrate Body (Philadelphia: W. B. Saunders,
1962); Harvey B. Sarnat, Evolution of the Nervous System, ed. Martin G. Netsky (Oxford:
Oxford University, 1974); Ann B. Butler and William Hodos, Comparative Vertebrate
Neuroanatomy: Evolution and Adaptation (New York: John Wiley & Sons, 1996).

“. .. asinful orchid, beautiful and guilty”: This was a personal communication to
the author in 1978 at the Yakovlev Collection, Armed Forces Institute of Pathology,
Washington, D.C., but Dr. Yakovlev said it to others on other occasions. During
several visits that year, he was, at eighty-six, spending his days (and many evenings)
with the collection he had created, over a quarter million serial sections of whole
human brains. The world’s largest and most complete collection of its kind, it con-



notes and references

p. 60

p. 61

p. 61

p. 61

p. 61

p. 61

tinues to stimulate discovery. In his last years Yakovlev was fascinated by brain
aging, but he was very generous to the young.

New descriptive studies: Peter R. Huttenlocher, “Synaptogenesis in Human Cere-
bral Cortex,” in Human Behavior and the Developing Brain, eds. G. Dawson and
K. W. Fischer (New York: Guilford, 1994), 137-152; Harry T. Chugani, “A Critical
Period of Brain Development: Studies of Cerebral Glucose Utilization with PET,”
Preventive Medicine 27 (1998), 184-188.

What must be accomplished: Thomas M. Jessell and Joshua R. Sanes, “The Induc-
tion and Patterning of the Nervous System” and “The Generation and Survival of
Nerve Cells,” in Principles of Neural Science, 4th Ed., eds. Eric R. Kandel, James
H. Schwartz, and Thomas M. Jessell (New York: McGraw-Hill, 2000), 1019-1086.
Each must develop: Jessell and Sanes, “The Generation and Survival of Nerve
Cells,” 1041-1062.

Axons bear the burden: Jessell and Sanes, “The Guidance of Axons to Their Tar-
gets,” in Kandel, Schwartz, and Jessell, Principles of Neural Science, 1063-1086;
Thomas M. Jessell and Corey S. Goodman, “Neural Development: Are There Any
Surprises Left?,” Current Opinion Neurobiology 6 (1996), 1-2.

Synapses must correctly form: Jessell and Sanes, “The Formation and Regeneration
of Synapses,” in Kandel, Schwartz, and Jessell, Principles of Neural Science,
1087-1114.

Functions of myelin sheath: Stephen G. Waxman, “Conduction in Myelinated,
Unmyelinated and Demyelinated Fibers,” Archives of Neurology 34 (1977), 585-589.
Nerve wouldn’t reach mature function: J. M. Ritchie, “Pathophysiology of Conduc-
tion in Demyelinated Nerve Fibers,” in Myelin, 2d Ed., ed. P. Morell (New York:
Plenum, 1984).

Growing understanding: Greg Lemke, “The Molecular Genetics of Myelination:
An Update,” Glia 7 (1993), 263-271.

Sidman’s study of nerve cells: Richard Sidman, “Autoradiographic Methods and
Principles for Study of the Nervous System with Thymidine-H3,” in Contemporary
Research Techniques of Neuroanatomy, eds. S. O. E. Ebbesson and Walle Nauta
(New York: Springer, 1970).

Injecting a radioactive label: This is the classic method of tritiated thymidine, which
traces cell division with heavy hydrogen, or tritium. Tritium is merely the radio-
chemical label, a radioactive isotope of hydrogen, which functions in thymidine
just as if it were hydrogen itself. Thymidine, one of the bases of DNA, is a building
block of the gene. The trick is to inject the labeled thymidine and then examine the
developing nervous system of the embryo. The label is found concentrated in the
nuclei of some cells, and those must be the ones that were dividing when the
labeled thymidine was injected. Only DNA, not RNA, contains thymidine, and any
DNA that includes the label has to have been built, through replication, just when
the label was circulating. This occurs only as cells are being born.

Reeler mutant cell birthdays: Verne S. Caviness and Richard Sidman, “Time of Ori-
gin of Corresponding Cell Classes in the Cerebral Cortex of Normal and Reeler
Mutant Mice: An Autoradiographic Analysis,” Journal of Comparative Neurology
148 (1973), 141-152.

Reeler’s defects can lead to insights: Verne S. Caviness and Pasko Rakic, “Mecha-
nisms of Cortical Development: A View from Mutations in Mice,” Annual Review
of Neuroscience 1 (1978), 296-326.

Cases result from an abnormal sequence of cell births: Albert M. Galaburda, Gordon
F. Sherman, Glenn D. Rosen, Francisco Aboitz, and Norman Geschwind, “Devel-



p. 62

p. 62

p. 62

p. 62

p. 62

p. 62

p. 63

p. 63

p. 63

the tangled wing

opmental Dyslexia: Four Consecutive Patients with Cortical Anomalies,” Annals of
Neurology 18 (1985), 222-233.

Galaburda and Denenberg: Victor H. Denenberg, G. Sherman, L. M. Schrott,
N. S. Waters, G. W. Boehm, A. M. Galaburda, and L. E. Mobraaten, “Effects of
Embryo Transfer and Cortical Ectopias Upon the Behavior of BXSB-Yaa and
BXSB-Yaa + Mice,” Brain Research 93 (1996), 100-108; A. E. Herman, A. M.
Galaburda, R. H. Fitch, A. R. Carter, and G. D. Rosen, “Cerebral Microgyria,
Thalamic Cell Size and Auditory Temporal Processing in Male and Female Rats,”
Cerebral Cortex 7 (1997), 453-464; G. D. Rosen, G. F. Sherman, and A. M. Gal-
aburda, “Birthdates of Neurons in Induced Microgyria,” Brain Research 727 (1996),
71-78; N. S. Waters, G. F. Sherman, A. M. Galaburda, and V. H. Denenberg,
“Effects of Cortical Ectopias on Spatial Delayed-Matching-to-Sample Performance
in BXSB Mice,” Behavioral Brain Research 84 (1997), 23-29.

Some theories of schizophrenia: G. W. Christison, M. F. Casanova, D. R. Weinberger,
R. Rawlings, and J. E. Kleinman, “A Quantitative Investigation of Hippocampal
Pyramidal Cell Size, Shape, and Variability of Orientation in Schizophrenia,”
Archives of General Psychiatry 46 (1989), 1027-1032; E. T. Bullmore, P. W.
Woodruff, I. C. Wright, S. Rabe-Hesketh, R. J. Howard, N. Shuriquie, and R. M.
Murray, “Does Dysplasia Cause Anatomical Dysconnectivity in Schizophrenia?,”
Schizophrenia Research 30 (1998), 127-135.

Formation of embryonic organs: Gerald M. Edelman, Topobiology: An Introduction
to Molecular Embryology (New York: Basic Books, 1988).

Cell-cell recognition in the embryo: Edelman, Topobiology; A. Zimmerman and M.
Schachner, “Central Nervous System Antigen (NS-5) and Its Presence During
Murine Ontogenesis,” Journal of Supramolecular Structure 5 (1976), 417-429;
Marla B. Luskin, T. Zigova, B. J. Soteres, and R. R. Stewart, “Neuronal Progenitor
Cells Derived from the Anterior Subventricular Zone of the Neonatal Rat
Forebrain Continue to Proliferate in Vitro and Express a Neuronal Phenotype,”
Molecular Cell Neuroscience 8 (1997), 351-366; M. L. Winberg, K. J. Mitchell,
and C. S. Goodman, “Genetic Analysis of the Mechanisms Controlling Target
Selection: Complementary and Combinatorial Functions of Netrins, Semaphorins,
and 1IgCAMs,” Cell 93 (1998), 581-591.

Jean-Pierre Changeux: Jean-Pierre Changeux, Neuronal Man: The Biology of Mind,
2d Ed. (Princeton, N.J.: Princeton University, 1997).

Only a third that number: Jean-Michel Claverie, “What If There Are Only 30,000
Human Genes?,” Science 291 (2001), 1255-1257; International Human Genome
Sequencing Consortium, “Initial Sequencing and Analysis of the Human
Genome,” Nature 409 (2001), 860-921.

Work of Rakic, Edelman, Jessell, and others: Jessell and Sanes, Principles of Neural
Science; Edelman, Topobiology; Pasko Rakic, “Setting the Stage for Cognition:
Genesis of the Primate Cerebral Cortex,” in M. Gazzaniga, The New Cognitive
Neurosciences (Cambridge: MIT, 2000).

Movement essentially amoeboid: Such movements are the stock and trade of the
cells of the immune system, such as lymphocytes, as well as of the amoeba. So they
are no great surprise here, except that in the embryo many more kinds of cells have
them, and they are far more complicated than the convergence of lymphocytes on
a wound, or the approach of an amoeba to its protozoan prey.

Cells’ long, slow climb: Pasko Rakic, “Mode of Cell Migration to the Superficial
Layers of Fetal Monkey Neocortex,” Journal of Comparative Neurology 145 (1972),
61-83.



notes and references

p. 63

p. 63

p. 63

p. 64

p. 64

p. 64

p. 64

The weaver: Pasko Rakic and Richard Sidman, “Weaver Mutant Mouse Cerebel-
lum: Defective Neuronal Migration Secondary to Abnormality of Bergmann Glia,”
Proceedings of the National Academy of Sciences, USA 70 (1973), 240-244.
Gene-related abnormalities in cerebellum and hippocampus: M. Sekiguchi, R. S.
Nowakowski, Y. Nagato, O. Tanaka, H. Guo, M. Madoka, and H. Abe, “Morpho-
logical Abnormalities in the Hippocampus of the Weaver Mutant Mouse,” Brain
Research 696 (1995), 262-267.

Experiments cracking the chemical code: Rakic, “Discriminating Migrations”; Pasko
Rakic and P. J. Lombroso, “Development of the Cerebral Cortex: |. Forming the
Cortical Structure,” Journal of the American Academy of Child and Adolescent Psy-
chiatry 37 (1998), 116-117; T. Kidd, K. Brose, K. J. Mitchell, R. D. Fetter, M.
Tessier-Lavigne, C. S. Goodman, and G. Tear, “Roundabout Controls Axon Cross-
ing of the CNS Midline and Defines a Novel Subfamily of Evolutionarily Con-
served Guidance Receptors,” Cell 92 (1998), 205-215.

Cell-adhesion molecules and surface-adhesion molecules: Edelman, Topobiology.
Molecular sleight-of-hand: Gerald M. Edelman and F. S. Jones, “Gene Regulation of
Cell Adhesion Molecules in Neural Morphogenesis,” Acta Paediatrica 422 (1997),
12-19; Gerald M. Edelman and F. S. Jones, “Gene Regulation of Cell Adhesion: A
Key Step in Neural Morphogenesis,” Brain Research Review 26 (1998), 337-352.
How does the growing axon move?: This first question was answered in a series of
experiments and an elegant theoretical model by Dennis Bray, of Cambridge Uni-
versity. He focused on the growth cone, a complex microscopic structure at the tip
of the outgrowing axon, and discovered that growth-cone extension is basically sim-
ilar to cell movement itself. This can involve actual new growth of the cell on one
side, with absorption of the old cell structures on the other; a seemingly inefficient,
yet successful way to move. For the process to change from movement to extension,
all that is needed is for the absorption to take place just behind the growth cone, at
a slower rate than the growth going on at the tip. The difference is made up by the
cell body itself, providing energy and materials for construction and sending them
down the axon to the growth cone. Some of the materials are vesicles—little globu-
lar structures within the cell that have surfaces similar to cell membranes. These
are pulled along the inside of the cell membrane by a process not unlike the sliding
of complex proteins that is the basis of muscle contraction. When the vesicles reach
the growing tip, they merge with its membrane and lengthen it. The axon is slowly
built at the tip, like a railroad: Dennis Bray, “Model for Membrane Movements in
the Neural Growth Cone,” Nature 244 (1973), 93-96.

Older mechanical view: Marcus Jacobson, Developmental Neurobiology (New York:
Plenum, 1978).

Chemospecificity: Roger W. Sperry, “Chemoaffinity in the Orderly Growth of
Nerve Fiber Patterns and Connections,” Proceedings of the National Academy of
Sciences 50 (1963), 703-710; ed. M. Edds, Jr., “Specificity and Plasticity of Retino-
tectal Connections,” Neuroscience Research Program Bulletin 17:2 (1979). It must
be said that chemospecificity is not on a one-to-one cell-by-cell basis. Extensions of
Sperry’s experiments over a period of months rather than weeks showed, for exam-
ple, that if half the retina is removed in these animals the remaining half will even-
tually fan out its connections to take over the central brain territory vacated by the
missing half. Some of these are wrong connections in Sperry’s strict sense. See
Edds, Jr., “Specificity and Plasticity,” 245-359.

Evidence for specific chemical labels: R. W. Gundersen and J. N. Barrett, “Neuronal
Chemotaxis: Chick Dorsal-Root Axons Turn Toward High Concentrations of Nerve



p. 65

p. 65

p. 66

the tangled wing

Growth Factor,” Science 206 (1979), 1079-1080. Such regeneration experiments
do not, of course, prove that axons find their way in the normal developing embryo
in the same manner. In fact, it is possible that circuits initially connect mechani-
cally, but then influence one another chemically, so that when severed they find
each other by referring back to that initial chemical handshake. But studies in cell
culture show chemical gradients playing a key role even at early stages. Nerve
growth factor (NGF), long known to increase the growth rate of nerves, has a
chemotaxic effect as well. If all nerve cells in a culture are given a background level
of NGF, and then more of it is applied to one part of the field, all cell processes will
send growth cones forward at about the same rate, but those near the extra NGF
turn toward it.

Timing of growth critical: D. I. Gottlieb and W. M. Cowan, “Evidence for a Tem-
poral Factor in the Occupation of Available Synaptic Sites During the Develop-
ment of the Dentate Gyrus,” Brain Research 41 (1972), 452-456.

Contacts help determine which cells live: Dale Purves, Body and Brain: A Trophic
Theory of Neural Connections (Cambridge: Harvard University, 1988).

Some of the most fundamental events: Jessell and Sanes, in Kandel, Schwartz, and
Jessell, Principles of Neural Science.

Nerve cells build into elaborate networks: Pat G. Model, Stanley M. Crain, and
George D. Pappas, “An Electron Microscopic Study of the Development of
Synapses in Cultured Fetal Mouse Cerebrum Continuously Exposed to Xylo-
caine,” Journal of Cell Biology 49 (1971), 362-371.

“are formed in forward reference . . .”: Model, Crain, and Pappas, “Synapses in Cul-
tured Fetal Mouse Cerebrum,” 369.

Mechanisms of chemical attraction similar: Corey S. Goodman, “Mechanisms and
Molecules That Control Growth Cone Guidance,” Annual Review of Neuroscience
19 (1996), 341-377; Ryuichi Shirasaki, Ryuta Katsumata, and Fujio Murakami,
“Change in Chemoattractant Responsiveness of Developing Axons at an Interme-
diate Target,” Science 279 (1998), 105-107.

Genes of the roundworm: R. Waterston, R. Ainscough, K. Anderson, M. Berks, D.
Blair, M. Connell, J. Cooper, A. Coulson, M. Craxton, S. Dear, Z. Du, R. Durbin,
A. Favello, L. Fulton, P. Green, N. Halloran, T. Hawkins, L. Hillier, C. Huynh, L.
Johnston, K. Kershaw, J. Kirstein, Y. Kozono, N. Laister, P. Latreille, B. Mortimore,
D. Panussis, C. Percy, L. Rifkin, A. Roopra, R. Shownkeen, N. Smaldon, A. Smith,
M. Smith, R. Staden, J. Sulston, J. Thierry-Mieg, M. Vaudin, K. Vaughan, L. Wein-
stock, R. Wilson, and P. Wohldmann, “The Genome of the Nematode Caenorhabditis
elegans,” Cold Spring Harbor Symposia on Quantitative Biology LVIII (1993),
367-387; eds. Donald L. Riddle, Thomas Blumenthal, Barbara J. Meyer, and
James R. Priess, C. Elegans Il (Cold Spring Harbor, N.Y.: Cold Spring Harbor Lab-
oratory, 1997).

Fruit fly and grasshopper: Jeffrey C. Hall, Shankar J. Kulkarni, Charalambos P.
Kyriacou, Qiang Yu, and Michael Rosbach, “Genetic and molecular analysis of
neural development and behavior in Drosophila,” in Developmental Behavior
Genetics: Neural, Biometrical, and Evolutionary Approaches, eds. M. E. Hahn, J. K.
Hewitt, N. D. Henderson, and R. H. Benno (New York: Oxford University, 1990),
100-112; M. Kerszberg and Jean-Pierre Changeux, “A Simple Molecular Model of
Neurulation,” Bioessays 20 (1998), 758-770.

Even for the mouse: The RIKEN Genome Exploration Research Group Phase Il
Team and the FANTOM Consortium, “Functional Annotation of a Full-Length
Mouse cDNA Collection,” Nature 409 (2001), 685-690.



notes and references

TTTD

. 66

66
66
66
66

. 66

. 66
. 66

. 67

. 67

. 67

. 67

. 67

. 67

. 67

. 68

. 68

And for humans: Jean-Michel Claverie, “What If There Are Only 30,000 Human
Genes?,” Science 291 (2001), 1255-1257.

Changeux’s paradox: Changeux, Neuronal Man.

Cabal of controlling genes: Kerszberg and Changeux, “Simple Molecular Model.”
Only connect: Purves, Body and Brain.

Synapses stabilize selectively: Jean-Pierre Changeux and Antoine Danchin, “Selec-
tive Stabilisation of Developing Synapses as a Mechanism for the Specification of
Neuronal Networks,” Nature 264 (1976), 705-712.

Connections survive best if most active: Changeux, Neuronal Man; F. J. Seil and
R. Drakebaumann, “Reduced Cortical Inhibitory Synaptogenesis in Organotypic
Cerebellar Cultures Developing in the Absence of Neuronal Activity,” Journal of
Comparative Neurology 342 (1994), 366-377.

Cells that fire together: Changeux, Neuronal Man.

Wiring up of the nervous system: Edelman, Topobiology; Gerald M. Edelman,
Neural Darwinism: The Theory of Neuronal Group Selection (New York: Basic
Books, 1987).

Eons of natural selection: Sven O. Ebbesson, “Evolution and Ontogeny of Neural
Circuits,” Behavioral and Brain Sciences 7 (1984), 321-366.

Brian Goodwin: Goodwin, Leopard Changed Its Spots; Brian Goodwin, “Develop-
ment as a Robust Natural Process,” in Thinking About Biology: An Invitation to
Current Theoretical Biology, eds. W. D. Stein and F. J. Varela (Reading, Mass.:
Addison-Wesley, 1993), 123-146; and “Developmental Complexity and Evolution-
ary Order,” in Complexity: Metaphors, Models, and Reality, eds. G. A. Cowan,
D. Pines, and D. Meltzer (Reading, Mass.: Addison-Wesley, 1994), 205-222.
Stuart Kauffman: Stuart A. Kauffman, The Origins of Order: Self-Organization and
Selection in Evolution (New York: Oxford University, 1993).

Chaotic and emergent effects: Goodman, “Mechanisms and Molecules”; Michael P.
Stryker, “Precise Development from Imprecise Rules,” Science 263 (1994),
1244-1245.

University of California experiments: Rosenzweig, Bennett, and Diamond, “Brain
Changes”; Diamond et al., “Male Rat Cerebral Cortex.”

Jewel fish reared in isolation and communities: Richard G. Coss and Albert Globus,
“Spine Stems on Tectal Interneurons in Jewel Fish Are Shortened by Social Stimu-
lation,” Science 200 (1978), 787-790.

Dendritic spines in mice: Francisco Valverde, “Rate and Extent of Recovery from
Dark Rearing in the Visual Cortex of the Mouse,” Brain Research 33 (1971), 1-11;
and “Apical Dendritic Spines of the Visual Cortex and Light Deprivation in the
Mouse,” Experimental Brain Research 3 (1967), 337-352.

No recovery is possible: David Hubel, Torsten Wiesel, and Simon LeVay, “Plasticity
of Ocular Dominance Columns in Monkey Striate Cortex,” Philosophical Transac-
tions of the Royal Society of London B (1977), 377-409. Simon LeVay, Torsten
Wiesel, and David Hubel, “The Development of Ocular Dominance Columns in
Normal and Visually Deprived Monkeys,” Journal of Comparative Neurology 191
(1980), 1-51.

