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Caveat: The Dangers of Behavioral Biology

The contents of this book are known to be dangerous.
I 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. I
doubt, in fact, that what I 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. I 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 I and the end of World War II. 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



notes and references

above. Although Alfred Binet, the French psychologist who originated IQ 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 IQ 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, Iowa, 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, I.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 für
Rassen und Gesellschaftsbiologie (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



the tangled wing

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 I 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 IQ 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, I.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 IQ, 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 IQ or social class and IQ 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, I 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. I 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 I 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.” I 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 I 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 IQ 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 IQ 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 IQ 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 no 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? I 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. I
would not purvey such medicine if I 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 !Kung 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,
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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
!Kung 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
N!ai, 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 Schiefenhövel (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 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).

p. 5 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 !Kung 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 Ideology 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).

p. 5 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).

p. 5 Women provide three-fourths: Lee, The !Kung San.
p. 6 Man forgets to shoot oryx pair: Nicholas Blurton Jones and Melvin J. Konner, “!Kung

Knowledge of Animal Behavior” in Lee and DeVore, Kalahari Hunter-Gatherers.
p. 6 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.

p. 6 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.

p. 6 Ethic of sharing: Wiessner, in Wiessner and Schiefenhövel, 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). 

p. 7 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.

p. 7 People test unity: Richard Katz, Boiling Energy: Community Healing Among the
Kalahari !Kung (Cambridge: Harvard University, 1982).

p. 7 Marshall quotation: Marshall, Nyae Nyae !Kung, 90.
p. 8 Rich oral tradition: Marshall, !Kung of Nyae Nyae; Biesele, Women Like Meat.
p. 8 Hobbes quotation: Thomas Hobbes, in ed. C. B. Macpherson, Leviathan (Harmond-

sworth, Eng.: Penguin, 1968), 186.
p. 8 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 !Kung San.
p. 8 Sharing among relatives; status and prestige: Wiessner, in Wiessner and Schiefen-

hövel, Food and the Status Quest; Wiessner, !Kung Ethnography; Wiessner, in Poli-
tics and History.

p. 9 Weight loss in shortages: Wilmsen, Land Filled with Flies.
p. 9 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 naïvely sees an idealized city as a natural society.

p. 10 Fiercely hierarchical: Brian Hayden, “Feasting in Prehistoric and Traditional Soci-
eties,” in Wiessner and Schiefenhövel, 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 Sagerstråle 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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p. 16 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.

p. 16 Breasts mimic behinds: Desmond Morris, The Naked Ape (New York: McGraw-Hill,
1968).

p. 16 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.

p. 17 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).

p. 17 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.

p. 17 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.

p. 17 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.

p. 18 “Spandrels”: Gould and Lewontin, “Spandrels of San Marco.”
p. 18 DeVore’s “Cosmic Question”: Irven DeVore, “Not-so-Bright Design?,” quoted in

Science (April 30, 1999), 737.
p. 18 “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.
p. 19 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.

p. 19 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.

p. 19 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).

p. 20 Elegant experiments on mate choice: Grant and Grant, Evolutionary Dynamics.
p. 20 Endler’s guppy research: John A. Endler, Natural Selection in the Wild (Princeton,

N. J.: Princeton University, 1986).
p. 20 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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Evolution as Entropy: Toward a Unified Theory of Biology (Chicago: University of
Chicago, 1988).

p. 20 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),
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p. 21 Morris quotation: Simon Conway Morris, The Crucible of Creation: The Burgess
Shale and the Rise of Animals (Oxford: Oxford University, 1998), 202.

p. 21 “Consider animals that swim . . .”: Morris, Crucible, 204.
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p. 23 Learned survival techniques among chimps: eds. Richard W. Wrangham, W. C.
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Appleton-Century-Crofts, 1938).
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quence in Avoidance Learning,” Psychonomic Science 4 (1966), 123–124; eds. Mar-
tin Seligman and Joanne L. Hager, Biological Boundaries of Learning (New York:
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p. 26 Black-mouse taste experiment: L. P. Brett, W. G. Hankins, and John Garcia, “Prey-
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p. 26 Separate patterns of learning: John Garcia, Debra Forthman Quick, and Brent
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Phillips Brett, and Kenneth W. Rusiniak, “Limits of Darwinian Conditioining,” in
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p. 26 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,
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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, Ian 
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.
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p. 133 Damasio quotation: Antonio R. Damasio, The Feeling of What Happens: Body and
Emotion in the Making of Consciousness (New York: Harcourt Brace, 1999), 53.

p. 133 Our species’ recency and unity: Svante Pääbo, “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.

p. 133 Karl Heider’s pathbreaking study: Karl Heider, Landscapes of Emotion: Mapping
Three Cultures of Emotion in Indonesia (New York: Cambridge University, 1991).

p. 134 Lutz quotation: Lutz, Unnatural Emotions, 210. 
p. 134 “All humans have a built-in receptiveness . . .”: Roy D’Andrade and Claudia Strauss,

Human Motives and Cultural Models (New York: Cambridge University, 1992), 4.
p. 134 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.

p. 134 Species-wide features of human behavior: Irenäus Eibl-Eibesfeldt, “Vorprogram-
mierung in Menschlichen Sozialverhalten,” Mitteilungen an die Max-Planck-
Gesellschaft 5 (1971), 307–338; Irenäus Eibl-Eibesfeldt, “I. Zur Ethologie Men-
schlichen Grussverhaltens: II. Das Verhalten und Einige Andere Muster
Freundlicher Kontaktaufnahme der Waika-Indianer (Yanoama),” Zeitschrift für
Tierpsychologie 29 (1971), 196–213; Irenäus Eibl-Eibesfeldt, Der Vorprogrammierte
Mensch: Das Ererbte als Bestimmender Faktor im Menschlichen Verhalten (Vienna:
Verlag Fritz Molden, 1973); Irenäus Eibl-Eibesfeldt, Menschenforschung auf Neuen
Wegen: Die Naturwissenschaftliche Betrachtung Kultureller Verhaltensweisen
(Vienna: Verlag Fritz Molden, 1976); Irenäus Eibl-Eibesfeldt and C. Sütterlin, 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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 Demonstrated physiological coherence: Alexander, Crutcher, and DeLong, “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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 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.

p. 135 “Triune brain”: Paul D. MacLean, A Triune Concept of Brain and Behavior: The
Hincks Memorial Lectures (Toronto: University of Toronto, 1973).

p. 135 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).

p. 136 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 Dlx-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.

p. 136 Stereotyped actions and responses in reptiles: Greenberg and MacLean, Behavior
and Neurology of Lizards.

p. 136 Bird’s repetition of territorial song: Masakazu Konishi, “An Outline of Recent Advances
in Birdsong Neurobiology,” Brain, Behavior and Evolution 44 (1994), 279–285.

p. 136 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).

p. 137 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.

p. 137 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.

p. 137 Hippocampus and amygdala in simpler forms in reptiles: Bruce and Neary, Limbic
System of Tetrapods. 

p. 137 Cingulate cortex: MacLean, Triune Brain in Evolution. 
p. 137 Extended amygdala: Butler and Hodos, Comparative Vertebrate Anatomy, 274.
p. 137 Accomplishments of early mammals: Robert L. Carroll, Vertebrate Paleontology and

Evolution (New York: W. H. Freeman, 1988).
p. 137 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).

p. 137 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.

p. 137 Separation call a limbic system function: Iversen, 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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p. 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.

p. 138 Advanced mammals’ new capabilities: John Allman, Evolving Brains (New York: 
W. H. Freeman, 1999).

p. 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.

p. 138 Panskepp’s experiment: Jaak Panksepp, Affective Neuroscience: The Foundations of
Human and Animal Emotions (Oxford: Oxford University, 1998).

p. 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.

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

lidus.” 
p. 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.

p. 139 Descartes’ Error: Antonio Damasio, Descartes’ Error: Emotion, Reason, and the
Human Brain (New York: G. P. Putnam’s Sons, 1994).

p. 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).

p. 140 Harlow quotation: Damasio, Descartes’ Error, 8. 
p. 140 “a new Phineas Gage”: Damasio, Descartes’ Error, 38.
p. 140 “to know but not to feel”: Damasio, Descartes’ Error, 45.
p. 140 “And after all this . . .”: Damasio, Descartes’ Error, 49.
p. 141 “a trick of timing”: Damasio, Descartes’ Error, 95.
p. 141 “a little person inside our brain . . .”: Damasio, Descartes’ Error, 99–100.
p. 141 Makeup of the “perpetually recreated neurobiological state”: Damasio, Feeling of

What Happens, 175.
p. 141 Body as a theater for the emotions: Damasio, Feeling of What Happens, 51.
p. 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.
p. 141 What working memory tells us: Patricia S. Goldman-Rakic, S. Éamas. P. Ó.

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

p. 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.

p. 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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p. 141 “The mind is embodied . . .”: Damasio, Descartes’ Error, 118.
p. 142 Damasio on quadriplegics and emotion: Damasio, Feeling of What Happens, 289.
p. 142 Genetic coding of “nearly precise structure . . .”: Damasio, Descartes’ Error, 109.
p. 142 “evolutionarily old sectors of the human brain . . .”: Damasio, Descartes’ Error, 109.
p. 143 The insider’s view of affect programs: Griffiths, What Emotions Really Are. 
p. 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: Logos
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 Ian 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.

p. 145 Alex the parrot: Irene Maxine Pepperberg, The Alex Studies: Cognitive and Com-
municative Abilities of Grey Parrots (Cambridge: Harvard University, 1999).

p. 145 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.

p. 146 “Language . . . symbols”: Edward Sapir, Language (New York: Harcourt, Brace &
World, 1949), 8.

p. 146 Hockett’s definition: Charles Hockett, “The Origin of Speech,” Scientific American
203:3 (1960), 88–111.

p. 147 “Colorless . . . furiously”: Noam Chomsky, Syntatic Structures (The Hague: Mou-
ton, 1957), 15.

p. 147 Lenneberg: Eric Lenneberg, Biological Foundations of Language (New York: John
Wiley & Sons, 1967).

p. 147 Pinker: Steven Pinker, The Language Instinct: How the Mind Creates Language
(New York: William Morrow, 1994).

p. 147 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.

p. 147 Calvin and Bickerton: William H. Calvin and Derek Bickerton, Lingua ex Machina:
Reconciling Darwin and Chomsky with the Human Brain (Cambridge: MIT, 2000).

p. 148 Circuits designed to “expect” certain kinds of information: Pinker, Language Instinct. 
p. 148 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 Östen 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).

p. 148 Verb-subject-object in Welsh: Greenberg, Ferguson, and Moravcsik, Universals of
Human Language, 87.

p. 149 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.

p. 149 Calvin and Bickerton quotation: Calvin and Bickerton, Lingua ex Machina, 195.
p. 150 Chomsky quotation: Noam Chomsky, Language and Problems of Knowledge: The

Managua Lectures (Cambridge: MIT, 1988), 150.
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p. 150 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.

p. 150 Broca’s further observation: Geschwind, “Language and the Brain.”
p. 150 Wernicke’s new pattern: Carl Wernicke, Der Aphasische Symptom-Complex: Eine

Psychologische Studie auf Anatomischer Basis (Breslau: Cohn and Weigert, 1874).
p. 150 Lesion is in the arc-shaped bundle: Loraine K. Obler and Kris Gjerlow, Language

and the Brain (Cambridge: Cambridge University, 1999).
p. 150 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.

p. 151 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).

p. 151 “The small words are too big . . .”: Obler and Gjerlow, Language and the Brain, 1.
p. 151 Damage to arcuate fasciculus: Dronkers, Redfern, and Knight, “Neural Architec-

ture.”
p. 151 Some have argued: Jeffrey L. Elman, Elizabeth A. Bates, Mark H. Johnson, Annette

Karmiloff-Smith, Domenico Parisi, and Kim Plunkett, Rethinking Innateness: A
Connectionist Perspective on Development (Cambridge: MIT, 1996), 447.

p. 152 Sperry’s research carried forward: Michael S. Gazzaniga, J. E. Bogen, and Roger W.
Sperry, “Some Functional Effects of Sectioning the Cerebral Commissures in
Man,” Proceedings of the National Academy of Science 48 (1962), 1765–1769;
Roger Sperry, “Some Effects of Disconnecting the Cerebral Hemispheres,” Science
217 (1982), 1223–1226; Kathleen Baynes, James C. Eliassen, Helmi L. Lutsep, and
Michael S. Gazzaniga, “Modular Organization of Cognitive Systems Masked by
Interhemispheric Integration,” Science 280 (May 8, 1998), 902–905; Kathleen
Baynes, “Consciousness, Introspection, and the Split-Brain: The Two Minds/One
Body Problem,” in Gazzaniga, New Cognitive Neurosciences. 

p. 152 Traits that are handled better in one hemisphere: Michael S. Gazzaniga, Nature’s
Mind: The Biological Roots of Thinking, Emotions, Sexuality, Language, and Intel-
ligence (New York: Basic Books, 1992), 220.

p. 152 Left-handers have left-hemisphere dominance for language: Obler and Gjerlow, Lan-
guage and the Brain. 

p. 152 Asymmetries near Wernicke’s area: Geschwind, “Language and the Brain”; Galaburda,
LeMay, Kemper, and Geschwind, “Right-Left Asymmetries,” 853–856.

p. 152 Hemisphere difference in newborns and thirty-one-week-old fetuses: Sandra F. Witelson
and Wazir Pallie, “Left Hemispheric Specialization for Language in the Newborn:
Neuroanatomical Evidence of Asymmetry,” Brain 96 (1973), 641–646.

p. 153 Lenneberg asked: Lenneberg, Biological Foundations of Language, 125.
p. 153 Recasts and expansions of child speech uncommon elsewhere: Elinor Ochs, Culture

and Language Development: Language Acquisition and Language Socialization in
a Samoan Village (Cambridge: Cambridge University, 1988), 255; Bambi B.
Schieffelin, The Give and Take of Everyday Life: Language Socialization of Kaluli
Children (Cambridge: Cambridge University, 1990), 278.

p. 153 Motherese and baby talk: Charles A. Ferguson, “Baby Talk in Six Languages,” Ameri-
can Anthropologist 66 (1964), 103–114; Anne Fernald, Traute Taeschner, Judy Dunn,
Mechthild Papousek, Benedicite De Boysson-Bardies, and Ikuko Fukui, “A Cross-



notes and references

Language Study of Prosodic Modifications in Mothers’ and Fathers’ Speech to Prever-
bal Infants,” Journal of Child Language 16 (1989), 477–501; Anne Fernald, “Human
Maternal Vocalizations to Infants as Biologically Relevant Signals: An Evolutionary
Perspective,” in Barkow, Cosmides, and Tooby, The Adapted Mind, 391–428.

p. 153 Motherese among the San: Melvin J. Konner, “Aspects of the Developmental Ethol-
ogy of a Foraging People,” in Ethological Studies of Child Behavior, ed. Nicholas G.
Blurton-Jones (Cambridge: Cambridge University, 1972).

p. 153 John Locke: John Locke, The Child’s Path to Spoken Language (Cambridge: Har-
vard University, 1993). I am not, of course, suggesting a substitute for neurologically
instantiated cognitive development, nor even for conventional cognitive models,
only a subcortical (limbic and basal ganglia) assist for the process, drawing on early
social engagement, intersubjectivity, and attachment. See also Philippe Rochat and
Tricia Striano, “Social-Cognitive Development in the First Year,” in Early Social
Cognition: Understanding Others in the First Months of Life, ed. P. Rochat (Mah-
wah, N.J.: Lawrence Erlbaum, 1999), 3–34.

p. 153 Proof of rapid onset of linguistic capacity: ed. Dan I. Slobin, The Cross-Linguistic
Study of Language Acquisition, Vols. 1–3 (Hillsdale, N.J.: Lawrence Erlbaum,
1985–1992); eds. Brian MacWhinney and Elizabeth Bates, The Cross-Linguistic
Study of Sentence Processing (Cambridge: Cambridge University, 1989).

p. 153 Slobin’s and Bates’s conclusions: Dan I. Slobin, “Developmental Psycholinguistics,”
in A Survey of Linguistic Science, ed. W. O. Dingwall (Stamford, Conn.: Greylock,
1978), 267–311; Elizabeth Bates and Virginia A. Marchman, “What Is and Is Not
Universal in Language Acquisition,” in Language, Communication, and the Brain,
ed. F. Plum (New York: Raven, 1987); Maria C. Caselli, Elizabeth Bates, Paola
Casadio, Judi Fenson, Lisa Sanderl, Larry Fenson, and Judy Weir, “A Cross-
Linguistic Study of Early Lexical Development,” Cognitive Development 10 (1995),
159–199.

p. 154 Deaf children’s babbling: Carol Stoel-Gammon and Kiyoshi Otomo, “Babbling
Development of Hearing-Impaired and Normally Hearing Subjects,” Journal of
Speech and Hearing Disorders 51 (1986), 33–41.

p. 154 Hand-babbling segues into signs: Laura A. Petitto and Paula F. Marentette, “Bab-
bling in the Manual Mode: Evidence for the Ontogeny of Language,” Science 251
(1991), 1493–1496; Adrianne Cheek, Kersey Cormier, Christian Rathmann, Ann
Repp, and Richard P. Meier et al., “Motoric Constraints Link Manual Babbling
and Early Signs” (Austin: Departments of Linguistics and Psychology, University of
Texas, 1998).

p. 154 Deaf children show classic rapid increase: E. Klima and U. Bellugi, The Signs of
Language (Cambridge: Harvard University, 1979).

p. 154 Deaf children use the same strategies: Laura Ann Petitto, “The Acquisition of Nat-
ural Signed Languages: Lessons in the Nature of Human Language and Its Biolog-
ical Foundations,” in Language Acquisition by Eye, ed. C. Chamberlain and J. P.
Morford, (Mahwah, N.J.: Lawrence Erlbaum, 2000), 41–50; Laura Ann Petitto,
“On the Biological Foundations of Human Language,” in The Signs of Language
Revisited: An Anthology to Honor Ursula Bellugi and Edward Klima, ed. 
K. Emmorey and H. Lane (Mahwah, N.J.: Lawrence Erlbaum, 2000), 449–473;
Amy R. Lederberg, Amy K. Prezbindowski, and Patricia E. Spencer, “Word-Learn-
ing Skills of Deaf Preschoolers: The Development of Novel Mapping and Rapid
Word-Learning Strategies.” Child Development 71 (2000), 1571–1585.

p. 154 Lenneberg’s observations of hearing children with deaf parents: Lenneberg, Biologi-
cal Foundations of Language, 155–158.



the tangled wing

p. 154 Down’s syndrome children: Eric H. Lenneberg, “A Biological Perspective of Lan-
guage,” in New Directions in the Study of Language, ed. Eric H. Lenneberg (Cam-
bridge: MIT, 1964).

p. 154 Language in children with atypical brains: eds. Dorothy Bishop and Kay Mogford,
Language Development in Exceptional Circumstances (Hillsdale, N.J.: Lawrence
Erlbaum, 1993), 313; Helen Tager-Flusberg, Constraints on Language Acquisition:
Studies of Atypical Children (Hillsdale, N.J.: Lawrence Erlbaum, 1994).

p. 154 William’s syndrome: U. Bellugi, S. Marks, A. Bihrle, and H. Sabo, “Dissociation
Between Language and Cognitive Functions in William’s Syndrome,” in D. Bishop
and K. Mogford, Language Development, 177–189; A. Karmiloff-Smith, E. Klima,
U. Bellugi, J. Grant, and S. Baron-Cohen, “Is There a Social Module? Language,
Face Processing and Theory of Mind in Individuals with William’s Syndrome,”
Journal of Cognitive Neuroscience 7 (1995), 196–208.

p. 154 Language acquisition device: Lenneberg, Biological Foundations of Language. 
p. 154 Theoretical work in the 1990s: Annette Karmiloff-Smith, Beyond Modularity: A

Developmental Perspective on Cognitive Science (Cambridge: MIT, 1995); Jeffrey
Elman et al., Rethinking Innateness. 

p. 155 Skinner and Chomsky squaring off: B. F. Skinner, Verbal Behavior (New York:
Appleton-Century-Crofts, 1957); Noam Chomsky, “Review of B. F. Skinner’s Ver-
bal Behavior,” Language 35 (1959), 26–58.

p. 155 Saffran research: Jenny R. Saffran, Richard N. Aslin, and Elissa L. Newport, “Statis-
tical Learning by 8-Month-Old Infants,” Science 274 (1996), 1926–1928.

p. 156 Grist of anthropology’s mill: Franz Boas, The Mind of Primitive Man, Rev. Ed. (New
York: Macmillan, 1938); Edward Sapir, The Psychology of Culture: A Course of Lectures,
ed. J. T. Irvine (Berlin: Mouton de Gruyter, 1994), 266; Bradd Shore, Culture in Mind:
Cognition, Culture, and the Problem of Meaning (New York: Oxford University, 1996).

p. 156 Lev Vygotsky: James V. Wertsch and Richard Sohmer, “Vygotsky on Learning and
Development,” Human Development 38 (1995), 332–337.

p. 156 Jerome Bruner on mother-infant interaction: M. Scaife and J. S. Bruner, “The
Capacity for Joint Visual Attention in the Infant,” Nature 253 (1975), 265–266;
Jerome Bruner, “The Social Context of Language Acquisition,” Language and
Communication 1:2,3 (1981), 155–178; Jerome S. Bruner, Child’s Talk: Learning to
Use Language (New York: W. W. Norton, 1983).

p. 156 Numerous studies: G. F. Marcus, “Negative Evidence in Language Acquisition,”
Cognition 46 (1993), 53–85; Steven Pinker, “Language Acquisition,” in Language:
An Invitation to Cognitive Science, eds. L. R. Gleitman, M. Liberman, and D. Osherson
(Cambridge: MIT, 1995), 135–182; Karin Stromswold, “The Cognitive Neuro-
science of Language Acquisition,” in Gazzaniga, New Cognitive Neurosciences. 

p. 156 Identical twins more similar in mispronunciation: John L. Locke and Patricia L.
Mather, “Genetic Factors in the Ontogeny of Spoken Language: Evidence from
Monozygotic and Dizygotic Twins,” Journal of Child Language 16 (1989), 553–559.

p. 156 Identical twins more similar in vocabulary comprehension: Patricia L. Mather and
Kathryn N. Black, “Hereditary and Environmental Influences on Preschool Twins’
Language Skills,” Developmental Psychology 20 (1984), 303–308.

p. 156 Identical twins more similar in speech and language disorders: Barbara A. Lewis and
Lee A. Thompson, “A Study of Developmental Speech and Language Disorders in
Twins,” Journal of Speech and Hearing Research 35 (1992), 1086–1094.

p. 157 Adoption study: Karen Hardy-Brown, Robert Plomin, and John C. DeFries,
“Genetic and Environmental Influences on the Rate of Communicative Develop-
ment in the First Year of Life,” Developmental Psychology 17:6 (1981), 704–707.