Whisker removal studies: Thomas A. Woolsey and J. R. Wann, “Areal Changes in
Mouse Cortical Barrels Following Vibrissal Damage at Different Postnatal Ages,”
Journal of Comparative Neurology 170 (1976), 53-66; E. Welker, E. Soriano, and
H. Van der Loos, “Plasticity in the Barrel Cortex of the Adult Mouse: Effects of
Peripheral Deprivation on GAD-Immunoreactivity,” Experimental Brain Research
74 (1989), 441-452.



. 68

. 68

. 68

.68

.68

. 68

. 68

.68

.69

.69

.69

. 69

.69

the tangled wing

Genes control barrels indirectly: H. Van der Loos, E. Welker, J. Dorfl, and G. Rumo,
“Selective Breeding for Patterns of Mystacial Vibrissae of Mice,” Journal of Heredity
77 (1986), 66-82.

Whisker length and density: M. Brecht, B. Preilowski, and M. M. Merzenich,
“Functional Architecture of the Mystacial Vibrissae,” Behavioral Brain Research 84
(1997), 81-97.

Star-nosed mole snout: K. C. Catania and J. H. Kaas, “Organization of the
Somatosensory Cortex of the Star-Nosed Mole,” Journal of Comparative Neurology
351 (1995), 549-567; K. C. Catania and J. Kaas, “Somatosensory Fovea in the Star-
Nosed Mole: Behavioral Use of the Star in Relation to Innervation Patterns and
Cortical Representation,” Journal of Comparative Neurology 387 (1997), 215-223.
Brain can respond to experience more dramatically: Jon H. Kaas, “The Reorganiza-
tion of Sensory and Motor Maps After Injury in Adult Mammals,” in The New Cog-
nitive Neurosciences, 2d Ed., ed. M. S. Gazzaniga (Cambridge: MIT, 2000); Eric R.
Kandel, Thomas M. Jessell, and Joshua R. Sanes, “Sensory Experience and the
Fine-Tuning of Synaptic Connections,” in Kandel, Schwartz, and Jessel, Principles
of Neural Science, 1115.

Cortical reorganization: Michael M. Merzenich, J. H. Kaas, J. Wall, R. J. Nelson,
M. Sur, and D. Felleman, “Topographic Reorganization of Somatosensory Cortical
Areas 3b and 1 in Adult Monkeys Following Restricted Deafferentation,” Neuro-
science 8 (1983), 33-55.

Finger stimulation alone: William M. Jenkins, Michael M. Merzenich, Marlene T.
Ochs, Terry Allard, and Eliana Guic-Robles, “Functional Reorganization of Pri-
mary Somatosensory Cortex in Adult Owl Monkeys After Behaviorally Controlled
Tactile Stimulation,” Journal of Neurophysiology 63 (1990), 82-104.

Role of nucleus basalis: Michael P. Kilgard and Michael M. Merzenich, “Cortical
Map Reorganization Enabled by Nucleus Basalis Activity,” Science 279 (1998),
1714-1718.

Brains of string players: Thomas Elbert, Christo Pantev, Christian Wienbruch,
Brigitte Rockstroh, and Edward Taub, “Increased Cortical Representation of the
Fingers of the Left Hand in String Players,” Science 270 (1995), 305-307.
Expanded visual domain in signers: Helen J. Neville, “Neurobiology of Cognitive
and Language Processing: Effects of Early Experience,” in eds. K. R. Gibson and
A. C. Petersen, Brain Maturation, and Cognitive Development: Comparative and
Cross-Cultural Perspectives (New York: Aldine de Gruyter, 1991), 355-380; Helen J.
Neville and Daphne Bavelier, “Specificity and Plasticity in Neurocognitive Devel-
opment in Humans,” in Gazzaniga, New Cognitive Neurosciences, 83-98.
Songbirds generate new neurons: Fernando Nottebohm, “Reassessing the Mecha-
nisms and Origins of Vocal Learning in Birds,” Trends in Neurosciences 14 (1991),
206-211; Masakazu Konishi, “An Outline of Recent Advances in Birdsong Neuro-
biology,” Brain, Behavior and Evolution 44 (1994), 279-285.

Rats make new granule cells: Joseph Altman, Robert L. Brunner, and Shirley A.
Bayer, “The Hippocampus and Behavioral Maturation,” Behavioral Biology 8
(1973), 557-596.

No new neurons found in primates: Pasko Rakic, “Limits of Neurogenesis in Pri-
mates,” Science 227 (1985), 1054-1056.

Marmosets make thousands of neurons: Elizabeth Gould, P. Tanapat, B. S.
McEwen, G. Flugge, and E. Fuchs, “Proliferation of Granule Cell Precursors in
the Dentate Gyrus of Adult Monkeys Is Diminished by Stress,” Proceedings of the
National Academy of Science, USA 95 (1998), 3168-3171.



notes and references

p. 69 Process functionally relevant: Gould et al., “Granule Cell Precursors.”

p. 69 New neurons in tree shrews: Elizabeth Gould, B. S. McEwen, P. Tanapat, L. A. M.
Galea, and E. Fuchs, “Neurogenesis in the Dentate Gyrus of the Adult Tree Shrew
Is Regulated by Psychosocial Stress and NMDA Receptor Activation,” Journal of
Neuroscience 17 (1997), 2492-2498.

p. 69 Entire zone of rat brain: Marla B. Luskin, “Neuroblasts of the Postnatal Mam-
malian Forebrain: Their Phenotype and Fate,” Journal of Neurobiology 36 (1998),
221-233.

p. 69 New neurons in cancer patients: Peter S. Eriksson, Ekaterina Peerfilieva, Thomas
Bjork-Eriksson, Ann-Marie Alborn, Claes Nordborg, Daniel A. Peerson, and Fred
H. Gage, “Neurogenesis in the Adult Human Hippocampus,” Nature Medicine 4
(1998), 1313-1317.

p. 69 Proof of the birth of neurons: Pasko Rakic, “Young Neurons for Old Brains?,” Nature
Medicine 4 (1998), 3-5.

p. 70 The question “How?”: A significant and widely read statement of this distinction was
by Anne Anastasi, “Heredity, Environment and the Question ‘How?’,” Psychological
Review 65 (1958), 197-208. In developmental psychology, research by Jerome
Kagan, Michael Rutter, Robert Plomin, and Sandra Scarr has begun to answer that
question for a new century.

chapter five: The Several Humours

Behavior genetics has found wide acceptance only recently. The definitive scientific sum-
mary (for now) is Genetic Influences on Neural and Behavioral Functions, edited by Donald
Pfaff and colleagues (New York: CRC, 2000). Complementary introductions in lively
prose include Living with Our Genes, by Dean Hamer and Peter Copeland (New York:
Doubleday, 1998), and Galen’s Prophecy: Temperament in Human Nature, by Jerome
Kagan (New York: Basic Books, 1994). Central to our understanding of both human indi-
viduality and universality is the five-factor model of Paul Costa and Robert McCrae, pre-
sented mainly in articles (cited in the notes) rather than books. Other valuable accounts
are David C. Rowe’s The Limits of Family Influence: Genes, Experience, and Behavior (New
York: Guilford, 1994) and Behavioral Genetics, 3d Ed., by Robert Plomin, John C.
DeFries, Gerald E. McLearn, and Michael Rutter (New York: W. H. Freeman, 1997).

Three papers by Sandra Scarr, all in the journal Child Development (the first with
Kathleen McCartney), are central: “How People Make Their Own Environments” (54
[1983], 424-435); “Developmental Theories for the 1990s” (63 [1992], 1-19); and “Bio-
logical and Cultural Diversity: The Legacy of Darwin for Development” (64 [1993],
1333-1353). Schizophrenia Genesis: The Origins of Madness, by Irving Gottesman (New
York: W. H. Freeman, 1991), set a standard of how to think about these things. The field’s
intellectual pitfalls are cogently summarized by Richard C. Lewontin, in “Genetic
Aspects of Intelligence” (Annual Review of Genetics 9 [1975], 387-405). Its ethical
aspects, related to but separable from its intellectual accomplishments and pitfalls, are dis-
cussed in chapter 17 and in the section of the notes entitled “Caveat: The Dangers of
Behavioral Biology.”

p. 71 *“For a century . . . today”: John McCormick and Mario Sevilla Mascorefias, The
Complete Aficionado (Cleveland: World, 1967).

p. 72 Breeding and training of toros bravos: José M. de Cossio, Los Toros: Tratado Técnico
e Histérico (Madrid: Espasa-Calpe, 1943).

p. 72 Skillful, graceful, courageous ritual slaughter: Ernest Hemingway, Death in the



.73

.73
.74

e

.74

e

.74

e

.74

.74

.75

the tangled wing

Afternoon (New York: Scribner’s, 1932). For a brief, informative account by a Scot-
tish novelist deeply touched by her encounters with it, see A. L. Kennedy, On Bull-
fighting (New York: Anchor/Random House, 1999).

Dog-behavior genetics: John Paul Scott and John L. Fuller, Genetics and the Social
Behavior of the Dog (Chicago: University of Chicago, 1965). Scott and Fuller’s
methods did not meet the most rigorous standards of current behavior genetics, and
some of their interpretations seem, in retrospect, naive. Still, they pioneered the
study of this interesting and comprehensible animal, and their work is part of the
canon of animal behavior research. See, for instance, David MacFarland’s Animal
Behavior: Psychobiology, Ethology, and Evolution, 3d Ed. (Harlow, Eng. and Read-
ing, Mass.: Addison Wesley Longman, 1999), 48.

Play fighting controlled by two genes: Scott and Fuller, Social Behavior of the Dog.
Progress in describing genetics of neurological syndromes: Joseph B. Martin, “Molec-
ular Basis of the Neurodegenerative Disorders,” New England Journal of Medicine
340 (1999), 1970-1980.

Progress in medical genetics: Leena Peltonen and Victor A. McKusick, “Dissecting
Human Disease in the Postgenomic Era,” Science 291 (2001), 1224-1229.
Genetics of more subtle processes: Robert Plomin and Michael Rutter, “Child
Development, Molecular Genetics, and What to Do with Genes Once They Are
Found,” Child Development 69 (1998), 1223-1242; eds. Donald W. Pfaff , Wade H.
Berrettini, Tong H. Joh, and Stephen C. Maxson, Genetic Influences on Neural and
Behavioral Functions (New York: CRC, 2000).

Behavioral genomics: Peter McGuffin, Brien Riley, and Robert Plomin, “Toward
Behavioral Genomics,” Science 291 (2001), 1232-1249.

The reeler and the weaver: Pasko Rakic and Verne S. Caviness, Jr., “Cortical Devel-
opment: View from Neurological Mutants Two Decades Later,” Neuron 14 (1995),
1101-1104.

Roundworms, sea slugs, fruit flies, and others: T. Conrad Gilliam, Eric R. Kandel,
and Thomas M. Jessell, “Genes and Behavior,” in Principles of Neural Science, eds.
Eric R. Kandel, James H. Schwartz, and Thomas M. Jessell (New York: McGraw-
Hill, 2000), 36.

Chemical story of PKU: Charles R. Scriver and Carol L. Clow, “Phenylketonuria:
Epitome of Human Biochemical Genetics,” New England Journal of Medicine 303
(1980), 1336-1342, 1394-1400; Medical Research Council Working Party on
Phenylketonuria, “Phenylketonuria Due to Phenylalanine Hydroxylase Deficiency:
An Unfolding Story,” British Medical Journal 306 (1993), 115-119.

New research on different errors in same gene: G. M. Enns, D. R. Martinez, A. I.
Kuzmin, R. Koch, C. K. Wakeem, S. L. Woo, R. C. Eisensmith, and S. Packman,
“Molecular Correlations in Phenylketonuria: Mutation Patterns and Correspond-
ing Biochemical and Clinical Phenotypes in a Heterogeneous California Popula-
tion,” Pediatric Research 46 (1999), 594-602.

Defective enzyme phenylalanine hydroxylase: R. C. Eisensmith and S. L. C. Woo,
“Molecular Basis of Phenylketonuria and Related Hyperphenylalaninemias: Muta-
tions and Polymorphisms in the Human Phenylalanine Hydroxylase Gene,”
Human Mutation 1 (1992), 13-23; H. Erlandsen and R. C. Stevens, “The Struc-
tural Basis of Phenylketonuria,” Molecular Genetics and Metabolism 68 (1999),
103-125. This enzyme, when it is normal, carries out its function by the act of
putting a hydroxyl radical—an oxygen-hydrogen group—on a molecule of phenyl-
alanine, specifically on the six-carbon ring beside another hydroxyl group already
there. This changes the phenylalanine to tyrosine, an intermediary in the synthesis



notes and references

p. 75

p. 77

p. 77

of catecholamines and thyroxine. Since tyrosine is abundant in diet, the enzyme
defect has no consequences other than phenylalanine toxicity.

Dietary treatment of PKU: J. Weglage, M. Pietsch, J. Denecke, A. Sprinz, R. Feld-
mann, M. Grenzebach, and K.UIlIrich, “Regression of Neuropsychological Deficits
in Early-Treated Phenylketonurics During Adolescence,” Journal of Inherited Meta-
bolic Disease 22 (1999), 693-705.

Universal screening for PKU: R. Wappner, S. Cho, R. A. Fronmal, V. Schuett, and
M. R. Seashore, “Management of Phenylketonuria for Optimal Outcome: A
Review of Guidelines for Phenylketonuria Management and a Report of Surveys of
Parents, Patients, and Clinic Directors,” Pediatrics 104 (1999), 68.

Another form of mental retardation: Dominick P. Purpura, “Pathobiology of Cortical
Neurons in Metabolic and Unclassified Amentias,” Congenital and Acquired Cog-
nitive Disorders, ed. R. Katzman (New York: Raven, 1979), 55.

Huntington’s, Alzheimer’s, and others: Martin, “Neurodegenerative Disorders.”
Views of opponents of behavioral biology: Richard C. Lewontin, Steven P. R. Rose,
and Leon J. Kamin, Not in Our Genes: Biology, Ideology, and Human Nature (New
York: Pantheon, 1984); Richard Lewontin, The Triple Helix: Gene, Organism, and
Environment (Cambridge: Harvard University, 2000). The latter book is overall a
good account of the complexities of biology.

“Everything in the brain . . .”: Seymour Benzer, at the symposium, “The Neuro-
sciences: Paths of Discovery,” October 29-30, 1973, at MIT; from the author’s notes.
Seymour Benzer: Frederick G. Worden, Judith P. Swazey, and George Adelman,
The Neurosciences: Paths of Discovery (Cambridge: MIT, 1975); Jonathan Weiner,
Time, Love, and Memory: A Great Biologist and His Quest for the Origins of Behav-
ior (New York: Alfred A. Knopf, 1999).

Benzer's simple system: Seymour Benzer, “Genetic Dissection of Behavior,” Scien-
tific American 229:6 (June 1973), 24-37.

Today’s knowledge of behavioral mutants: T. Tully, “Discovery of Genes Involved
with Learning and Memory: An Experimental Synthesis of Hirschian and Benzer-
ian Perspectives,” Proceedings of the National Academy of Science, USA 93 (1996),
13, 460-467; Kyung-Tai Min and Seymour Benzer, “Preventing Neurodegenera-
tion in the Drosophila Mutant Bubblegum,” Science 284 (1999), 1985-1988.

A mere doubling of gene number: Jean-Michel Claverie, “What If There Are Only
30,000 Human Genes?,” Science 291 (2001), 1255-1257.

Ten percent of our genes fly-related: International Human Genome Sequencing
Consortium, “Initial Sequencing and Analysis of the Human Genome,” Nature 409
(2001), 860-921; Svante Paabo, “The Human Genome and Our View of Our-
selves,” Science 291 (2001), 1219-1220.

Mutants with nineteen- and twenty-eight-hour cycles: Benzer, “Genetic Dissection,” 30.
Abdominal nerve cells cause the shaking: J. C. Hall, S. J. Kulkarni, C. P. Kyriacou,
Q. Yu, and M. Rosbach, “Genetic and Molecular Analysis of Neural Development
and Behavior in Drosophila,” in Developmental Behavior Genetics: Neural, Biomet-
rical, and Evolutionary Approaches, eds. M. E. Hahn et al. (New York: Oxford Uni-
versity, 1990), 100-112.

Behavior of “shaker” mutant: Alice Butler, Aguan Wei, Keith Baker, and Lawrence
Salkoff, “A Family of Putative Potassium Channel Genes in Drosophila,” Science
243 (1989), 943-947; Declan A. Doyle, Joao Morais Cabral, Richard A. Pfuetzner,
Anling Kuo, Jacqueline M. Gulbis, Steven L. Cohen, Brian T. Chait, and Roderick
Mackinnon, “The Structure of the Potassium Channel: Molecular Basis of K*
Conduction and Selectivity,” Science 280 (1998), 69-77.



.78

.78

.78

.79

.79

.79

.79

.79

.79

. 80

. 80

.80

. 80

.80

the tangled wing

Benign infant epilepsy: Christian Biervert, Bjorn C. Schroeder, Christian Kubisch,
Samuel F. Berkovic, Peter Propping, Thomas J. Jentsch, and Ortrud K. Steinlein,
“A Potassium Channel Mutation in Neonatal Human Epilepsy,” Science 279
(1998), 403-406.

Jiuyong Xie and David McCobb: Jiuyong Xie and David McCobb, “Control of
Alternative Splicing of Potassium Channels by Stress Hormones,” Science 280
(1998), 443-446.

Marla Sokolowski: K. A. Osborne, A. Robichon, E. Burgess, S. Butland, R. A. Shaw,
A. Coulthard, H. S. Pereira, R. J. Greenspan, and M. B. Sokolowski, “Natural
Behavior Polymorphism Due to a cGMP-Dependent Protein Kinase of Drosophila,”
Science 277 (1997), 834-836; E. Pennisi, “What Makes Fruit Flies Roam?,” Science
277 (1997), 763-764.

Everything we could ask for: K. A. Osbhorne, A. Robichon, E. Burgess, S. Butland,
R. A. Shaw, A. Coulthard, H. S. Pereira, R. J. Greenspan, and M. B. Sokolowski,
“Natural Behavior Polymorphism”; Pennisi, “What Makes Fruit Flies Roam?”
Classic studies of different mouse strains: Oakley S. Ray and Robert J. Barrett,
“Behavioral, Pharmacological and Biochemical Analysis of Genetic Differences in
Rats,” Behavioral Biology 15 (1975), 391-417.

Liver enzymes related to alcohol preference: D. A. Rogers, G. E. McClearn, E. L.
Bennet, and Marie Herbert, “Alcohol Preference as a Function of Its Caloric
Utility in Mice,” Journal of Comparative and Physiological Psychology 56 (1963),
666-672.

ATP and glutamate related to noise-induced seizures: K. Schlesinger and B. J. Griek,
“The Genetics and Biochemistry of Audiogenic Seizures,” in Contributions to
Behavior-Genetic Analysis: The Mouse as a Prototype, eds. G. Linzey and D. D.
Thiessen (New York: Appleton-Century-Crofts, 1970), 219-257.

Androgen sensitivity related to sexual intercourse: Thomas E. McGill and G.
Richard Tucker, “Genotype and Sex Drive in Intact and Castrated Mice,” Science
145 (1964), 514-515.

Raising of experiment mice: Jan H. Bruell, “Heritability of Emotional Behavior,” in
Physiological Correlates of Emotion, ed. P. Black (New York: Academic, 1970);
Nicholas Wade, “Of Men and Mice: Here They Come to Save the Day,” The New
York Times (May 10, 1998), D5.

Genome sequence in hand: International Human Genome Sequencing Consor-
tium, “Initial Sequencing and Analysis of the Human Genome,” Nature 409
(2001), 860-921.

Human cloning emerging: Margaret Talbot, “The Desire to Duplicate,” The New
York Times Magazine (February 4, 2001), 40-68; Reuters, “Britain Gives Green
Light to Embryo Cloning,” The New York Times (January 23, 2001); Nancy Gibbs,
“Baby It's You! And You, and You...,” Time Magazine (February 19, 2001), 46-57.
Genetics of thyroid-hormone receptors: Bruce McEwen, “Stress, Sex, and the Struc-
tural and Functional Plasticity of the Hippocampus,” in The New Cognitive Neuro-
sciences, 2d Ed., ed. Michael S. Gazzaniga (Cambridge: MIT, 2000), 171-197.
Serotonin-receptor knockout mice: Steven C. Maxson, “Genetic Influences on
Aggressive Behavior,” in eds. Pfaff, Berrettini, Joh, and Maxson, Genetic Influences,
405-416.

Genetic bases of alcohol susceptibility: John C. Crabbe, John K. Belknap, and Karl J.
Buck, “Genetic Animal Models of Alcohol and Drug Abuse,” Science 264 (1994),
1715-1723; P. Metten, T. J. Phillips, J. C. Crabbe, L. M. Tarantino, G. E. McClearn,
R. Plomin, V. G. Erwin, and J. K. Belknap, “High Genetic Susceptibility to Ethanol



notes and references

p. 80

p. 81

p. 83

p. 83

Withdrawal Predicts Low Ethanol Consumption,” Mammalian Genome 9 (1998),
983-990; Karl J. Buck, John C. Crabbe, and John K. Belknap, “Alcohol and Other
Abused Drugs,” in Pfaff, Berrettini, Joh, and Maxson, Genetic Influences, 159-183.
Influence of genes on metabolism of alcohol: Mary-Anne Enoch and David
Goldman, “Genetics of Alcoholism,” in Pfaff, Berrettini, Joh, and Maxson, Genetic
Influences, 147-157.

Altered glutamate transmission on knockout mice: Thomas N. Ferraro and Russell J.
Buono, “The Genetics of Epilepsy: Mouse and Human Studies,” in Pfaff, Berrettini,
Joh, and Maxson, Genetic Influences, 117-146.

Estrogen-receptor role in male sex: Sonoko Ogawa, C. J. Krebs, Y. S. Zhu, and Donald
W. Pfaff, “Genes Participating in Reproductive Behaviors,” in Pfaff, Berrettini, Joh,
and Maxson, Genetic Influences, 417-430.

Joe Tsien manipulates learning genes: Ya-Ping Tang, Eiji Shimizu, Gilles R. Dube,
Claire Rampon, Geoffrey A. Kerchner, Min Zhuo, Guosong Liu, and Joe Z. Tsien,
“Genetic Enhancement of Learning and Memory in Mice,” Nature 401 (1999),
63-69.

Ignorant, twisted theories: See author’s introduction to the Notes and References for
this book, “Caveat: The Dangers of Behavioral Biology.”

Older twin studies: John C. Loehlin and Robert C. Nichols, Heredity, Environment
and Personality: A Study of 850 Sets of Twins (Austin: University of Texas, 1976), 2.
Famous studies of identical twins: S. Scarr-Salapatek, “Environmental Bias in Twin
Studies,” Eugenics Quarterly 15 (1968), 34-40; L. J. Kamin, The Science and Poli-
tics of 1.Q. (New York: John Wiley & Sons, 1974). Scarr-Salapatek showed that her-
itability estimates are different in different social classes.

Environment and genes almost always correlated: David Layzer, “Heritability Analyses
of 1.Q. Scores: Science or Numerology?,” Science 183 (1974), 1259-1266; Richard C.
Lewontin, “Genetic Aspects of Intelligence,” Annual Review of Genetics 9 (1975),
387-405. Lewontin emphasized the difficulty of estimating gene-environment
interaction.

Faked twin data: L. S. Hearnshaw, Cyril Burt, Psychologist (Ithaca, N.Y.: Cornell
University, 1979).

“Nearly all behaviors . . . show . . . heritability”: Peter McGuffin, Brien Riley, and
Robert Plomin, “Toward Behavioral Genomics,” Science 291 (2001), 1232-1249.
Twin research in schizophrenia: Irving Gottesman, James Shields, and Daniel R.
Hanson, Schizophrenia: The Epigenetic Puzzle (Cambridge: Cambridge University,
1982); Douglas F. Levinson and Brian J. Mowry, “Genetics of Schizophrenia,” in
Pfaff, Berrettini, Joh, and Maxson, Genetic Influences, 47-82.

Seymour Kety study: Seymour S. Kety, D. Rosenthal, P. H. Wender, and F.
Schulsinger, “The Types and Prevalence of Mental Illness in the Biological and
Adoptive Families of Adopted Schizophrenics,” in The Transmission of Schizophre-
nia, eds. D. Rosenthal and Seymour S. Kety (Oxford: Pergamon, 1968), 345-362;
Seymour S. Kety, D. Rosenthal, P. H. Wender, F. Schulsinger, and Bjgrn Jacobsen,
“Mental lllness in the Biological and Adoptive Families of Adopted Individuals
Who Have Become Schizophrenic: A Preliminary Report Based on Psychiatric
Interviews,” in Genetic Research in Psychiatry, eds. R. R. Fieve, D. Rosenthal, and
H. Brill (Baltimore: Johns Hopkins University, 1975).

Subsequent large studies have had similar results: Douglas F. Levinson and Bryan J.
Mowry, “Genetics of Schizophrenia.”

Finland study: S. Onstad, I. Skre, S. Torgersen, and E. Kringlen, “Twin Concor-
dance for DSM-I1I-R Schizophrenia,” Acta Psychiatrica Scandinavica 83 (1991).



p. 83

p. 84

p. 84

p. 84

p. 84

the tangled wing

Strong case for genes in schizophrenia: Gottesman, Shields, and Hanson, Schizo-
phrenia; Levinson and Mowry, “Genetics of Schizophrenia”; James Shields,
Leonard L. Heston, and Irving I. Gottesman, “Schizophrenia and the Schizoid:
The Problem for Genetic Analysis,” in Feive, Rosenthal, and Brill, Genetic
Research in Psychiatry; E. Fuller Torrey, Ann E. Bowler, Edward H. Taylor, and
Irving 1. Gottesman, Schizophrenia and Manic-Depressive Disorder (New York:
HarperCollins, 1994); S. H. Barondes, B. M. Alberts, N. C. Andreasen, C. Bargmann,
F. Benes, P. Goldman-Rakic, |. Gottesman, S. F. Heinemann, E. G. Jones,
M. Kirschner, D. Lewis, M. Raff, A. Roses, J. Rubenstein, S. Snyder, S. J. Watson,
D. R. Weinberger, and R. H. Yolken, “Workshop on Schizophrenia,” Proceedings of
the National Academy of Science, USA 94 (1997), 1612-1614.

Gene loci that influence schizophrenia: Levinson and Mowry, “Genetics of
Schizophrenia.”

Continuum of vulnerability: Gottesman, Shields, and Hanson, Schizophrenia.
Studies confirm value of focus on dopamine: Solomon Snyder, “Dopamine Recep-
tors, Neuroleptics, and Schizophrenia,” American Journal of Psychiatry 138 (1981),
460-464; A. Abi-Dargham, R. Gil, J. Krystal, R. M. Baldwin, J. P. Seibyl, M. Bow-
ers, C. H. van Dyck, D. S. Charney, R. B. Innis, and M. Laruelle, “Increased Stri-
atal Dopamine Transmission in Schizophrenia: Confirmation in a Second
Cohort,” American Journal of Psychiatry 155 (1998), 761-767.

Abnormalities in brains of schizophrenics: T. Becker, K. Elmer, F. Schneider, M.
Schneider, W. Grodd, M. Bartels, S. Heckers, and H. Beckmann, “Confirmation of
Reduced Temporal Limbic Structure Volume on Magnetic Resonance Imaging in
Male Patients with Schizophrenia” (published erratum appears in Psychiatry
Research 74 [May 16, 1997:2], 127-128), Psychiatry Research 67 (1996), 135-143;
P. W. Woodruff, I. C. Wright, N. Shuriquie, H. Russouw, T. Rushe, R. J. Howard,
M. Graves, E. T. Bullmore, and R. M. Murray, “Structural Brain Abnormalities in
Male Schizophrenics Reflect Fronto-Temporal Dissociation,” Psychological Medi-
cine 27 (1997), 1257-1266.

Hallucinations in schizophrenic patients: David A. Silbersweig, E. Stern, C. Frith, C.
Cahill, A. Holmes, Sylke Grootoonk, J. Seaward, P. McKenna, S. E. Chua, L.
Schnorr, T. Jones, and R. S. J. Frackowiak, “A Functional Neuroanatomy of Halluci-
nations in Schizophrenia,” Nature 378 (1995), 176-179; P. K. McGuire, D. A. Siber-
sweig, |. Wright, R. M. Murray, R. S. Frackowiak, and C. D. Frith, “The Neural Cor-
relates of Inner Speech and Auditory Verbal Imagery in Schizophrenia: Relationship
to Auditory Verbal Hallucinations,” British Journal of Psychiatry 169 (1996), 148-159.
Early study shows monoamine oxidase activity reduced: R. J. Wyatt, D. L. Murphy,
R. Belmaker, C. Donnelly, S. Cohen, and W. Pollin, “Reduced Monoamine Oxi-
dase Activity in Platelets: A Possible Genetic Marker for Vulnerability to Schizo-
phrenia,” Science 179 (1973), 916-918.

Research in MAO variations and schizophrenia: B. Coron, D. Campion, F. Thibaut,
S. Dollfus, P. Preterre, S. Langlois, T. Vasse, V. Moreau, C. Martin, F. Charbonnier,
C. Laurent, J. P. Mallet, and T. Frebourg, “Association Study Between Schizophre-
nia and Monoamine Oxidase A and BDNA Polymorphisms,” Psychiatric Research
62 (1996), 221ff.; J. Dann, L. E. DeLisi, M. Devoto, S. Laval, D. J. Nancarrow,
G. Shields, A. Smith, J. Loftus, P. Peterson, A. Vita, M. Comazzi, G. Invernizzi,
D. F. Levinson, D. Wildenauer, B. J. Mowry, D. Collier, J. Powell, R. R. Crowe,
N. C. Andreasen, J. M. Silverman, R. C. Mohs, R. M. Murray, M. K. Walters, D. P.
Lennon, T. J. Crow, “A Linkage Study of Schizophrenia to Markers Within Xp11
Near the MAOB Gene,” Psychiatry Research 70 (1997), 131-143.



notes and references

p. 85

p. 85

p. 85

p. 86

p. 86

p. 86

Higher DBH activity in acute attacks: Snyder, “Dopamine Receptors”; C. D. Wise
and L. Stein, “Dopamine-Beta-Hydroxylase Deficits in the Brains of Schizophrenic
Patients,” Science 181 (1973), 344-347; Seymour Rosenblatt, W. P. Leighton, and
J. D. Chanley, “Dopamine-Beta-Hydroxylase: Evidence for Increased Activity in
Sympathetic Neurons During Psychotic States,” Science 182 (1973), 923-924.
Family pedigrees and other lines of investigation: R. M. Weinshilboum, “Inheritance
of Very Low Serum Dopamine-Beta-Hydroxylase Activity,” American Journal of
Human Genetics 27 (1975), 573-585.

Modern gene-linkage studies: K. Meszaros et al., “Schizophrenia and the
Dopamine-Beta-Hydroxylase Gene: Results of a Linkage and Association Study,”
Psychiatric Genetics 6 (1996), 17.

Genes for dopamine receptors: Levinson and Mowry, “Genetics of Schizophrenia.”
D2 dopamine receptor implicated in schizophrenia: Abi-Dargham et al., “Increased
Striatal Dopamine Transmission.”

Specific mutation in the D2 receptor: T. Arinami and M. Itokawa, “Analysis of the
Dopamine D2 Receptor Gene,” Japan Journal of Psychopharmacology 14 (1994), 129.
Other research fails to confirm linkage: Levinson and Mowry, “Genetics of Schizo-
phrenia.”

Recessive single-gene defect that alters 21-hydroxylase: David A. Hamburg, “Genet-
ics of Adrenocortical Hormone Metabolism in Relation to Psychological Stress,” in
Behavior-Genetic Analysis, ed. J. Hirsch (New York: McGraw-Hill, 1967), 154-175;
Wellington Hung, Gilbert P. August, and Alan M. Glasgow, Pediatric Endocrinology
(New Hyde Park, N.Y.: Medical Examination, 1983).

Varied metabolic machines depend on different enzymes: Vivian H. T. James,
“Adrenal Cortex Physiology,” in Clinical Endocrinology: An Illustrated Text, eds.
G. M. Besser and A. G. Cudworth (Philadelphia: J. B. Lippincott, 1987), 1-6.
Cortisol production is blocked: This enzyme, steroid 2I-hydroxylase, normally adds
an oxygen-hydrogen group to the 21-carbon in the standard arbitrary numbering of
carbon atoms in the steroid molecule. Here, as in neurotransmitter synthesis, small
changes can make a big difference. The adrenogenital syndrome, due to a defect in
this enzyme, is discussed in the next chapter.

Increased aggressive behavior and reduced doll play: Anke A. Ehrhardt, “Maternal-
ism in Fetal Hormonal and Related Syndromes,” in Contemporary Sexual Behavior:
Critical Issues in the 1970s, eds. J. Zubin and J. Money (Baltimore: Johns Hopkins
University, 1973); Susan W. Baker, “Psychosexual Differentiation in the Human,”
Biology of Reproduction 22 (1980), 61-72; Melissa Hines and Francine R. Kaufman,
“Androgen and the Development of Human Sex-Typical Behavior: Rough-and-
Tumble Play and Sex of Preferred Playmates in Children with Congenital Adrenal
Hyperplasia (CAH),” Child Development 65 (1994), 1042-1053; Marcia L. Collaer
and Melissa Hines, “Human Behavioral Sex Differences: A Role for Gonadal Hor-
mones During Early Development?,” Psychological Bulletin 118 (1995), 55-107.
“sensation seeking” studies: Marvin Zuckerman, “Sensation Seeking: A Comparative
Approach to a Human Trait,” Behavioral and Brain Sciences 7 (1984), 413-471; and
“The Psychophysiology of Sensation Seeking,” Journal of Personality 58 (1990), 313-345.
Consistent findings: Marvin Zuckerman, Monte S. Buchsbaum, and Dennis L.
Murphy, “Sensation Seeking and Its Biological Correlates,” Psychological Bulletin
88 (1980), 187-214.

Court more physical danger: Many other studies confirm the validity of this general
dimension of personality on both positive and negative behavior. Decorated Israeli
war veterans score higher than controls on sensation seeking, even measured many



. 86

. 86

. 87

.87

. 87

. 87

. 88

.88

the tangled wing

years later. Prosocial, high-risk professionals like bomb-disposal experts and anti-terror
operatives tend to be emotionally stable, nonimpulsive sensation seekers. But sensa-
tion seeking also predicts attempts to “beat the train” at railway crossings, to play
drinking games in college, and to engage in risky sex. In addition to Israel, the con-
cept works in cross-cultural studies in Australia, Spain, and China with significant
predictive power. Y. Neria, Z. Solomon, K. Ginzburg, and R. Dekel, “Sensation
Seeking, Wartime Performance, and Long-Term Adjustment Among lsraeli War
Veterans,” Personality & Individual Differences 29 (2000), 921-932; Joseph Glicksohn
and Menahem Bozna, “Developing a Personality Profile of the Bomb-Disposal
Expert: The Role of Sensation Seeking and Field Dependence-Independence,”
Personality & Individual Differences 28 (2000), 85-92; Kim Witte and William A.
Donohue, “Preventing Vehicle Crashes with Trains at Grade Crossings: The Risk
Seeker Challenge,” Accident Analysis & Prevention 32 (2000), 127-139; Thomas J.
Johnson and Karen L. Cropsey, “Sensation Seeking and Drinking Game Participa-
tion in Heavy-Drinking College Students,” Addictive Behaviors 25 (2000), 109-116;
Chwee Lye Chng and Jesus Geliga-Vargas, “Ethnic ldentity, Gay Identity, Sexual
Sensation Seeking and HIV Risk Taking Among Multiethnic Men Who Have Sex
with Men,” AIDS Education & Prevention 12 (2000), 326-339; Luke Xantidis and
Marita P. McCabe, “Personality Characteristics of Male Clients of Female Com-
mercial Sex Workers in Australia,” Archives of Sexual Behavior 29 (2000), 165-176;
Eliseo Chico Libran, “Sensation Seeking,” Psicothema 12 (2000), 229-235; Wei
Wang, Yi-Xiao Wu, Zhi-Guo Peng, Si-Wei Lu, Lian Yu, Guo-Ping Wang, Xian-
Ming Fu, and Ye-Han Wang, “Test of Sensation Seeking in a Chinese Sample,”
Personality & Individual Differences 28 (2000), 169-179.

Thrill seeking: Frank Farley, “The Big T in Personality,” Psychology Today 20
(1986), 44-52.

Specific novelty-seeking gene: Richard. P. Ebstein, Olga Novick, Roberto Umansky,
Beatrice Priel, Yamima Osher, Darren Blaine, Estelle R. Bennett, Lubov Nemanov,
Miri Katz, and Robert H. Belmaker, “Dopamine D4 Receptor (D4DR) Exon il
Polymorphism Associated with the Human Personality Trait of Novelty Seeking,”
Nature Genetics 12 (1996), 78-80.

Dean Hamer study: Jonathan Benjamin, Lin Li, Chavis Patterson, Benjamin D.
Greenberg, Donald L. Murphy, and Dean Hamer, “Population and Familial
Association Between the D4 Dopamine Receptor Gene and Measures of Novelty
Seeking,” Nature Genetics 12 (1996), 81-84.

Is this the gene for novelty seeking?: For the ongoing controversy, see Anil K. Malhotra
and David Goldman, “The Dopamine D-Sub-4 Receptor Gene and Novelty Seek-
ing,” in American Journal of Psychiatry 157:11 (2000).

Study of timidity, shyness, etc.: Jerome Kagan, Steven S. Reznick, and Nancy Snidman,
“Biological Bases of Childhood Shyness,” Science 240 (1988), 167-171.

Stability more convincing: Jerome Kagan, Galen’s Prophecy: Temperament and
Human Nature (New York: Basic Books, 1995).

Composite index of factors: Jerome Kagan, “Temperamental Contributions to the
Development of Social Behavior,” in The Lifespan Development of Individuals:
Behavioral, Neurobiological, and Psychosocial Perspectives, ed. D. Magnusson (New
York: Cambridge University, 1996), 376-393.

Cortisol levels alter set point for fearful response: L. A. Schmidt, N. A. Fox, K. H.
Rubin, E. M. Sternberg, P. W. Gold, C. C. Smith, and J. Schulkin, “Behavioral
and Neuroendocrine Responses in Shy Children,” Developmental Psychobiology 30
(1997), 127-140.



notes and references

p. 88

p. 88

p. 88

p. 89

Frontal lobe differences in babies: S. D. Calkins, N. A. Fox, and T. R. Marshall,
“Behavioral and Physiological Antecedents of Inhibited and Uninhibited Behav-
ior,” Child Development 67 (1996), 523-540.

Right frontal lobe and negative emotion: Richard J. Davidson, “The Neuropsychol-
ogy of Emotion and Affective Style,” in Handbook of Emotions, eds. M. Lewis and
J. M. Haviland (New York: Guilford, 1993), 143-154; Richard J. Davidson, “Cere-
bral Asymmetry and Emotion: Conceptual and Methodological Conundrums,”
Cognition and Emotion 7 (1995), 115-138.

Studies of large extended families: J. A. Egeland, D. S. Gerhard, D. L. Pauls, J. N.
Sussex, K. K. Kidd, C. R. Allen, A. M. Hostetter, and D. E. Housman, “Bipolar
Affective Disorders Linked to DNA Markers on Chromosome 11,” Nature 325
(1987), 783-787.

Opposite effect on the numbers: Frederick K. Goodwin and Kay Redfield Jamison,
Manic-Depressive Iliness (New York: Oxford University, 1990); W. H. Berrettini,
“The Search for Susceptibility Genes in Bipolar Disorder,” in Pfaff, Berrettini, Joh,
and Maxson, Genetic Influences, 31-45.

They are there and will be found: Pfaff, Berrettini, Joh, and Maxson, Genetic Influ-
ences; Dean Hamer and Peter Copeland, Living with Our Genes: Why They Matter
More Than You Think (New York: Doubleday, 1998).

“Ultimately . . . revolutionize psychology and psychiatry”: Peter McGuffin, Brien
Riley, and Robert Plomin, “Toward Behavioral Genomics,” Science 291 (2001),
1232-1249.

Four body fluids called humours: Robert Burton, The Anatomy of Melancholy (New
York: Random House, 1977); Stanley W. Jackson, Melancholia and Depression:
From Hippocratic Times to Modern Times (New Haven, Conn.: Yale University,
1986).

“. .. what moves us is moods”: Walle Nauta lecturing in Neuroanatomy, Harvard-
MIT Joint Program in Health Sciences and Technology, Fall 1974; from the
author’s notes.