notes and references

p. 157 Familial patterns in specific language impairment classically Mendelian: Paula Tallal,
Randal Ross, and Susan Curtiss, “Familial Aggregation in Specific Language
Impairment,” Journal of Speech and Hearing Disorders 54 (1989), 167–173; M.
Gopnik and M. Crago, “Familial Aggregation of a Genetic Language Disorder,”
Cognition 39 (1993), 1–50.

p. 157 Clear brain correlates: D. L. Mills and H. J. Neville, “Electrophysiological Studies
of Language and Language Impairment,” Seminars in Pediatratric Neurology 4:2
(1997), 125–134.

p. 157 Scaffolding in experimental conditions: Michael Tomasello and Ann Cale Kruger,
“Joint Attention on Actions: Acquiring Verbs in Ostensive and Nonostensive Con-
texts,” Journal of Child Language 19 (1992), 311–334.

p. 157 Hirsch-Pasek and Golinkoff: Kathy Hirsh-Pasek and Roberta M. Golinkoff, The Ori-
gins of Grammar: Evidence from Early Language Comprehension (Cambridge:
MIT, 1996).

p. 157 Cultural-determinist camp rejects limited role for biology: Michael Tomasello, “Lan-
guage Is Not an Instinct,” Cognitive Development 10 (1995), 131–156.

p. 157 Schieffelin and Ochs did not find: Schieffelin, Give and Take. 
p. 157 !Kung infant research: Roger Bakeman, Lauren Adamson, Ronald G. Barr, and

Melvin Konner, “The Social Context of Object Exploration,” Child Development
61 (1990), 794–809.

p. 157 Ochs quotation: Elinor Ochs, “Introduction” in Language Socialization Across Cul-
tures, eds. Bambi B. Schieffelin and Elinor Ochs (Cambridge: Cambridge Univer-
sity, 1986) 1–13.

p. 158 Pidgin formed before creole: Derek Bickerton, Language and Species (Chicago: Uni-
versity of Chicago, 1990), 297; Derek Bickerton, “The Creation and Re-Creation of
Language,” in Handbook of Evolutionary Psychology, eds. C. Crawford and D. L.
Krebs (Mahwah, N.J.: Lawrence Erlbaum, 1998), 613–634.

p. 158 “invention of language by children”: Lila R. Gleitman and Elissa L. Newport, “The
Invention of Language by Children: Environmental and Biological Influences on
the Acquisition of Language,” in Gleitman, Lieberman, and Osherson, Language,
1–24.

p. 158 similar to what hearing babies do: Amy R. Lederberg, Amy K. Prezbindowski, and
Patricia E. Spencer, “Word-Learning Skills of Deaf Preschoolers: The Develop-
ment of Novel Mapping and Rapid Word-Learning Strategies.” Child Development
71 (2000), 1571–1585.

p. 158 “negative evidence”: U. Bellugi, K. van Hoek, D. Lillo-Martin, and L. O’Grady,
“The Acquisition of Syntax and Space in Young Deaf Signers,” in Bishop and 
Mogford, Language Development, 132–149.

p. 158 “islands in the main stream”: Beryl L. Benderly, Dancing Without Music: Deafness
in America (Garden City, N.Y.: Anchor/Doubleday, 1980), 253.

p. 158 Unsatisfactory but typical solutions: Benderly, Dancing Without Music; Oliver
Sacks, Seeing Voices: A Journey into the World of the Deaf (New York: Harper-
Collins, 1990); Harlan Lane, The Mask of Benevolence: Disabling the Deaf Com-
munity (New York: Alfred A. Knopf, 1992).

p. 159 Years of research on “home sign”: Susan Goldin-Meadow and Heidi Feldman, “The
Development of Language-Like Communication Without a Language Model,” Sci-
ence 197 (1977), 401–403; Susan Goldin-Meadow and Carolyn Mylander, “Levels
of Structure in a Communication System Developed Without a Language Model,”
in Brain Maturation and Cognitive Development: Comparative and Cross-Cultural
Perspectives, eds. K. R. Gibson and A. C. Petersen (New York: Aldine de Gruyter,



the tangled wing

1991), 315–344; Susan Goldin-Meadow and Carolyn Mylander, “Spontaneous
Sign Systems Created by Deaf Children in Two Cultures,” Nature 391 (1998),
279–281.

p. 159 Goldin-Meadow quotation: Goldin-Meadow and Mylander, “Levels of Structure,”
318.

p. 159 Nicaragua experience: Susan Goldin-Meadow, “The Resilience of Language in
Humans,” in Social Influences on Vocal Development, eds. C. T. Snowdon et al.
(Cambridge: Cambridge University, 1997).

p. 159 Our distinctive pattern of brain growth: Stephen J. Gould, Ontogeny and Phylogeny
(Cambridge: Belknap, 1977); Michael L. McKinney and Kenneth J. McNamara,
Heterochrony: The Evolution of Ontogeny (New York: Plenum, 1991).

p. 160 New neurons generated throughout life: Peter S. Eriksson, Ekaterina Peerfilieva,
Thomas Bjork-Eriksson, Ann-Marie Alborn, Claes Nordborg, Daniel A. Peterson,
and Fred H. Gage, “Neurogenesis in the Adult Human Hippocampus,” Nature
Medicine 4 (1998), 1313–1317.

p. 160 New neurons may even function: E. 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. 160 New neurons small fraction of brain’s neurons: Pasko Rakic, “Young Neurons for Old
Brains?,” Nature Medicine 4 (1998), 3–5.

p. 160 Maturation in other ways: ed. Mark H. Johnson, Brain Development and Cognition
(Cambridge: Blackwell, 1993), 734; Pasko Rakic, “Section I: Development (with
Contributions by 13 Authors),” in Gazzaniga, New Cognitive Neurosciences, 5–115.

p. 160 Myelin sheath: P. I. Yakovlev and A. R. Lecours, “The Myelogenetic Cycles of
Regional Maturation of the Brain,” in Regional Development of the Brain in Early
Life, ed. A. Minkowski (Oxford: Blackwell Scientific, 1967); Betty Ann Brody, Han-
nah C. Kinney, Alexander S. Kloman, and Floyd H. Gilles, “Sequences of Central
Nervous System Myelination in Human Infancy: An Autopsy Study of Myelina-
tion,” Journal of Neuropathology and Experimental Neurology 46 (1987), 283–301.

p. 160 Early-twentieth-century neuroanatomists: Paul Flechsig, Anatomie des Menschlichen
Gehirns und Röckenmarks auf Myelogenetischer Grundlage (Leipzig: Georg
Thieme, 1920).

p. 160 Clues to anatomical language acquisition device: André Roch-Lecours, “Myeloge-
netic Correlates of the Development of Speech and Language,” in Foundations of
Language Development: A Multidisciplinary Approach, UNESCO, eds. E. H.
Lenneberg and E. Lenneberg (New York: Academic, 1975), 121–135.

p. 160 Myelination somewhat shaped by experience: C. P. Wendell-Smith, “Effects of Light
Deprivation on the Postnatal Development of the Optic Nerve,” Nature 204
(1964), 707; R. Sammeck, “Training-Induced Myelination in Peripheral Nerves of
the Rat,” Journal of Physiology (London) 244 (1975), 7.

p. 160 80 to 90 percent of myelination under genetic control: L. Gyllensten and T. Malmfors,
“Myelination of the Optic Nerve and Dependence on Visual Function,” Journal of
Embryology and Experimental Morphology 11 (1963), 255–266; Greg Lemke, “The
Molecular Genetics of Myelination: An Update,” Glia 7 (1993), 263–271.

p. 161 Arnold Scheibel: Arnold B. Scheibel, “Some Structural and Developmental Corre-
lates of Human Speech,” in Gibson and Petersen, Brain Maturation and Cognitive
Development, 345–353.

p. 161 Galaburda findings: Albert M. Galaburda, Gordon F. Sherman, Glenn D. Rosen,
Francisco Aboitz, and Norman Geschwind, “Developmental Dyslexia: Four Con-



notes and references

secutive Patients with Cortical Anomalies,” Annals of Neurology 18:2 (1985),
222–233.

p. 161 Linguistic Society of Paris: Charles Hockett, “The Origin of Speech,” Scientific
American 203:3 (1960), 88–111.

p. 161 One ingenious approach: Philip Lieberman, On the Origins of Language (New
York: Macmillan, 1975); Philip Lieberman, Edmund S. Crelin, and Dennis H.
Klatt, “Phonetic Ability and Related Anatomy of the Newborn and Adult Human,
Neanderthal Man, and the Chimpanzee,” American Anthropologist 74 (1972), 3;
Philip Lieberman, “Human Speech and Language,” in The Cambridge Encyclope-
dia of Human Evolution, eds. S. Jones, R. Martin, and D. Pilbeam (New York:
Cambridge University, 1992), 134–137; Philip Lieberman, “Evolution of the
Speech Apparatus,” in Jones, Martin, and Pilbeam, Cambridge Encyclopedia of
Human Evolution, 136.

p. 162 “Et seems . . . vewels”: Jehn H. Fremlen, “The Demese ef the Ne’enderthels: Wes
Lengege e Fecter?,” Science 187 (1975), 600.

p. 162 Marjorie LeMay: Marjorie LeMay, “The Language Capability of Neanderthal
Man,” American Journal of Physical Anthropology 42 (1975), 9–14.

p. 162 Language is in the brain: Terence Deacon, The Symbolic Species: The Co-Evolution
of Language and the Brain (New York: W. W. Norton, 1997).

p. 162 Recent challenges to Linguistic Society ban: Pinker, Language Instinct; Terence
Deacon, Symbolic Species; Merlin Donald, Origins of the Modern Mind: Three
Stages in the Evolution of Culture and Cognition (Cambridge: Harvard University,
1991), 413; Steven Pinker, “Facts About Human Language Relevant to Its Evolu-
tion,” in Origins of the Human Brain, eds. J. Changeux and J. Chavaillon (Oxford:
Clarendon, 1995), 262–285; Derek Bickerton, “Catastrophic Evolution: The Case
for a Single Step from Protolanguage to Full Human Language,” in Approaches to
the Evolution of Language, eds. J. R. Hurford, M. Studdert-Kennedy, and C. Knight
(Cambridge: Cambridge University, 1998); James R. Hurford, Michael Studdert-
Kennedy, and Chris Knight, Evolution of Language; Andrew Carstairs-McCarthy,
The Origins of Complex Language: An Inquiry into the Evolutionary Beginnings of
Sentences, Syllables, and Truth (Oxford: Oxford University, 1999).

p. 162 Slow and gradual evolution theory: Pinker, Language Instinct. 
p. 162 Stagewise cognitive change theory: Donald, Origins of the Modern Mind. 
p. 162 “catastrophic leap” theory: Bickerton, “Catastrophic Evolution.”
p. 162 Anatomically informed: Deacon, Symbolic Species. 
p. 162 Child development analogies: Donald, Origins of the Modern Mind. 
p. 162 Emergence of creoles: Bickerton, “Creation and Re-Creation of Language.”
p. 162 Language emergence with australopithecenes: Ralph Holloway, “Human Paleontological

Evidence Relevant to Language Behavior,” Human Neurobiology 2 (1983), 105–114.
p. 162 Language emergence with Paleolithic migration: Richard Klein, The Human Career,

2d Ed. (Chicago: University of Chicago, 1999).
p. 162 Endocranial casts: D. Falk, “Hominid Paleoneurology,” Annual Review of Anthro-

pology 16 (1987), 13–30; D. Falk, “Hominid Brain Evolution: Looks Can Be
Deceiving,” Science 280 (1998), 1714.

p. 162 Holloway evidence: Ralph L. Holloway, “The Casts of Fossil Hominid Brains,” Sci-
entific American 229:1 (July 1974); Ralph L. Holloway, “Endocranial Volumes of
Early African Hominids and the Role of the Brain in Human Mosaic Evolution,”
Journal of Human Evolution 2 (1973), 449–459.

p. 162 Rilling brain scans: William D. Hopkins, Lori Marino, James K. Rilling, and Leslie
MacGregor, “Planum Temporale Asymmetries in Great Apes as Revealed by Mag-



the tangled wing

netic Resonance Imaging (MRI),” Neuroreport: An International Journal for the
Rapid Communication of Research in Neuroscience 9 (1998), 2913–2918. For other
asymmetries in ape brains, see William D. Hopkins and Lori Marino, “Asymme-
tries in Cerebral Width in Nonhuman Primate Brains as Revealed by Magnetic
Resonance Imaging (MRI),” Neuropsychologia 38 (2000), 493–499.

p. 162 Gannon and Holloway group: 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.

p. 162 Walker and Leakey account: eds. Alan Walker and Richard Leakey, The Narioko-
tome Homo Erectus Skeleton (Cambridge: Harvard University, 1993).

p. 162 MacLarnon’s finding: Ann MacLarnon, “The Vertebral Canal,” in Walker and
Leakey, Nariokotome Homo Erectus Skeleton. 

p. 163 Men use maps, women markers: James M. Dabbs, E-Lee Chang, Rebecca A.
Strong, and Rhoda Milun, “Spatial Ability, Navigation Strategy, and Geographic
Knowledge Among Men and Women,” Evolution and Human Behavior 19 (1998),
89–98; Doreen Kimura, Sex and Cognition (Cambridge: MIT, 1999); Diane
McGuinness and Lorraine McLaughlin, “An Investigation of Sex Differences in
Visual Recognition and Recall,” Journal of Mental Imagery 6 (1982), 203–212.

p. 163 Marler’s film: Peter Marler, Communication in Wild Chimpanzees (Rockefeller
University Films, 1968).

p. 163 Locke’s view: Locke, Child’s Path to Spoken Language. 
p. 163 “were probably . . . audience”: Locke, Child’s Path to Spoken Language, 413.
p. 163 Duets of mated gibbon pairs: Mária Ujhelyi, “Long-Call Structure in Apes as a Pos-

sible Precursor for Language,” in Hurford, Studdert-Kennedy, and Knight, Evolu-
tion of Language. 

p. 164 “symbolic species”: Deacon, The Symbolic Species. 
p. 164 Crucial advance grammatical: Steven Pinker, The Language Instinct: How the Mind

Creates Language (New York: Morrow, 1994).
p. 164 Centrality of syntax: Chomsky, Language and Thought; Chomsky, Language and

Problems of Knowledge. 
p. 164 Rilling’s demonstration of frontal-lobe convolutions: James K. Rilling and T. R. Insel,

“The Primate Neocortex in Comparative Perspective Using Magnetic Resonance
Imaging,” Journal of Human Evolution 37 (1999), 191–223.

p. 164 Brain also convoluted in Wernicke’s area: Rilling and Insel, “Primate Neocortex.”
p. 164 Hierarchical motor patterns “throw” phrases: Calvin and Bickerton, Lingua ex

Machina. 
p. 164 Apes learned 150 words: 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, E. von
Glaserfeld, H. Warner, P. Pisani, and T. Gill, “Lana (Chimpanzee) Learning Lan-
guage: A Progress Report,” Brain and Language 1 (1974), 205–212.

p. 164 Apes may have many more than 150 words: F. G. Patterson, “The Gestures of a Gorilla:
Language Acquisition by Another Pongid,” Brain and Language 12 (1978), 72–97.

p. 164 Apes have effective and accurate word use: David Premack and Ann James Premack,
The Mind of an Ape (New York: W. W. Norton, 1983), 165; Sue Savage-Rumbaugh,
Duane M. Rumbaugh, and Sally Boysen, “Symbolic Communication Between
Two Chimpanzees (Pan troglodytes),” Science 201 (1978), 641–644; R. Allen Gard-
ner, Beatrice T. Gardner, and Thomas E. Van Cantfort, Teaching Sign Language to
Chimpanzees (Albany: State University of New York, 1989).



notes and references

p. 164 Washoe and “hat”: Gardner, Gardner, and Van Cantfort, Teaching Sign Language. 
p. 165 Ape combinations follow grammatical rules: Patricia Marks Greenfield and Sue Savage-

Rumbaugh, “Grammatical Combination in Pan Paniscus: Processes of Learning
and Invention in the Evolution and Development of Language,” in Language and
Intelligence in Monkeys and Apes: Comparative Developmental Perspectives, eds. 
S. T. Parker and K. R. Gibson (New York: Cambridge University, 1994), 540–578.

p. 165 Washoe talked to herself in private: Gardner and Gardner, “Evidence for Sentence
Constituents”; Beatrice T. Gardner and R. Allen Gardner, “Comparing the Early
Utterances of Child and Chimpanzee,” in Minnesota Symposia on Child Psychol-
ogy, ed. A. Pick (Minneapolis: University of Minnesota, 1974).

p. 165 Sherman and Austin talked Yerkish: Savage-Rumbaugh, Rumbaugh, and Boysen,
“Symbolic Communication”; Robert R. Epstein, Robert Lanza, and B. F. Skinner,
“Symbolic Communication Between Two Pigeons (Columbia livia domestica),”
Science 207 (1980), 543–545.

p. 165 Washoe communicates with infant in ASL: Gardner, Gardner, and Van Cantfort,
Teaching Sign Language. 

p. 165 “water bird” and “rock berry”: Roger S. Fouts, “Language: Origins, Definitions, and
Chimpanzees,” Journal of Human Evolution 3 (1974), 475–482.

p. 165 “Tim give apple . . .”: Duane M. Rumbaugh and Timothy V. Gill, “Language, Apes,
and the Apple Which Is Orange, Please,” in Symposium of the Fifth Congress of the
International Primate Society, 1974; Duane M. Rumbaugh, Timothy V. Gill, Ernst
von Glaserfeld, Harold Warner, and Pier Pisani, “Conversations with a Chim-
panzee in a Computer-Controlled Environment,” Biological Psychiatry 10 (1975),
627–641; David Premack, Intelligence in Ape and Man, (Hillsdale, N.J.: Lawrence
Erlbaum, 1976); Ann James Premack and David Premack, “Teaching Language to
an Ape,” Scientific American 227 (1972), 92–99.

p. 165 “cry hurt food”: Fouts, “Language: Origins, Definitions,” 379.
p. 165 Roger Brown: Roger Brown, A First Language (Cambridge: Harvard University,

1973).
p. 165 Koko the gorilla: Patterson, “Gestures of a Gorilla.”
p. 165 Lateralization in orangutan brains: Marjorie LeMay and Norman Geschwind,

“Hemispheric Differences in the Brains of Great Apes,” Brain, Behavior and Evolu-
tion 11 (1975), 48–52.

p. 165 Nim Chimpsky: Herbert S. Terrace, L. A. Pettito, R. J. Sanders, and T. G. Bever,
“Can an Ape Create a Sentence?,” Science 206 (1979), 891–902; Herbert S. Terrace,
Nim (New York: Columbia University, 1987), 303.

p. 166 Resistance to ape-language claims continues: Joel Wollman, Aping Language (Cam-
bridge: Cambridge University, 1992).

p. 166 Kanzi more keyed in: Sue Savage-Rumbaugh, “Language Learning in the Bonobo:
How and Why They Learn,” in Biological and Behavioral Determinants of Lan-
guage Development, eds. N. A. Krasnegor, D. M. Rumbaugh, R. L. Schiefelbusch,
and M. Studdert-Kennedy (Hillsdale, N.J.: Lawrence Erlbaum, 1991), 209–233; 
E. Sue Savage-Rumbaugh and Roger Lewin, Kanzi: The Ape at the Brink of the
Human Mind (New York: John Wiley & Sons, 1994), 299.

p. 166 Kanzi had as much grammar as a two-year-old child: Greenfield and Savage-Rum-
baugh, “Grammatical Combination”; P. M. Greenfield and E. S. Savage-Rum-
baugh, “Imitation, Grammatical Development, and the Invention of Protogrammar
by an Ape,” in Krasnegor et al., Biological and Behavioral Determinants, 235–258.

p. 166 Kanzi understood English as well as a two-and-a-half-year-old: E. Sue Savage-
Rumbaugh, Jeannine Murphy, Rose A. Sevcik, Karen E. Brakke, Shelly L. Williams,



the tangled wing

and Duane M. Rumbaugh, “Language Comprehension in Ape and Child,” Mono-
graphs of the Society for Research in Child Development 58 (1993), 3–4.

p. 166 Glimmers of capability leading to human mind: Sue Savage-Rumbaugh, Stuart G.
Shanker, and Talbot J. Taylor, Apes, Language, and the Human Mind (New York:
Oxford University, 1998), 244.

p. 167 Glimmers in vervets and macaques: Dorothy L. Cheney and Robert M. Seyfarth,
How Monkeys See the World: Inside the Mind of Another Species (Chicago: University
of Chicago, 1990); H. Gouzoules, S. Gouzoules, and J. Ashley, in E. Zimmerman
et al., Current Topics in Primate Vocal Communication (New York: Plenum, 1995),
235–252; H. Gouzoules, S. Gouzoules, and M. Tomaszycki, “Agonistic Screams
and the Classification of Dominance Relationships: Are Monkeys Fuzzy Logi-
cians?,” Animal Behaviour 55 (1998), 51–60. 

p. 167 Dwarfish repertoire: Deacon, Symbolic Species. 
p. 167 Freud was impressed: Sigmund Freud, On Aphasia: A Critical Study (New York:

International Universities, 1953).
p. 167 Damasio: Antonio Damasio, Descartes’ Error: Emotion, Reason, and the Human

Brain (New York: G. Putnam’s Sons, 1994).
p. 167 Reason depends on emotion: Damasio, Descartes’ Error. 
p. 168 Deception as a major function of animal communication: E. O. Smith, “Deception

and Evolutionary Biology,” Cultural Anthropology 2 (1987), 50–64; Robert Trivers,
“Deceit and Self-Deception: The Relationship Between Communication and Con-
sciousness,” in Man and Beast Revisited, eds. M. H. Robinson and L. Tiger (Wash-
ington, D.C.: Smithsonian Institution, 1991), 175–191; Marc D. Hauser, “Minding
the Behaviour of Deception,” in Machiavellian Intelligence II: Extensions and Eval-
uations, eds. A. Whiten and R. W. Byrne (Cambridge: Cambridge University,
1997), 112–143.

p. 168 “to outsmart plants, animals, and each other”: Pinker, “Language as a Psychological
Adaptation.”

p. 168 Kafka quotation: Franz Kafka, “Report to an Academy,” in Selected Short Stories,
translated by Willa and Edwin Muir (New York: Random House, 1952), 178.

p. 169 James quotation: Henry James, The Ambassadors (New York: W. W. Norton, 1964), 307.
p. 169 San hunter-gatherers around the fire: Megan Biesele, “Aspects of !Kung Folklore,” in

Kalahari Hunter-Gatherers: Studies of the !Kung San and Their Neighbors, eds.
Richard B. Lee and Irven DeVore (Cambridge: Harvard University, 1976),
302–324; Megan Biesele, Women Like Meat: The Folklore and Foraging Ideology of
the Kalahari Ju/’hoan (Bloomington, Ind.: Witwatersrand University, 1993), 225.