The five-factor model of personality: Robert R. McCrae and Paul T. Costa, Jr., “A
Five-Factor Theory of Personality,” in Handbook of Personality: Theory and
Research, 2d Ed., ed. L. A. J. O. P. Pervin (New York: Guilford, 1999), 139-153. In
addition to extroversion and neuroticism, the list includes compliance or agreeable-
ness, conscientiousness or will to achieve, and openness. This model has now been
validated in cultures representing at least five language groups and among psychi-
atric patients. Robert R. McCrae and Paul T. Costa, Jr., “Personality Trait Structure
as a Human Universal,” American Psychologist 52 (1997), 509-516; Robert R.
McCrae, Paul T. Costa, Jr., Gregorio H. Del Pilar, Jean-Pierre Rolland, and Wayne
D. Parker, “Cross-Cultural Assessment of the Five-Factor Model: The Revised Neo
Personality Inventory,” Journal of Cross-Cultural Psychology 29 (1998), 171-188;
R. Michael Bagby, Paul T. Costa, Jr., Robert R. McCrae, W. John Livesley, Sidney
H. Kennedy, Robert D. Levitan, Anthony J. Levitt, Russell T. Joffe, and L. Trevor
Young, “Replicating the Five-Factor Model of Personality in a Psychiatric Sample,”
Personality & Individual Differences 27 (1999), 1135-1139; Jian Yang, Robert R.
McCrae, Paul T. Costa, Jr., Xiaoyang Dai, Shugiao Yao, Taisheng Cai, and Beiling
Gao, “Cross-Cultural Personality Assessment in Psychiatric Populations: The Neo-
Pi-R in the People’s Republic of China,” Psychological Assessment 11 (1999),
359-368. The five factors intersect in important ways with the personality disorders
defined by psychiatrists (Axis 11, DSM-1V), but these diagnoses are more like types,
whereas the five factors are truly continuous, each holding infinite possibilities. The



the tangled wing

Eysenck three-factor model is also in use, as are some others, but the Costa-
McCrae model has gained wide acceptance.

p. 90 Good studies supporting heritability of personality: John C. Loehlin, Robert R.
McCrae, Paul T. Costa, Jr., and Oliver P. John, “Heritabilities of Common and
Measure-Specific Components of the Big Five Personality Factors,” Journal of
Research in Personality 32 (1998), 431-453. These findings underscore the need for
a symphony orchestra model of culture and personality, in which culture is the
composer or conductor and varied personalities are the instruments. Different cul-
tures may favor some personalities over others and try to shape children in certain
directions, but every culture must come to terms in some way with a roughly simi-
lar variety of human personalities. Melvin Konner, “Anthropology and Psychiatry,”
in Comprehensive Textbook of Psychiatry, 6th Ed., eds. H. Kaplan and B. Sadock,
5th Ed., (Baltimore: Williams & Wilkins, 1995), 283-299.

chapter six: The Beast with Two Backs

The best treatment of the behavioral differences is Eleanor Maccoby’s The Two Sexes:
Growing Up Apart, Coming Together (Cambridge: Harvard University, 1998). Worthy
counterparts in psychological anthropology are by Beatrice Blyth Whiting and Carolyn
Pope Edwards, Children of Different Worlds: The Formation of Social Behavior (Cam-
bridge: Harvard University, 1988), and by Alice Schlegel and Herbert Barry 111, Adoles-
cence: An Anthropological Inquiry (New York: W. H. Freeman, 1991). Deborah Tannen, in
Gender and Discourse (New York: Oxford University, 1994), collects some of her writings
on male-female differences in discourse.

The evolutionary background to gender roles was greatly advanced by Sarah Blaffer
Hrdy in The Woman That Never Evolved (Cambridge: Harvard University, 1981). Her
themes of the centrality and flexibility of female roles in nonhuman primates were taken up
by many investigators, as summarized by Shirley Strum and Linda Fedigan in their chapter
of The New Physical Anthropology: Science, Humanism, and Critical Reflection (Upper Sad-
dle River, N.J.: Prentice-Hall, 1999), edited by Strum, Donald Lindburg, and David Ham-
burg. Hrdy’s 1999 book, Mother Nature: A History of Mothers, Infants, and Natural Selec-
tion (New York: Pantheon, 1999), is of the greatest importance in our understanding of
women’s reproductive roles. Two other major works on the evolutionary background of sex
roles are Alison Jolly’s Lucy’s Legacy: Sex and Intelligence in Human Evolution (Cambridge:
Harvard University, 1999) and Bobbi S. Low's Why Sex Matters: A Darwinian Look at
Human Behavior (Princeton, N.J.: Princeton University, 2000). Sexual Selection, by James
Gould and Carol Grant Gould (New York: Scientific American Library, 1989), is a graceful
and beautifully illustrated account of the relevant evolutionary principles.

Biological constraints notwithstanding, little in anthropology’s history is more impor-
tant than its ongoing challenge to narrow views of sex roles. Margaret Mead’s Male and
Female: A Study of the Sexes in a Changing World (New York: William Morrow, 1949,
1967) remains an important document, along with later work on women cross-culturally:
eds. Michelle Rosaldo and Louise Lamphere, Woman, Culture and Society (Stanford,
Calif.: Stanford University, 1974); ed. Rayna Reiter, Toward an Anthropology of Women
(New York: Monthly Review, 1975); Naomi Quinn, “Anthropological Studies on Women'’s
Status,” Annual Review of Anthropology 6 (1977), 181-225; and Carol Ember, “A Cross-
Cultural Perspective on Sex Differences” in The Handbook of Cross-Cultural Development,
eds. R. L. Monroe, R. H. Monroe, and B. Whiting (New York: Garland, 1981). Ember
integrates cross-cultural findings with the psychobiology of sex differences. An illuminating
account of how women in many cultures come into their own after menopause is Judith K.



notes and references

Brown'’s “Cross-Cultural Perspectives on Middle-Aged Women,” Current Anthropology 23
(1982), 143-156. A recent essay on sex roles in seven cultures is Serena Nanda’s Gender
Diversity: Cross-Cultural Variations (Prospect Heights, I11.: Waveland, 2000).

Interesting anthropological collections include Beyond the Second Sex: New Direc-
tions in the Biology of Gender, eds. Peggy Reeves Sanday and Ruth Gallagher Goodenough
(Philadelphia: University of Pennsylvania, 1990); The Other Fifty Percent: Multicultural
Perspectives on Gender Relations, eds. Mari Womack and Judith Marti (Prospect Heights,
11.: Waveland, 1993); Gender at the Crossroads of Knowledge, ed. Micaela di Leonardo
(Berkeley: University of California, 1991); and Naturalizing Power: Essays in Feminist Cul-
tural Analysis, eds. Sylvia Yanagisako and Carol Delany (New York: Routledge, 1995).
Unfortunately, the real knowledge about sex roles in this material tends to get buried in
postmodernist rhetoric.

Good antidotes include Christina Hoff Summers’s Who Stole Feminism? (New York:
Simon & Schuster, 1994) and Warren Farrell’s The Myth of Male Power (New York: Simon
& Schuster, 1993). Camille Paglia’s Sexual Personae: Art and Decadence from Nefertiti to
Emily Dickinson (New Haven, Conn.: Yale University, 1990) is a powerful account of gen-
der as depicted in Western art and literature. Lionel Tiger’s Men in Groups, 2d Ed. (New
York: Marian Boyars, 1984) and The Decline of Males (New York: Golden, 1999), summa-
rize decades of his research. Two books about sex roles in the kibbutz—one by Tiger with
Joseph Shepher, entitled Women in the Kibbutz (New York: Harcourt Brace, 1975), and
one by Melford Spiro, called Gender and Culture: Kibbutz Women Revisited (New
Brunswick, N.J.: Transaction, 1979)—raise questions about the extent to which sex roles
can be engineered. David Gilmore’s Manhood in the Making (New Haven, Conn.: Yale
University, 1990) reviews masculinity in different cultures, and Gilbert Herdt’s collection,
Third Sex, Third Gender: Beyond Dimorphism in Culture and History (New York:
Zone/MIT, 1994), displays the stunning variety of transgender roles in cultures throughout
the world.

An excellent brief introduction to the biology of gender is Simon LeVay’s The Sexual
Brain (Cambridge: MIT, 1993). Other sources include Behavioral Neuroendocrinology,
eds. Jill Becker, Marc Breedlove, and David Crews (Cambridge: MIT, 1992), and Randy J.
Nelson’s An Introduction to Behavioral Endocrinology (Sunderland, Mass.: Sinauer, 1995).
How the sexes diverge as childhood ends is summarized in Adolescence and Puberty (New
York: Oxford University, 1990), edited by John Bancroft and June Machover Reinisch, both
former directors of the Kinsey Institute. A skeptical account is Anne Fausto-Sterling’s
Myths of Gender (New York: Basic Books, 1985), but its claims become more difficult to
sustain as time goes by.

p. 92 Margaret Mead’s studies: Margaret Mead, Male and Female: A Study of the Sexes in
a Changing World (New York: William Morrow, 1949, 1967).

p. 92 *“The Tchambuli . . . validate their manhood”: Mead, Male and Female, 54.

p. 93 “These robust, restive people . . . plot and fight”: Mead, Male and Female, 53-54.

p. 93 !'Kung San homicides: Richard B. Lee, The !Kung San: Men, Women and Work in a
Foraging Society (Cambridge: Cambridge University, 1979).

p. 93 Jealousy and vendetta: Bruce Knauft, “Reconsidering Violence in Simple Human
Societies: Homicide Among the Gebusi of New Guinea,” Current Anthropology 28
(1987), 457-500; Michael P. Ghiglieri, The Dark Side of Man: Tracing the Origins
of Male Violence (Reading, Mass.: Perseus, 1999).

p. 93 Study of 122 societies: Roy D’Andrade, “Sex Differences and Cultural Institutions,”
in The Development of Sex Differences, ed. Eleanor E. Maccoby (Stanford, Calif:
Stanford University, 1966), 178, 179, 198.



.93

.93

.94

.94

.94

.94

.94
.95
.95

.95

.95

.95

.95

.95

.95

the tangled wing

Gender and early warfare: Bobbi S. Low, Why Sex Matters: A Darwinian Look at
Human Behavior (Princeton, N.J.: Princeton University, 2000).

Men the overwhelming majority of warriors: Ghiglieri, Dark Side of Man; Joseph H.
Manson and Richard W. Wrangham, “Intergroup Aggression in Chimpanzees and
Humans,” Current Anthropology 32 (1991), 369-390.

Capture of women: D. R. White, “Rethinking Polygyny: Co-Wives, Codes, and Cul-
tural Systems,” Current Anthropology 29 (1988), 529-558; D. R. White and M. L.
Burton, “Causes of Polygyny: Ecology, Economy, Kinship, and Warfare,” American
Anthropologist 90 (1988), 871-887; William Divale, Warfare in Primitive Societies:
A Bibliography (Santa Barbara, Calif.: American Bibliographic Center Clio, 1973).
Homer and the Bible: John Hartung, “Getting Real About Rape,” Behavioral and
Brain Sciences 15 (1992), 390-392.

Sweeping historical survey: Laura L. Betzig, Despotism and Differential Reproduc-
tion: A Darwinian View of History (New York: Aldine de Gruyter, 1986); “Roman
Polygyny,” Ethology and Sociobiology 13 (1992), 309-349; and “Why a Despot?” in
Human Nature: A Critical Reader, ed. Laura L. Betzig (New York: Oxford Univer-
sity, 1997), 399-401.

Men have always made wars: Melvin J. Konner, “Do We Need Enemies?; The Ori-
gins and Consequences of Rage,” in Rage, Power, and Aggression, eds. R. A. Glick
and S. P. Roose (New Haven, Conn.: Yale University, 1993), 173-193; Lionel
Tiger, Men in Groups (New York: Marion Boyars, 1984).

The Psychology of Sex Differences: Eleanor E. Maccoby and Carol N. Jacklin, The
Psychology of Sex Differences (Stanford, Calif.: Stanford University, 1974).
Differences in cognitive abilities: Maccoby and Jacklin, Psychology of Sex Differences.
Subtler case can be made today: D. Voyer and M. P. Bryden, “Magnitude of Sex Dif-
ferences in Spatial Abilities: A Meta-Analysis and Consideration of Critical Vari-
ables,” Psychological Bulletin 117 (1995), 250-279.

Link to corpus callosum: Doreen Kimura, Sex and Cognition (Cambridge: MIT,
1999).

Others link spatial ability with size of hippocampus: Steven J. C. Gaulin, “Evolu-
tion of Sex Differences in Spatial Ability,” Yearbook of Physical Anthropology 35
(1992), 125-151; “Does Evolutionary Theory Predict Sex Differences in the
Brain?,” in The Cognitive Neurosciences, ed. Michael S. Gazzaniga (Cambridge:
MIT, 1995), 1211-1225; David F. Sherry, “What Sex Differences in Spatial Ability
Tell Us About the Evolution of Cognition,” in The New Cognitive Neurosciences, 2d
Ed., ed. Michael S. Gazzaniga (Cambridge: MIT, 2000), 1209-1217.

Aggressive behavior strongest case for gender difference: Maccoby and Jacklin, Psy-
chology of Sex Differences; Janet Shibley Hyde, “Gender Differences in Aggres-
sion,” in The Psychology of Gender, eds. J. S Hyde and M. Linn (Baltimore: Johns
Hopkins University, 1986), 51-66.

Maccoby and Jacklin studies: ed. Eleanor E. Maccoby, The Development of Sex Dif-
ferences (Stanford, Calif.: Stanford University, 1966).

Subsequent cross-cultural analyses: Carolyn Pope Edwards, “Behavioral Sex Differ-
ences in Children of Diverse Cultures: The Case of Nurturance to Infants,” in Juve-
nile Primates: Life History, Development, and Behavior, eds. M. E. Pereira and L. A.
Fairbanks (New York: Oxford University, 1993), 327-338.

Six Cultures Study: Beatrice Blyth Whiting and John Whiting, Children of Six Cul-
tures: A Psychocultural Analysis (Cambridge: Harvard University, 1975); Beatrice B.
Whiting and Carolyn Pope Edwards, “A Cross-Cultural Analysis of Sex Differences
in the Behavior of Children Aged Three Through Eleven,” Journal of Social Psy-



notes and references

p. 96

p. 97

p. 97

p. 97

p. 97

p. 97

p. 97

chology 91 (1973), 171-188; and Children of Different Worlds: The Formation of
Social Behavior (Cambridge: Harvard University, 1988).

Children varied on two dimensions: Whiting and Whiting, Children of Six Cultures: A
Psychocultural Analysis.

Five other quantitatively studied cultures: B. B. Whiting and Carolyn Pope Edwards,
Children of Different Worlds (Cambridge: Harvard University, 1988).

Boys more aggressive and less nurturant: Edwards, “Behavioral Sex Differences in
Children.”

Sample of thirty-three cultures: Herbert Barry, 111, Margaret K. Bacon, and Irving L.
Child, “A Cross-Cultural Survey of Some Sex Differences in Socialization,” Journal
of Abnormal and Social Psychology 55 (1957), 327-332.

Fausto-Sterling theory: Anne Fausto-Sterling, Myths of Gender: Biological Theories
About Women and Men (New York: Basic Books, 1992).

Looking at younger children separately: Maccoby and Jacklin, Psychology of Sex Dif-
ferences.

Separate cross-cultural study: Nicholas G. Blurton Jones and Melvin J. Konner,
“Sex Differences in Behavior of Two-to-Five-Year-Olds in London and Amongst the
Kalahari Desert Bushmen,” in Comparative Ecology and Behavior of Primates, eds.
R. P. Michael and J. H. Crook (London: Academic, 1973).

Eleven-year-olds: A. Raine, P. H. Venables, and S. A. Mednick, “Low Resting Heart
Rate at Age 3 Years Predisposes to Aggression at Age 11 Years: Evidence from the
Mauritius Child Health Project,” Journal of the American Academy of Child and
Adolescent Psychiatry 36 (1997), 1457-1464.

Babies at three weeks of age: Howard Moss, “Sex, Age, and State as Determinants of
Mother-Infant Interaction,” Merrill-Palmer Quarterly 13 (1967), 19-36.

Our closest animal relatives’ first reaction to birth: Sarah Blaffer Hrdy, The Langurs
of Abu: Female and Male Strategies of Reproduction (Cambridge: Harvard Univer-
sity, 1977); J. B. Lancaster, “Play-Mothering: The Relations Between Juvenile
Females and Young Infants Among Free-Ranging Vervet Monkeys,” Folia Primatol-
ogy 15 (1971), 161-182; Pereira and Fairbanks, Juvenile Primates.

Human responses to babies dressed in pink or blue: J. A. Will, P. A. Self, and N. N.
Datan, “Maternal Behavior and Perceived Sex of Infant,” American Journal of
Orthopsychiatry 46 (1976), 135-139; Caroline Smith and Barbara Lloyd, “Maternal
Behavior and Perceived Sex of Infant: Revisited,” Child Development 49 (1978),
1263-1265.

Responses to tape of child’s mischievous utterances: M. K. Rothbart and Eleanor
Emmons Maccoby, “Parents’ Differential Reactions to Sons and Daughters,” Jour-
nal of Personality and Social Psychology 4 (1966), 237-243.

Similar findings in many settings: M. Stern and K. H. Karraker, “Sex-Stereotyping
of Infants: A Review of Gender-Labeling Studies,” Sex Roles 20 (1989), 501-522.
PASTON scale: R. T. Leeb and F. G. Rejskind, “Paternal Sex Typing of Newborns:
Standardization of a Rating Scale,” presented at the International Conference on
Infant Studies (Atlanta, April 1998).

Fathers stereotype more: J. Z. Rubin, F. J. Provenzano, and A. Luria, “The Eye of
the Beholder: Parents’ Views on the Sex of Newborns,” American Journal of
Orthopsychiatry 44 (1974), 512-519; K. H. Karraker, D. A. Vogel, and M. A. Lake,
“Parents’ Gender-Stereotyped Perceptions of Newborns: The Eye of the Beholder
Revisited,” Sex Roles 33 (1995), 687-701.

Large body of evidence: S. Golombok and Robyn Fivush, Gender Development
(Cambridge: Cambridge University, 1994).



.97

.97

.97

.97

.97

.98

.98

.98

.98

.98

.98

.98

the tangled wing

Six-month-old boys show emotional distress: M. Katherine Weinberg, Edward Z.
Tronick, Jeffrey F. Cohn, and Karen L. Olson, “Gender Differences in Emotional
Expressivity and Self-Regulation During Early Infancy,” Developmental Psychology
35 (1999).

Annelise Korner: Annelise Korner, “Neonatal Startles, Smiles, Erections, and Reflex
Sucks as Related to State, Sex and Individuality,” Child Development 40 (1969),
1039-1053; Annelise Korner, “Sex Differences in Newborns with Special Refer-
ence to Differences in the Organization of Oral Behavior,” Journal of Child Psy-
chology and Psychiatry 14 (1973), 19-29.

Other studies show newborn boys more irritable: Weinberg et al., “Gender Differ-
ences in Emotional Expressivity”; J. H. Hittelman and R. Dickes, “Sex Differences
in Neonatal Eye Contact Time,” Merrill-Palmer Quarterly 25 (1979), 171-184;
J. D. Osofsky and E. J. O’Connell, “Patterning of Newborn Behavior in an Urban
Population,” Child Development 48 (1977), 532-536; J. F. Feldman, N. Brody, and
S. A. Miller, “Sex Differences in Nonelicited Neonatal Behaviors,” Merrill-Palmer
Quarterly 26 (1980), 63-73.

One good study following children from birth to age five: R. Bell and N. S. Costello,
“Three Tests for Sex Differences in Tactile Sensitivity in the Newborn,” Biologia
Neonatorum (Basel, Switzerland) 7 (1964), 335-347; R. Bell, G. M. Weller, and M.
F. Waldrop, “Newborn and Preschooler: Organization of Behavior and Relations
Between Periods,” Monographs of the Society for Research in Child Development 36
(1971), 1-145.

Other studies find sex differences in barrier behavior: Susan Goldberg and Michael
Lewis, “Play Behavior in the Year-Old Infant: Early Sex Differences,” Child Devel-
opment 40 (1969), 21-31.

Systematic experiments regarding castration: A. F. Dixon, “Androgen and Aggressive
Behavior in Primates: A Review,” Aggressive Behavior 6 (1980), 37-68.

Question no longer whether: Roger A. Gorski, “Sexual Differentiation of the Ner-
vous System,” in Principles of Neural Science, eds. Eric R. Kandel, James H.
Schwartz, and Thomas M. Jessell (New York: McGraw-Hill, 2000), 1131.
Spectacular system: Daniel R. Mishell, “Reproductive Endocrinology,” in Compre-
hensive Gynecology, 2d Ed., eds. A. L. Herbst, D. R. Mishell, M. A. Stenchever, and
W. Droegemueller (St. Louis, Mo.: Mosby, 1992); David O. Norris, Vertebrate
Endocrinology (San Diego: Academic, 1997).