p. 169 Mutual grooming: Robin I. M. Dunbar, “Functional Significance of Social Grooming
in Primates,” Folia Primatologica 57 (1991), 121–131; Robin Dunbar, Grooming,
Gossip, and the Evolution of Language (Cambridge: Harvard University, 1996).

p. 169 Gossip contains necessary information: Jerome H. Barkow, “Beneath New Culture
Is Old Psychology: Gossip and Social Stratification,” in Barkow, Cosmides, and
Tooby, The Adapted Mind, 627–637; Max Gluckman, “Gossip and Scandal,” Cur-
rent Anthropology 4 (1963), 307–316.

p. 169 Other creatures accomplish this: Marc D. Hauser, The Evolution of Communication
(Cambridge: MIT, 1996), 760.

p. 169 Creatures carry tradition without language: John Tyler Bonner, The Evolution of
Culture in Animals (Princeton, N.J.: Princeton University, 1980).

p. 170 San dramatizations carry critical knowledge: Biesele, Women Like Meat; Nicholas
G. Blurton Jones and Melvin J. Konner, “!Kung Knowledge of Animal Behavior,”
in Lee and DeVore, Kalahari Hunter-Gatherers. 



notes and references

p. 170 San exchange of lion lore: Marjorie Shostak, “Lions in the Night,” in Return to Nisa
(Cambridge: Harvard University, 2000), 99–115

p. 170 Rich poem: Adrienne Rich, The Dream of a Common Language (New York: W. W.
Norton, 1978), 28.

p. 170 Nonhuman homoerotic relationships: F. B. de Waal, “Bonobo Sex and Society,” 
Scientific American 272:3 (March 1995), 82–88.

p. 170 Three-year-olds chat: John Gottman and Jennifer Parkhurst, “Developing May Not
Always Be Improving: A Developmental Study of Children’s Best Friendships,” in
1977 Meeting of the Society for Research in Child Development, New Orleans.

p. 171 This behavior rarely observed in apes: D. J. Povinelli, J. E. Reaux, D. T. Bierschwale,
A. D. Allain, and B. B. Simon, “Exploitation of Pointing as a Referential Gesture in
Young Children, But Not Adolescent Chimpanzees,” Cognitive Development 12
(1997), 423–461.

chapter nine: Rage
An excellent account of the biological mechanisms of aggression is Debra Niehoff’s The
Biology of Violence (New York: Free Press, 1999), while the best overview of psychological
studies is Aggression: Its Causes, Consequences, and Control (Philadelphia: Temple Univer-
sity, 1993), by Leonard Berkowitz. Demonic Males, by Richard Wrangham and Dale Peter-
son (Boston: Houghton Mifflin, 1996), considers the evolution of aggression in our closest
relatives, and Michael Ghiglieri’s The Dark Side of Man: Tracing the Origins of Male Vio-
lence (New York: Perseus, 1999) complements it with an account of the human outcome.
Sarah Blaffer Hrdy’s The Woman That Never Evolved (Cambridge: Harvard University,
1980) is the classic evolutionary account of female roles, which include a good deal of
aggression. Important papers by Barbara Smuts, cited in the notes, on male violence
against females appeared in the 1990s. Violence research has been transformed by the
work of Martin Daly and Margo Wilson, especially in Homicide (New York: Aldine de
Gruyter, 1988), The Truth About Cinderella: A Darwinian View of Parental Love (New
Haven, Conn.: Yale University, 1998), and many papers on domestic violence. Family vio-
lence cannot be understood without reference to their work.

Good collections with varied emphases include Human Aggression, edited by Russell
G. Geen and Edward Donnerstein (New York: Academic, 1998), Rage, Power, and Aggres-
sion, edited by Robert A. Glick and Stephen P. Roose (New Haven, Conn.: Yale University,
1993), and Family Violence, edited by Lloyd Ohlin and Michael Tonry (Chicago: Univer-
sity of Chicago, 1989)—although the latter precedes the important work of Daly and Wil-
son. The Anthropology of War: A Bibliography, by Brian Ferguson and Leslie Farragher
(New York: Harry Frank Guggenheim Foundation, 1988), is a good place to begin research
on that subject, but the essential facts are set forth in Lawrence H. Keeley’s War Before Civ-
ilization: The Myth of the Peaceful Savage (New York: Oxford University, 1996), a convinc-
ing plea for honesty about the archaeological record. R. Brian Ferguson’s War in the Tribal
Zone: Expanding States and Indigenous Warfare (Santa Fe, N.M.: School of American
Research, 1992) deals with traditional warfare in tribes becoming states. Sick Societies, by
Robert Edgerton (New York: Free Press, 1992), is an extended, empirical critique of
Rousseau’s naïve view of primitive cultures, and it should lay that view permanently to rest.
Irenäus Eibl-Eibesfeldt’s The Biology of Peace and War (London: Thames & Hudson,
1979) remains a valuable reference and is particularly good on the German ethnographic
literature often ignored in English-language treatments.

J. van der Dennen’s The Origin of War: The Evolution of a Male-Coalitional Repro-
ductive Strategy (Groningen, The Netherlands: Origins Press, 1995) is a comprehensive



the tangled wing

comparative overview. David Hamburg, a psychiatrist whose papers are cited in the notes,
pioneered the serious study of the evolution of human aggression. Joseph Popp and Irven
DeVore provided an early sociobiological perspective in “Aggressive Competition and
Social Dominance Theory,” in The Great Apes, edited by David A. Hamburg and Elizabeth
R. McCown (Reading, Mass.: Benjamin Cummings, 1979). Monkey and ape reconcilia-
tion behavior is summarized in Frans de Waal’s Peacemaking Among Primates (Cambridge:
Harvard University, 1989) and in his Good Natured: The Origins of Right and Wrong in
Humans and Other Animals (Cambridge: Harvard University, 1996). Although not the
viewpoint taken here, the thesis that human aggression is purely learned is defended by
Ashley Montagu in The Nature of Human Aggression (New York: Oxford University, 1976)
and by a group using the invented name John Klama, in Aggression: Conflict in Animals
and Humans Reconsidered (New York: John Wiley & Sons, 1988). But as an antidote, see
my review in Nature 333, June 2, 1998 (p. 405).

p. 175 Bonnie Jean Garland murder: Ronald Smothers, “Yale Senior Slain in Scarsdale;
Boyfriend Surrenders to Priest,” The New York Times (July 9, 1977), 1, 30.

p. 175 Herrin trial: Ronald Smothers, “Mother Testifies at Son’s Trial in Murder of Stu-
dent,” The New York Times (June 6, 1978), 2:8; “Defendant Takes Stand in White
Plains Murder Trial,” The New York Times (June 7, 1978), 2:5; “Herrin Jury Recalls
Tortuous Path It Took Trying to Reach a Verdict,” The New York Times (June 22,
1978), 4:18; and “Herrin Given Maximum Jail Term in Bludgeoning Death in
Scarsdale,” The New York Times (July 28, 1978), 1:10.

p. 176 “I could not live without her”: Smothers, “Herrin Given Maximum Jail Term.”
p. 176 “Even under the stress . . . inexcusable”: Smothers, “Herrin Given Maximum Jail Term.”
p. 176 Quotations from Wang Yungtai story: Barrie A. Chi and Emile C. Chi, “Trial of

Wang Yungtai,” The New York Times Magazine (October 7, 1979), 48.
p. 177 Young women meet death in many societies: Laura K. Guerrero and Peter A. Andersen,

“The Dark Side of Jealousy and Envy: Desire, Delusion, Desperation, and Destruc-
tive Communication,” in The Dark Side of Close Relationships, eds. B. H. Spitzberg
and W. R. Cupachs (Hillsdale, N.J.: Lawrence Erlbaum, 1998); Jacquelyn W.
White and Robin M. Kowalski, “Male Violence Toward Women: An Integrated
Perspective,” in Human Aggression: Theories, Research, and Implications for Social
Policy, eds. R. G. Geen and E. Donnerstein (San Diego: Academic, 1998),
203–228; Martin Daly, Margo Wilson, and Suzanne J. Weghorst, “Male Sexual
Jealousy,” Ethology and Sociobiology 3 (1982), 11–27; Martin Daly and Margo Wilson,
Homicide (New York: Aldine de Gruyter, 1988); and “The Evolutionary Social Psy-
chology of Family Violence,” in Handbook of Evolutionary Psychology, eds. Charles
Crawford and Dennis L. Krebs (Mahwah, N.J.: Lawrence Erlbaum, 1998),
431–456.

p. 178 Walk and chew gum: When Gerald Ford became President in 1974, standard news
sources attributed this remark about him to Lyndon Johnson.

p. 179 Sequences of action, thought, and feeling: James W. Papez, “A Proposed Mechanism
of Emotion,” Archives of Neurological Psychiatry 38 (1937), 725–743.

p. 179 Gilbert Ryle: Gilbert Ryle, The Concept of Mind (London: Hutchinson, 1949).
p. 179 John Searle: John Searle, “Minds, Brains, and Programs,” Behavioral and Brain 

Sciences 3 (1980), 417–457.
p. 179 Daniel Dennett: Daniel C. Dennett, Consciousness Explained (Boston: Little,

Brown, 1991).
p. 179 Paul Churchland: Paul M. Churchland, Matter and Consciousness: A Contemporary

Introduction to the Philosophy of Mind (Cambridge: MIT, 1988); Paul Churchland,



notes and references

The Engine of Reason, the Seat of the Soul: A Philosophical Journey into the Brain
(Cambridge: MIT, 1996).

p. 179 Child’s “theory of mind”: Paul Harris, “The Child’s Theory of Mind and Its Cul-
tural Context,” in Causes of Development: Interdisciplinary Perspectives, eds. G.
Butterworth and P. Bryant, (New York: Harvester Wheatsheaf, 1990), 215–237;
Beate Sodian, Catherine Taylor, Paul L. Harris, and Josef Perner, “Early Deception
and the Child’s Theory of Mind: False Trails and Genuine Markers,” Child Devel-
opment 62 (1991), 468–483; Michael Chandler and Chris Lalonde, “Shifting to an
Interpretive Theory of Mind: 5- to 7-Year-Olds’ Changing Conceptions of Mental
Life,” in The Five to Seven Year Shift: The Age of Reason and Responsibility, eds. 
A. J. Sameroff and M. M. Haith (Chicago: University of Chicago, 1996), 111–139.

p. 179 Stupor and coma: Raymond D. Adams and Maurice Victor, Principles of Neurology,
5th Ed. (New York: McGraw-Hill, 1993), 1394; Fred Plum and J. B. Posner, Diag-
nosis of Stupor and Coma (Philadelphia: F. A. Davis Company, 1980), 1. 

p. 179 Wilder Penfield: Wilder Penfield, The Mystery of the Mind: A Critical Study of Con-
sciousness and the Human Brain (Princeton, N.J.: Princeton University, 1975).

p. 180 Ojemann research: George A. Ojemann, “Cortical Organization of Language,” Jour-
nal of Neuroscience 11 (1991), 2281–2287; George A. Ojemann and J. Schoenfield-
McNeill, “Neurons in Human Temporal Cortex Active with Verbal Associative
Learning,” Brain and Language 64 (1998), 317–327.

p. 180 Early-twentieth-century brain scientists: Judith P. Swazey, Reflexes and Motor Inte-
gration: Sherrington’s Concept of Integrative Action (Cambridge: Harvard Univer-
sity, 1969), ch. 2.

p. 180 Crick’s description of his model: Francis Crick, The Astonishing Hypothesis: The Sci-
entific Search for the Soul (New York: Scribner’s, 1994), 317; Christof Koch and
Francis Crick, “Some Thoughts on Consciousness and Neuroscience,” in The New
Cognitive Neurosciences, ed. Michael S. Gazzaniga (Cambridge: MIT, 2000),
1285.

p. 180 Synchronized reverberation in brain-function models: Thomas Wichmann and
Mahlon DeLong, “Neurobiology: Oscillations in the Basal Ganglia,” Nature 400
(1999), 621–622; Rodolfo Llinas, I of the Vortex: From Neurons to Self (Cambridge:
MIT, 2001).

p. 181 Calvin quotation: William H. Calvin, The Cerebral Code (Cambridge: MIT, 1996),
190.

p. 181 Cat prey catching: Konrad Lorenz and Paul Leyhausen, “On the Function of the
Relative Hierarchy of Moods,” in Motivation of Human and Animal Behavior: An
Ethological View (New York: Van Nostrand Reinhold, 1973); T. M. Caro, “Preda-
tory Behaviour in Domestic Cat Mothers,” Behaviour 74 (1980), 128–148; Paul
Leyhausen, Cat Behavior: The Predatory and Social Behavior of Domestic and Wild
Cats (New York: Garland, 1979).

p. 182 Maternal aggression: Sarah Blaffer Hrdy, Mother Nature: A History of Mothers,
Infants, and Natural Selection (New York: Pantheon, 1999).

p. 182 Female aggression in competition, dominance interactions, etc.: Sarah Blaffer Hrdy,
The Woman That Never Evolved (Cambridge: Harvard University, 1981), 256; Signe
Preuschoft, Andreas Paul, and Jutta Kuester, “Dominance Styles of Female and
Male Barbary Macaques (Macaca sylvanus),” Behavior 135 (1998), 731–755.

p. 182 Female aggression in self-defense against males: Sarah Blaffer Hrdy, The Langurs of
Abu: Female and Male Strategies of Reproduction (Cambridge: Harvard University,
1977); Barbara Smuts, “Male Aggression Against Women: An Evolutionary Perspec-
tive,” Human Nature 3 (1992), 1–44; Barbara B. Smuts and R. W. Smuts, “Male



the tangled wing

Aggression and Sexual Coercion of Females in Nonhuman Primates and Other
Mammals: Evidence and Theoretical Implications,” Advances in the Study of
Behavior 22 (1993), 1–63.

p. 182 “sham rage”: J. Flynn, H. Venegas, W. Foote, and S. Edwards, “Neural Mechanisms
Involved in a Cat’s Attack on a Rat,” in The Neural Control of Behavior, eds. R. F.
Whalen, M. Thompson, M. Verzeano, and N. Weinberger (New York: Academic,
1970).

p. 182 Separating offensive and defensive aggression within species: Ned H. Kalin, “Primate
Models and Aggression,” Journal of Clinical Psychiatry Monograph Series 17:2
(1999), 22–24; and “Primate Models to Understand Human Aggression,” Journal of
Clinical Psychiatry 60:15 (1999), 29–32.

p. 182 Tinbergen scheme: Niko Tinbergen, “On the Aims and Methods of Ethology,”
Zeitschrift für Tierpsychologie 20 (1963), 410–433.

p. 183 Hypothalamus research as of 1950s: W. R. Ingram, “The Hypothalamus,” Clinical
Symposia 8 (1956), 117–156; Allan Siegel, Thomas A. P. Roeling, Thomas R.
Gregg, and Menno R. Kruk, “Neuropharmacology of Brain-Stimulation-Evoked
Aggression,” Neuroscience and Biobehavioral Reviews 23:3 (1999), 359–389.

p. 184 1930s experiments: Heinrich Klüver and Paul C. Bucy, “Preliminary Analysis of the
Temporal Lobes in Monkeys,” Archives of Neurological Psychiatry 42 (1939),
1979–2000.

p. 184 Later studies in removal of amygdala: James A. Horel, E. Gregory Keating, and
Louis J. Misantone, “Partial Klüver–Bucy Syndrome Produced by Destroying Tem-
poral Neocortex or Amygdala,” Brain Research 94 (1975), 347–359.

p. 184 Stimulation of lower amygdala with glutamate: Allen Siegel, K. Schubert, and 
M. B. Shaikh, “Neurochemical Mechanisms Underlying Amygdaloid Modulation
of Aggressive Behavior in the Cat,” Aggressive Behavior 21 (1994), 49–62; M. B.
Shaikh, K. Schubert, and Allen Siegel, “Basal Amygdaloid Facilitation of Midbrain
Periaqueductal Gray Elicited Defensive Rage Behavior in the Cat Is Mediated
Through NMDA Receptors,” Brain Research 635 (1994), 187–195; M. B. Shaikh,
A. Steinberg, and A. Siegel, “Evidence That Substance P Is Utilized in Medial
Amygdaloid Facilitation of Defensive Rage Behavior in the Cat,” Brain Research
625 (1993), 283–294.

p. 184 Septal-area experiments: J. V. Brady and Walle Nauta, “Subcortical Mechanisms in
Emotional Behavior: Affective Changes Following Septal Forebrain Lesions in the
Albino Rat,” Journal of Comparative and Physiological Psychology 46 (1953),
339–346.

p. 184 Hypothalamic model of aggression: J. R. Smythies, Brain Mechanisms and Behavior
(New York: Academic, 1970), 10.

p. 184 Inhibition uses enkephalin: Siegel, Schubert, and Shaikh, “Neurochemical Mecha-
nisms.”

p. 184 Fighting in male mice depends on signals: David A. Edwards, Farzad R. Nahai, and
Paige Wright, “Pathways Linking the Olfactory Bulbs with the Medial Preoptic
Anterior Hypothalamus Are Important for Intermale Aggression in Mice,” Physiol-
ogy and Behavior 53 (1993), 611–615.

p. 184 Rage hinges on hypothalamus: Siegel et al., “Neuropharmacology.”
p. 184 Flynn and colleagues: Flynn et al., “Neural Mechanisms.”
p. 184 Research holds up distinction: Jaak Panksepp, “Aggression Elicited by Electrical

Stimulation of the Hypothalamus in Albino Rats,” Physiology and Behavior 6
(1971), 321–329; K. Schubert, M. B. Shaikh, and A. Siegel, “NMDA Receptors in



notes and references

the Midbrain Mediate Hypothalamically Evoked Hissing Behavior in the Cat,”
Brain Research 726 (1996), 80–90; Jaak Panksepp, Affective Neuroscience: The
Foundations of Human and Animal Emotions (New York: Oxford University, 1998).

p. 184 Differences in cats and rats: Siegel et al., “Neuropharmacology.”
p. 185 How middle hypothalamus communicates impulse toward rage: Schubert, Shaikh,

and Siegel, “NMDA Receptors.”
p. 185 Activity of sidestream neurons: Siegel, Schubert, and Shaikh, “Neural Mechanisms.”
p. 185 Well-fed cats work: W. W. Roberts and H. O. Kiess, “Motivational Properties of

Hypothalamic Aggression in Cats,” Journal of Comparative and Physiological 
Psychology 58 (1964), 187–193.

p. 185 Ethologists compare cat predation: Caro, “Domestic Cat Mothers”; Leyhausen, Cat
Behavior; T. M. Caro, “Predatory Behaviour and Social Play in Kittens,” Behaviour
76 (1981), 1–24.

p. 185 Tumors damaging middle hypothalamus: D. J. Albert, M. L. Walsh, and R. H. Jonik,
“Aggression in Humans: What Is Its Biological Foundation?,” Neuroscience and
Biobehavioral Reviews 17 (1993), 405–425.

p. 185 Charles Whitman case: E. K. Moyer, Violence and Aggression: A Physiological 
Perspective (New York: Paragon House, 1987), 86, 237; N. Malamud, “Psychiatric
Disorders with Intracranial Tumors of the Limbic System,” Archives of Neurology
17 (1967), 113–123.

p. 185 Aggression in epileptics and EEG abnormalities in people with violent records:
Moyer, Violence and Aggression, 90; L. Tebartz Elst, F. G. Woermann, L. Lemieux,
P. J. Thompson, and M. R. Trimble, “Affective Aggression in Patients with Tempo-
ral Lobe Epilepsy: A Quantitative MRI Study of the Amygdala,” Brain 12:2 (2000),
234–243; Michael R. Trimble and Ludger Tebartz Van Elst, “On Some Clinical
Implications of the Ventral Striatum and the Extended Amygdala: Investigations of
Aggression,” in Advancing from the Ventral Striatum to the Extended Amygdala:
Implications for Neuropsychiatry and Drug Use: In Honor of Lennart Heimer,
Annals of the New York Academy of Sciences, ed. J. F. McGinty (New York: New
York Academy of Sciences, 1999), 638–644.

p. 185 Studies of veterans: J. Grafman, K. Schwab, D. Warden, A. Pridgen, H. R. Brown,
and A. M. Salazar, “Frontal Lobe Injuries, Violence, and Aggression: A Report of
the Vietnam Head Injury Study,” Neurology 46 (1996), 1231–1238.

p. 185 Brain-imaging studies: N. D. Volkow and L. Tancredi, “Neural Substrates of Violent
Behavior: A Preliminary Study with Positron Emission Tomography,” British Jour-
nal of Psychiatry 151 (1987), 673–688; Debra Niehoff, The Biology of Violence:
How Understanding the Brain, Behavior, and Environment Can Break the Vicious
Cycle of Aggression (New York: Free Press, 1999), 110.

p. 186 Frontal lobe dysfunction and violence: Keith A. Hawkins and Krista K. Trobst,
“Frontal Lobe Dysfunction and Aggression: Conceptual Issues and Research Find-
ings,” Aggression and Violent Behavior 5:2 (2000), 147–157.

p. 186 Frontal lobotomies as tyranny: Stephan L. Chorover, From Genesis to Genocide: The
Meaning of Human Nature and the Power of Behavior Control (Cambridge: MIT,
1979); Elliot S. Valenstein, Great and Desperate Cures: The Rise and Decline of 
Psychosurgery and Other Radical Treatments for Mental Illness (New York: Basic
Books, 1986).

p. 186 Desperate maladies: Valenstein, Great and Desperate Cures. 
p. 186 Surgical interventions may be justified: H. Thomas Ballantine, Jr., “A Critical Assess-

ment of Psychiatric Surgery: Past, Present, and Future,” in American Handbook of



the tangled wing

Psychiatry, eds. P. A. Berger and K. H. Brodie (New York: Basic Books, 1986),
1029–1047; Joann Ellison Rodgers, Psychosurgery: Damaging the Brain to Save the
Mind (New York: HarperCollins, 1992), 249.

p. 186 Brain surgery in epilepsy treatment: Antonio V. Delgado-Escueta, “The Nature of
Aggression During Epileptic Seizures,” New England Journal of Medicine 305
(1981), 711–716; Jonathan Pincus, “Violence and Epilepsy,” New England Journal
of Medicine 305 (1981), 696–698.

p. 186 Patients in U.S., Japan, Europe, and Latin America: Rodgers, Psychosurgery;
H. Thomas Ballantine, Jr., Anthony J. Bouckoms, Elizabeth K. Thomas, and Ida E.
Giriunas, “Treatment of Psychiatric Illness by Stereotactic Cingulotomy,” Biologi-
cal Psychiatry 22 (1987), 807–819; K. Sano, “Sedative Neurosurgery: With Special
Reference to Posteromedial Hypothalamotomy,” Neurologia Medico-Chirurgica 4
(1962), 112–142.