Functions and effects of steroid hormones: Edward O. Reiter, “Normal and Abnor-
mal Sexual Development and Puberty,” in Clinical Endocrinology: An lllustrated
Text, eds. G. M. Besser and A. G. Cudworth (Philadelphia: J. B. Lippincott, 1987),
12.11-12.28.

Sex steroids: Bruce S. McEwen, S. E. Alves, K. Bulloch, and N. G. Weiland, “Clin-
ically Relevant Basic Science Studies of Gender Differences and Sex Hormone
Effects,” Psychopharmacology Bulletin 34 (1998), 251-259.

Steroid hormones direct DNA: J. D. Blaustein, “Steroid Receptors and Hormone
Action in the Brain,” in Reproduction: A Behavioral and Neuroendocrine Perspec-
tive, eds. B. R. Komisaruk, H. I. Siegel, C. Mei-Fang, and H. H. Feder (New York:
New York Academy of Sciences, 1986), 400-414; Joshua N. Wilcox, “Analysis of
Steroid Action on Gene Expression in the Brain,” in Komisaruk et al., Reproduc-
tion, 453-460.

Environmental influences can affect genetic machinery: Bruce McEwen, “Stress,
Sex, and the Structural and Functional Machinery of the Hippocampus,” in Gaz-
zaniga, New Cognitive Neurosciences.



notes and references

p. 99

p. 99

p. 99

p. 99

p. 100

p. 100

p. 100

p. 100

p. 100
p. 100
p. 100

p. 100

Injection of estradiol in rats: McEwen et al., “Gender Differences and Sex Hor-
mone Effects”; Bruce McEwen, Paula Davis, Bruce Parsons, and Donald Pfaff,
“The Brain as a Target for Steroid Hormone Action,” Annual Review of Neuro-
science 2 (1979), 65-112.

Radioactive labeling shows how sex steroids pass: McEwen et al., “Gender Differ-
ences and Sex Hormone Effects.”

Testosterone lowers firing threshold: K. M. Kendrick and R. F. Drewitt, “Testosterone
Reduces Refractory Period of Stria Terminalis Neurons in the Rat Brain,” Science
204 (1979), 877-879.

Testosterone in songbirds: A. P. Arnold, F. Nottebohm, and D. W. Pfaff, “Hormone-
Concentrating Cells in Vocal Control and Other Areas of the Brain of the Zebra
Finch (Poephila Guttata),” Journal of Comparative Neurology 165 (1976),
487-512; M. Sar and W. Stumpf, “Androgen Concentration in Motor Neurons of
Cranial Nerves and Spinal Cord,” Science 197 (1977), 77-79; Arthur P. Arnold,
“Critical Events in the Development of Bird Song: What Can Neurobiology Con-
tribute to the Study of the Evolution of Behavior?,” in Behavioral Mechanisms in
Evolutionary Ecology, ed. L. A. Real (Chicago: University of Chicago, 1994),
219-237.

Estradiol injection in female rats: Donald Pfaff, Estrogens and Brain Function:
Neural Analysis of a Hormone-Controlled Reproductive Behavior (New York:
Springer-Verlag, 1980).

Durkheim’s dictum: Marvin Harris, The Rise of Anthropological Theory: A History of
Theories of Culture (New York: Crowell, 1968).

Rossi’s belief: Alice S. Rossi and Peter H. Rossi, Of Human Bonding: Parent-Child
Relations Across the Life Course (New York: Aldine de Gruyter, 1990); Alice S.
Rossi, Sexuality Across the Life Course (Chicago: University of Chicago, 1994).
Classic research on women’s changing behavior: Alice S. Rossi and Peter H. Rossi,
“Body Time and Social Time: Mood Patterns by Menstrual Cycle Phase and Day
of the Week,” Social Science Research 6 (1977), 273-308.

Other studies show irritability: David A. Hamburg, Rudolph H. Moos, and Irvin D.
Yalom, “Studies of Distress in the Menstrual Cycle and the Postpartum Period,” in
Endocrinology and Human Behaviour, ed. R. P. Michael (London: Oxford Univer-
sity, 1968), 2—24; Stephanie H. M. Van Goozen, Nico H. Frijda, Victor M. Wiegant,
Erik Endert, and Nannie E. Van de Poll, “The Premenstrual Phase and Reactions
to Aversive Events: A Study of Hormonal Influences on Emotionality,” Psychoneu-
roendocrinology 21 (1996), 479-497.

Several studies show increased sexual interest: J. R. Udry and N. M. Morris, “Distri-
bution of Coitus in the Menstrual Cycle,” Nature 220 (1968), 593-596; S. Mateo
and E. F. Rissman, “Increased Sexual Activity During the Midcycle Portion of the
Human Menstrual Cycle,” Hormones and Behavior 18 (1984), 249-255;
Fluctuations in testosterone during ovulation: Naomi M. Morris, J. Richard Udry,
Firyal Khan-Dawood, and M. Yusoff Dawood, “Marital Sex Frequency and Midcy-
cle Female Testosterone,” Archives of Sexual Behavior 16 (1987), 27-37.

Worthman and Shostak research: Carol Worthman, Psychoendocrine Study of Human
Behavior, Ph.D. thesis, Department of Anthropology, Harvard University (1978).
Synchronization of menstrual cycles: Martha K. McClintock, “Menstrual Synchrony
and Suppression,” Nature 229 (1971), 244-245.

Pheromones: Kathleen Stern and Martha K. McClintock, “Regulation of Ovulation
by Human Pheromones” (see comments), Nature 392 (1998), 177-179.

Other intriguing cycle-related social changes: Mary B. Parlee, “Menstrual Rhythms



o

o

. 100

. 100

. 100

. 100

. 101

. 101

. 101

. 101

. 101
. 101
. 101
. 101
. 101

. 102
. 102

. 102

. 102

the tangled wing

in Sensory Process: A Review of Fluctuations in Vision, Olfaction, Audition, Taste,
and Touch,” Psychological Bulletin 93 (1983), 539-548.

Desire in rhesus monkeys: Kim Wallen, “Desire and Ability: Hormones and the Reg-
ulation of Female Sexual Behavior,” Neuroscience and Biobehavioral Reviews 14
(1990), 233-241; Kim Wallen et al., “Periovulatory Changes in Female Sexual
Behavior,” Hormones and Behavior 18 (1984), 431-450.

Premenstrual syndrome: Van Goozen et al., “Premenstrual Phase”; Roger F Haskett,
“Premenstrual Syndrome,” in Handbook of Clinical Psychoneuroendocrinology, eds.
C. B. Nemeroff and P. T. Loosen (New York: Guilford, 1987), 449-459; Sally K.
Severino and Margaret L. Moline, Premenstrual Syndrome: A Clinician’s Guide
(New York: Guilford, 1989).

Experimental research in gonadal steroids: Peter J. Schmidt, Lynnette K. Nieman,
Merry A. Danacceau, Linda F. Adams, and David R. Rubinow, “Differential Behav-
ioral Effects of Gonadal Steroids in Women with and in Those Without Premen-
strual Syndrome,” New England Journal of Medicine 338 (1998), 209-216.

Studies confirm effects of hormonal changes of menstrual cycle: McEwen et al.,
“Gender Differences and Sex Hormone Effects.”

Misleading women about cycle phase: Diane N. Ruble, “Premenstrual Symptoms: A
Reinterpretation,” Science 197 (1977), 291-292.

Environmental factors stronger than genetic ones: O. B. Van den Akker, F. F. Eves,
G. S. Stein, and R. M. Murray, “Genetic and Environmental Factors in Premen-
strual Symptom Reporting and Its Relationship to Depression and a General Neu-
roticism Trait,” Journal of Psychosomatic Research 39 (1995), 477-487.
Ethnographic research in menstruation: Thomas Buckley and Alma Gottlieb, Blood
Magic: The Anthropology of Menstruation (Berkeley: University of California,
1988).

Rossi’s study of sex differences in nurturing: Alice A. Rossi, “A Biosocial Perspective
on Parenting,” Daedalus 106 (1977), 1-31; “Parenting, Kinship and Adult Devel-
opment: A Research Agenda to Test Kin Selection Theory,” address to the Plenary
Session on Family and Socialization, American Sociological Association National
Convention (New York, August 27, 1980); and “The Biosocial Side of Parenthood,”
Human Nature 1 (1978), 72-79.

Rossi’s book on sexuality: Rossi, Sexuality Across the Life Span.

Rossi’s book on parenting: Rossi and Rossi, Of Human Bonding.

Lucy’s Legacy: Alison Jolly, Lucy’s Legacy: Sex and Intelligence in Human Evolution
(Cambridge: Harvard University, 1999).

Mother Nature: Sarah Blaffer Hrdy, Mother Nature: A History of Mothers, Infants,
and Natural Selection (New York: Pantheon, 1999).

Bobbi Low’s evolutionary psychology: Low, Why Sex Matters.

Professor Higgins's sad cry: Low, Why Sex Matters, 43.

Testosterone enables aggressiveness in studies: Edward P. Monaghan and Stephen E.
Glickman, “Hormones and Aggressive Behavior,” in Behavioral Endocrinology, eds.
J. B. Becker, S. M. Breedlove, and D. Crews (Cambridge: MIT, 1992), 261-285;
James McBride Dabbs and Mary Godwin Dabbs, Heroes, Rogues, and Lovers:
Testosterone and Behavior (New York: McGraw-Hill, 2000).

Winner and loser monkeys: Robert Rose, Irwin Bernstein, and Thomas Gordon,
“When Two Groups of Monkeys Fight,” Psychosomatic Medicine 34 (1975), 50-61.
Testosterone levels at first arrest: Leo Kreuz and Robert Rose, “Assessment of Aggres-
sive Behavior and Plasma: Testosterone in a Young Criminal Population,” Psychoso-
matic Medicine 34 (1972), 321-332.



notes and references

p. 102

p. 102

p. 102

p. 102

p. 102
p. 103

p. 103
p. 103

p. 103

p. 103

p. 103
p. 104

p. 104

p. 104

Testosterone in male juvenile delinquents: D. Kedenburg, N. Kedenburg, and A.
Kling, “Plasma Testosterone and Aggressive Behavior in a Patient Population,”
American Psychiatric Association Annual Meeting (Honolulu, Hawaii, May 1973).
Large samples of prison inmates: James M. Dabbs and Robin Morris, “Testosterone,
Social Class, and Antisocial Behavior in a Sample of 4,462 Men,” Psychological Sci-
ence 1 (1990), 209-211.

Dabbs’s work in a maximum-security prison: Dabbs and Dabbs, Heroes, Rogues, and
Lovers.

Testosterone levels in rule breakers: James M. Dabbs, Jr., Robert L. Frady, Timothy
S. Carr, and Norma F. Besch, “Saliva Testosterone and Criminal Violence in
Young Adult Prison Inmates,” Psychosomatic Medicine 49 (1987), 174-182; “Testos-
terone, Crime, and Misbehavior Among 692 Male Prison Inmates,” Personality and
Individual Differences 18 (1995), 627-633.

Crimes of high-testosterone men: Dabbs and Dabbs, Heroes, Rogues, and Lovers, 90.
Testosterone levels in 180 women inmates: James M. Dabbs, Jr., and Marian F. Har-
grove, “Age, Testosterone, and Behavior Among Female Prison Inmates,” Psychoso-
matic Medicine 59 (1997), 477-480; James M. Dabbs, Jr., R. Barry Ruback, Robert
L. Frady, Charles H. Hopper, and Demetrios Sgoutas, “Saliva Testosterone and
Criminal Violence Among Women,” Personality and Individual Differences 9
(1988), 269-275.

Vietnam veterans study: Dabbs and Morris, “Testosterone, Social Class, and Antiso-
cial Behavior.”

Booth and Gimbel study: Alan Booth and Cynthia Gimbel, “Who Fought in Viet-
nam?,” Social Forces 74 (1996), 1137-1157.

Testosterone a function of experience: Allan Mazur and Theodore A. Lamb, “Testos-
terone, Status, and Mood in Human Males,” Hormones and Behavior 14 (1980),
236-246; Alan Booth, Greg Shelley, Allan Mazur, Gerry Tharp, and Roger Kittok,
“Testosterone, and Winning and Losing in Human Competition,” Hormones and
Behavior 23 (1989), 556-571; Allan Mazur, E. J. Susman, and S. Edelbrock, “Sex
Difference in Testosterone Response to a Video Game Contest,” Evolution and
Human Behavior 18 (1997), 317-326.

Gender differences in fat, etc.: eds. Frank Falkner and James Tanner, Human
Growth (New York: Plenum, 1978); D. M. Styne, “Physiology of Puberty,” Hormone
Research 41 (1994), 3-6.

Testosterone levels rise eighteenfold: Reiter, Clinical Endocrinology.

Worthman research: Carol M. Worthman, “Biocultural Interactions in Human
Development,” in Juvenile Primates, 339-358; “Developmental Dysynchrony as
Normative Experience,” in School-Age Pregnancy and Childbearing: Biosocial
Dimensions, eds. J. Lancaster and B. A. Hamburg (New York: Aldine de Gruyter,
1986), 95-112.

Puberty influenced by genes: Robert Plomin and David W Fulker, “Behavioral
Development and Genetics in Early Adolescence,” in Biological-Psychosocial Inter-
actions in Early Adolescence, eds. R. M. Lerner and T. T. Foch (Hillsdale, N.J.:
Lawrence Erlbaum, 1987).

Some studies show depressive moods increase during puberty: Michael Rutter,
“Changing Patterns of Psychiatric Disorders During Adolescence,” in Adolescence
and Puberty, eds. J. Bancroft and J. M. Reinisch (New York: Oxford University,
1990), 124-145; Adrian Angold and Carol Worthman, “Puberty Onset of Gender
Differences in Rates of Depression: A Developmental, Epidemiologic and Neu-
roendocrine Perspective,” Journal of Affective Disorders 29 (1993), 145-158.



p. 104

p. 104

p. 104

p. 104

p. 104

p. 105

p. 105

p. 105

p. 105

p. 105

the tangled wing

The Great Smoky Mountains Study: A. Angold, E. J. Costello, and C. M. Worthman,
“Puberty and Depression: The Roles of Age, Pubertal Status and Pubertal Timing,”
Psychological Medicine 28 (1998), 51-61; A. Angold, E. J. Costello, A. Erkanli, and
C. M. Worthman, “Pubertal Changes in Hormone Levels and Depression in
Girls,” Psychological Medicine 29 (1999), 1043-1053.

Self-esteem in teenage years: Christy Miller Buchanan, Jacquelynne S. Eccles, and
Jill B. Becker, “Are Adolescents the Victims of Raging Hormones? Evidence for
Activational Effects of Hormones on Moods and Behavior at Adolescence,” Psycho-
logical Bulletin 111 (1992), 62-107.

How mood swings and hormones relate to body chemistry as opposed to other influ-
ences: Anne C. Petersen and Lisa Crockett, “Pubertal Development and Its Relation
to Cognitive and Psychosocial Development in Adolescent Girls: Implications for
Parenting,” in Lancaster and Hamburg, School-Age Pregnancy, 147-175; Anne C.
Petersen, “The Nature of Biological-Psychosocial Interactions: The Sample Case of
Early Adolescence,” in Lerner and Foch, Biological-Psychosocial Interactions,
35-61; Maryse Richards and Anne C. Petersen, “Biological Theoretical Models of
Adolescent Development,” in Handbook of Adolescent Psychology, eds. V. B. Van
Hasselt and M. Hersen (New York: Pergamon, 1987), 34-52.

Relationship between testosterone and bullying: Dan Olweus, “Familial and Tem-
peramental Determinants of Aggressive Behavior in Adolescent Boys: A Causal
Analysis,” Developmental Psychology 16 (1980), 644-660; Dan Olweus, A. Mattsson,
D. Schalling, and H. Low, “Testosterone, Aggression, Physical and Personality
Dimensions in Normal Adolescent Males,” Psychosomatic Medicine 42 (1980),
253-269; Dan Olweus, A. Mattsson, D. Schalling, and H. Low, “Circulating Testos-
terone Levels and Aggression in Adolescent Males: A Causal Analysis,” Psychoso-
matic Medicine 50 (1988), 261-272.

Study of 200 eighth-to-tenth-graders: J. Richard Udry and Luther M. Talbert, “Sex
Hormone Effects on Personality at Puberty,” Journal of Personality and Social Psy-
chology 54 (1988), 291-295; J. Richard Udry, “Hormonal and Social Determina-
tion of Adolescent Sexual Initiation,” in Bancroft and Reinisch, Adolescence and
Puberty, 70-87.

Testosterone levels and onset of sexual activity: C. T. Halpern, J. R. Udry, and C.
Suchindran, “Testosterone Predicts Initiation of Coitus in Adolescent Females,”
Psychosomatic Medicine 59 (1997), 161-171; and “Monthly Measures of Salivary
Testosterone Predict Sexual Activity in Adolescent Males,” Archives of Sexual
Behavior 27 (1998), 445-465.

Cultural and social influences matter: J. R. Udry, “Hormonal and Social Determi-
nants of Adolescent Sexual Initiation,” in Bancroft and Reinisch, Adolescence and
Puberty.

“Dominant looking male teenagers”: Allan Mazur, Carol Halpern, and J. Richard
Udry, “Dominant Looking Male Teenagers Copulate Earlier,” Ethology and Socio-
biology 15 (1994), 87-94.

Impact is negative: Elissa Koff, Jill Rierdan, and Esther Silverstone, “Changes in
Representation of Body Image as a Function of Menarcheal Status,” Developmen-
tal Psychology 14 (1978), 635-642.

Girls prepared for period have easier time: Jill Rierdan, Elissa Koff, and Margaret L.
Stubbs, “Timing of Menarche, Preparation, and Initial Menstrual Experience:
Replication and Further Analyses in a Prospective Study,” Journal of Youth and
Adolescence 18 (1989), 413-426.



notes and references

p. 105

p. 105

p. 105

p. 106
p. 106

p. 106

p. 106

p. 106

p. 106

p. 107

p. 107

p. 107

p. 107

p. 108

Girls remember first period negatively: David B. Pillemer, Elissa Koff, Elizabeth D.
Rhinehart, and Jill Rierdan, “Flashbulb Memories of Menarche and Adult Men-
strual Distress,” Journal of Adolescence 10 (1987), 187-199.

Koff quotation: Elissa Koff, Jill Rierdan, and Stacy Jacobson, “The Personal and
Interpersonal Significance of Menarche,” Journal of the American Academy of
Child Psychiatry 20 (1981), 148-158. Koff and her colleagues showed that when
asked to draw a girl, premenarcheal girls draw a childish body and postmenarcheal
girls draw a womanly one, regardless of age. This neat finding proves that body
image changes with bodily changes themselves, not chronological age or school
grade. But it does not separate bodily change from hormones as causal influences.
First menstruation of !Kung girl: Marjorie Shostak, Nisa: The Life and Words of a
IKung Woman (Cambridge: Harvard University, 1981); Lorna J. Marshall, Nyae
Nyae !Kung: Beliefs and Rites (Cambridge: Harvard University, 1999).

Sense of pride in development: Petersen and Crockett, “Pubertal Development.”
Cultural preferences in nonindustrial world and pre-twentieth-century West: Peter
Brown and Melvin J. Konner, “An Anthropological Perspective on Obesity,” Annals
of the New York Academy of Sciences 499 (1987), 29-46.

“They both have feelings”: Andrew Michel, personal communication from John
Michel, October 11, 2000.

Rhesus monkey experiment: Arnold Chamove, Harry Harlow, and Gary Mitchell,
“Sex Differences in the Infant-Directed Behavior of Preadolescent Rhesus Mon-
keys,” Child Development 38 (1967), 329-335.

Growing evidence puts cause deep within brain: Gorski, “Sexual Differentiation of
the Nervous System”; Roger A. Gorski, “Gonadal Hormones and the Organization
of Brain Structure and Function,” in The Lifespan Development of Individuals:
Behavioral, Neurobiological, and Psychosocial Perspectives, ed. D. Magnusson (New
York: Cambridge University, 1996), 315-340.

Structural difference in male and female brains: G. Raisman and P. M. Field, “Sex-
ual Dimorphism in the Neuropil of the Preoptic Area of the Rat and Its Depen-
dence on Neonatal Androgen,” Brain Research 54 (1973), 1-29.

Castration just after birth; injection of testosterone in females: June Mackover
Reinisch, “Fetal Hormones, the Brain, and Sex Differences: A Heuristic Integrative
Review of the Literature,” Archives of Sexual Behavior 3 (1974), 51-90; Bruce
McEwen, “Sexual Maturation and Differentiation: Tthe Role of the Gonadal
Steroids,” in Progress in Brain Research, ed. M. A. Corner (Holland: Elsevier,
1978).