p. 186 Approach used in Japan and Argentina: Sano, “Sedative Neurosurgery.”
p. 186 Another approach: Vernon H. Mark and Frank R. Ervin, Violence and the Brain

(Hagerstown, Md.: Harper & Row, 1970), 182.
p. 186 Walle Nauta remarks: Walle J. H. Nauta, in his Presidential Symposium on Psy-

chosurgery, in Society for Neuroscience Annual Meeting (St. Louis, Mo.: Society for
Neuroscience, 1973). A similar statement is made in his foreword to Valenstein’s
Brain Control. 

p. 186 Danger of misuse of psychosurgery: Past abuses do not suggest that psychosurgeons
should be allowed to decide these cases themselves. Chorover, From Genesis to
Genocide (Cambridge: MIT, 1979); Valenstein, Great and Desperate Cures. 

p. 186 Chemical approach to violence circuitry: Klaus A. Miczek, Elsie Weerts, Margaret
Haney, and Jennifer Tidey, “Neurobiological Mechanisms Controlling Aggression:
Preclinical Developments for Pharmacotherapeutic Interventions,” Neuroscience
and Biobehavioral Reviews 18:1 (1994), 97–110.

p. 186 Norepiniphrine absorption in male mouse brains: Bruce L. Welch, Edith D. Hendley,
and Ibrahim Turek, “Norepiniphrine Uptake into Cerebral Cortical Synaptosomes
After One Fight or Electroconvulsive Shock,” Science 183 (1974), 220–221.

p. 187 Isolated mice: Robert B. Cairns, K. E. Hood, and J. Midlam, “On Fighting in Mice:
Is There a Sensitive Period for Isolation Effects?” Animal Behavior 33 (1985),
166–180.

p. 187 Genetic studies use isolation: Steven C. Maxson, “Genetic Influences on Aggressive
Behavior,” in Genetic Influences on Neural and Behavioral Functions, eds. Donald
W. Pfaff, W. H. Berrettini, T. H. Joh, and S. C. Maxson (New York: CRC, 2000),
405–416.

p. 187 Drugs increase or decrease fighting: Panskepp, Affective Neuroscience; Luigi Valzelli,
Psychopharmacology: An Introduction to Experimental and Clinical Principles
(Flushing, N.Y.: Spectrum, 1973), 79–83.

p. 187 Mouse killing by rats: Gordon A. Barr, Judith L. Gibbons, and Wagner H. Bridger,
“Neuropharmacological Regulation of Mouse Killing by Rats,” Behavioral Biology
17 (1976), 143–159.

p. 187 Measuring 5-HIAA in cerebrospinal fluid: Emil F. Coccaro, Richard J. Kavoussi,
and Juliet C. Lesser, “Self- and Other-Directed Human Aggression: The Role of the
Central Serotonergic System,” International Clinical Psychopharmacology 6:6
(1992), 70–83; Emil F. Coccaro, “The Biology of Aggression,” Scientific American
Medicine (January/February 1995), 38–47.

p. 187 Indirect measures more useful: Emil F. Coccaro, R. J. Kavoussi, R. L. Trestman, 
S. M. Gabriel, T. B. Cooper, and L. J. Siever, “Serotonin Function in Human Sub-



notes and references

jects: Intercorrelations Among Central 5- HT Indices and Aggressiveness,” Psychiatry
Research, 73:1,2 (1977), 1–14.

p. 187 Relationship in children and adults: Stephanie H. M. Van Goozen, Walter Matthys,
Peggy T. Cohen-Kettenis, Herman Westenberg, and Herman Van Engeland,
“Plasma Monoamine Metabolites and Aggression: Two Studies of Normal and
Oppositional Defiant Disorder Children,” European Neuropsychopharmacology
9:1,2 (1999), 141–147.

p. 187 Low 5-HIAA levels predict suicide: Marie Aº sberg and Lil Traskman, “Studies of CSF
5-HIAA in Depression and Suicidal Behavior,” Advances in Experimental Medicine
and Biology 133 (1981), 739–752; Melvin J. Konner, “Not to Be,” The Sciences 26:1
(1986), 2–3.

p. 187 Old association has held up: Burr Eichelman and N. B. Thoa, “The Aggressive
Monoamines,” Biological Psychiatry 6 (1973), 143–164; Burr Eichelman, “Aggres-
sive Behavior: From Laboratory to Clinic: Quo Vadit?,” Archives of General Psychiatry
49 (1992), 488–492.

p. 187 Strategy of targeting neurotransmitters: Miczek et al., “Neurobiological Mecha-
nisms.”

p. 187 Drugs hold out hope, pose ethical problem: Stuart P. Taylor and Michael R. Hulsizer,
“Psychoactive Drugs and Human Aggression,” in Geen and Donnerstein, Human
Aggression, 139–165.

p. 187 UCLA monkey studies: Michael J. Raleigh, Michael T. McGuire, Gary L. Bram-
mer, Deobrah B. Pollack, and Arthur Yuwiler, “Serotonegic Mechanisms Promote
Dominance Acquisition in Adult Male Vervet Monkeys,” Brain Research 559
(1991), 181–190; and M. J. Raleigh, M. McGuire, W. Melega, S. Cherry, S. C.
Huang, and M. Phelps, “Neural Mechanisms Promote Dominance Acquisition in
Adult Male Vervet Monkeys,” in Neurobiology of Decision-Making, eds. Antonio
Damasio, H. Damasio, and Y. Christen (New York: Springer-Verlag, 1995), 63–82.

p. 187 Experiments using drugs that raise serotonin: Raleigh et al., “Serotonergic Mecha-
nisms.”

p. 187 Pattern found in macaque monkeys: G. C. Westergaard, S. J. Suomi, J. D. Higley,
and P. T. Mehlman, “CSF 5-HIAA and Aggression in Female Macaque Monkeys:
Species and Interindividual Differences,” Psychopharmacology 146:4 (1999),
440–446.

p. 188 Stress hormones released in “fight or flight”: Walter B. Cannon, Bodily Changes in
Pain, Hunger, Fear, and Rage (New York: Harper & Row, 1963, orig. 1915); Robert
M. Sapolsky, “Neuroendocrinology of the Stress Response,” in Behavioral
Endocrinology, eds. Jill B. Becker, S. Marc Breedlove, and David Crews (Cam-
bridge: MIT, 1992), 287–324.

p. 188 Release of adrenaline fastest hormonal event: Sapolsky, “Stress Response.”
p. 188 Promoted by the outer adrenal: A curious fact of adrenal function is that cortisol,

from the outer part of the gland, the adrenal cortex, is a cofactor for one of the key
enzymes of adrenaline synthesis in the core of the gland, the adrenal medulla.
Furthermore, in the course of vertebrate evolution, what were separate organs in
fish became a single unit in mammals, as the cortisol-secreting part gradually
came to surround the adrenaline-making core. This is an elegant example of a
Darwinian increase in hormone-making efficiency over hundreds of millions of
years. David O. Norris, Vertebrate Endocrinology (San Diego, Calif.: Academic,
1997), 327–343.

p. 188 Testosterone promotes aggression in specific way: James M. Dabbs, Jr., Timothy S.
Carr, Robert L. Frady, and Jasine K. Riad, “Testosterone, Crime, and Misbehavior



the tangled wing

Among 692 Male Prison Inmates,” Personality and Individual Differences 18
(1995), 627–633; James M. Dabbs, Jr., and Marian F. Hargrove, “Age, Testosterone,
and Behavior Among Female Prison Inmates,” Psychosomatic Medicine 59 (1997),
477–480; James McBride Dabbs and Mary Godwin Dabbs, Heroes, Rogues, and
Lovers: Testosterone and Behavior (New York: McGraw-Hill, 2000).

p. 188 Stress decreases testosterone: Robert M. Rose, “Normality and Stress: Response and
Adaptation from an Endocrine Perspective,” in The Diversity of Normal Behavior:
Further Contributions to Normatology, eds. D. Offer and M. Sabshin (New York:
Basic Books, 1991), 60–87.

p. 188 Testosterone injections, castration, and aggressiveness: Robert M. Rose, Irwin S.
Bernstein, Thomas P. Gordon, and Sharon F. Catlin, “Androgens and Aggression:
A Review of Recent Findings in Primates,” in Primate Aggression, Territoriality and
Xenophobia, ed. Ralph L. Holloway (New York: Academic, 1975); Robert M.
Sapolsky, The Trouble with Testosterone and Other Essays on the Biology of the
Human Predicament (New York: Scribner’s, 1997), 288. Many studies have used
castrated males later injected with testosterone. It is more difficult to increase the
aggressiveness of a normal male with the hormone, although it is certainly possible
(see, for example, Su et al., below). Testosterone may be a necessary but not suffi-
cient condition for sustained aggressive action.

p. 188 Ample evidence in human studies: Dabbs and Dabbs, Heroes, Rogues, and Lovers.
p. 188 Steroid-treatment studies not consistent: Albert, Walsh, and Jonik, “Aggression in

Humans.”
p. 188 Steroid treatment can enhance aggressiveness: T.-P. Su, M. Pagliaro, P. J. Schmidt,

D. Pickar, O. Wolkowitz, and D. R. Rubinow, “Neuropsychiatric Effects of Ana-
bolic Steroids in Male Normal Volunteers,” Journal of the American Medical Asso-
ciation 269 (1993), 2760–2764.

p. 188 Antiandrogen treatment or drug can reduce aggression: Peter T. Loosen, Scott E.
Purdon, and Spyros N. Pavlou, “Effects on Behavior of Modulation of Gonadal
Function in Men with Gonadotropin-Releasing Hormone Antagonists,” American
Journal of Psychiatry 151 (1994), 271–273.

p. 188 Dabbs and Morris study: James M. Dabbs and Robin Morris, “Testosterone, Social
Class, and Antisocial Behavior in a Sample of 4,462 Men,” Psychological Science
1:3 (1990), 209–211.

p. 188 Testosterone associated with more violent crimes in adolescence: Leo E. Kreuz and
Robert M. Rose, “Assessment of Aggressive Behavior and Plasma Testosterone in a
Young Criminal Population,” Psychosomatic Medicine 34:4 (1972), 321–332.

p. 189 Norwegian bullies: Dan Olweus, Aggression in the Schools: Bullies and Whipping
Boys (New York: John Wiley & Sons, 1988).

p. 189 Susan Chance study: Susan E. Chance, Ronald T. Brown, James M. Dabbs, Jr., and
Robert Casey, “Testosterone, Intelligence and Behavior Disorders in Young Boys,”
Personality and Individual Differences 28:2 (2000), 437–445.

p. 189 !Kung hunting study: Carol M. Worthman and Melvin J. Konner, “Testosterone
Levels Change with Subsistence Hunting in !Kung San Men,” Psychoneuroen-
docrinology 12 (1987), 449–458.

p. 189 !Kung violence study: Kerrin Christiansen and Eike Meinrad Winkler, “Hormonal,
Anthropometrical, and Behavioral Correlates of Physical Aggression in !Kung San
Men of Namibia,” Aggressive Behavior 18 (1992), 271–280.

p. 189 Rhesus monkey fights: Robert M. Rose, Thomas P. Gordon, and Irwin. S. Bernstein,
“Plasma Testosterone Levels in the Male Rhesus: Influences of Sexual and Social
Stimuli,” Science 178 (1972), 643–645.



notes and references

p. 189 Harvard wrestling study: Michael Elias, “Serum Cortisol, Testosterone, and Testos-
terone-Binding Globulin Reponses to Competitive Fighting in Human Males,”
Aggressive Behavior 7:3 (1981), 215–224.

p. 189 Victory-and-loss studies: Allan Mazur and Theodore A. Lamb, “Testosterone, 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
18:5 (1997), 317–326; Allan Mazur, Alan Booth, and James M. Dabbs, “Testos-
terone and Chess Competition,” Social Psychology Quarterly 55:1 (1992), 70–77.

p. 189 Testosterone dip in basic training: Leo E. Kreuz, Robert M. Rose, and J. Richard
Jennings, “Suppression of Plasma Testosterone Levels and Psychological Stress,”
Archives of General Psychiatry 26 (1972), 479–482.

p. 189 Stress levels in dominant monkeys: K. Manogue, A. Leshner, and D. Candland,
“Dominance Status and Adrenocortical Activity to Stress in Squirrel Monkeys
(Saimiri sciureus),” Primates 16 (1975), 457; M. Golub, E. Sassenrath, and G. Goo,
“Plasma Cortisol Levels and Dominance in Peer Groups of Rhesus Monkey Wean-
ling,” Hormones and Behavior 12 (1979), 50; Robert Sapolsky, “Sex and the Single
Monkey,” The Sciences 10 (July/August 1998).

p. 189 Sapolsky baboon studies: Robert M. Sapolsky, Why Zebras Don’t Get Ulcers (New
York: W. H. Freeman, 1994); “Social Subordinance as a Marker of Hypercorti-
solism: Some Unexpected Subtleties,” Annals of the New York Academy of Sciences
771 (1995), 626–639; Robert M. Sapolsky, S. C. Alberts, and J. Altmann, “Hyper-
cortisolism Associated with Social Subordinance or Social Isolation Among Wild
Baboons,” Archives of General Psychiatry 54:12 (1997), 1137–1143; C. E. Virgin,
Jr., and Robert M. Sapolsky, “Styles of Male Social Behavior and Their Endocrine
Correlates Among Low-Ranking Baboons,” American Journal of Primatology 42:1
(1997), 25–39.

p. 189 Similar pattern found in rats: D. C. Blanchard, R. L. Spencer, S. M. Weiss, R. J.
Blanchard, B. McEwen, and R. R. Sakai, “Visible Burrow System as a Model of
Chronic Social Stress: Behavioral and Neuroendocrine Correlates,” Psychoneuroen-
docrinology 20:2 (1995), 117–134.

p. 189 Related studies of chimpanzees: Sally Seraphin, Reproductive Endocrinology and
Stress Physiology of Free-Ranging Male Chimpanzees in Budongo. Master of Sci-
ence dissertation accepted and successfully defended at the Institute of Biological
Anthropology, University of Oxford (October 2000). Supervisor: Vernon Reynolds.

p. 189 Kalin results: Kalin, “Primate Models and Aggression”; Kalin, “Primate Models to
Understand Human Aggression.”

p. 190 Studies of skilled-task performance: M. Frankenhaeuser, “Experimental Approaches
to the Study of Catecholamines and Emotion,” in Emotions: Their Parameters and
Measurement, ed. L. Levi (New York: Raven, 1975).

p. 190 Testosterone and limbic system in monkeys: Richard P. Michael, Howard D. Rees,
and Robert W. Bonsall, “Sites in the Male Primate Brain at Which Testosterone
Acts as an Androgen,” Brain Research 502 (1989), 11–20.

p. 190 Testosterone in rats: K. M. Kendrick and R. F. Drewitt, “Testosterone Reduces
Refractory Period of Stria Terminalis Neurons in the Rat Brain,” Science 204
(1979), 877–879.

p. 190 Testosterone in male birds: Susan D. Brown and Sarah W. Bottjer, “Testosterone-
Induced Changes in Adult Canary Brain Are Reversible,” Journal of Neurobiology



the tangled wing

24:5 (1993), 627–640; G. T. Smith, E. A. Brenowitz, M. D. Beecher, and J. C.
Wingfield, “Seasonal Changes in Testosterone, Neural Attributes of Song Control
Nuclei, and Song Structure in Wild Songbirds,” Journal of Neuroscience 17:5
(1997), 6001–6010.

p. 190 Testosterone in female finches: Elizabeth Adkins-Regan, “Testosterone Increases
Singing and Aggression But Not Male-Typical Sexual Partner Preference in Early
Estrogen Treated Female Zebra Finches,” Hormones and Behavior 35:1 (1999),
63–70.

p. 190 Pope study: Harrison G. Pope, Jr., Elena M. Kouri, and James I. Hudson, “Effects of
Supraphysiologic Doses of Testosterone on Mood and Aggression in Normal Men:
A Randomized Controlled Trial,” Archives of General Psychiatry 57:2 (2000),
133–140.

p. 190 Functions of seasonal rise in testosterone: John C. Wingfield, Robert E. Hegner,
Alfred M. Dufty, Jr., and Gregory F. Ball, “The ‘Challenge Hypothesis’: Theoretical
Implications for Patterns of Testosterone Secretion, Mating Systems, and Breeding
Strategies,” American Naturalist 135:6 (1990), 829–846.

p. 190 Michael and Zumpe research: Doris Zumpe and Richard P. Michael, “Social Factors
Modulate the Effects of Hormones on the Sexual and Aggressive Behavior of
Macaques,” American Journal of Primatology 38 (1996), 233–261.

p. 190 Songbird’s brain change: Fernand Nottebohm, “The King Solomon Lectures in
Neuroethology,” Journal of Comparative Physiology 179:2 [A] (1996), 149–156.

p. 191 Aggression in adulthood influenced by early-life testosterone: Marcia L. Collaer and
Melissa Hines, “Human Behavioral Sex Differences: A Role for Gonadal Hor-
mones During Early Development?,” Psychological Bulletin 118:1 (1995), 55–107;
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.

p. 191 Making female mice fight like males: David A. Edwards, “Mice: Fighting by Neona-
tally Androgenized Females,” Science 161 (1968), 1027–1028.

p. 191 Day one events just begin the process: Ion Motelica-Heino, David A. Edwards, and
Jacques Roffi, “Intermale Aggression in Mice: Does Hour of Castration after Birth
Influence Adult Behavior?” Physiology & Behavior 53 (1993), 1017–1019.

p. 191 “trouble with testosterone”: Sapolsky, The Trouble with Testosterone. 
p. 191 Fifteen genes affecting aggression in mice: Maxson, “Genetic Influences.”
p. 191 “mean genes”: René Hen, “Mean Genes,” Neuron 16 (1996), 17–21.
p. 191 DNA bottles labeled “aggression”: Maxson, “Genetic Influences.”
p. 192 Southwick experiment: Charles H. Southwick, “Genetic and Environmental Vari-

ables Influencing Animal Aggression,” in Animal Aggression: Selected Readings, ed.
Charles H. Southwick (New York: Van Nostrand Reinhold, 1970).

p. 192 Netherlands family: H. G. Brunner, “Abnormal Behavior Associated with a Point Muta-
tion in the Structural Gene for Monoamine Oxidase A,” Science 262 (1993), 578–580.

p. 192 Knockout-mice study: Oliver Cases, Isabelle Seif, Joseph Grimsby, Patricia Gaspar,
Kevin Chen, Sandrine Pournin, Ulrike Müller, Michel Aguet, Charles Babinet,
Jean Chen Shih, and Edward De Maeyer, “Aggressive Behavior and Altered
Amounts of Brain Serotonin,” Science 268 (1995), 1763–1766.

p. 192 Another study of genetically engineered mice: Jean Chen Shih, Michael James Ridd,
Kevin Chen, Woerner Pauls Meehan, Mie-Ping Kung, Isabelle Seif, and Edward
De Maeyer, “Ketanserin and Tetrabenazine Abolish Aggression in Mice Lacking
Monoamine Oxidase A,” Brain Research 835:2 (1999), 104–112.



notes and references

p. 192 Entirely separate study: Fédéric Saudou, Djamel ait Amara, Andrée Dietrich, 
Marianne LeMeur, Louis Segu, Marie-Christine Buhot, and René Hen,
“Enhanced Aggressive Behavior in Mice Lacking 5-HT1B Receptor,” Science 265
(1994), 1875–1878. Grouping of neurotransmitter receptors into subtypes has been
one of the most exciting developments in brain science in the late twentieth cen-
tury, leading to a convergence of neuroanatomy and neuropharmacology. The
brain is in some ways a gland, but it is a gland with a wiring diagram, and receptor
subtypes help us draw the diagram. 

p. 193 Traditional studies: Irving I. Gottesman, H. Hill Goldsmith, and Gregory Carey, “A
Developmental and a Genetic Perspective on Aggression,” in Uniting Psychology
and Biology: Integrative Perspectives on Human Development, eds. N. L. Segal, 
G. E. Weisfeld, and C. C. Weisfeld (Washington, D.C.: American Psychological
Association, 1997), 107–130.

p. 193 Juvenile-delinquent studies: Gottesman, Goldsmith, and Carey, “A Developmental
and a Genetic Perspective,” 107–130.

p. 193 Seven studies of adult felons: Gottesman, Goldsmith, and Carey, “A Developmental
and a Genetic Perspective.”

p. 193 Toddlers’ traits more heritable than infants’: Gottesman, Goldsmith, and Carey, “A
Developmental and a Genetic Perspective.”

p. 193 Heritability for test scores increases with age: Ronald S. Wilson, “The Louisville
Twin Study: Developmental Synchronies in Behavior,” Child Development 54
(1983), 298–316; Adam P. Matheny, Jr., “Developmental Behavior Genetics:
Contributions from the Louisville Twin Study,” 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), 25–39.

p. 193 Pain, irritation, etc. increase aggression: J. Dollard, L. W. Doob, N. E. Miller, O. H.
Mowrer, and R. R. Sears, Frustration and Aggression (New Haven, Conn.: Yale Univer-
sity, 1939); Leonard Berkowitz, Aggression: Its Causes, Consequences and Control
(Philadelphia: Temple University, 1993), 485; “Affective Aggression: The Role of Stress,
Pain, and Negative Affect,” in Geen and Donnerstein, Human Aggression, 49–72.

p. 194 Redirected aggression in vertebrates: Robert A. Hinde, Animal Behavior: A Synthesis
of Ethology and Comparative Psychology, 2d Ed. (New York: McGraw-Hill, 1966),
287–288.

p. 194 Nick ruled over Adam: Robert Sapolsky, A Primate’s Memoir: A Neuroscientist’s
Unconventional Life Among the Baboons (New York: Scribner’s, 2001).

p. 194 Rats and mice isolated before fighting: Cairns, Hood, and Midlam, “On Fighting in
Mice”; Luigi Valzelli, Psychopharmacology (New York: John Wiley & Sons, 1973).

p. 194 This and other conditions must be considered: Stephen C. Maxson, “Methodological
Issues in Genetic Analysis of an Agonistic Behavior (Offense) in Male Mice,” in
Techniques for the Genetic Analysis of Brain and Behavior, eds. D. Goldowitz, D.
Wahlsten, and R. E. Wimer (New York: Elsevier, 1992), 349ff.

p. 194 Fighting can be trained: Howard Rachlin, Behavior and Learning (San Francisco:
W. H. Freeman, 1976), 138–140.

p. 194 Learning processes in nature form dominance ranks: Preuschoft, Paul, and Kuester,
“Dominance Styles.”

p. 194 Grossman on raising kill rates: Dave Grossman, On Killing: The Psychological Cost
of Learning to Kill in War and Society (New York: Little, Brown, 1996).

p. 194 Cultures take different approaches: Ashley Montagu, The Nature of Human Aggres-
sion (New York: Oxford University, 1976).



the tangled wing

p. 194 Thousandfold variance in rates of violence: Bruce Knauft, “Reconsidering Violence
in Simple Human Societies: Homicide Among the Gebusi of New Guinea,” Cur-
rent Anthropology 28 (1987), 457–500.

p. 195 Emotional contagion: Elaine Hatfield, John T. Cacioppo, and Richard L. Rapson,
“Emotional Contagion,” in Studies in Emotion and Social Interaction, eds. P.
Ekman and K. R. Scherer (Cambridge: Cambridge University, 1994). The relative
neglect of this subject by modern psychologists is a serious omission. What is
labeled social cognition—a vain effort to purge the subject of emotion—is at its
core a kind of emotional contagion.

p. 195 Emotional contagion long recognized by historians and social scientists: Gustave Le
Bon, The Crowd: A Study of the Popular Mind (Atlanta: Cherokee, 1982), 219;
Charles Mackay, Extraordinary Popular Delusions and the Madness of Crowds
(New York: Noonday, 1932), xxiv, 724; Sigmund Freud, Group Psychology and the
Analysis of the Ego (London: Hogarth, 1949, orig. 1922); Elias Canetti, Crowds and
Power (New York: Continuum, 1981), 495; René Girard and Patrick Gregory, Vio-
lence and the Sacred (Baltimore: Johns Hopkins University, 1979), vii, 333.

p. 195 True imitation involves higher functions: Ann Cale Kruger and Michael Tomasello,
“Cultural Learning and Learning Culture,” in Handbook of Education and Human
Development: New Models of Learning, Teaching, and Schooling, eds. D. Olson and
N. Torrance (Oxford: Basil Blackwell, 1996); Michael Tomasello, Ann Cale Kruger,
and Hilary Horn Ratner, “Cultural Learning,” Behavioral and Brain Sciences 16
(1993), 449–452.

p. 195 Bandura’s classic studies: Albert Bandura and R. H. Walters, Social Learning and
Personality Development (New York: Holt, Rinehart & Winston, 1963).

p. 195 Further research on aggression modeling: G. R. Patterson, “Performance Models for
Antisocial Boys,” American Psychologist 41 (1986), 432–444.

p. 195 Role of media in modeling violent images: Grossman, On Killing; Stacy L. Smith
and Edward Donnerstein, “Harmful Effects of Exposure to Media Violence: Learn-
ing of Aggression, Emotional Desensitization, and Fear,” in Geen and Donnerstein,
Human Aggression, 167–202.

p. 195 A need to work through aggressive fantasies: ed. Jeffrey Goldstein, Why We Watch:
The Attractions of Violent Entertainment (New York: Oxford University, 1998).

p. 195 Effects shown in many species: Cairns, Hood, and Midlam, “On Fighting in Mice.”
p. 195 Isolation in rhesus monkeys: G. L. Arling, G. C. Ruppenthal, and G. D. Mitchell,

Animal Behavior 17 (1969), 109–113.
p. 195 Low 5-HIAA in isolated monkeys: J. D. Higley, S. J. Suomi, and M. Linnoila, “A

Nonhuman Primate Model of Type II Alcoholism? Part 2: Diminished Social
Competence and Excessive Aggression Correlates with Low Cerebrospinal Fluid 
5-Hydroxyindoleacetic Acid Concentrations,” Alcohol: Clinical and Experimental
Research 20:4 (1996), 643–650.

p. 196 Influences in young monkey that lead to dominance: Donald Sade, “Determinants of
Dominance in a Group of Free-Ranging Rhesus Monkeys,” in Social Communica-
tion Among Primates, ed. J. Altmann (Chicago: University of Chicago, 1967).

p. 196 Female baboons on savanna: Glenn Hausfater, Jeanne Altmann, and Stuart Altmann,
“Long-Term Consistency of Dominance Relations Among Female Baboons (Papio
cynocephalus),” Science 217 (1982), 752–755.

p. 196 More sober, less impulsive behavior: Preuschoft, Paul, and Kuester, “Dominance
Styles”; J. D. Higley, P. T. Mehlman, S. B. Higley, B. Fernald, J. Vickers, S. G.
Lindell, D. M. Taub, S. J. Suomi, and M. Linnoila, “Excessive Mortality in
Young Free-Ranging Male Nonhuman Primates with Low Cerebrospinal Fluid 



notes and references

5-Hydroxyindoleacetic Acid Concentrations,” Archives of General Psychiatry 53:6
(1996), 537–543; J. D. Higley, S. T. King, Jr., M. F. Hasert, M. Champoux, S. J.
Suomi, and M. Linnoila, “Stability of Interindividual Differences in Serotonin
Function and Its Relationship to Severe Aggression and Competent Social Behav-
ior in Rhesus Macaque Females,” Neuropsychopharmacology 14:1 (1996), 67–76.

p. 196 Rats reared with mice prey on them less: V. H. Denenberg, R. Pachke, and M. X.
Zarrow, “Killing of Mice by Rats Prevented by Early Interaction Between the Two
Species,” Psychonomic Science 11 (1968), 39.

p. 196 Big cats learn to chase: G. Schaller, The Serengeti Lion: A Study of Predator-Prey
Relations (Chicago: University of Chicago, 1972).

p. 196 Cheetahs teach young: T. M. Caro, Cheetahs of the Serengeti Plains (Chicago: Uni-
versity of Chicago, 1994).

p. 196 Hunter-gatherer children learn in different ways: Richard B. Lee, The !Kung San:
Men, Women and Work in a Foraging Society (Cambridge: Cambridge University,
1979); 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).

p. 196 !Kung behavior toward infants and children: Melvin J. Konner, “Infancy Among the
Kalahari Desert San,” in Culture and Infancy, eds. H. Leiderman, S. R. Tulkin, and
A. Rosenfeld (New York: Academic, 1977); Melvin J. Konner and Carol Worthman,
“Nursing Frequency, Gonadal Function, and Birth Spacing Among !Kung Hunter-
Gatherers,” Science 207 (1980), 788–791.

p. 196 Southwick’s experiment: Southwick, “Genetic and Environmental Variables.”
p. 197 Hamburg’s pioneering study: David A. Hamburg, “Psychobiological Studies of

Aggressive Behavior,” Nature 230 (1971), 19–23; “Aggressive Behavior of Chim-
panzees and Baboons in Natural Habitats,” Journal of Psychiatric Research 8 (1971),
385–398; “An Evolutionary and Developmental Approach to Human Aggressive-
ness,” Psychoanalytic Quarterly 42 (1973), 185–200; eds. Shirley C. Strum, Donald
G. Lindburg, and David Hamburg, The New Physical Anthropology: Science,
Humanism, and Critical Reflection, Advances in Human Evolution (Upper Saddle
River, N.J.: Prentice-Hall, 1999), 283.

p. 197 Old view: Konrad Lorenz, “What Aggression Is Good For,” in Animal Aggression:
Selected Readings, ed. Charles H. Southwick. (New York: Van Nostrand Reinhold,
1970). 

p. 197 Wild-animal studies support view: V. C. Wynne-Edwards, “What Aggression Is Good
For,” in Animal Dispersion in Relation to Social Behaviour (New York: Hafner,
1962), xi, 653.

p. 197 Baboon–New Yorker comparison: E. O. Wilson, Sociobiology: The New Synthesis
(Cambridge: Harvard University, 1975), 246–247.

p. 197 Animals might kill when they have more to gain: 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.: Benjamin
Cummings, 1979).

p. 197 Competitive infanticide in langurs: Hrdy, Langurs of Abu; Sarah Blaffer Hrdy,
“Infanticide Among Animals: A Review, Classification, and Examination of the
Implications for the Reproductive Strategies of Females,” Ethology and Sociobiology
1 (1979), 13–40.

p. 198 Similar patterns in other species: eds. Glenn Hausfater and Sarah Blaffer Hrdy,
Infanticide: Comparative and Evolutionary Perspectives (New York: Aldine de
Gruyter, 1984), 598.



the tangled wing

p. 198 Sober and Wilson’s defense: Elliot Sober and David Sloan Wilson, Unto Others: The
Evolution and Psychology of Unselfish Behavior (Cambridge: Harvard University,
1998), 394.

p. 198 Most evolutionists skeptical: Leonard Nunney, “Are We Selfish, Are We Nice, or
Are We Nice Because We Are Selfish?,” Science 281 (1998), 1619–1621.

p. 198 Position of Williams and others: George C. Williams, Adaptation and Natural
Selection (Princeton, N.J.: Princeton University, 1966); and Natural Selection:
Domains, Levels, and Challenges (New York: Oxford University, 1992).

p. 198 Aggression evolved to serve interests: Popp and DeVore, “Aggressive Competition.”
p. 198 Baboons’ privileged access to females: Irven DeVore, “Male Dominance and Mating

Behavior in Baboons,” in Sexual Behavior, ed. F. Beach (New York: John Wiley &
Sons, 1965).

p. 198 Hausfater confirmed process: Glenn Hausfater, “Dominance and Reproduction in
Baboons (Papio cynocephalus),” in Contributions to Primatology, Vol. 7 (Basel: S.
Karger, 1975).

p. 198 Similar process in rhesus: Kim Wallen, Linda A. Winston, S. Gaventa, Maryann
Davis-DaSilva, and D. C. Collins, “Periovulatory Changes in Female Sexual
Behavior and Patterns of Ovarian Steroid Secretion in Group-Living Rhesus Mon-
keys,” Hormones & Behavior 18 (1984), 431–450.

p. 198 Dominant males have greater genetic paternity: Jeanne Altmann, Susan C. Alberts
et al., “Behavior Predicts Gene Structure in a Wild Primate Group,” Proceedings of
the National Academy of Sciences 93 (1996), 5797–5801. This effect is very strong
in the short run, but other males have their own chance at paternity as dominance
structures change over a period of years.

p. 198 Little fossil evidence: Lawrence H. Keeley, War Before Civilization: The Myth of the
Peaceful Savage (New York: Oxford University, 1996).

p. 198 “killer ape” hypothesis: Robert Ardrey, African Genesis: A Personal Investigation into
the Animal Origins and Nature of Man (New York: Dell, 1963), 380.

p. 199 Intraspecies aggression in chimpanzees: Geza Teleki, The Predatory Behavior of Wild
Chimpanzees (Lewisburg, Penn.: Bucknell University, 1973); Craig B. Stanford,
The Hunting Apes: Meat Eating and the Origins of Human Behavior (Princeton,
N.J.: Princeton University, 1999).

p. 199 Types of aggression in chimps: Jane Goodall, “Infant Killing and Cannibalism in
Free-Living Chimpanzees,” Folia Primatologica 28 (1977), 259–282; “Life and
Death at Gombe,” National Geographic 155:5 (1979), 592–621; The Chimpanzees
of Gombe: Patterns of Behavior (Cambridge: Harvard University, 1986), 673; J. H.
Manson and Richard W. Wrangham, “Intergroup Aggression in Chimpanzees and
Humans,” Current Anthropology 32:4 (1991), 369–390; Richard W. Wrangham and
Dale Peterson, Demonic Males: Apes and the Origins of Human Violence (Boston:
Houghton Mifflin, 1996).

p. 199 Two cases of group elimination: Goodall, Chimpanzees of Gombe.
p. 199 Nightmares of New Guinea warriors: Keeley, War Before Civilization. 
p. 199 Female power among bonobos: Takayoshi Kano, The Last Ape: Pygmy Chimpanzee

Behavior and Ecology (Stanford, Calif.: Stanford University, 1992), 248.
p. 199 Food sharing and sex among female bonobos: Takayoshi Kano, “The Sexual Behav-

ior of Pygmy Champanzees,” in Understanding Chimpanzees, eds. P. G. Heltne
and L. A. Marquardt (Cambridge: Harvard University/Chicago Academy of Sci-
ences, 1989), 176–183; Richard Wrangham, “The Evolution of Sexuality in Chim-
panzees and Bonobos,” Human Nature 4 (1993), 47.



notes and references

p. 199 Males cannot dominate females: Amy Randall Parish, “Female Relationships in
Bonobos (Pan paniscus): Evidence for Bonding, Cooperation, and Female Domi-
nance in a Male-Philopatric Species,” Human Nature 7:1 (1996), 61–96.

p. 199 Bonobos better models: Frans de Waal, Bonobo: The Forgotten Ape, (Berkeley: Uni-
versity of California, 1997).

p. 199 Wrangham and Peterson argument: Wrangham and Peterson, Demonic Males. 
p. 200 Tendency to fight “over nothing”: Daly and Wilson, Homicide. 
p. 200 Hypothesis confirmed: Daly and Wilson, “Social Psychology of Family Violence”;

Martin Daly and Margo Wilson, “Child Abuse and Other Risks of Not Living with
Both Parents,” Ethology and Sociobiology 6 (1985), 197–210; Margo I. Wilson,
Martin Daly, and A. Daniele, “”Familicide: The Killing of Spouse and Children,”
Aggressive Behavior 21 (1995), 231–361.

p. 200 Smuts research: Smuts, Male Aggression Against Women; Smuts and Smuts, “Male
Aggression and Sexual Coercion.”

p. 200 Daly and Wilson findings: Daly and Wilson, “Family Violence.”
p. 200 Male jealousy and homicide in hunting-gathering societies: Knauft, “Reconsidering

Violence,” 477; Richard B. Lee, The !Kung San: Men, Women and Work in a For-
aging Society (Cambridge: Cambridge University, 1979), 440–441.

p. 200 Most violent human societies: Paul Bohannan and American Museum of Natural
History, Law and Warfare: Studies in the Anthropology of Conflict, 1st Ed. (Garden
City, N.Y.: Natural History Press, 1967), xiv, 441; Keith F. Otterbein, The Evolution
of War: A Cross-Cultural Study (Human Relations Area Files, 1970), 165.

p. 200 Enga death statistic: Mervyn J. Meggitt, Blood Is Their Argument: Warfare Among the
Mae Enga Tribesmen of the New Guinea Highlands (Palo Alto, Calif.: Mayfield,
1977), xii, 223.

p. 200 Violence of Yanomamo: Napoleon A. Chagnon, Yanomamo: The Fierce People (New
York: Holt, Rinehart & Winston, 1968); Yanomamo: The Last Days of Eden (San
Diego: Harcourt Brace, 1992), 309. Accusations of scientific misconduct against
Chagnon and his colleagues were made by a journalist in an ill-supported book
published in the fall of 2000 and widely circulated in an inflammatory e-mail 
message authored by two anthropologists critical of his work. The National Acad-
emy of Sciences of the United States and a comparable panel in Venezuela, among
other distinguished review commissions, have found the main allegations to be
false.

p. 200 Yanomamo homicide and reproductive success: Napoleon A. Chagnon, “Life Histo-
ries, Blood Revenge, and Warfare in a Tribal Population,” Science 239 (1988),
985–992.

p. 200 “sick societies”: Robert B. Edgerton, Sick Societies: Challenging the Myth of Primi-
tive Harmony (New York: Free Press, 1992), 278.

p. 200 Review of ethnographic accounts of warfare: Irenäus Eibl-Eibesfeldt, The Biology of
Peace and War: Men, Animals, and Aggression (London: Thames & Hudson, 1979).

p. 201 “peaceful savage” myth: Keeley, War Before Civilization. 
p. 201 “interpretive pacifications”: Keeley, War Before Civilization, 20.
p. 201 Archaeological record on human violence: Keeley, War Before Civilization, 37.
p. 201 Human history as relentless tribal warfare: Andrew Bard Schmookler, The Parable of

the Tribes: The Problem of Power in Social Evolution (Berkeley: University of Cali-
fornia, 1983), 400; John Keegan, A History of Warfare (New York: Vintage, 1993).

p. 201 !Kung San of Botswana least violent: Elizabeth Marshall Thomas, The Harmless
People (New York: Vintage, 1959).



the tangled wing

p. 201 Homicide rates: Lee, !Kung San, ch. 13.
p. 201 Nonlethal violence among !Kung: Marjorie Shostak, Nisa: The Life and Words of a

!Kung Woman (Cambridge: Harvard University, 1981); Marjorie Shostak, Return to
Nisa (Cambridge: Harvard University, 2000).

p. 201 Historical data on past warfare: Eibl-Eibesfeldt, Biology of Peace and War, 171.
p. 201 “not one instance of murder”: Robert Knox Dentan, The Semai: A Nonviolent People

of Malaysia (New York: Holt, Rinehart & Winston, 1968). For an early appreciation
of the importance of the Semai experience, see Robert A. Paul, “Instinctive Aggres-
sion in Man: The Semai Case,” Journal of Psychological Anthropology 1 (1978),
65–80.

p. 201 Dentan quotation: Dentan, Semai, 58.
p. 202 “Many people . . . had killed.” Dentan, Semai, 58–59.
p. 202 “Talking about . . . remains intact”: Dentan, Semai, 59.
p. 202 Whiting study: John W. M. Whiting and Beatrice B. Whiting, “Aloofness and Inti-

macy Between Husbands and Wives,” Ethos 3 (1975), 183–207.
p. 202 Tiger book: Lionel Tiger, Men in Groups (New York: Random House, 1969).
p. 202 Our evolutionary legacy: D. Caroline Blanchard, Mark Hebert, and Robert J.

Blanchard, “Continuity Versus (Political) Correctness: Animal Models and Human
Aggression,” in Animal Models of Human Emotion and Cognition, eds. M. Haug
and R. E. Whalen (Washington, D.C.: American Psychological Association, 1999),
297–316.

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-
lished as Inhibitions, Symptoms, and Anxiety) remains vitally illuminating, as does Donald O.
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).

Jerome Kagan’s two decades of research on children’s timidity has transformed our
understanding of the genetics and development of this trait and its opposite, boldness. His
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-
tific American 268:5, 94–101), takes a different experimental approach using nonhuman
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).



notes and references

p. 204 “I can’t get the memories out of my mind”: The quotation is from Michael Davis,
“Analysis of Aversive Memories Using the Fear-Potentiated Startle Paradigm,” in
Neuropsychology of Memory, 2d Ed., ed. L. R. Squire and N. Butters (New York:
Guilford, 1992), 470–484.

p. 205 Certain stimuli produce escape and flight: Irenäus Eibl-Eibesfeldt, Ethology (New
York: Holt, Rinehart & Winston, 1975), 87–88; Konrad Lorenz, The Foundations of
Ethology (New York: Springer-Verlag, 1981).

p. 206 Anatomical basis for behavior set by genetic plan: Jaak Panksepp, Affective Neuro-
science: The Foundations of Human and Animal Emotions (New York: Oxford,
1998), ch. 11.

p. 206 All vertebrates share fear and fear conditioning: Joseph LeDoux, The Emotional
Brain: The Mysterious Underpinnings of Emotional Life (New York: Touchstone/
Simon & Schuster, 1996).

p. 206 Sequences laid down long in advance: Lorenz, Foundations of Ethology; Konrad
Lorenz, Evolution and Modification of Behavior (Chicago: University of Chicago,
1965), 27.

p. 206 Intention movements: Niko Tinbergen, “On Appeasement Signals,” in The Animal
in Its World (Cambridge: Harvard University, 1972), ch. 14.

p. 206 Evolution of appeasement signals: David Lack, Population Studies of Birds (Oxford:
Clarendon, 1966), 284.

p. 207 Ostrich threat behavior: Janine M. Benyus and Juan Carlos Barberis, Beastly Behav-
iors: What Makes Whales Whistle, Cranes Dance, Pandas Turn Somersaults, and
Crocodiles Roar: A Watcher’s Guide to How Animals Act and Why (Reading, Mass.:
Addison-Wesley, 1992), 159; E. G. Franz Sauer and Eleonore M. Sauer, “Social
Behaviour of the South African Ostrich, Struthio camelus australis,” Ostrich 6
(1964), 183–191.

p. 207 Genital exposure in squirrel monkey: Paul D. MacLean, “Effects of Lesions of
Globus Pallidus on Species-Typical Display Behavior of Squirrel Monkeys,” Brain
Research 149 (1978), 175–196.

p. 208 Group-selection theory: V. C. Wynne-Edwards, Animal Dispersion in Relation to
Social Behaviour (New York: Hafner, 1962), xi, 653; Elliot Sober and David Sloan
Wilson, Unto Others: The Evolution and Psychology of Unselfish Behavior (Cam-
bridge: Harvard University, 1998), 394.

p. 208 Female primates mate with beta males on the sly: Pascal Gagneux and David S.
Woodruff, “Furtive Mating in Female Chimpanzees,” Nature 387 (1997), 358–359.

p. 208 Ever since Darwin: Charles Darwin, The Expression of the Emotions in Man and
Animals, 3d Ed. (New York: Oxford University, 1998), 473.

p. 208 Facial expressions consistent cross-culturally: Irenäus Eibl-Eibesfeldt, “Vorprogram-
mierung in Menschlichen Sozialverhalten,” Mitteilungen an die Max-Planck-
Gesellschaft 5 (1971), 307–338; Paul Ekman, E. R. Sorenson, and W. V. Friesen,
“Pan-Cultural Elements in Facial Displays of Emotion,” Science 164 (1969), 86–88;
Paul Ekman, “Cross-Cultural Studies of Facial Expression,” in Darwin and Facial
Expression: A Century of Research in Review, ed. Paul Ekman (New York: Acade-
mic, 1973); Irenäus Eibl-Eibesfeldt, Human Ethology (New York: Aldine de
Gruyter, 1988); eds. Paul Ekman and E. L. Rosenberg, What the Face Reveals:
Basic and Applied Studies of Spontaneous Expression Using the Facial Action Cod-
ing System (FACS) (New York: Oxford University, 1997).

p. 208 Smile research: Jan van Hooff, “A Comparative Approach to the Phylogeny of
Laughter and Smiling,” in Non-Verbal Communication, ed. Robert A. Hinde
(Cambridge: Cambridge University, 1975), 209–241; Signe Preuschoft and Jan van



the tangled wing

Hooff, “The Social Function of ‘Smile’ and ‘Laughter’: Variations Across Primate
Species and Societies,” in Nonverbal Communication: Where Nature Meets Cul-
ture, eds. U. Segerstråle and P. Molnàr (Mahwah, N.J.: Lawrence Erlbaum, 1997),
171–189; Signe Preuschoft, “Laughter” and “Smiling” in Macaques: An Evolution-
ary Perspective (Utrecht: Universiteit Utrecht, 1995).

p. 209 Primate play-face: Preuschoft and van Hooff, “Social Function of ‘Smile’”;
Preuschoft, “Laughter” and “Smiling”; Signe Preuschoft and Jan van Hooff,
“Homologizing Primate Facial Displays: A Critical Review of Methods,” Folia Pri-
matologica 65 (1995), 121–137.

p. 209 Prey meets predator in the visible burrow system: Robert J. Blanchard and D. Caroline
Blanchard, “Antipredator Defensive Behaviors in a Visible Burrow System,” Journal
of Comparative Psychology 103 (1989), 70–82.