“Pseudohermaphrodite” monkeys: Robert W. Goy, “Experimental Control of Psy-
chosexuality,” Philosophical Transactions of the Royal Society of London B 259
(1970), 149-162.

Toran-Allerand experiment: C. Dominique Toran-Allerand, “Sex Steroids and the
Development of the Newborn Mouse Hypothalamus and Preoptic Area In Vitro:
Implications for Sexual Differentiation,” Brain Research 106 (1976), 407-412.
Testosterone must convert to estrogen in brain cells: Frederick Naftolin and Eleanore
Butz, “Sexual Dimorphism,” Science 211 (1981), 1263-1324; F. Naftolin and S.
MacLusky, “Aromatization Hypothesis Revisited,” in Sexual Differentiation: Basic
and Clinical Aspects, eds. M. Serio et al. (New York: Raven, 1984), 79-91.

In birds, basic plan is male: Christine Martinez-Vargas and Douglas Gibson, “Estro-
gen Target Sites in the Brain of the Chick Embryo,” Science 190 (1975),
1307-1308.



p. 108

p. 108

p. 108

p. 108

p. 108

p. 109

p. 109

p. 109

p. 109

the tangled wing

Gene signals cause female organs to recede: P. Berta, J. R. Hawkins, A. H. Sinclair,
A. Taylor, B. L. Griffiths, and P. N. Goodfellow, “Genetic Evidence Equating SRY
and the Testis-Determining Factor,” Nature 348 (1990), 448-450; Maguelone G.
Forest, “Serum Millerian Inhibiting Substance Assay—A New Diagnostic Test for
Disorders of Gonadal Development,” New England Journal of Medicine 336
(1997), 1519-1521; Mary M. Lee, Patricia K. Donahoe, Bernard L. Silverman,
Tomonobu Hasegawa, Yukihiro Hasegawa, Michael L. Gustafson, YuChiao Chang,
and David T. MacLaughlin, “Measurements of Serum Mdllerian Inhibiting Sub-
stance in the Evaluation of Children with Nonpalpable Gonads,” New England
Journal of Medicine 336 (1997), 1480-1486.

Male hormones masculinize part of the brain: S. Marc Breedlove, “Sexual Differen-
tiation of the Brain and Behavior,” in J. B. Becker, S. M. Breedlove, and D. Crews,
Behavioral Endocrinology.

Genetic misstep in the adrenal cortex: Anke A. Ehrhardt, “Prenatal Hormonal Expo-
sure and Psychosexual Differentiation,” in Topics in Psychoendocrinology, ed.
Edward J. Sachar (New York: Grune & Stratton, 1975), 67-82; Susan W. Baker,
“Psychosexual Differentiation in the Human,” Biology of Reproduction 22 (1980),
61-72; Marcia L. Collaer and Melissa Hines, “Human Behavioral Sex Differences:
A Role for Gonadal Hormones During Early Development?,” Psychological Bul-
letin 118 (1995), 55-107.

Studies in the 1990s: Melissa Hines and Francine R. Kaufan, “Androgen and the
Development of Human Sex-Typical Behavior: Rough-and-Tumble Play and Sex of
Preferred Playmates in Children with Congenital Adrenal Hyperplasia (CAH),”
Child Development 65 (1994), 1042-1053.

Progestational hormones affect later behavior: June Machover Reinisch, “Prenatal
Exposure to Synthetic Progestins Increases Potential for Aggression in Humans,”
Science 211 (1981), 1171-1173; June Machover Reinisch and Stephanie A.
Sanders, “Prenatal Contributions to Sex Differences in Human Cognitive and Per-
sonality Development,” in Handbook of Behavioral Neurobiology, Vol. 2: Sexual
Differentiation, eds. A. A. Gerall, H. Moltz, and I. L. Ward (New York: Plenum,
1992), 221-243.

“Suggestions . . . have been refuted”: Collaer and Hines, “Human Behavioral Sex
Differences.”

Extraordinary case: Natalie Angier, “Sexual Identity Not Pliable After All, Report
Says,” in The New York Times (March 14, 1997), A1; Milton Diamond and H. Keith
Sigmundson, “Sex Reassignment at Birth: Long-Term Review and Clinical Impli-
cations,” Archives of Pediatric and Adolescent Medicine 151 (1997), 298-304; Milton
Diamond, “Sexual ldentity and Sexual Orientation in Children with Traumatized
or Ambiguous Genitalia,” Journal of Sex Research 34 (1997), 199-211.

“He got himself a van”: Angier, “Sexual Identity.” An excellent book on the case
was published subsequently, revealing that “John/Joan” is David (formerly Brenda)
Reimer, who is now actively helping to change medical approaches to such acci-
dents: John Colapinto, As Nature Made Him: The Boy Who Was Raised as a Girl
(New York: HarperCollins Perennial, 2001). It is very hard on John Money, the
leading proponent of psychosexual neutrality at birth, but this is just one among
many examples of how tenacious theories break the most important law of medi-
cine: First, do no harm. Milton Diamond saw the truth, and is the hero of the
story.

Detailed study of four women who decided to become men: H. F. Meyer-Bahlburg,
R. S. Gruen, M. I. New, J. J. Bell, A. Morishima, M. Shimshi, Y. Bueno, I. Vargas,



notes and references

and S. W. Baker, “Gender Change from Female to Male in Classical Congenital
Adrenal Hyperplasia,” Hormonal Behavior 30 (1996), 319-332.

p. 110 More than two sexes: Anne Fausto-Sterling, Myths of Gender: Biological Theories
About Women and Men (New York: Basic Books, 1985).

p. 110 Herculine Barbin: Michel Foucault and Herculine Barbin, Herculine Barbin: Being
the Recently Discovered Memoirs of a Nineteenth-Century French Hermaphrodite
(New York: Pantheon, 1980), translated by Richard McDougall.

p. 110 “Happy limbo of a nonidentity”: Foucault, Herculine Barbin, xiii.

p. 110 Changes for gays in last decades: Dudley Clendinen and Adam Nagourney, Out for
Good: The Struggle to Build a Gay Rights Movement in America (New York: Simon
& Schuster, 1999).

p. 110 Special categories of men and women: Melvin J. Konner, “Homosexuality,” in Ency-
clopedia Americana, 1991 international ed. (Danbury, Conn.: Grolier Interna-
tional, 1991).

p. 110 Federman’s model: Daniel D. Federman, Abnormal Sexual Development: A Genetic
and Endocrine Approach to Differential Diagnosis (Philadelphia: W. B. Saunders,
1967).

p. 110 Ample precedent in cross-cultural research: ed. Gilbert Herdt, Third Sex, Third Gen-
der: Beyond Sexual Dimorphism in Culture and History (New York: Zone, 1994);
Richley H. Crapo, “Factors in the Cross-Cultural Patterning of Male Homosexual-
ity: A Reappraisal of the Literature,” Cross-Cultural Research 29 (1995), 178-202.

p. 110 Pueblo berdache: Will Roscoe, “Bibliography of Berdache and Alternative Gender
Roles Among North American Indians,” Journal of Homosexuality 14 (1987),
81-171; The Zuni Man-Woman (Albuquerque: University of New Mexico, 1991);
and “How to Become a Berdache: Toward a Unified Analysis of Gender Diversity,”
in Herdt, Third Sex, Third Gender, 329-372.

p. 111 Hijras of India: Serena Nanda, “Hijras: An Alternative Gender Role in India,” in
Herdt, Third Sex, Third Gender, 373-417; Gayatri Reddy, With Respect to Sex:
Charting Hijra Identity in Heyderabad, India, doctoral dissertation, Department of
Anthropology, Emory University (Atlanta, Georgia, 2000).

p. 111 Recent evidence about transsexuals in the West: Anne Bolin, “Transcending and
Transgendering: Male-to-Female Transsexuals, Dichotomy and Diversity,” in
Herdt, Third Sex, Third Gender, 447-486.

p. 111 Intersex Society: Intersex Society of North America, Recommendations for Treat-
ment: Intersex Infants and Children (ISNA, P.O. Box 31791, San Francisco, CA,
94131).

p. 111 Pediatric endocrinologists’ dilemma: Daniel D. Federman, “Psychosexual Adjust-
ment in Congenital Adrenal Hyperplasia,” New England Journal of Medicine 316
(1987), 209-211; Daniel D. Federman and Patricia K. Donahoe, “Ambiguous Gen-
italia: Etiology, Diagnosis, and Therapy,” Advances in Endocrinology and Metabo-
lism 6 (1995).

p. 111 Extraordinary discovery: Julianne Imperato-McGinley, R. E. Peterson, T. Gautier,
and E. Sturia, “Androgens and the Evolution of Male-Gender ldentity Among
Male Pseudohermaphrodites with 5a-Reductase Deficiency,” New England Journal
of Medicine 300 (1979), 1233-1270; Julianne Imperato-McGinley, “5 Alpha-
Reductase-2 Deficiency,” Current Theory on Endocrinology and Metabolism 6
(1997), 384-387.

p. 111 Condition identified in Dominican Republic, Mexico, Turkey, and elsewhere: L. Q.
Cai, Y. S. Zhu, M. D. Katz, C. Herrera, J. Baez, M. DeFillo-Ricart, C. H. Shackleton,
and J. Imperato-McGinley, “5 Alpha-Reductase-2 Gene Mutations in the Domini-



J111

L1111

112

L1112

. 113

. 113

. 113

. 113

. 113

113

.114

. 115
. 115

. 115

the tangled wing

can Republic,” Journal of Clinical Endocrinology and Metabolism 81 (1996),
1730-1735; P. Canto, F. Vilchis, B. Chavez, O. Mutchinick, J. Imperato-McGinley,
G. Perez-Palacios, A. Ulloa-Aguirre, and J. P. Mendez, “Mutations of the 5 Alpha-
Reductase Type 2 Gene in Eight Mexican Patients from Six Different Pedigrees
with 5 Alpha-Reductase-2 Deficiency,” Clinical Endocrinology 46 (1997), 155-160;
S. Can, Y. S. Zhu, L. Q. Cai, Q. Ling, M. D. Katz, S. Akgun, C. H. Shackleton,
and J. Imperto-McGinley, “The Identification of 5 Alpha-Reductase-2 and 17 Beta-
Hydroxysteroid Dehydrogenase-3 Gene Defects in Male Pseudohermaphrodites
from a Turkish Kindred,” Journal of Clinical Endocrinology and Metabolism 83
(1998), 560-569.

Dominican case most carefully studied: Imperato-McGinley et al., “Male-Gender
Identity Among Male Pseudohermaphrodites”; Imperato-McGinley, “5-Alpha-
Reductase-2 Deficiency.”

“These cases . . . rearing as girls”: Imperato-McGinley et al., “Male-Gender Identity,”
1233.
“Our data . . . contribution”: Imperato-McGinley et al., “Male-Gender Identity,”
1236.

Herdt quotation: Gilbert Herdt, “Mistaken Sex: Culture, Biology and the Third Sex
in New Guinea,” in Herdt, Third Sex, Third Gender, 443-445.

Kibbutz movement: Melford E. Spiro, Kibbutz, Venture in Utopia (New York:
Schocken Books, 1963); Melford E. Spiro, Children of the Kibbutz (Cambridge:
Harvard University, 1958).

Sex roles more conventional in 1970s: Lionel Tiger and J. Shepher, Women in the
Kibbutz (New York: Harcourt Brace, 1975); M. Spiro, Gender and Culture: Kibbutz
Women Revisited (Durham, N.C.: Duke University, 1979).

Songbird studies: Fernando Nottebohm and Arthur Arnold, “Sex Dimorphism in
Vocal Control Areas of the Songbird Brain,” Science 194 (1976), 211-213.

Male songbirds’ brain regions grow: Fernando Nottebohm, “A White Canary on
Mount Acropolis,” King Solomon Lectures in Neuroethology, Journal of Compara-
tive Physiology [A] 179 (1996), 149-156; G. T. Smith, E. A. Brenowitz, M. D.
Beecher, and J. C. Wingfield, “Seasonal Changes in Testosterone, Neural Attrib-
utes of Song Control Nuclei, and Song Structure in Wild Songbirds,” Journal of
Neuroscience 17 (1997), 6001-6010.

Sex of brain observed with naked eye: Gorski, Lifespan Development of Individuals;
Roger A. Gorski, J. H. Gordon, J. E. Shryne, and A. M. Southam, “Evidence for a
Morphological Sex Difference Within the Medial Preoptic Area of the Rat Brain,”
Brain Research 148 (1978), 333-346.

Evidence for structural sex differences accumulating: Gorski, “Sexual Differentiation
of the Nervous System.”

Simon LeVay’s discovery: Simon LeVay, “A Difference in Hypothalamic Structure
Between Heterosexual and Homosexual Men,” Science 253 (1991).

LeVay quotation: Simon LeVay, The Sexual Brain (Cambridge: MIT, 1993), 121.
Hormones prevent cell death: S. Marc Breedlove and Arthur P. Arnold, “Hormone
Accumulation in a Sexually Dimorphic Nucleus of the Rat Spinal Cord,” Science
210 (1980), 564-566; Breedlove, in Becker, Breedlove, and Crews, Behavioral
Endocrinology; S. Marc Breedlove, “Sexual Differentiation of the Human Nervous
System,” Annual Review of Psychology 45 (1994), 389-418.

Block nostrils of mother rats: Celia L. Moore, “The Role of Maternal Stimulation in
the Development of Sexual Behavior and Its Neural Basis,” Annals of the New York
Academy of Sciences 662 (1992), 160-177; C. L. Moore, H. Dou, and J. M. Juraska,



notes and references

p. 115

p. 115
p. 116

p. 116

p. 116

p. 116

p. 116
p. 117

p. 117

p. 117
p. 117

p. 118

p. 118
p. 119

“Maternal Stimulation Affects the Number of Motor Neurons in a Sexually Dimor-
phic Nucleus of the Lumbar Spinal Cord,” Brain Research 572 (1992), 52-56.
More significant psychodynamic processes: Nancy Chodorow, The Reproduction of
Mothering: Psychoanalysis and the Sociology of Gender (Berkeley: University of Cal-
ifornia, 1979); Phillis Tyson and Robert L. Tyson, Psychoanalytic Theories of Devel-
opment: An Integration (New Haven, Conn.: Yale University, 1990).

“reproduction of mothering”: Chodorow, Reproduction of Mothering.

Carol Gilligan: Carol Gilligan, In a Different Voice: Psychological Theory and
Women's Development (Cambridge: Harvard University, 1982).

Ann Kruger: Ann Kruger, “The Emerging Ethic of Care in Mother-Daughter Moral
Discussions,” in Association for Moral Education, Annual Meeting (Minneapolis,
November 18-22, 1999).

Institutions that exaggerate biological difference: Carol Ember, “A Cross-Cultural
Perspective on Sex Differences,” in Handbook of Cross-Cultural Development, eds.
R. L. Monroe, R. H. Monroe, and Beatrice Whiting (New York: Garland, 1981).
More true in view of constraints, etc.: Victor Turner, The Forest of Symbols: Aspects
of Ndembu Ritual (Ithaca, N.Y.. Cornell University, 1967); Victor Turner, “Sym-
bols in African Ritual,” Science 179 (1973), 1100-1105; Judith K. Brown, “Cross-
Cultural Perspectives on the Female Life Cycle,” in Monroe, Monroe, and Whiting,
Handbook of Cross-Cultural Development; Robert L. Monroe, Ruth H. Monroe,
and John W. M. Whiting, “Male Sex-Role Resolutions,” in Monroe, Monroe, and
Whiting, Handbook of Cross-Cultural Development.

Classic study of Luo: Carol R. Ember, “Feminine Task Assignment and the Social
Behavior of Boys,” Ethos 1 (1973), 424-439.

Men and women converse differently: Deborah Tannen, Gender and Discourse (New
York: Oxford University, 1994).

de Lacoste and Holloway: Marie-Christine de Lacoste-Utamsing and Ralph L.
Holloway, “Sexual Dimorphism in Human Corpus Callosum,” Science 216 (1982),
1431-1432; Laura S. Allen, M. F. Richey, Y. M. Chai, and R. A. Gorski, “Sex Dif-
ferences in the Corpus Callosum of the Living Human Being,” Journal of Neuro-
science 11 (1991), 933-942.

Sex differences in verbal and spatial ability: Kimura, Sex and Cognition.

Maccoby’s 1998 book: Eleanor E. Maccoby, The Two Sexes: Growing Up Apart,
Coming Together (Cambridge: Harvard University, 1998).

“Men don't want only peace”: John Updike, “Rabbit Remembered,” in Licks of Love
(New York: Alfred A. Knopf, 2000), 188.

Decline of Males: Lionel Tiger, The Decline of Males (New York: Golden, 1999).
Men will take more risks, etc.: Low, Why Sex Matters; Dabbs and Dabbs, Heroes,
Rogues, and Lovers; Tiger, Decline of Males.

chapter seven: The el of Feeling

The way we think about emotions and the brain has been permanently changed by Anto-
nio Damasio’s Descartes’ Error: Emotion, Reason, and the Human Brain (New York: Put-
nam, 1994), at once an eloguent plea for the centrality of emotion in mind and a persua-
sive account of how it plays its role, extended and completed by his 1999 book, The Feeling
of What Happens (New York: Harcourt Brace). Still, for an evolutionary account the only
place to start is Charles Darwin’s 1872 Expression of the Emotions in Man and Animals,
annotated by Paul Ekman (New York: Oxford University, 1998). Ekman’s annotations,
introduction, and afterword make this great work absolutely current. Paul Griffiths's What



the tangled wing

Emotions Really Are (Chicago: University of Chicago, 1997) establishes the philosophy of
emotion on firm scientific ground, and Aaron Ben-Ze'ev’s The Subtlety of the Emotions
(Cambridge: MIT, 2000) gives a fine, broad overview. Michael Lewis and Jeannette Havi-
land’s Handbook of Emotions, 2d Ed. (New York: Guilford, 2000), is a standard reference
for psychological research.

The first comprehensive neurobiology of the emotions is Jaak Panksepp’s magisterial
Affective Neuroscience: The Foundations of Human and Animal Emotions (New York:
Oxford University, 1998). The Neuropsychiatry of Limbic and Subcortical Disorders, by
Stephen Salloway, Paul Molloy, and Jeffrey L. Cummings (Washington, D.C.: American
Psychiatric Association, 1997), is a more specialized attempt to establish psychiatry on a
new neurological foundation.

Joseph LeDoux’s The Emotional Brain (New York: Simon & Schuster, 1996) reviews
his important research on fear and the amygdala and gives a clear idea of how brain scien-
tists think about emotion. Karl H. Pribram, ed., Brain and Behavior, Vol. 4: Adaptation
(Baltimore: Penguin, 1969), collects many of the classic papers mentioned in this chapter.
Further classic accounts by neuroanatomists are Walle Nauta and Michael Feirtag, Funda-
mental Neuroanatomy (New York: W. H. Freeman, 1986), and Paul D. MacLean, The Tri-
une Brain in Evolution (New York: Plenum, 1990).

For insight into the anthropology of the emotions, the most impressive scientific study
is Karl Heider’s Landscapes of Emotion: Mapping Three Cultures of Emotion in Indonesia
(New York: Cambridge University, 1991). Theoretical integrations by anthropologists
include Melford Spiro’s Culture and Human Nature (New Brunswick, N.J.: Transaction,
1994) and Gerald Erchak’s The Anthropology of Self and Behavior (New Brunswick, N.J.:
Rutgers University, 1992). Humanistic approaches, deeply individual yet compelling in
their evidence of universality, include Lila Abu-Lughod’s Veiled Sentiments: Honor and
Poetry in a Bedouin Society (Berkeley: University of California, 1986), Unni Wikam’s Man-
aging Turbulent Hearts: A Balinese Formula for Living (Chicago: University of Chicago,
1990), and Marjorie Shostak’s two books, Nisa: The Life and Words of a !Kung Woman
(Cambridge: Harvard University, 1981) and Return to Nisa (Cambridge: Harvard Univer-
sity, 2000).

p. 121 Best philosophers: Bertrand Russell, Philosophy (New York: W. W. Norton, 1927); G.
E. Moore, Principia Ethica (Cambridge: Cambridge University, 1903); A. J. Ayer,
The Central Questions of Philosophy (New York: Holt, Rinehart & Winston, 1973);
Gilbert Ryle, The Concept of Mind (London: Hutchinson, 1949); Paul M. Church-
land, Matter and Consciousness: A Contemporary Introduction to the Philosophy of
Mind (Cambridge: MIT, 1988); and The Engine of Reason, the Seat of the Soul: A
Philosophical Journey into the Brain (Cambridge: MIT, 1996); Daniel C. Dennett,
Consciousness Explained (Boston: Little, Brown, 1991); and, Darwin’s Dangerous
Idea: Evolution and the Meanings of Life (New York: Simon & Schuster, 1995).
Churchland and Dennett are so close to behavioral biology that they seem as much
scientists as philosophers, but that is in the nature of this very healthy convergence.

p. 121 Paul Griffiths: Paul E. Griffiths, What Emotions Really Are: The Problem of Psycho-
logical Categories (Chicago: University of Chicago, 1997).

p. 121 Aaron Ben-Ze'ev: Aaron Ben-Ze'ev, The Subtlety of the Emotions (Cambridge: MIT,
2000).

p. 121 John Rawls: John A. Rawls, A Theory of Justice, Rev. Ed. (Cambridge: Harvard Uni-
versity, 1999).

p. 121 Aristotle on the soul: Bertrand Russell, A History of Western Philosophy (New York:
Simon & Schuster, 1964), ch. 19.



notes and references

p. 121
p. 121
p. 121

p. 122
p. 122

p. 122

p. 123

p. 123
p. 123

p. 123

p. 123
p. 124
p. 124
p. 125
p. 126
p. 126

p. 126
p. 127

p. 127

p. 127

p. 127

p. 128
p. 128

Epicurus on the soul: Epicurus, Letters, Principal Doctrines and Vatican Sayings
(New York: Howard W. Sams, 1964), 24.