p. 209 Arousal of sympathetic nervous system: Walter B. Cannon, Bodily Changes in Pain,
Hunger, Fear and Rage, 2d Ed. (New York: Harper & Row, 1963, orig. 1915), 108.

p. 209 “Your hands will sweat, your heart will pound”: Michael Davis, “The Role of the
Amygdala in Conditioned and Unconditioned Fear and Anxiety,” in The Amygdala,
Vol. 2, ed. J. P. Aggleton (Oxford: Oxford University, 2000), 213–287.

p. 209 “Most human of all expressions”: Charles Darwin, The Expression of the Emotions
in Man and Animals, Third Edition. With an Introduction, Afterword, and Com-
mentaries by Paul Ekman (New York: Oxford University, 1998), 310. Darwin
devotes a whole chapter to blushing and its associated emotions, drawing on
Burgess’s 1839 book The Physiology or Mechanism of Blushing as well as on his
own observations. With Paul Ekman’s detailed annotations, this 1998 edition is
the best place to begin the study of emotional expression, even in the twenty-first
century.

p. 209 Audience dark glasses reduce blushing: Mark R. Leary, Thomas W. Britt, William D.
Cutlip, and Janice L. Templeton, “Social Blushing,” Psychological Bulletin 112
(1992), 446–460.

p. 209 Audience size matters: Don Shearn, Erik Bergman, Katherine Hill, Andy Abel et al.,
“Blushing as a Function of Audience Size,” Psychophysiology 29 (1992), 431–436.

p. 210 An activation of the sympathetic nervous system: W. D. Cutlip and M. R. Leary,
“Anatomic and Physiological Bases of Social Blushing: Speculations from Neurology
and Psychology,” Behavioural Neurology 6 (1993), 181–185.

p. 210 A moving case report: Atul Gawande, “Crimson Tide: What Is Blushing? No One
Knows for Sure, But It Can Ruin Your Life,” The New Yorker (February 12, 2001),
50–57. The details of the Drury case come from Gawande’s excellent article.

p. 210 A surgical procedure in Göteborg, Sweden: C. Drott, G. Claes, L. Olsson-Rex, 
P. Dalman, T. Fahlen, and G. Gothberg, “Successful Treatment of Facial Blushing
by Endoscopic Transthoracic Sympathicotomy,” British Journal of Dermatology 138
(1998), 639–643.

p. 210 “as if a mask had been removed”: Gawande, “Crimson Tide,” 55.
p. 211 Research stimulating amygdala: H. Ursin and B. R. Kaada, “Functional Localiza-

tion with the Amygdaloid Complex in the Cat,” Electroencephalography and Clini-
cal Neurology 12 (1960), 1–20.

p. 211 Suggestion has held up beautifully: LeDoux, Emotional Brain; 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; J. P. Aggleton, “The Contribution of the Amyg-
dala to Normal and Abnormal Emotional States,” Trends in Neuroscience 16
(1993), 328–333; J. L. Armony and Joseph E. LeDoux, “How Danger Is Encoded:
Toward a Systems, Cellular, and Computational Understanding of Cognitive-



notes and references

Emotional Interactions in Fear,” in The New Cognitive Neurosciences, eds. Michael
S. Gazzaniga et al. (Cambridge: MIT, 2000), 1067; Michael Davis, “Neurobiology
of Fear Responses: The Role of the Amygdala,” in The Neuropsychiatry of Limbic
and Subcortical Disorders, eds. S. Salloway, P. Malloy, and J. L. Cummings (Wash-
ington, D.C.: American Psychiatric Press, 1997), 71–89; Michael Davis, “Neurobi-
ology of Fear Responses: The Role of the Amygdala,” Journal of Neuropsychiatry &
Clinical Neurosciences 9 (1997), 382–402.

p. 211 Gray’s model: Jeffrey A. Gray, The Psychology of Fear and Stress (Cambridge: Cam-
bridge University, 1987); “A Model of the Limbic System and Basal Ganglia: Appli-
cations to Anxiety and Schizophrenia,” in The Cognitive Neurosciences, ed.
Michael S. Gazzaniga (Cambridge: MIT, 1995), 1165–1176; and The Neuropsy-
chology of Anxiety (New York: Oxford University, 2000).

p. 211 “a hub in the wheel of fear”: LeDoux, Emotional Brain, 168.
p. 211 Amygdala implicated in learning basic responses: Armony and LeDoux, “How Dan-

ger Is Encoded.”
p. 211 “this is the central fear system”: The quote is from a lecture given by Michael Davis

at the Department of Psychiatry, Emory University School of Medicine, Atlanta,
Georgia (March 7, 2001). Summaries of his work include works cited above and
Michael Davis, “The Role of the Amygdala in Conditioned and Unconditioned
Fear and Anxiety,” in The Amygdala, Vol. 2, ed. J. P. Aggleton (Oxford: Oxford Uni-
versity, 2000), 213–287.

p. 211 Learning of fear and RNA synthesis: David J. Bailey, Jeansok J. Kim, William Sun,
Richard F. Thompson, and Fred J. Helmstetter, “Acquisition of Fear Conditioning
in Rats Requires the Synthesis of mRNA in the Amygdala,” Behavioral Neuroscience
113:2 (1999) 276–282.

p. 212 If hippocampus is removed: Armony and LeDoux, “How Danger Is Encoded”; Joseph
LeDoux, “In Search of an Emotional System in the Brain: Leaping from Fear to
Emotion and Consciousness,” in Gazzaniga, Cognitive Neurosciences, 1045–1061.

p. 212 Eichenbaum and others: Howard Eichenbaum, “How Does the Brain Organize
Memories?,” Science 277 (1997), 330–332; and “Functional Organization of the
Hippocampal Memory System,” Proceedings of the National Academy of Sciences
93:13 (1996), 500–507.

p. 212 The hippocampus plays a role in establishing context: Kenneth A. McNish,
Jonathan C. Gewirtz, and Michael Davis, “Disruption of Contextual Freezing, But
Not Contextual Blocking of Fear-Potentiated Startle, After Lesions of the Dorsal
Hippocampus,” Behavioral Neuroscience 114 (2000), 64–76; Jonathan C. Gewirtz,
Kenneth A. McNish, and Michael Davis, “Is the Hippocampus Necessary for Con-
textual Fear Conditioning?,” Behavioural Brain Research 110 (2000), 83–95.

p. 212 Fear-provoking cues activated amygdala: M. L. Phillips, A. W. Young, S. K. Scott, 
A. J. Calder, C. Andrew, V. Giampietro, S. C. Williams, E. T. Bullmore, M. Brammer,
and J. A. Gray, “Neural Responses to Facial and Vocal Expressions of Fear and Disgust,”
Proceedings of the Royal Society of London, in Biological Science 265:1408 (1998),
1809–1817.

p. 212 Three patients asked to judge: Ralph Adolphs, D. Tranel, and Antonio R. Damasio,
“The Human Amygdala in Social Judgment” (see comments), Nature 393:6684
(1998), 470–474.

p. 213 Central gray region an important way station: M. L. Brandao, V. Z. Anseloni, J. E.
Pandossio, J. E. De Araujo, and V. M. Castilho, “Neurochemical Mechanisms of
the Defensive Behavior in the Dorsal Midbrain,” Neuroscience and Biobehavioral
Reviews 23:6 (1999), 863–875.



the tangled wing

p. 213 Cortical control of vagal brake: Stephen W. Porges, “Love: An Emergent Property of
the Mammalian Autonomic Nervous System,” Psychoneuroendocrinology 23
(1998), 837–861; and “Orienting in a Defensive World: Mammalian Modifications
of Our Evolutionary Heritage: A Polyvagal Theory,” Psychophysiology 32 (1995),
301–318.

p. 213 Phobia-reducing surgery: H. Thomas Ballantine, Jr., Anthony J. Bouckoms, Elizabeth
K. Thomas, and Ida E. Giriunas, “Treatment of Psychiatric Illness by Stereotactic
Cingulotomy,” Biological Psychiatry 22 (1987), 807–819.

p. 213 Lower frontal and cingulate cortex help process fears: Orrin Devinsky, Martha J.
Morrell, and Brent A. Vogt, “Contributions of Anterior Cingulate Cortex to Behav-
ior,” Brain 118 (1995), 279–306.

p. 213 Phineas Gage and Elliot: Antonio Damasio, Descartes’ Error: Emotion, Reason, and
the Human Brain (New York: G. P. Putnam’s Sons, 1994).

p. 213 Schachter experiments: Stanley Schachter and J. E. Singer, “Cognitive, Social and
Physiological Determinants of Emotional State,” Psychological Review 69 (1962),
379–399.

p. 214 CRH infusion causes fear or anxiety: Davis, “The role of the amygdala,” in The
Amygdala, Vol. 2, 246.

p. 214 Early experience in rat maternal care changes amount of CRH: C. Caldji, B. Tan-
nenbaum, S. Sharma, D. Francis, P. M. Plotsky, and M. J. Meaney, “Maternal Care
During Infancy Regulates the Development of Neural Systems Mediating the
Expression of Fearfulness in the Rat,” Proceedings of the National Academy of 
Sciences 95:9 (1998), 5335–5340.

p. 214 Microinjections of ACTH trigger flight: Jaak Panksepp and B. B. Abbott, “Modula-
tion of Separation Distress by Alpha-MSH,” Peptides 11 (1990), 647–653.

p. 214 Adrenaline enhances fear conditioning in rats: N. M. Weinberger, P. E. Gold, and
D. B. Sternberg, “Epinephrine Enables Pavlovian Fear Conditioning Under Anes-
thesia,” Science 223 (1984), 605–607.

p. 214 Testosterone may suppress fear: H. Ursin, E. Baade, and S. Levine, Psychobiology of
Stress: A Study of Coping Men (New York: Academic, 1978), ch. 9.

p. 214 Testosterone associated with risk taking: James McBride Dabbs and Mary Godwin
Dabbs, Heroes, Rogues, and Lovers: Testosterone and Behavior (New York: McGraw-
Hill, 2000); J. R. Udry, “Why Are Males Injured More Than Females?,” Injury Pre-
vention 4:2 (1998), 94–95.

p. 214 Fear and gonads have competitive relationship: Robert M. Sapolsky, Why Zebras
Don’t Get Ulcers (New York: W. H. Freeman, 1994); Alan Booth, Greg Shelley,
Allan Mazur, Gerry Tharp, and Roger Kittok, “Testosterone, and Winning and Los-
ing in Human Competition,” Hormones and Behavior 23 (1989), 556–571; Robert
M. Sapolsky, “Stress, Social Status, and Reproductive Physiology in Free-Living
Baboons,” in Psychobiology of Reproductive Behavior: An Evolutionary Perspective,
ed. D. Crews (Englewood Cliffs, N.J.: Prentice-Hall, 1987), 291–322.

p. 214 Lactate and panic disorder: L. A. Papp, D. F. Klein, and J. M. Gorman, “Carbon
Dioxide Hypersensitivity, Hyperventilation, and Panic Disorder,” American Journal
of Psychiatry 150 (1993), 1149; J. H. Krystal, D. N. Deutsch, and D. S. Charney,
“The Biological Basis of Panic Disorder,” Journal of Clinical Psychiatry 57:10
(1996), 23–33.

p. 214 Studies injecting lactate: Michael R. Liebowitz, Jack M. Gorman, Abby Fyer, Donald
Dillon, Morton Levitt, and Donald F. Klein, “Possible Mechanisms for Lactate’s
Induction of Panic,” American Journal of Psychiatry 143:4 (1986), 495–502.

p. 215 Lactate may trigger panic by increasing breathing rate: J. L. Abelson, R. M. Nesse, 



notes and references

J. G. Weg, and G. C. Curtis, “Respiratory Psychophysiology and Anxiety: Cognitive
Intervention in the Doxapram Model of Panic,” Psychosomatic Medicine 58:4
(1996), 302–313.

p. 215 Fearfulness in mammals a function of genes: Jonathan Flint, “Genetic Influences on
Emotionality,” in Genetic Influences on Neural and Behavioral Functions, eds. 
D. W. Pfaff, W. H. Berrettini, T. H. Joh, and S. C. Maxson (New York: CRC, 2000),
431–457.

p. 215 Remarkable genetic coherence in rats: F. Robert Brush, Claire M. Gendron, and
Mickey D. Isaacson, “A Selective Genetic Analysis of the Syracuse High- and Low-
Avoidance (SHA/Bru and SLA/Bru) Strains of Rats (Rattus norvegicus),” Behav-
ioural Brain Research 106:1,2 (1999), 1–11.

p. 215 Twin studies on fear tendency: K. S. Kendler, L. M. Karkowski, and C. A. Prescott,
“Fears and Phobias: Reliability and Heritability,” Psychological Medicine 29:3
(1999), 539–553.

p. 215 Timidity stable feature of temperament: Jerome Kagan, Nancy Snidman, Marcel
Zentner, and Eric Peterson, “Infant Temperament and Anxious Symptoms in
School Age Children,” Development and Psychopathology 11:2 (1999), 209–224;
Jerome Kagan, “Temperamental Contributions to the Development of Social
Behavior,” in The Lifespan Development of Individuals: Behavioral, Neurobiologi-
cal, and Psychosocial Perspectives, ed. D. Magnusson (New York: Cambridge Uni-
versity, 1996), 376–393; and Galen’s Prophecy: Temperament in Human Nature
(New York: Basic Books, 1994), 376.

p. 215 Amygdala in timid children: L. A. Schmidt, N. A. Fox, K. H. Rubin, E. M. Stern-
berg, P. W. Gold, C. C. Smith, and J. Schulkin, “Behavioral and Neuroendocrine
Responses in Shy Children,” Developmental Psychobiology 30:2 (1997), 127–140.

p. 215 Timidity and amygdala development in cats: Robert E. Adamec, “Anxious Personal-
ity in the Cat,” in Psychopathology and the Brain, eds. B. J. Carroll and J. E. Barrett
(New York: Raven, 1991); and “Role of the Amygdala and Medial Hypothalamus in
Spontaneous Feline Aggression and Defense,” Aggressive Behavior 16 (1990),
207–222.

p. 215 Right frontal lobe more dominant in timid toddlers: Nathan A. Fox, Kenneth H.
Rubin, Susan D. Calkins, Timothy R. Marshall, Robert J. Coplan, Stephen W.
Porges, James M. Long, and Shannon Stewart, “Frontal Activation Asymmetry and
Social Competence at Four Years of Age,” Child Development 66 (1995), 1770–1784.

p. 215 Davidson summary: Richard J. Davidson, “The Neuroscience of Affective Style,” in
Gazzaniga, New Cognitive Neurosciences, 1149–1157.

p. 216 Measuring fear in open field: Jeffrey A. Gray, The Psychology of Fear and Stress
(New York: McGraw-Hill, 1971), 73.

p. 216 Two distinct rat strains: Gray, Psychology of Fear and Stress, 44; R. Robinson, Genetics
of the Norway Rat (Oxford: Pergamon, 1965).

p. 216 No overlap in fearfulness: J. C. DeFries, M. C. Gervais, and E. A. Thomas,
“Response to 30 Generations of Selection for Open Field Activity in Laboratory
Mice,” Behavior Genetics 8 (1978), 3–13.

p. 216 Study of fear revolutionized: Flint, “Genetic Influences”; J. Flint, R. Corley, J. C.
DeFries, D. W. Fulker, J. A. Gray, S. Miller, and A. C. Collins, “A Simple Genetic Basis
for a Complex Psychological Trait in Laboratory Mice,” Science 269 (1995), 1432–1443.

p. 217 Second messenger gene makes reversible change in brain chemistry: Flint, “Genetic
Influences.”

p. 217 Knock-in mode increases fear: M. P. Stenzelpoore, S. C. Henrichs, S. Rivest, G. F.
Koob, and W. W. Vale, “Overproduction of Corticotropin-Releasing Factor in



the tangled wing

Transgenic Mice: A Genetic Model of Anxiogenic Behavior,” Journal of Neuro-
science 14 (1994), 2579ff.

p. 217 Removal of gene reduces fear: P. Timpl, R. Spanagel, A. Kresse, J. Reul, F. Stalla, 
V. Blanquet, T. Steckler, F. Holsboer, and W. Wurst, “Impaired Stress Response
and Reduced Anxiety in Mice Lacking a Functional Corticotropin-Releasing Hor-
mone Receptor 1,” Nature Genetics 19 (1998), 162ff.

p. 218 Small regions of three chromosomes: Flint et al., “Simple Genetic Basis.”
p. 218 First and third chromosomes: Flint, “Genetic Influences.”
p. 218 Genetic variation in novelty seeking: 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; Richard P. Ebstein, Olgav
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 III Polymorphism Associated with the Human Personality
Trait of Novelty Seeking,” Nature Genetics 12 (1996), 78–80.

p. 218 We manufacture serotonin transporter less efficiently: Klaus-Peter Lesch, Dietmar
Bengel, Armin Heils, Sue Z. Sabol, Benjamin D. Greenberg, Susanne Petri,
Jonathan Benjamin, Clemens R. Muller, Dean H. Hamer, and Dennis L. Murphy,
“Association of Anxiety-Related Traits with a Polymorphism in the Serotonin Trans-
porter Gene Regulatory Region,” Science 274 (1996), 1527–1531.

p. 218 Anxiety and depression correlated and heritable: K. S. Kendler, M. C. Neale, R. C.
Kessler, A. C. Heath, and L. J. Eaves, “Major Depression and Generalized Anxiety
Disorder: Same Genes, (Partly) Different Environments,” Archives of General Psy-
chiatry 49 (1992), 716–722.

p. 218 Freud’s concept: L. J. Eaves, H. J. Eysenck, and N. G. Martin, Genes, Culture and
Personality: An Empirical Approach (New York: Academic, 1989).

p. 218 Dual trait has coherence in brain chemistry: C. Barr Taylor, “Treatment of Anxiety Dis-
orders,” in The American Psychiatric Textbook of Psychopharmacology, eds. A. F.
Shatzberg and Charles B. Nemeroff (Washington, D.C.: American Psychiatric Press,
1995).

p. 218 Risk of relatives having anxiety disorder: R. Noyes, Jr., C. Clarkson, R. R. Crowe, W.
R. Yates, and C. M. McClesney, “A Family Study of Generalized Anxiety Disorder,”
American Journal of Psychiatry 144 (1987), 1019–1024.

p. 218 Phobias more likely in relatives: A. A. Fyer, S. Mannuzza, M. S. Gallops, L. Y. Martin,
C. Aaronson, J. M. Gorman, M. R. Liebowitz, and D. F. Klein, “Familial Transmis-
sion of Simple Phobias and Fears,” Archives of General Psychiatry 47 (1990),
252–256; K. S. Kendler, M. C. Neale, R. C. Kessler, A. C. Heath, and L. J. Eaves,
“The Genetic Epidemiology of Phobias in Women: The Interrelationship of Agora-
phobia, Social Phobia, Situational Phobia, and Simple Phobia,” Archives of General
Psychiatry 49 (1992), 273–281.

p. 218 Several types of learning shape fear: Panskepp, Affective Neuroscience. 
p. 218 Sensory conditioning due to neurons in amygdala: Armony and LeDoux, “How Dan-

ger Is Encoded”; LeDoux, “In Search of an Emotional System.”
p. 219 Withdrawal reflex and habituation in fetus: L. Carmichael, “The Onset and Early

Development of Behavior,” in Carmichael’s Manual of Child Psychology, 3d Ed.,
Vol. 1, ed. H. Mussen (New York: John Wiley & Sons, 1970).

p. 219 Watson and Albert: John B. Watson, Behaviorism (New York: W. W. Norton, 1924).
p. 219 Pavlov’s dogs: I. P. Pavlov, Conditioned Reflexes (New York: Oxford University,

1927).



notes and references

p. 219 Hebb’s chimps: Donald O. Hebb, “On the Nature of Fear,” Psychological Review 53
(1946), 259–276.

p. 219 Early ethologists’ ideas of innate fear: Eibl-Eibesfeldt, Ethology.
p. 220 Discrepancy: Wolfgang M. Schleidt, “Die Historische Entwicklung der Begriffe

‘Angeborenes Auslösendes Schema’ und ‘Angeborener Auslösemechanismus,’”
Zeitschrift für Tierpsychologie 21 (1962), 235–256.

p. 220 Cliff causes fear in humans and other vertebrates: R. D. Walk and E. J. Gibson, “A
Comparative and Analytical Study of Visual Depth Perception,” Psychological
Monographs 75 (1961), 1–44; Nancy Rader, Mary Bausano, and John E. Richards,
“On the Nature of the Visual-Cliff-Avoidance Response in Human Infants,” Child
Development 51 (1980), 61–68.

p. 220 Mary Ainsworth: eds. Mary Ainsworth et al., Patterns of Attachment: A Psychological
Study of the Strange Situation (Hillsdale, N.J.: Lawrence Erlbaum, 1978); Mary D.
Ainsworth, “Patterns of Attachment,” Clinical Psychologist 38:2 (1985), 27–29; Inge
Bretherton, “The Origins of Attachment Theory: John Bowlby and Mary
Ainsworth,” Developmental Psychology 28:5 (1992), 759–775.

p. 221 Simpler results with widespread significance: Gordon W. Bronson, “Infants’ Reac-
tions to Unfamiliar Persons and Novel Objects,” Monographs of the Society for
Research in Child Development 37:2 (1972), 46; M. Lewis and Leonard Rosenblum,
The Origins of Fear (New York: John Wiley & Sons, 1973); H. N. Ricciuti, “Fear
and the Development of Social Attachments in the First Year of Life,” in Lewis and
Rosenblum, Origins of Fear. 

p. 221 Predictions more accurate: L. Hertsgaard, M. Gunnar, M. F. Erickson, and M.
Nachmias, “Adrenocortical Responses to the Strange Situation in Infants with Dis-
organized/Disoriented Attachment Relationships,” Child Development 66:4 (1995),
1100–1106; M. Nachmias, M. Gunnar, S. Mangelsdorf, R. H. Parritz, and K. Buss,
“Behavioral Inhibition and Stress Reactivity,” Child Development 67 (1996),
508–522; M. Gunnar and J. Rigatuso, “Stress Reactivity and Attachment Security,”
Developmental Psychobiology 29:3 (1996), 191–204.

p. 221 Invaluability of Strange Situation: Klaus E. Grossmann, Karin Grossmann, Franz
Huber, and Ulrike Wartner, “German Children’s Behavior Towards Their Mothers
at 12 Months and Their Fathers at 18 Months in Ainsworth’s Strange Situation,”
International Journal of Behavioral Development 4 (1981), 157–181.

p. 221 One consistent finding: Jerome Kagan, “Emergent Themes in Human Develop-
ment,” American Scientist 64 (1976), 186–196; Melvin J. Konner, “Biological
Aspects of Mother-Infant Bond,” in Development of Attachment and Affiliative
Processes, eds. Robert Emde and Robert Harmon (New York: Plenum, 1982).

p. 222 Studies of myelination: Paul Flechsig, Meine Myelogenetische Hirnlehre mit
Biographischer Einleitung (Berlin: Springer, 1927); J. Leroy Conel, The Postnatal
Development of the Human Cerebral Cortex, Vol. 3 (Cambridge: Harvard Univer-
sity, 1947); Paul Yakovlev and André R. Lecours, “The Myelogenetic Cycles of
Regional Maturation of the Brain,” in Regional Development of the Brain in Early
Life, ed. A. Minkowski (Oxford: Blackwell Scientific, 1967); B. A. Brody et al.,
“Sequences of Central Nervous System Myelination in Human Infancy I: An
Autopsy Study of Myelination,” Journal of Neuropathology and Experimental Neu-
rology 46:3 (1987), 283–301; Melvin J. Konner, “Universals of Psychosocial Growth
in Relation to Brain Myelination,” M.D. Thesis, Harvard-MIT Joint Program on
Health Science and Technology, Harvard Medical School (1985); and “Universals
of Behavioral Development in Relation to Brain Myelination,” in Brain Maturation
and Cognitive Development: Comparative and Cross-Cultural Perspectives, eds. 



the tangled wing

K. R. Gibson and A. C. Petersen (New York: Aldine de Gruyter, 1991), 181–223;
Kathleen R. Gibson, “Myelination and Behavioral Development: A Comparative
Perspective on Questions of Neoteny, Altriciality, and Intelligence,” in Gibson and
Petersen, Brain Maturation and Cognitive Development, 29–63. Myelination is not
the key to brain development, and neurons function without myelin. But extensive
laboratory research proves that it greatly improves the function of nerve fibers, espe-
cially longer ones, and that it is correlated with other measures of regionally specific
brain development, such as synaptic density, dendritic branching, or glucose uti-
lization.

p. 222 Role of the striatum in innate social displays: Paul D. MacLean, “The Triune Brain,
Emotion, and Scientific Bias,” in The Neurosciences: Second Study Program, ed. 
F. O. Schmitt (New York: Rockefeller University, 1970); and The Triune Brain in
Evolution: Role in Paleocerebral Functions (New York: Plenum, 1990).

p. 222 Forms of discrepancy can cause fear: Jerome Kagan, “Do Infants Think?,” Scientific
American 226 (1972), 74–82.

p. 222 Cat amygdala experiments: Ursin and Kaada, “Functional Localization.”
p. 222 Hippocampus and comparison of perceptions: John O’Keefe and L. Nadel, The Hip-

pocampus as a Cognitive Map (New York: Oxford University, 1978); Howard
Eichenbaum, “Declarative Memory: Insights from Cognitive Neurobiology,”
Annual Review of Psychology 48 (1997), 547–572.

p. 223 Myelination of major limbic system fiber tracts: Flechsig, Meine Myelogenetische
Hirnlehre. 

p. 223 Changes in frontal lobes at same age: Harry T. Chugani, “Development of Regional
Brain Glucose Metabolism in Relation to Behavior and Plasticity,” in Human
Behavior and the Developing Brain, eds. G. Dawson and K. W. Fischer (New York:
Guilford, 1994), 153–175.

p. 223 Rhesus monkey studies: Susan Mineka and Michael Cook, “Immunization Against
the Observational Conditioning of Snake Fear in Rhesus Monkeys,” Journal of
Abnormal Psychology 95:4 (1986), 307–318; and “Social Learning and the Acquisi-
tion of Snake Fear in Monkeys,” in Social Learning: Psychological and Biological
Perspectives, eds. T. R. Zentall and B. G. Galef, Jr. (Hillsdale, N.J.: Lawrence 
Erlbaum, 1988), 51–73.

p. 223 Open-field situation shows early-experience effects: Victor H. Denenberg, “Effects of
Exposure to Stressors in Early Life Upon Later Behavioral and Biological Processes,” in
Society, Stress and Disease, ed. L. Levi (New York: Oxford University, 1975), 269–281.

p. 223 Variety of experiences for rats’ first 21 days: Seymour Levine, Gary C. Haltmeyer,
George C. Karas, and Victor H. Denenberg, “Physiological and Behavioral Effects
of Infantile Stimulation,” Physiology of Behavior 2 (1967), 55–59.

p. 224 Whole activity of the axis permanently altered: P. Samuel Campbell, M. X. Zarrow,
and Victor H. Denenberg, “The Effect of Infantile Stimulation Upon Hypothala-
mic CRF Levels Following Adrenalectomy in the Adult Rat,” Proceedings of the
Society for Experimental Biology and Medicine 142 (1973), 781–783.

p. 224 1990s research on infant stimulation: D. Liu et al., “Maternal Care, Hippocampal
Glucocorticoid Receptors, and Hypothalamic-Pituitary-Adrenal Responses to
Stress,” Science 277 (1997), 1659ff.; Robert M. Sapolsky, “The Importance of a
Well-Groomed Child,” Science 277 (1997), 1620–1621; and Stress, the Aging Brain,
and the Mechanisms of Neuron Death (Cambridge: MIT, 1992), 429.

p. 224 Licked rats have more receptors: LeDoux, Emotional Brain; Christian Caldji, Darlene
Francis, Shakti Sharma, Paul M. Plotsky, and Michael J. Meaney, “The Effects of
Early Rearing Environment on the Development of GABA-sub(A) and Central



notes and references

Benzodiazepine Receptor Levels and Novelty-Induced Fearfulness in the Rat,”
Neuropsychopharmacology 22:3 (2000), 219–229.

p. 224 “early environmental programming of neural systems”: Michael J. Meaney, J. Diorio,
D. Francis, J. Widdowson, P. LaPlante, C. Caldji, S. Sharma, J. R. Seckl, and P. M.
Plotsky, “Early Environmental Regulation of Forebrain Glucocorticoid Receptor
Gene Expression: Implications for Adrenocortical Responses to Stress,” Develop-
mental Neuroscience 18:1,2 (1996), 49–72.

p. 225 More extreme stresses have opposite effects: Meaney et al., “Early Environmental
Regulation.”

p. 225 Parallels with post–traumatic stress disorder: C. Heim, M. J. Owens, P. M. Plotsky,
and C. B. Nemeroff, “Persistent Changes in Corticotropin-Releasing Factor Sys-
tems Due to Early Life Stress: Relationship to the Pathophysiology of Major
Depression and Post–Traumatic Stress Disorder,” Psychopharmacology Bulletin
33:2 (1997), 185–192. Corticotropin-releasing factor (CRF) is a synonym for corti-
cotropin-releasing hormone (CRH); traditionally, endocrinologists use the word
factor when they know a substance is present, calling it a hormone after it is identi-
fied and chemically characterized.

p. 225 Isolated monkeys and autistic-type syndrome: Stephen J. Suomi and Harry F. Har-
low, “Social Rehabilitation of Isolate-Reared Monkeys,” Developmental Psychology
6 (1972), 487–496.

p. 225 Deprived monkeys differ from mother-reared monkeys: J. D. Higley, Stephen J.
Suomi, and M. Linnoila, “A Nonhuman Primate Model of Type II Alcoholism?
Part 2: Diminished Social Competence and Excessive Aggression Correlates with
Low Cerebrospinal Fluid 5-Hydroxyindoleacetic Acid Concentrations,” Alcohol:
Clinical and Experimental Research 20:4 (1996), 643–650.

p. 225 Short separations in rhesus: Robert A. Hinde and Y. Spencer-Booth, “Effects of Brief
Separation from Mother on Rhesus Monkeys,” Science 173 (1971), 111–118.

p. 225 Rhesus model for humans separated by hospitalization: John Bowlby, Deprivation of
Maternal Care (New York: Schocken, 1966); and Attachment and Loss, Vol. 2, Sep-
aration: Anxiety and Anger (New York: Basic Books, 1973), 86.

p. 225 Recent rat-pup studies on twenty-four-hour separations: Meaney et al., “Early Envi-
ronmental Regulation.”

p. 225 Short separations have little effect in normal children: K. Deater-Deckard, R. Pinker-
ton, and S. Scarr, “Child Care Quality and Children’s Behavioral Adjustment: A
Four-Year Longitudinal Study,” Journal of Child Psychology and Psychiatry 37:8
(1996), 937–948; NICHD, Early Childhood Research Network, “The Effects of
Infant Child Care on Infant-Mother Attachment Security: Results of the NICHD
Study of Early Child Care,” Child Development 68:5 (1997), 860–879.

p. 225 Thompson experiment: W. R. Thompson, “Influence of Prenatal Maternal Anxiety
on Emotionality in Young Rats,” Science 125 (1957), 698–699.

p. 226 Crying will toughen infant up: E. H. Erikson, Childhood and Society (New York: 
W. W. Norton, 1950).

p. 226 Defense mechanisms shield us: Anna Freud, The Ego and Mechanisms of Defense
(London: Hogarth, 1937); George E. Vaillant, “Defense Mechanisms,” in The Harvard
Guide to Modern Psychiatry, ed. A. M. J. Nicholi (Cambridge: Harvard University,
1999), 196–202; John C. Nemiah, “The Psychodynamic Basis of Psychopathology,”
in Nicholi, Harvard Guide, 203–219.

p. 226 Adaptationist model of fear: Randolph M. Nesse and Alan T. Lloyd, “The Evolution
of Psychodynamic Mechanisms,” in The Adapted Mind: Evolutionary Psychology
and the Generation of Culture, eds. Jerome H. Barkow, Leda Cosmides, and John



the tangled wing

Tooby (New York: Oxford University, 1992), 601–624; Randolph M. Nesse, “Test-
ing Evolutionary Hypotheses About Mental Disorders,” in Evolution in Health and
Disease, ed. S. C. Stearns (Oxford: Oxford University, 1992), 260–266.

p. 226 Guppy experiment shows value of timidity: Randolph M. Nesse and George C.
Williams, Why We Get Sick: The New Science of Darwinian Medicine (New York:
Random House/Times Books, 1994), 213.

p. 227 Mineka quotation: Michael McGuire and Alfonso Troisi, Darwinian Psychiatry
(New York: Oxford University, 1998), 106; Susan Mineka, “Evolutionary Memo-
ries, Emotional Processing, and the Emotional Disorders,” Psychology of Learning
and Motivation 28 (1992), 161–206.

p. 227 Jung’s archetypes: Carl J. Jung, On the Nature of the Psyche (Princeton, N.J.: Prince-
ton University Bollingen Series, 1960), 166.

p. 227 Panic attacks afflict 3 percent: Aaron T. Beck, G. Emery, and R. L. Greenberg, 
Anxiety Disorders and Phobias: A Cognitive Perspective (New York: Basic Books,
1985), 343.

p. 227 Different drugs affect panic and anxiety: Jeffrey A. Gray and Neil McNaughton,
Neuropsychology of Anxiety, 2d Ed. (Oxford: Oxford University, 2000), 302.

p. 227 Paranoid fantasies in schizophrenics: Ming T. Tsuang, Stephen V. Faraone, and Alan I.
Green, “Schizophrenia and Other Psychotic Disorders,” in Nicholi, Harvard Guide. 

p. 227 Fear in childhood autism: Elisabeth Tinbergen and Niko Tinbergen, “Early Child-
hood Autism: An Ethological Approach,” in Advances in Ethology, supplements to
Zeitschrift für Tierpsychologie (Berlin: Parey, 1972), 1–53; Niko Tinbergen, The Ani-
mal in Its World, Explorations of an Ethologist 1932–1972 (Cambridge: Harvard
University, 1975), Vol. 2, 175–199.

p. 227 Beck’s “fear reaction”: Beck, Emery, and Greenberg, Anxiety Disorders, 13.
p. 228 Hobson’s “incomplete arrangements”: J. A. Hobson, Sleep, Scientific American

Library series 27 (New York: Scientific American Library, 1989), xiii, 213; and The
Dreaming Brain (New York: Basic Books, 1988), xvi, 319; Jonathan Leonard,
“Dream-Catchers,” Harvard Magazine (May/June 1998), 58–68.

p. 228 Rat anxiety model in Davis lab: Michael Davis and Young Lim Lee, “Fear and Anx-
iety: Possible Roles of the Amygdala and Bed Nucleus of the Stria Terminalis,” 
Cognition & Emotion 12 (1998), 277–305.

p. 228 Anxiety dependent on the septo-hippocampal system: Jeffrey A. Gray and Neil
McNaughton, Neuropsychology of Anxiety, 2d. Ed. (Oxford: Oxford University,
2000).

p. 228 Freud’s Hans: Sigmund Freud, “Analysis of a Phobia in a Five-Year-Old Boy,” 
Collected Papers of Sigmund Freud (New York: Basic Books, 1959).

p. 229 Hans’s visit at nineteen: Freud, “Analysis of a Phobia,” 288.
p. 229 False memories and repression of real memories: Elizabeth F. Loftus, “The Reality of

Repressed Memories,” American Psychologist 48:5 (1993), 518–537; Elizabeth Loftus
and Katherine Ketcham, Witness for the Defense: The Accused, the Eyewitness, and
the Expert Who Puts Memory on Trial (New York: St. Martin’s, 1991), 288;
Lawrence Wright, Remembering Satan (New York: Alfred A. Knopf, 1994), 205.

p. 229 Phobias common mental problem: Isaac M. Marks, Fears, Phobias, and Rituals
(Oxford: Oxford University, 1987).

p. 229 Phobias affect 5 to 10 percent: Michael W. Otto, Mark H. Pollack, Michael A.
Jenike, and Jerrold F. Rosenbaum, “Anxiety Disorders and Their Treatment,” in
Nicholi, Harvard Guide, 220–239.

p. 229 Worries and fears in children: Peter Muris, Harald Merckelbach, Birgit Mayer, and
Elske Prins, “How Serious Are Common Childhood Fears?,” Behaviour Research



notes and references

and Therapy 38:3 (2000), 217–228; and Peter Muris, Harald Merckelbach, Bjoern
Gadet, and Veronique Moulaert, “Fears, Worries, and Scary Dreams in 4- to 12-
Year-Old Children: Their Content, Developmental Pattern, and Origins,” Journal
of Clinical Child Psychology 29:1 (2000), 43–52.

p. 230 Desensitization treatments: Juan I. Capafons, Pedro Alvero, Carmen D. Sosa, and
Marisela Lopez-Curbelo, “Fear of Flying: Evaluation of an Exposure Treatment 
Program,” Psicologia Conductual 7:1 (1999), 119–135; Ariel J. Lang and Michelle
G. Craske, “Manipulations of Exposure-Based Therapy to Reduce Return of Fear:
A Replication,” Behaviour Research and Therapy 38:1 (2000), 1–12.

p. 230 Cognitive therapy and other approaches to phobia: Beck, Emery, and Greenberg,
Anxiety Disorders. 

p. 230 MAOIs and phobia: David H. Barlow and Michael R. Liebowitz, “Specific Phobia
and Social Phobia,” in Comprehensive Textbook of Psychiatry, Vol. 6, eds. H. I.
Kaplan and B. J. Sadock (Baltimore: Williams & Wilkins, 1995), 1204–1218; David
H. Barlow, Anxiety and Its Disorders: The Nature and Treatment of Anxiety and
Panic (New York: Guilford, 1988).

p. 230 Monoamine oxidase low in thrill seekers: Marvin Zuckerman, “The Psychophys-
iology of Sensation Seeking,” Journal of Personality 58 (1990), 313–345.

p. 230 Cocaine makes mice and rats more afraid: D. C. Blanchard and R. J. Blanchard,
“Cocaine Potentiates Defensive Behaviors Related to Fear and Anxiety,” Neuro-
science and Biobehavioral Reviews 23:7 (1999), 981–991.

p. 230 Fear decreases, anxiety increases pain sensitivity: Jamie L. Rhudy and Mary W.
Meagher, “Fear and Anxiety: Divergent Effects on Human Pain Thresholds,” Pain
84:1 (2000), 65–75.

p. 230 Physiological differences between fear and anxiety: Tara L. White and Richard A.
Depue, “Differential Association of Traits of Fear and Anxiety with Norepinephrine-
and Dark-Induced Pupil Reactivity,” Journal of Personality and Social Psychology
77:4 (1999), 863–877.

p. 230 Fear and anxiety may involve different parts of amygdala: Michael Davis and
Changjun Shi, “The Extended Amygdala: Are the Central Nucleus of the Amyg-
dala and the Bed Nucleus of the Stria Terminalis Differentially Involved in Fear
Versus Anxiety?,” in Advancing from the Ventral Striatum to the Extended Amyg-
dala: Implications for Neuropsychiatry and Drug Use: In Honor of Lennart Heimer,
Annals of the New York Academy of Sciences, ed. J. F. McGinty (New York: New
York Academy of Sciences, 1999), 281–291.

p. 231 Freud’s view consistent with fear as adaptation: Nesse and Lloyd, “Evolution of Psy-
chodynamic Mechanisms.”

p. 231 Prozac and Paxil also dampen anxiety: Flint, “Genetic Influences.”
p. 231 Valium: John F. Tallman, Steven M. Paul, Phil Skolnick, and Dorothy W. Gallager,

“Receptors for the Age of Anxiety: Pharmacology of the Benzodiazepines,” Science
207 (1980), 274–281.

p. 231 Valium-like drugs and their mechanisms: Jeffrey A. Gray and Neil McNaughton,
Neuropsychology of Anxiety, 2d Ed. (Oxford: Oxford University, 2000), ch. 4;
Michael Davis, “The Role of the Amygdala in Conditioned and Unconditioned
Fear and Anxiety,” in The Amygdala, Vol. 2, ed. J. P. Aggleton (Oxford: Oxford Uni-
versity, 2000), 213–287.

p. 231 Elegant research separating third component of fear: Ned H. Kalin, “The Neurobi-
ology of Fear,” Scientific American 268:5 (1993), 94–101; Ned H. Kalin and Steven
E. Shelton, “Defensive Behaviors in Infant Rhesus Monkeys: Environmental Cues
and Neurochemical Regulation,” Science 243 (1989), 1718–1721.



the tangled wing

p. 231 Separation protest different from general fear: Panskepp, Affective Neuroscience. 
p. 231 Duration of freezing related to cortisol: Ned H. Kalin, S. E. Shelton, M. Rickman,

and R. J. Davidson, “Individual Differences in Freezing and Cortisol in Infant and
Mother Rhesus Monkeys,” Behavioral Neuroscience 112:1 (1998), 251–254.

p. 231 Cortisol, fear, and excessive right frontal lobe activity: Ned H. Kalin, C. Larson, 
S. E. Shelton, and R. J. Davidson, “Asymmetric Frontal Brain Activity, Cortisol,
and Behavior Associated with Fearful Temperament in Rhesus Monkeys,” Behav-
ioral Neuroscience 112:2 (1998), 286–292.

p. 232 Ethanol and GABA synapses: J. N. Nestoros, “Ethanol Specifically Potentiates
GABA-Mediated Neurotransmission in Feline Cerebral Cortex,” Science 209
(1980), 708–710.

p. 232 Alcohol statistics: George E. Vaillant, “Alcoholism and Drug Dependence,” in Harvard
Guide; G. O’Connor and R. S. Schottenfeld, “Patients with Alcohol Problems,”
New England Journal of Medicine 338:9 (1998), 592–601.

p. 232 Alcohol a battlefront staple: John Keegan, The Face of Battle (London: Jonathan
Cape, 1976).

p. 232 Degeneracy of decency such as history has shown: Leo Kuper, Genocide: Its Political
Use in the Twentieth Century (New Haven, Conn.: Yale University, 1981), 255; 
T. R. Gurr and B. Harff, “Toward Empirical Theory of Genocide and Politicides:
Identification and Measurement of Cases Since 1945,” International Studies Quar-
terly 3 (1988), 359–371; Frank Robert Chalk, Kurt Jonassohn, and Montreal Insti-
tute for the Study of Genocide, The History and Sociology of Genocide: Analyses
and Case Studies (New Haven, Conn.: Yale University, 1990), xviii, 461; Ervin
Staub, “The Psychological and Cultural Roots of Group Violence and the Creation
of Caring Societies and Peaceful Group Relations,” in A Natural History of Peace,
ed. T. Gregor (Nashville: Vanderbilt University, 1996), 129–155; Ervin Staub, The
Roots of Evil: The Origins of Genocide and Other Group Violence (Cambridge:
Cambridge University, 1989).

p. 233 Mimesis in violence: René Girard and P. Gregory, Violence and the Sacred (Baltimore:
Johns Hopkins University, 1979), vii, 333; Walter Burkert, Jonathan Z. Smith,
Robert Hamerton-Kelly, and René Girard, Violent Origins (Stanford, Calif.: Stan-
ford University, 1987), xiii, 275.

p. 233 Behavior of antagonists in mimesis: Elaine Hatfield, John T. Cacioppo, and Richard
L. Rapson, “Emotional Contagion,” in Studies in Emotion and Social Interaction,
eds. Paul Ekman and K. R. Scherer (Cambridge: Cambridge University, 1994).

p. 233 “He looked at the approaching Frenchmen”: Leo Tolstoy, War and Peace, trans.
Louise and Aylmer Maude (New York: Heritage, 1938), 241–242.

p. 233 Response to suspicion of missile launch: Amitav Ghosh, “Countdown: Why Can’t
Every Country Have the Bomb?,” The New Yorker (October 26, 1998), 187–194.

p. 233 Reconciliations in higher primates: Frans de Waal, Peacemaking Among Primates
(Cambridge: Harvard University, 1989), 294.

p. 234 Words spoken to Elian Gonzalez: Anonymous, excerpts from attorney general’s news
conference, in The New York Times (April 23, 2000), 15.

p. 234 Shostak’s hunting-and-gathering trip: Marjorie Shostak, “Lions in the Night,” in
Return to Nisa (Cambridge: Harvard University, 2000).

p. 234 “something like a dog’s”: Shostak, Return to Nisa, 99. 
p. 234 “Throughout the day, lions had dominated”: Shostak, Return to Nisa, 107.
p. 234 “Now, hours later . . . unfinished”: Shostak, Return to Nisa, 111.
p. 235 “She felt very young; at the same time unspeakably aged”: Virginia Woolf, Mrs. Dalloway

(New York: Harcourt Brace Jovanovich, 1981, orig. 1925), 8.



notes and references

p. 235 knife-edge of uncertainty: James Wright, Above the River: The Complete Poems (New
York: Farrar, Straus and Giroux/University Press of New England, 1990), 123. The
poem, “Fear Is What Quickens Me,” provides one of the epigraphs to this chapter.
Just before this chapter went to the printer, I was out alone in a 25-foot sailboat
when 35-mile-per-hour gusts began to whip across the lake. As I said to a friend that
evening, “I was really frightened. It made me feel alive.”

chapter eleven: Joy
Joy remains the most poorly studied human emotion, being as elusive for investigators as
for everyone else. The burgeoning new field of positive psychology was the subject of a
special issue of the American Psychologist, 55:1 (January 2000), edited by Martin Seligman
and Mihaly Csikszentmihalyi. The most original modern work is Csikszentmihalyi’s Flow:
The Psychology of Optimal Experience (New York: HarperCollins, 1990). An excellent and
comprehensive set of psychological papers, including summaries of the relevant brain sci-
ence, is Well-Being: The Foundations of Hedonic Psychology, edited by Daniel Kahneman,
Ed Diener, and Norbert Schwarz (New York: Russell Sage Foundation, 1999). A compan-
ion volume, by Ed Diener and Eunkook M. Suh entitled Culture and Subjective Well-
Being (Cambridge: MIT, 2000), presents the cross-cultural evidence. These books will
greatly advance the field. A good collection focused on psychodynamics is Pleasure Beyond
the Pleasure Principle, edited by Robert A. Glick and Stanley Bone (New Haven, Conn.:
Yale University, 1990).