Lucretius: Russell, Western Philosophy; Lucretius, De Rerum Natura a Libri Sex
(Harmondsworth, Eng.: Penguin Classics, 1951).

Hume’s a lonely voice: Russell, Western Philosophy, ch. 17; A. J. Ayer, Hume (New
York: Oxford University, 1980).

Ayer quotation: Ayer, Central Questions, 129.

“On Aphasia”: Sigmund Freud, On Aphasia: A Critical Study (New York: Interna-
tional Universities, 1953).

Then-reigning model of language localization: Carl Wernicke, “Die Neueren
Arbeiten Uber Aphasie,” Fortschritt der Medizin (1886), 371-463.

1890s theories of brain function: Judith P. Swazey, Reflexes and Motor Integration:
Sherrington’s Concept of Integrative Action (Cambridge: Harvard University, 1969);
Santiago Ramaén y Cajal, New Ideas on the Structure of the Nervous System in Man
and Vertebrates (Cambridge: MIT, 1990, orig. 1894).

“Different amounts . . . persons”: Freud, On Aphasia, 52.

Modern findings: George A. Ojemann, “Cortical Organization of Language,” Jour-
nal of Neuroscience 11 (1991), 2281-2287.

Mature Freud’s canon: ed. James Strachey, The Standard Edition of the Complete Psy-
chological Works of Sigmund Freud (London: Hogarth, 1953-1964); Sigmund Freud,
A General Introduction to Psychoanalysis (New York: Washington Square, 1920);
Frank Sulloway, Freud: The Mind of a Biologist (New York: Harper & Row, 1979).
Project for a Scientific Psychology: Sigmund Freud, in The Origins of Psychoanaly-
sis: Letters to Wilhelm Fliess, Drafts and Notes (New York: Basic Books, 1954).
Ramoén y Cajal: Ramén y Cajal, New Ideas.

Neuron doctrine: Swazey, Sherrington’s Concept, ch. 2.

James’s mastery of brain structure and function: William James, Principles of Psy-
chology (New York: Holt, 1890).

James quotation: William James, Psychology: Briefer Course (New York: Crowell-
Collier, 1962), 378.

Cannon’s alternative: Walter B. Cannon, “The James—Lange Theory of Emotions:
A Critical Examination and an Alternative Theory,” American Journal of Psychology
39 (1927), 106-124.

“The processes . . . affected”: Cannon, “James—Lange Theory,” 114.

Ekman’s 1983 demonstration: Paul Ekman, Robert W. Levenson, and Wallace V.
Friesen, “Autonomic Nervous System Activity Distinguishes Among Emotions,”
Science 221 (1983), 1208-1210.

Minangkabau: Robert W. Levenson, Paul Ekman, Karl Heider, and Wallace V.
Friesen, “Emotion and Autonomic Nervous System Activity in the Minangkabau of
West Sumatra,” Journal of Personality and Social Psychology 62 (1992), 972-988.

“1 find singularly little . . .”; J. R. Smythies, Brain Mechanisms and Behavior (New
York: Academic, 1970), 10.

Smiling disjunction observed since: W. E. Rinn, “The Neuropsychology of Facial
Expression: A Review of the Neurological and Psychological Mechanisms for Pro-
ducing Facial Expressions,” Psychological Bulletin 95 (1984), 52-77; R. T. Ross and
Robert Mathiesen, “Volitional and Emotional Supranuclear Facial Weakness,” New
England Journal of Medicine 338 (1998), 1515.

“The peculiar quality of the emotions . . .”: Cannon, “James—Lange Theory,” 120.
Papez's 1937 paper: James W. Papez, “A Proposed Mechanism of Emotion,”
Archives of Neurological Psychiatry 38 (1937), 725-743.



o

. 128

.128

. 128
. 129
. 129
. 129
. 129

.129

. 129

. 129

. 129

. 130

. 130

. 130
.131

the tangled wing

Parkinson’s disease surgery: Jeff M. Bronstein, Antonio DeSalles, Mahlon DeLong,
“Stereotactic Pallidotomy in the Treatment of Parkinson’s Disease,” Archives of
Neurology 56 (1999), 1064-1069; Mahlon R. DeLong, “The Basal Ganglia,” in
Principles of Neural Science, eds. Eric R. Kandel, James H. Schwartz, and Thomas
M. Jessell (New York: McGraw-Hill, 2000), 853.

Brain science of last half of twentieth century: Garrett E. Alexander, Michael D.
Crutcher, and Mahlon R. DeLong, “Basal Ganglia—Thalamocortical Circuits: Par-
allel Substrates for Motor, Oculomotor, ‘Prefrontal’ and ‘Limbic’ Functions,”
Progress in Brain Research 85 (1990), 119-146.

“In this way the sensory excitiations . . .”: Papez, “Proposed Mechanism,” 729.

“Is emotion a magic product . . .”: Papez, “Proposed Mechanism,” 743.

Model of “parallel, segregated circuits”: Alexander, Crutcher, and DeLong, “Basal
Ganglia,” 120.

Function of parallel, segregated circuits: DeLong, “The Basal Ganglia”; Alexander,
Crutcher, and DeLong, “Basal Ganglia.”

Rhythmic reverberations ensure availability: Thomas Wichmann and Mahlon DeLong,
“Neurobiology: Oscillations in the Basal Ganglia,” Nature 400 (1999), 621-622.

Ernst Mayr: Ernst Mayr, The Growth of Biological Thought: Diversity, Evolution,
and Inheritance (Cambridge: Belknap/Harvard University, 1982); Ernst Mayr,
Toward a New Philosophy of Biology (Cambridge: Harvard University, 1988).

New fields of sociobiology and evolutionary psychology: John Tooby and Leda Cos-
mides, “Toward Mapping the Evolved Functional Organization of Mind and
Brain,” in The New Cognitive Neurosciences, 2d Ed., ed. Michael S. Gazzaniga
(Cambridge: MIT, 2000), 1167-1178; ed. Laura Betzig, Human Nature: A Critical
Reader (New York: Oxford University, 1997); eds. Charles Crawford and Dennis L.
Krebs, Handbook of Evolutionary Psychology (Mahwah, N.J.: Lawrence Erlbaum,
1998); Robert Wright, The Moral Animal: The New Science of Evolutionary Psy-
chology (New York: Pantheon, 1994).

Wilson, Tooby, and Cosmides: E. O. Wilson, On Human Nature (Cambridge: Har-
vard University, 1978); Melvin J. Konner, The Tangled Wing: Biological Constraints
on the Human Spirit (New York: Holt, Rinehart & Winston, 1982); eds. Jerome H.
Barkow, Leda Cosmides, and John Tooby, The Adapted Mind: Evolutionary Psy-
chology and the Generation of Culture (Oxford: Oxford University, 1992); Leda
Cosmides and John Tooby, “The Cognitive Neuroscience of Social Reasoning,” in
Gazzaniga, New Cognitive Neurosciences, 1259-1270.

Darwin addressed emotions directly: Charles Darwin, Expression of the Emotions in
Man and Animals, Definitive Edition, With an Introduction, Afterword, and Com-
mentaries by Paul Ekman (New York: Oxford, 1998, orig. 1872).

American papers on ethology: Frank A. Beach, “The Snark Was a Boojum,” Ameri-
can Psychologist (1950), 115-124; R. Lockhard, “Reflections on the Fall of Com-
parative Psychology: Is There a Message for Us All?,” American Psychologist 26
(1971), 168-179; Donald A. Dewsbury, “Comparative Psychology, Ethology, and
Animal Behavior,” Annual Review of Psychology 40 (1989), 581-602; Donald A.
Dewsbury, “On the Problems Studied in Ethology, Comparative Psychology, and
Animal Behavior,” Ethology 92 (1992), 89-107.

“overflow of nerve-force”: Charles Darwin, Expression of the Emotions in Man and
Animals (London: John Murray, 1873), 71.

“the chief expressive actions . . . are now innate”: Darwin, Expression, 348.

These concepts apply to humans as well: Irendus Eibl-Eibesfeldt, Human Ethology
(New York: Aldine de Gruyter, 1988).



notes and references

p. 131
p. 132

p. 132
p. 132
p. 132
p. 133
p. 133

p. 133

p. 133

p. 134
p. 134

p. 134

p. 134

p. 135

p. 135

Shostak’s ethnographic classic: Marjorie Shostak, Nisa: The Life and Words of a
IKung Woman (Cambridge: Harvard University, 1981).

Shostak’s second volume: Marjorie Shostak, Return to Nisa (Cambridge: Harvard
University, 2000).

“Tashay is not alone . . .”: Shostak, Return to Nisa, 239. (I am that Tashay.)
Ethnography of emotion in Bali: Unni Wikan, Managing Turbulent Hearts: A Bali-
nese Formula for Living (Chicago: University of Chicago, 1990).

A leading anthropologist: This was Richard Schweder of the University of Chicago,
commenting at a meeting convened by the Department of Anthropology of Emory
University.

Emotions in Ifaluk: Catherine A. Lutz, Unnatural Emotions: Everyday Sentiments
on a Micronesian Atoll and Their Challenge to Western Theory (Chicago: University
of Chicago, 1988).

Damasio quotation: Antonio R. Damasio, The Feeling of What Happens: Body and
Emotion in the Making of Consciousness (New York: Harcourt Brace, 1999), 53.
Our species’ recency and unity: Svante Padbo, “The Human Genome and Our
View of Ourselves,” Science 291 (2001) 1219-1220; Ryan Brown and George J.
Armelagos, “Apportionment of Racial Diversity: A Review,” Evolutionary Anthro-
pology 10 (2001) 15-20.

Karl Heider’s pathbreaking study: Karl Heider, Landscapes of Emotion: Mapping
Three Cultures of Emotion in Indonesia (New York: Cambridge University, 1991).
Lutz quotation: Lutz, Unnatural Emotions, 210.

“All humans have a built-in receptiveness . . .”: Roy D’Andrade and Claudia Strauss,
Human Motives and Cultural Models (New York: Cambridge University, 1992), 4.
Anthropology will mature: For an eloquent statement by a senior cultural anthro-
pologist whose field research in three cultures convinced him that the idea of
human nature has enduring value in the face of radical postmodernist claims, see
Melford E. Spiro, “Anthropology and Human Nature,” Ethos 27 (1999), 7-14.
Species-wide features of human behavior: Irendus Eibl-Eibesfeldt, “Vorprogram-
mierung in Menschlichen Sozialverhalten,” Mitteilungen an die Max-Planck-
Gesellschaft 5 (1971), 307-338; Irendus Eibl-Eibesfeldt, “I. Zur Ethologie Men-
schlichen Grussverhaltens: 1. Das Verhalten und Einige Andere Muster
Freundlicher Kontaktaufnahme der Waika-Indianer (Yanoama),” Zeitschrift fur
Tierpsychologie 29 (1971), 196-213; Irendus Eibl-Eibesfeldt, Der Vorprogrammierte
Mensch: Das Ererbte als Bestimmender Faktor im Menschlichen Verhalten (Vienna:
Verlag Fritz Molden, 1973); Irendus Eibl-Eibesfeldt, Menschenforschung auf Neuen
Wegen: Die Naturwissenschaftliche Betrachtung Kultureller Verhaltensweisen
(Vienna: Verlag Fritz Molden, 1976); Irendus Eibl-Eibesfeldt and C. Sdtterlin, in
“Fear, Defence, and Aggression in Animals and Man: Some Ethological Perspec-
tives,” Fear and Defence, eds. P. F. Brain, S. Parmigiani, R. Blanchard, and D.
Mainardi (London: Harwood Academic, 1990), 301-388.

Neuroethology: Detlev Ploog, “An Outline of Human Neuroethology,” Human
Neurobiology 6 (1988), 227-238; John C. Fentress, “Analytical Ethology and Syn-
thetic Neuroscience,” in The Development and Integration of Behaviour: Essays in
Honor of Robert Hinde, ed. P. Bateson (Cambridge: Cambridge University, 1991),
77-120; Fernando Nottebohm, “A White Canary on Mount Acropolis,” King
Solomon Lectures in Neuroethology, Journal of Comparative Physiology [A] 179
(1996), 149-156.

Neuroethology work in invertebrates and lower vertebrates: Paul D. MacLean, “Why
Brain Research on Lizards?,” in Behavior and Neurology of Lizards: An Interdisci-
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plinary Colloquium, eds. Neil Greenberg and Paul D. MacLean (Rockville, Md.:
NIMH, 1978), 1-10; Konrad Lorenz, The Foundations of Ethology (New York:
Springer-Verlag, 1981); Peter Marler, “Song-Learning Behavior: The Interface with
Neuroethology,” Trends in Neurosciences 14 (1991), 199-206.

MacLean’s 1949 paper: Paul D. MacLean, “Psychosomatic Disease and the Vis-
ceral Brain: Recent Developments Bearing on the Papez Theory of Evolution,” Psy-
chosomatic Medicine 11 (1949), 338-353.

Limbic system as central brain network of emotions: eds. Stephen Salloway, Paul
Molloy, and Jeffrey L. Cummings, The Neuropsychiatry of Limbic and Subcortical
Disorders (Washington, D.C.: American Psychiatric Association, 1997); Susan
Iversen, Irving Kupfermann, and Eric R. Kandel, “Emotional States and Feelings,”
in Kandel, Schwartz, and Jessell, Principles of Neural Science, 982.

Demonstrated clinical coherence: Jeffrey A. Gray, “A Model of the Limbic System
and Basal Ganglia: Applications to Anxiety and Schizophrenia,” in The Cognitive
Neurosciences, ed. Michael S. Gazzaniga (Cambridge: MIT, 1995), 1165-1176;
Stephen Salloway and James White, “Paroxysmal Limbic Disorders in Psychiatry,”
in Salloway, Mooly, and Cummings, Limbic and Subcortical Disorders, 95-111.
Demonstrated anatomical coherence: Walle J. H. Nauta and Valerie B. Domesic,
“Neural Associations of the Limbic System,” in Neural Substrates of Behavior, ed.
A. Beckman (New York: Spectrum, 1980); Laura L. Bruce and Timothy J. Neary,
“The Limbic System of Tetrapods: A Comparative Analysis of Cortical and Amyg-
dalar Populations,” Brain, Behavior and Evolution 46 (1995), 224-234.
Demonstrated physiological coherence: Alexander, Crutcher, and DelLong, “Basal
Ganglia”; P. Gloor, “Physiology of the Limbic System,” in Advances in Neurology,
eds. J. K. Penry and D. D. Daly (New York: Raven, 1975), 27-55.

Demonstrated immunological coherence: Pat Levitt, “A Monoclonal Antibody to
Limbic System Neurons,” Science 223 (1984), 299-301; P. Levitt, “Molecular
Determinants of Regionalization of the Forebrain and Cerebral Cortex,” in ed. M.
S. Gazzaniga, New Cognitive Neurosciences (Cambridge: MIT, 2000), 23-32.
MacLean’s 1952 proposal: Paul D. MacLean, “Some Psychiatric Implications of
Physiological Studies on Frontotemporal Portion of Limbic System (Visceral
Brain),” Electroencephalography and Clinical Neurophysiology 4 (1952), 407-418.
Frontal lobes as “neocortex of the limbic system”: Walle J. Nauta, “The Problem of the
Frontal Lobe: A Reinterpretation,” Journal of Psychiatric Research 8 (1971), 167-187.
Frontal lobes highest center for emotion: Henk J. Groenewegen, Christopher I.
Wright, and B. M. Uylings, “The Anatomical Relationships of the Prefrontal Cor-
tex with Limbic Structures and the Basal Ganglia,” Journal of Psychopharmacology
11 (1997), 99-106; Antonio R. Damasio, “On Some Functions of the Human Pre-
frontal Cortex,” Annals of the New York Academy of Sciences 769 (1995), 241-251.
As we will see, this generalization applies mainly to the ventromedial frontal cortex
and associated cingulate cortex. Other parts of the frontal cortex, especially the dor-
solateral regions, are involved in eye-hand coordination, speech, working memory,
and object permanence.

“Triune brain”: Paul D. MacLean, A Triune Concept of Brain and Behavior: The
Hincks Memorial Lectures (Toronto: University of Toronto, 1973).

MacLean’s lifetime of experiment and writing: MacLean, Behavior and Neurology of
Lizards; Paul D. MacLean, The Triune Brain in Evolution: Role in Paleocerebral
Functions (New York: Plenum, 1990).

Primordial versions of higher structures: Ann B. Butler and William Hodos, Com-
parative Vertebrate Neuroanatomy: Evolution and Adaptation (New York: John
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Wiley & Sons, 1996); G. Striedter, “The Telencephalon of Tetrapods in Evolution,”
Brain, Behavior and Evolution 49 (1997), 179-213; A. Smith Fernandez, C. Pieau,
J. Repérant, E. Boncinelli, and M. Wassel, “Expression of the Emx-1 and DIx-1
Homeobox Genes Define Three Molecularly Distinct Domains in the Telen-
cephalon of Mouse, Chick, Turtle, and Frog Embryos: Implications for the Evolu-
tion of Telencephalic Subdivisions in Amniotes,” Development 125 (1998),
2099-2111. MacLean’s late work clearly showed that he fully understood the com-
plex anatomy of amphibian and reptilian brains, and that primordia of all major
mammalian forebrain structures are present there. But legitimate debate about the
embryological origins and phylogenetic fate of the reptilian dorsal ventricular ridge
should not be allowed to obscure the value of his overarching model. Brains have
changed massively in evolution, and these changes are related to adaptations of
major taxa. Yet our brains in major ways preserve that history.

Stereotyped actions and responses in reptiles: Greenberg and MacLean, Behavior
and Neurology of Lizards.

Bird’s repetition of territorial song: Masakazu Konishi, “An Outline of Recent Advances
in Birdsong Neurobiology,” Brain, Behavior and Evolution 44 (1994), 279-285.
Komodo dragon studies: Walter Auffenberg, “Social and Feeding Behavior in Varanus
komodoensis,” in Greenberg and MacLean, Behavior and Neurology of Lizards,
301-331; Walter Auffenberg, The Behavioral Ecology of the Komodo Monitor
(Gainesville: University Presses of Florida, 1981); Peter Hayden and Rod Morris, Wild
Discovery: Dragons of Komodo, Discovery Channel Video (Bethesda, Md., 1996).
Possible evolution of dinosaurs: John R. Horner, “The Nesting Behavior of
Dinosaurs,” Scientific American 250:4 (April 1984), 129-137; eds. Kenneth Car-
penter, Karl F. Hirsch, and John R. Horner, Dinosaur Eggs and Babies (Cam-
bridge: Cambridge University, 1994); John Noble Wilford, “Fossil of a Nesting
Dinosaur Strengthens the Link to Birds,” The New York Times (December 21,
1995), A16; Paul C. Sereno, “The Evolution of Dinosaurs,” Science 284 (1999),
2137-2147.

Crocodiles and their young: Carl Gans, “An Overview of Parental Care Among the
Reptilia,” in Parental Care: Evolution, Mechanisms, and Adaptive Significance
Advances in the Study of Behavior, eds. J. S. Rosenblatt and C. T. Snowdon (San
Diego: Academic, 1996), 145-157.

Hippocampus and amygdala in simpler forms in reptiles: Bruce and Neary, Limbic
System of Tetrapods.

Cingulate cortex: MacLean, Triune Brain in Evolution.

Extended amygdala: Butler and Hodos, Comparative Vertebrate Anatomy, 274.
Accomplishments of early mammals: Robert L. Carroll, Vertebrate Paleontology and
Evolution (New York: W. H. Freeman, 1988).

Comparative evidence about early mammals: John F. Eisenberg, The Mammalian
Radiations: An Analysis of Trends in Evolution, Adaptation, and Behavior (Chicago:
University of Chicago, 1981).

MacLean’s three key features: Paul D. MacLean, “Brain Evolution Relating to Family,
Play, and the Separation Call,” Archives of General Psychiatry 42 (1985), 405-417.
Separation call a limbic system function: lversen, Kupfermann, and Kandel, “Emo-
tional States and Feelings,” in Kandel, Schwartz, and Jessell, Principles of Neural
Science; Michael S. Mega, Jeffrey L. Cummings, Stephen Salloway, and Paul
Malloy, “The Limbic System: An Anatomic, Phylogenetic, and Clinical Perspec-
tive,” in Salloway, Molloy, and Cummings, Limbic and Subcortical Disorders
(Washington, D.C.: American Psychiatric Association, 1997), 3-18.
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. 138 New mammalian brain makeup: Jon H. Kaas, “The Evolution of Isocortex,” Brain,

Behavior and Evolution 46 (1995), 187-196; Barbara L. Finlay and Richard B. Dar-
lington, “Linked Regularities in the Development and Evolution of Mammalian
Brains,” Science 268 (1995), 1578-1584.

. 138 Advanced mammals’ new capabilities: John Allman, Evolving Brains (New York:

W. H. Freeman, 1999).

. 138 Elegant study: Michael R. Murphy, Paul D. MacLean, and Sue C. Hamilton,

“Species-Typical Behavior of Hamsters Deprived from Birth of the Neocortex,”
Science 213 (1981), 459-461.

. 138 Panskepp’s experiment: Jaak Panksepp, Affective Neuroscience: The Foundations of

Human and Animal Emotions (Oxford: Oxford University, 1998).

. 138 Ploog and MacLean’s collaboration: Paul D. MacLean and Detlev Ploog, “Effects

of Lesions of Globus Pallidus on Species-Typical Display Behavior of Squirrel
Monkeys,” Brain Research 149 (1978), 175-196.

. 138 Monkey penile display: MacLean and Ploog, “Lesions of Globus Pallidus.”
. 139 Lesion studies of monkey display: MacLean and Ploog, “Lesions of Globus Pal-

lidus.”

. 139 Globus pallidus in intimate relations with limbic system: S. N. Haber, H. J.

Groenewegen, E. A. Grove, and W. J. H. Nauta, “Efferent Connections of the Ven-
tral Pallidum: Evidence of a Dual Striatopallidofugal Pathway,” Journal of Compar-
ative Neurology 235 (1985), 322-335.

. 139 Descartes’ Error: Antonio Damasio, Descartes’ Error: Emotion, Reason, and the

Human Brain (New York: G. P. Putnam’s Sons, 1994).

. 139 Theories of consciousness and models of mental life neglect emotion: Daniel C. Den-

nett, Consciousness Explained (Boston: Little, Brown, 1991); Francis Crick, The
Astonishing Hypothesis: The Scientific Search for the Soul (New York: Scribner’s,
1994).

. 140 Harlow quotation: Damasio, Descartes’ Error, 8.

. 140 “a new Phineas Gage”: Damasio, Descartes’ Error, 38.

. 140 “to know but not to feel”: Damasio, Descartes’ Error, 45.
. 140 “And after all this . . .”: Damasio, Descartes’ Error, 49.

141 “a trick of timing”: Damasio, Descartes’ Error, 95.
141 *a little person inside our brain . . .”: Damasio, Descartes’ Error, 99-100.

. 141 Makeup of the “perpetually recreated neurobiological state”: Damasio, Feeling of

What Happens, 175.

. 141 Body as a theater for the emotions: Damasio, Feeling of What Happens, 51.
. 141 The cingulate gyrus: O. Devinsky, M. J. Morrell, and B. A. Vogt, “Contributions of

Anterior Cingulate Cortex to Behavior,” Brain 118 (1995), 279-306.

. 141 What working memory tells us: Patricia S. Goldman-Rakic, S. Eamas. P. O.

Scalaidhe, and Matthew V. Chafee, “Domain Specificity in Cognitive Systems,” in
Gazzaniga, New Cognitive Neurosciences, 733-742.

. 141 Another part of the frontal lobe: Peter Indefrey and William J. M. Levelt, “The

Neural Correlates of Language Production,” in Gazzaniga, New Cognitive Neuro-
sciences, 845-865; Giacomo Rizzolati, Leonardo Fogassi, and Vittorio Gallese,
“Cortical Mechanisms Subserving Object Grasping and Action Recognition: A
New View on the Cortical Motor Functions,” in Gazzaniga, New Cognitive Neuro-
sciences, 539-552.

. 141 Temporal lobes a convergence zone: Larry R. Squire and Barbara J. Knowlton, “The

Medial Temporal Lobe, the Hippocampus, and the Memory Systems of the Brain,”
in Gazzaniga, New Cognitive Neuroscience, 765-779.
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. 141 “The mind is embodied . . .”: Damasio, Descartes’ Error, 118.

142 Damasio on quadriplegics and emotion: Damasio, Feeling of What Happens, 289.

142 Genetic coding of “nearly precise structure . . .”: Damasio, Descartes’ Error, 109.

142 *“evolutionarily old sectors of the human brain . . .”: Damasio, Descartes’ Error, 109.

. 143 The insider’s view of affect programs: Griffiths, What Emotions Really Are.

. 143 Smiling in greeting: Melvin J. Konner, “Biological Aspects of the Mother-Infant
Bond,” in Development of Attachment and Affiliative Processes, eds. Robert Emde
and Robert Harmon (New York: Plenum, 1982); and “Universals of Behavioral
Development in Relation to Brain Myelination,” in Brain Maturation and Cogni-
tive Development, eds. Kathleen R. Gibson and Anne C. Petersen (New York:
Aldine de Gruyter, 1991), 181-223.

p. 143 Smiling in greeting a fixed human action pattern: Eibl-Eibesfeldt, Human Ethology.

p. 143 Ekman study: Paul Ekman and Wallace V. Friesen, “A New Pan-Cultural Facial
Expression of Emotion,” Motivation and Emotion 10 (1986), 159-168; Paul
Ekman, “Strong Evidence for Universals in Facial Expressions: A Reply to Russell’s
Mistaken Critique,” Psychological Bulletin 115 (1994), 268-287; eds. Paul Ekman
and Erika L. Rosenberg, What the Face Reveals: Basic and Applied Studies of Spon-
taneous Expression Using the Facial Action Coding System (FACS) (New York:
Oxford University, 1997).

p. 143 Smile appears early in infancy: Melvin J. Konner, in Brain Maturation and Cogni-
tive Development: Comparative and Cross-Cultural Perspectives, eds. K. R. Gibson
and A. C. Petersen (New York: Aldine de Gruyter, 1991), 181-223.

p. 143 On-command facial expressions: Ekman, Levenson, and Friesen, Autonomic Ner-
vous System Activity; Levenson et al., Emotion and Autonomic Nervous System
Activity.

p. 143 Faked smile not perfectly deceptive: Paul Ekman, Wallace V. Friesen, and Maureen
O’Sullivan, “Smiles When Lying,” in P. Ekman and E. L. Rosenberg, What the
Face Reveals, 201-216.

p. 143 Walter Cannon knew: Rinn, “Neuropsychology of Facial Expression”; Ross and

Mathiesen, “Supranuclear Facial Weakness.”

chapter eight: L0gos

A graceful and lucid book on the nature of language is Lingua ex Machina: Reconciling Dar-
win and Chomsky with the Human Brain, by William Calvin and Derek Bickerton (Cam-
bridge: MIT, 2000), an exchange of letters and collaboration between a brain scientist and a
linguist that attempts with some success to locate language in the brain. Steven Pinker’s The
Language Instinct (New York: Morrow, 1994) is a classic account of the universals of lan-
guage, how language develops, and how it may have evolved. Equally influential for my
thinking have been Eric Lenneberg’s Biological Foundations of Language (New York: John
Wiley & Sons, 1967), the first comprehensive statement of the biological approach, Terence
Deacon’s The Symbolic Species: The Co-Evolution of Language and the Brain (New York: W.
W. Norton, 1997), and Sue Savage-Rumbaugh and Roger Lewin’s account of ape language,
Kanzi: The Ape at the Brink of the Human Mind (New York: John Wiley & Sons, 1994). Nor-
man Geschwind’s “Language and the Brain,” Scientific American 226 (1972, pp. 76-83),
remains a concise, readable statement of the anatomical essentials. For comprehensive and
current treatment of the brain functions involved, see Brian Kolb and lan Q. Whishaw, Fun-
damentals of Human Neuropsychology (New York: W. H. Freeman, 1996).

Roger Brown’s A First Language: The Early Stages (Cambridge: Harvard University,
1973) is a classic account of language acquisition, and John Locke’s The Child’s Path to Spo-
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ken Language (Cambridge: Harvard University, 1993) contextualizes the process in the
intensity of early relationships. Language Socialization Across Cultures, edited by Bambi B.
Schieffelin and Elinor Ochs (Cambridge: Cambridge University, 1986), reviews child lan-
guage in varied anthropological settings. The four-volume Universals of Human Language,
edited by Joseph Greenberg, Charles A. Ferguson, and Edith A. Moravcik (Stanford, Calif.:
Stanford University, 1978), is a monument to the common regularities of language through-
out the world. Bernard Comrie’s work, exemplified by Language Universals and Linguistic
Typology (Chicago: University of Chicago, 1989), reviews and extends this research.

Noam Chomsky helped create modern thinking about language, and his most acces-
sible account is Language and Problems of Knowledge: The Managua Lectures (Cam-
bridge: MIT, 1988). An exchange of immense interest is Language and Learning: The
Debate Between Jean Piaget and Noam Chomsky, edited by Massimo Piattelli-Palmarini
(Cambridge: Harvard University, 1980). It includes views by Jerry Fodor, Hillary Putnam,
Marvin Minsky, Jean-Pierre Changeux, and other leading theorists of mind, all comment-
ing (civilly, no less) on one another’s views. Charles Hockett’s accessible article “The Ori-
gin of Speech,” Scientific American 203:3 (1960, pp. 88-111), has influenced the outlook
of most anthropologists. For a still valuable traditional presentation of the viewpoint of
anthropological linguistics see Edward Sapir, Language (New York: Harcourt, Brace &
World, 1949). An excellent current text is Alessandro Duranti’s Linguistic Anthropology
(Cambridge: Cambridge University, 1997).

The old nineteenth-century ban notwithstanding, worthwhile theories of the evolution
of language include Bickerton’s Language and Species (Chicago: University of Chicago,
1990) and Merlin Donald’s Origins of the Modern Mind (Cambridge: Harvard University,
1991). Attempts to model language evolution anatomically include Patricia Greenfield’s
“Language, Tools, and Brain: The Ontogeny and Phylogeny of Hierarchically Organized
Sequential Behavior,” Behavioral and Brain Sciences 14 (1991, pp. 536-595) and Calvin and
Bickerton’s Lingua ex Machina, cited above. Finally, Irene Pepperberg’s The Alex Studies:
Cognitive and Communicative Abilities of Grey Parrots (Cambridge: Harvard University,
1999) provides the intellectually bracing, indeed humbling experience of trying to figure out
how a creature far removed from the primates, with a very different brain, can achieve a flex-
ible grasp of words and concepts and use them in conversations.

p. 145 Four different teams taught chimpanzees language: Beatrice T. Gardner and R. Allen
Gardner, “Evidence for Sentence Constituents in the Early Utterances of Child and
Chimpanzee,” Journal of Experimental Psychology 104 (1975), 244-267; Duane M.
Rumbaugh et al., “Lana (Chimpanzee) Learning Language: A Progress Report,”
Brain and Language 1 (1974), 205-212; David Premack, Intelligence in Ape and
Man (Hillsdale, N.J.: Lawrence Erlbaum, 1976); R. S. Fouts, “Language: Origins,
Definitions, and Chimpanzees,” Journal of Human Evolution 3 (1974), 475-482.

p. 145 Claimed to have taught a gorilla four hundred words: F. G. Patterson, “The Gestures
of a Gorilla: Language Acquisition by Another Pongid,” Brain and Language 12
(1978), 72-97.

p. 145 Sherman and Austin talked: Sue Savage-Rumbaugh, Duane M. Rumbaugh, and
S. Boysen, “Symbolic Communication Between Two Chimpanzees (Pan troglodytes),”
Science 201 (1978), 641-644.

p. 145 Natural vervet calls with symbolic meaning: Dorothy L. Cheney, and Robert M.
Seyfarth, How Monkeys See the World: Inside the Mind of Another Species
(Chicago: University of Chicago, 1990).

p. 145 Monkeys distinguish social categories: Harold Gouzoules and Sarah Gouzoules,
“Recruitment Screams of Pigtail Monkeys (Macaca nemestrina): Ontogenetic Per-
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spectives”; Harold Gouzoules, Sarah Gouzoules, and Jennifer Ashley, “Representa-
tional Signalling in Nonhuman Primate Vocal Communication,” in Current Topics
in Primate Vocal Communication, eds. E. Zimmerman et al. (New York: Plenum,
1995), 235-252; Harold Gouzoules, Sarah Gouzoules, and Michelle Tomaszycki,
“Agonistic Screams and the Classification of Dominance Relationships: Are Mon-
keys Fuzzy Logicians?,” Animal Behaviour 55 (1998), 51-60. This work has now
been extended to four species. “Agonistic Screams Differ Among Four Species of
Macaques: The Significance of Motivational-Structural Rules,” Animal Behaviour
59 (2000), 501-512.

Alex the parrot: Irene Maxine Pepperberg, The Alex Studies: Cognitive and Com-
municative Abilities of Grey Parrots (Cambridge: Harvard University, 1999).

Kanzi understood English sentences: E. S. Savage-Rumbaugh et al., “Language
Comprehension in Ape and Child,” Monographs of the Society for Research in
Child Development 58 (1993), 3-4.

“Language . . . symbols”: Edward Sapir, Language (New York: Harcourt, Brace &
World, 1949), 8.

Hockett’s definition: Charles Hockett, “The Origin of Speech,” Scientific American
203:3 (1960), 88-111.

“Colorless . . . furiously”: Noam Chomsky, Syntatic Structures (The Hague: Mou-
ton, 1957), 15.

Lenneberg: Eric Lenneberg, Biological Foundations of Language (New York: John
Wiley & Sons, 1967).

Pinker: Steven Pinker, The Language Instinct: How the Mind Creates Language
(New York: William Morrow, 1994).

Pinker’s evolutionary perspective on Chomsky—Lenneberg model: Steven Pinker and
Paul Bloom, “Natural Language and Natural Selection,” in The Adapted Mind:
Evolutionary Psychology and the Generation of Culture, eds. Jerome H. Barkow,
Leda Cosmides, and John Tooby (New York: Oxford University, 1992), 451-493;
Steven Pinker, “Evolutionary Perspectives,” in Conversations in the Cognitive Neu-
rosciences, ed. Michael S. Gazzaniga (Cambridge: MIT, 1997), 112-129; Steven
Pinker, “Language as a Psychological Adaptation,” CIBA Foundation Symposium
208 (1997), 162-172.

Calvin and Bickerton: William H. Calvin and Derek Bickerton, Lingua ex Machina:
Reconciling Darwin and Chomsky with the Human Brain (Cambridge: MIT, 2000).
Circuits designed to “expect” certain kinds of information: Pinker, Language Instinct.
Four thousand known languages: ed. Joseph H. Greenberg, Universals of Language
(Cambridge: MIT, 1963); eds. Joseph H. Greenberg, Charles A. Ferguson, and
Edith A. Moravcsik, Universals of Human Language (Stanford, Calif.: Stanford
University, 1963); eds. Brian Butterworth, Bernard Comrie, and Osten Dahl,
Explanations for Language Universals (Berlin: Mouton, 1984); Bernard Comrie,
Language Universals and Linguistic Typology: Syntax and Morphology, 2d Ed.
(Chicago: University of Chicago, 1989).

Verb-subject-object in Welsh: Greenberg, Ferguson, and Moravcsik, Universals of
Human Language, 87.

Chomsky quotation: Noam Chomsky, Language and Thought, Anshen Transdisci-
plinary Lectureships in Art, Science, and the Philosophy of Culture, Vol. Mono-
graph 3, ed. R. N. Anshen (Wakefield, R.I.: Moyer Bell, 1993), 48.

Calvin and Bickerton quotation: Calvin and Bickerton, Lingua ex Machina, 195.
Chomsky quotation: Noam Chomsky, Language and Problems of Knowledge: The
Managua Lectures (Cambridge: MIT, 1988), 150.
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Broca’s 1861 evidence: Paul Broca, “Remarques sur le Siege de la Faculté du Lan-
gage Articule, Suive d'une Observation d’Aphemie,” Bulletin of the Society of
Anatomists (Paris) 36 (1861), 330; Norman Geschwind, “Language and the Brain,”
Scientific American 226 (1972), 76-83.

Broca’s further observation: Geschwind, “Language and the Brain.”

Wernicke's new pattern: Carl Wernicke, Der Aphasische Symptom-Complex: Eine
Psychologische Studie auf Anatomischer Basis (Breslau: Cohn and Weigert, 1874).
Lesion is in the arc-shaped bundle: Loraine K. Obler and Kris Gjerlow, Language
and the Brain (Cambridge: Cambridge University, 1999).

Outlook has held up: Geschwind, “Language and the Brain”; Albert M. Galaburda,
Marjorie LeMay, Thomas L. Kemper, and Norman Geshwind, “Right-Left Asym-
metries in the Brain,” Science 199 (1978), 852-856.

Current accounts: Obler and Gjerlow, Language and the Brain; Nina F. Dronkers,
Brenda B. Redfern, and Robert T. Knight, “The Neural Architecture of Language
Disorders,” in The New Cognitive Neurosciences, ed. Michael S. Gazzaniga (Cam-
bridge: MIT, 2000).

“The small words are too big . . .”: Obler and Gjerlow, Language and the Brain, 1.
Damage to arcuate fasciculus: Dronkers, Redfern, and Knight, “Neural Architec-
ture.”

Some have argued: Jeffrey L. EIman, Elizabeth A. Bates, Mark H. Johnson, Annette
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chapter ten: Fear

Joseph LeDoux’s The Emotional Brain (New York: Touchstone, 1996) summarizes elegant
experiments on the role of the amygdala in learned fear, and extends them to form a current
account of the physiology of this and other emotions. Jeffrey A. Gray’s The Neuropsychology
of Anxiety (New York: Oxford University, 2000) is a more advanced account. A classic treat-
ment of this subject is Gray’s earlier book, The Psychology of Fear and Stress (New York:
McGraw-Hill, 1987). It is outdated in some concepts of evolutionary biology but has the
virtue of attempting a synthesis of all aspects of science pertinent to fear. Fears, Phobias,
and Rituals, by Isaac Marks (New York: Oxford University, 1987), is a good introduction to
the clinical phenomena, informed by evolutionary ideas.

Freud’s short book The Problem of Anxiety (New York: W. W. Norton, 1963; also pub-
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Hebb’s classic essay “On the Nature of Fear,” published in Psychological Review (53, pp.
259-276) in 1946. One classic account of the fears of childhood is included in John Bowlby’s
Attachment and Loss, 3 Vols. (New York: Basic Books, 1970-1980). Modern psychiatric views
of anxiety and its disorders are given by Donald Goodwin in Anxiety (New York: Oxford Uni-
versity, 1986) and by Aaron Beck, Gary Emery, and Ruth L. Greenberg in Anxiety Disorders
and Phobias (New York: Basic Books, 1985).
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Galen’s Prophecy: Temperament and Human Nature (New York: Basic Books, 1994) sum-
marized much of this work. Ned Kalin’s 1993 precis, “The Neurobiology of Fear” (Scien-
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primates. Randolph Nesse, an evolutionary psychiatrist, has done interesting theoretical
work on the adaptive functions of anxiety and phobia, cited in the notes, and Michael
McGuire and Alfonso Troisi treat the same subject very effectively in their Darwinian Psy-
chiatry (New York: Oxford University, 1998).
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chapter twelve: Lust

Lust and its behaviors have proved surprisingly accessible to scientific study. Simon LeVay's
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