The indispensable book about human play is Brian Sutton-Smith’s The Ambiguity of
Play (Cambridge: Harvard University, 1997), although, as the title implies, play is not
always joyful. Robert Fagen’s superb evolutionary overview, Animal Play Behavior (New
York: Oxford University, 1981), is a classic and still vital source, and Mark Bekoff and John
Byers’s collection, Animal Play (Cambridge: Cambridge University, 1998), updates it by
two decades. Modern psychology has gone far in explaining the neurology of joy through
brain-reward systems; James Olds’s classic summary is cited in the notes along with recent
studies.

Barbara Fredrickson’s “broaden and build” model is developed in “What Are Positive
Emotions Good For?” in the Review of General Psychology 2 (1998). A more specifically
Darwinian view is Jerome Barkow’s “Happiness in Evolutionary Perspective,” cited in the
notes. Important reflections on the functional value of even misguided positive emotions
are found in Lionel Tiger’s Optimism: The Biology of Hope (New York: Simon & Schuster,
1979) and Shelley Taylor’s Positive Illusions: Creative Self-Deception and the Healthy Mind
(New York: Basic Books, 1989). George Vaillant’s books, Adaptation to Life (Boston: Little,
Brown, 1977) and The Wisdom of the Ego (Cambridge: Harvard University, 1993), teach us
by example that our power to make our lives happier and better, in spite of pain and stress,
can be far more than mere illusion.

p. 237 Common neural circuitry in states of arousal: Robert A. Hinde, Animal Behavior: A
Synthesis of Ethology and Comparative Psychology, 2d Ed. (New York: McGraw-
Hill, 1966), 287–288; Elliot S. Valenstein, Brain Stimulation and Motivation
(Chicago: Scott-Foresman, 1973).

p. 237 “In the theory of psychoanalysis”: Sigmund Freud, Beyond the Pleasure Principle
(London: Hogarth, 1950), 1.

p. 238 “the terrible war which has just ended”: Freud, Beyond the Pleasure Principle, 9.
p. 238 Jokes and Their Relation to the Unconscious: Sigmund Freud, Jokes and Their Rela-

tion to the Unconscious, ed. J. Strachey (London: Routledge, 1960).



the tangled wing

p. 238 “Then beauty is nothing/But”: Rainer Maria Rilke, “The First Elegy,” in Duino Ele-
gies, eds. J. B. Leishman and Stephen Spender (New York: W. W. Norton, 1939),
20. Speaking by satellite phone during an extreme solo boat race, champion sailor
Ellen MacArthur echoed Rilke’s claim. Sailing around Antarctica, “MacArthur
found herself at the helm while hand steering through a minefield of icebergs that
had drifted from Antarctica’s Ross Sea. ‘Ten of them so far today,’ she said. ‘Never in
my life have I experienced such beauty and fear at the same time.’” Herb
McCormick, “The Boating Report: Britain Follows the Exploits of a Folk Hero,”
The New York Times (January 7, 2001).

p. 239 Epinephrine produces elation or anger: Stanley Schachter and J. E. Singer, “Cogni-
tive, Social and Physiological Determinants of Emotional State,” Psychological
Review 69 (1962), 379–399.

p. 239 Piaget’s “smile of recognitory assimilation”: Jean Piaget, The Origins of Intelligence in
Children (New York: W. W. Norton, 1952), 72, 419; Jerome Kagan, Change and
Continuity in Infancy (New York: John Wiley & Sons, 1971), ch. 7; Philip R. Zelazo,
“Smiling and Vocalizing: A Cognitive Emphasis,” Merrill-Palmer Quarterly of Behav-
ior and Development 18 (1972), 349–365; Philip R. Zelazo, “Smiling to Social Stim-
uli: Eliciting and Conditioning Effects,” Developmental Psychology 4 (1971), 32–42;
Philip R. Zelazo and M. Joan Komer, “Infant Smiling to Nonsocial Stimuli and the
Recognition Hypothesis,” Child Development 42 (1971), 1327–1339.

p. 239 Hebb’s fear theory: Donald O. Hebb, “On the Nature of Fear,” Psychological Review
53 (1946), 259–276.

p. 240 Flow concept: Mihaly Czikszentmihalyi, Flow: The Psychology of Optimal Experience
(New York: HarperCollins, 1990), 40.

p. 240 Ting story: Czikszentmihalyi, Flow, 150.
p. 240 Flow experience reported in same words cross-culturally: Czikszentmihalyi, Flow, 4.
p. 240 Factory worker in “psychic entropy”: Czikszentmihalyi, Flow, 36–39.
p. 240 Stern’s measure of mother-infant interaction: Daniel L. Stern, “Mother and Infant at

Play: The Dyadic Interaction Involving Facial, Vocal, and Gaze Behaviors,” in The
Effect of the Infant on Its Caregiver, eds. M. Lewis and L. A. Rosenblum (New York:
John Wiley & Sons, 1974); The Interpersonal World of the Infant: A View from Psy-
choanalysis and Developmental Psychology (New York: Basic Books, 1985); and “Joy
and Satisfaction in Infancy,” in Pleasure Beyond the Pleasure Principle, eds. Robert
A. Glick and Stanley Bone (New Haven, Conn.: Yale University, 1990), 13–25.

p. 241 Optimal arousal and adaptation-level theory: Michael Kubovy, “On the Pleasures 
of the Mind,” in Well-Being: The Foundations of Hedonic Psychology, eds. Daniel
Kahneman, Ed Diener, and Norbert Schwarz (New York: Russell Sage Foundation,
1999), 134–154.

p. 241 Rovee-Collier experiment: Carolyn Kent Rovee-Collier and David T. Rovee, 
“Conjugate Reinforcement of Infant Exploratory Behavior,” Journal of Experimental
Child Psychology 8 (1969), 33–39; Carolyn K. Rovee-Collier and Lewis P. Lipsitt,
“Learning, Adaptation, and Memory in the Newborn,” in Psychobiology of the
Human Newborn, ed. P. Stratton (New York: John Wiley & Sons, 1982), 147–190;
Carolyn K. Rovee-Collier, L. Earley, and S. Stafford, “Ontogeny of Early Event
Memory: III. Attentional Determinants of Retrieval at 2 and 3 Months,” Infant
Behavior and Development 12 (1989), 147–161.

p. 241 “response-contingent stimulation”: John Watson, “Smiling, Cooing, and ‘The Game,’”
Merrill Palmer Quarterly 4:18 (1972), 327.

p. 242 Extreme computer dependencies: Sherry Turkle, The Second Self: Computers and the
Human Spirit (New York: Simon & Schuster, 1984).



notes and references

p. 242 “open-classroom” movement: Joseph Featherstone, “The Primary School Revolution
in Britain,” in The New Republic (August 10, September 2, and September 9,
1967); and Schools Where Children Learn (New York: Liveright, 1971).

p. 242 Attempt to nurture multiple intelligences: Howard Gardner, Frames of Mind: The
Theory of Multiple Intelligences (New York: Basic Books, 1983).

p. 242 “zone of proximal development”: Jerome Bruner, “Celebrating Divergence: Piaget
and Vygotsky,” Human Development 40:2 (1997); and Prologue to the English ed.
of The Collected Works of L. S. Vygotsky (unpublished manuscript, 1999).

p. 242 Energy expenditure that looks impractical and pleasurable: C. Loizos, “Play in
Mammals,” in Play, Territoriality and Exploration in Mammals, eds. P. Jewell and
C. Loizos (New York: Academic, 1966); Robert Fagen, Animal Play Behavior (New
York: Oxford University, 1981); Robert Fagen, “Primate Juveniles and Primate
Play,” in Juvenile Primates: Life History, Development, and Behavior, eds. M. E.
Pereira and L. A. Fairbanks (New York: Oxford University, 1993), 182–196.

p. 242 Functions of play: Konrad Lorenz, Evolution and Modification of Behavior
(Chicago: University of Chicago, 1965), 27; Paul Martin and T. M. Caro, “On the
Functions of Play and Its Role in Behavioral Development,” Advances in the Study
of Behavior 15 (1985), 59–103; John A. Byers and Curt Walker, “Refining the
Motor Training Hypothesis for the Evolution of Play,” American Naturalist 146:1
(1995), 25–40; J. A. Byers, “Biological Effects of Locomotor Play: Getting into
Shape, or Something More Specific?,” in Animal Play: Evolutionary, Comparative,
and Ecological Perspectives, eds. Mark Bekoff and John A. Byers (Cambridge: Cam-
bridge University, 1998), 205–220.

p. 242 Most intelligent animals most playful: Fagen, Animal Play Behavior; R. F. Ewer,
Ethology of Mammals (London: Elek, 1968).

p. 242 Observational learning increased when playmates differ in age: Melvin J. Konner,
“Relations Among Infants and Juveniles in Comparative Perspective,” in Friendship
and Peer Relations, eds. M. Lewis and L. Rosenblum (New York: John Wiley &
Sons, 1974).

p. 242 Observing a task speeds learning: P. Chesler, “Maternal Influence in Learning by
Observation in Kittens,” Science 166 (1969), 901–903; S. Mineka and M. Cook,
“Social Learning and the Acquisition of Snake Fear in Monkeys,” in Social Learning:
Psychological and Biological Perspectives, eds. T. R. Zentall and B. G. Galef, Jr. (Hills-
dale, N.J.: Lawrence Erlbaum, 1988), 51–73; Zentall and Galef, Social Learning, 357.

p. 242 Playlike features of cats catching prey: Martin and Caro, “Functions of Play”; T. M.
Caro, “Predatory Behaviour and Social Play in Kittens,” Behaviour 76 (1981), 1–24.

p. 242 House cats in grisly flow: Paul Leyhausen, Cat Behavior: The Predatory and Social
Behavior of Domestic and Wild Cats (New York: Garland STPM, 1979).

p. 242 Play features basis of unique transfer of skills: T. M. Caro and M. D. Hauser, “Is There
Teaching in Nonhuman Animals?,” Quarterly Review of Biology 67:2 (1992), 151–174.

p. 242 Cheetah mothers bring half-dead prey: T. M. Caro, Cheetahs of the Serengeti Plains
(Chicago: University of Chicago, 1994).

p. 242 Lions and leopards on stalking expeditions: G. Schaller, The Serengeti Lion: A Study
of Predator–Prey Relations (Chicago: University of Chicago, 1972).

p. 243 Intermediate-level societies bring more work into children’s lives: Melvin J. Konner,
“Evolution of Human Behavioral Development,” in Handbook of Cross-Cultural
Human Development, eds. Robert L. Munroe, Ruth H. Munroe, and Beatrice B.
Whiting (New York: Garland STPM, 1981), 3–51.

p. 243 Hatred as source of pleasure: Otto F. Kernberg, “Hatred as Pleasure,” in Glick and
Bone, Pleasure Beyond the Pleasure Principle, 177–197.



the tangled wing

p. 243 Playful behaviors last into adulthood: Brian Sutton-Smith, The Ambiguity of Play
(Cambridge: Harvard University, 1997).

p. 243 Playful Man: Johan Huizinga, Homo Ludens: A Study of the Play-Element in Cul-
ture (Boston: Beacon, 1950), 220.

p. 243 Panskepp’s model: Jaak Panksepp, Affective Neuroscience: The Foundations of
Human and Animal Emotions (New York: Oxford University, 1998).

p. 243 MacLean’s intuition: Paul D. MacLean, “Brain Evolution Relating to Family, Play,
and the Separation Call,” Archives of General Psychiatry 42 (1985), 405–417.

p. 243 Turtles have simple elements of play: Gordon M. Burghardt, “Precocity, Play, and
the Ectotherm–Endotherm Transition: Profound Reorganization or Superficial
Adaptation?,” in Developmental Psychobiology and Behavioral Ecology, ed. E. M.
Blass (New York: Plenum, 1988), 107–148.

p. 243 Full play capabilities in marsupials: Duncan M. Watson, “Kangaroos at Play: Play
Behaviour in the Macropodoidea,” in Animal Play: Evolutionary, Comparative, and
Ecological Perspectives, eds. M. Bekoff and John A. Byers (Cambridge: Cambridge
University, 1998), 61–95; John A. Byers, “Play’s the Thing,” Natural History 108:6
(1999), 40–45.

p. 243 Comparative studies take behavior back: Robert Fagen, “Play, Games and Innova-
tion: Sociobiological Findings and Unanswered Questions,” in Sociobiology and
Psychology: Ideas, Issues and Applications, eds. Charles Crawford, M. Smith, and
Dennis Krebs (Hillsdale, N.J.: Lawrence Erlbaum, 1987), 253–268; and Animal
Play Behavior. 

p. 243 Panksepp’s surprising proposal: Jaak Panksepp and Jeffrey Burgdorf, “50-kHz Chirp-
ing (Laughter?) in Response to Conditioned and Unconditioned Tickle-Induced
Reward in Rats: Effects of Social Housing and Genetic Variables,” Behavioural
Brain Research 115 (2000), 25–38. 

p. 244 Laughter’s many functions: Robert R. Provine, “Laughter,” American Scientist 84,
(1996) 38–45.

p. 244 Higher primates the most playful: Fagen, “Primate Juveniles.”
p. 244 Superb comparative studies: Signe Preuschoft, “Laughter” and “Smiling” in

Macaques: An Evolutionary Perspective (Utrecht: Universiteit Utrecht, 1995); Signe
Preuschoft and Jan van Hooff, “The Social Function of ‘Smile’ and ‘Laughter’:
Variations Across Primate Species and Societies,” in Nonverbal Communication:
Where Nature Meets Culture, eds. U. Segerstraº le and P. Molnàr (Mahwah, N.J.:
Lawrence Erlbaum, 1997), 171–189.

p. 244 Emotions during social play very similar: Paul E. Griffiths, What Emotions Really
Are: The Problem of Psychological Categories (Chicago: University of Chicago,
1997), 286.

p. 244 Smaller-brained marsupials largely playless: Byers, “Play’s the Thing.”
p. 244 Cultural elaboration of play a great human achievement: Sutton-Smith, Ambiguity

of Play; eds. Jerome S. Bruner, Alison Jolly, and Kathy Sylva, Play: Its Role in Devel-
opment and Evolution (New York: Basic Books, 1976), 716; Roger Caillois, Man,
Play, and Games (New York: Free Press, 1961); eds. Doris Fromberg and Doris
Bergen, Play from Birth to Twelve and Beyond: Contexts, Perspectives, and Mean-
ings, Vol. 970, Garland Reference Library of Social Science (New York: Garland,
1998), 533; Clifford Geertz, “Deep Play: Notes on the Balinese Cockfight,” in
Myth, Symbol, and Culture, ed. Clifford Geertz (New York: W. W. Norton, 1971),
1–37; Huizinga, Homo Ludens. 

p. 244 Most people say they are mildly happy: Ed Diener and Randy J. Larsen, “The Expe-
rience of Emotional Well-Being,” in Handbook of Emotions, eds. M. Lewis and 



notes and references

J. M. Haviland (New York: Guilford, 1993), 405–415; Kahneman, Diener, and
Schwarz, Well-Being. 

p. 244 600 studies: Michael Argyle, “Causes and Correlates of Happiness,” in Kahneman,
Diener, and Schwarz, Well-Being, 353–373.

p. 245 Happiness in developed vs. developing world: Ed Diener and Eunkook Mark Suh,
“National Differences in Subjective Well-Being,” in Kahneman, Diener, and
Schwarz, Well-Being, 434–450; Ed Diener, “Subjective Well-Being: The Science of
Happiness and a Proposal for a National Index,” American Psychologist 55:1 (2000),
34–43; Ronald Inglehart and Hans-Dieter Klingemann, “Genes, Culture, Democ-
racy, and Happiness,” in Culture and Subjective Well-Being, eds. E. Diener and 
E. M. Suh (Cambridge: MIT, 2000), 165; Ed Diener and Shigehiro Oishi, “Money
and Happiness: Income and Subjective Well-Being Across Nations,” in Diener and
Suh, Culture and Subjective Well-Being, 185.

p. 245 Rich-poor disparity and lower national happiness: Michael R. Hagerty, “Social Com-
parisons of Income in One’s Community: Evidence from National Surveys of Income
and Happiness,” Journal of Personality and Social Psychology 78:4 (2000), 764–771.

p. 245 Other demographic factors vary: Argyle, “Causes and Correlates.”
p. 245 10 to 15 percent of happiness variation attributed to demographic factors: Argyle,

“Causes and Correlates,” 370.
p. 245 “A flood of new studies explores”: David G. Myers and Ed Diener, “Who Is Happy?,”

Psychological Science 6:1 (1995), 10.
p. 245 Personality models include extroversion and neuroticism: Ed Diener and Richard E.

Lucas, “Personality and Subjective Well-Being,” in Kahneman, Diener, and Schwarz,
Well-Being, 213–229; Hans J. Eysenck and Michael W. Eysenck, Personality and
Individual Differences: A Natural Science Approach (New York: Plenum, 1985),
424; H. J. Eysenck, “The Big Five or Giant Three: Criteria for a Paradigm,” in The
Developing Structure of Temperament and Personality from Infancy to Adulthood,
eds. C. F. J. Halverson, G. A. Kohnstamm, and R. P. Martin (Hillsdale, N.J.:
Lawrence Erlbaum, 1994), 37–51; Paul T. Costa, Jr., Alan B. Zonderman, Robert
R. McCrae, Joan Cornoni-Huntley, Ben Z. Locke, and Helen E. Barbano, “Longi-
tudinal Analyses of Psychological Well-Being in a National Sample: Stability of
Mean Levels,” Journal of Gerontology 42:1 (1987), 50–55; R. R. McCrae and P. T.
Costa, “Adding Liebe und Arbeit: The Full Five-Factor Model and Well-Being,”
Personality and Social Psychology Bulletin 17 (1991), 227–232. For further informa-
tion on Costa and McCrae’s five-factor model, see the references near the end of
Chapter 7.

p. 246 “The very happy people are”: Ed Diener and Martin E. P. Seligman, “Very Happy
People.” Presentation delivered at the Third Akumal Meeting on Positive Psychol-
ogy (January 7–13, 2001), Akumal, Mexico. In press, Psychological Science.

p. 246 Incidence and effects of recessive brand of promoter: Klaus-Peter Lesch, Dietmar Bengel,
Armin Heils, Sue Z. Sabol, Benjamin D. Greenberg, Susanne Petri, Jonathan Ben-
jamin, Clemens R. Muller, Dean H. Hamer, and Dennis L. Murphy, “Association
of Anxiety-Related Traits with a Polymorphism in the Serotonin Transporter Gene
Regulatory Region,” Science 274 (1996), 1527–1531; D. Dean Hamer and Peter
Copeland, Living with Our Genes: Why They Matter More Than You Think (New
York: Doubleday, 1998), 355.

p. 246 Other studies put estimate lower: McCrae and Costa, “Full Five-Factor Model.”
617–629.

p. 246 Chimpanzee happiness study: “Chipper Chimps,” Science 285 (1999), 661.
p. 247 “broaden and build model”: Barbara L. Fredrickson, “What Good Are Positive Emo-



the tangled wing

tions?,” Review of General Psychology 2:3 (1998); “Cultivating Positive Emotions to
Optimize Health and Well-Being,” Prevention and Treatment 3 (2000); and “Cultivat-
ing Research on Positive Emotions: A Response,” Prevention and Treatment 3 (2000).

p. 247 Research on openness and learning in people in positive moods: Alice M. Isen, “Pos-
itive Affect and Decision Making,” in Lewis and Haviland, Handbook of Emotions,
261–277.

p. 247 Sutton-Smith quotation: Sutton-Smith, Ambiguity of Play, 229.
p. 247 Byers on boxing joeys: Byers, “Play’s the Thing.”
p. 247 PET scans in women experiencing transient happiness: M. S. George, T. A. Ketter,

P. I. Parekh, B. Horwitz, P. Herscovitch, and R. M. Post, “Brain Activity During
Transient Sadness and Happiness in Healthy Women,” American Journal of Psychi-
atry 152:3 (1995), 341–351.

p. 248 Olds and Milner observation: James Olds and Peter Milner, “Positive Reinforce-
ment Produced by Electrical Stimulation of Septal Area and Other Regions of Rat
Brain,” Journal of Comparative and Physiological Psychology 47 (1954), 419–427.

p. 248 Olds and Milner shifted research: Neil R. Carlson, Physiology of Behavior (Boston:
Allyn & Bacon, 1998), 441.

p. 248 “spokes” radiate: William J. McBride, James M. Murphy, and Satoshi Ikemoto,
“Localization of Brain Reinforcement Mechanisms: Intracranial Self-Administra-
tion and Intracranial Place-Conditioning Studies,” Behavioural Brain Research
101:2 (1999), 129–152; W. Wolfram Schultz, “Dopamine Neurons and Their Role
in Reward Mechanisms,” Current Opinion in Neurobiology 7:2 (1997), 191–197; 
F. J. Franco, J. Vaccarino, and Bernard B. Schiff, “Biological View of Reinforce-
ment,” 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), 111–142; Kent C. Berridge, “Pleasure,
Pain, Desire, and Dread: Hidden Core Processes of Emotion,” in Kahneman,
Diener, and Schwarz, Well-Being, 525–557.

p. 248 Medial forebrain bundles: Panskepp, Affective Neuroscience; Walle J. H. Nauta and
Michael Feirtag, Fundamental Neuroanatomy (New York: W. H. Freeman, 1986);
J. Singh, T. Desiraju, and T. R. Raju, “Comparison of Intracranial Self-Stimulation
Evoked from Lateral Hypothalamus and Ventral Tegmentum: Analysis Based on
Stimulation Parameters and Behavioural Response Characteristics,” Brain Research
Bulletin 41:6 (1996), 399–408.

p. 249 Hundreds of experiments: McBride, Murphy, and Ikemoto, “Brain Reinforcement
Mechanisms”; Schultz, “Dopamine Neurons”; Franco, Vaccarino, and Schiff, “Bio-
logical View.”

p. 249 Nucleus accumbens: Nauta and Feirtag, Fundamental Neuroanatomy; 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).

p. 249 Dopamine in Skinnerian models: J. R. Stellar, A. E. Kelley, and D. Corbett, “Effects
of Peripheral and Central Dopamine Blockade on Lateral Hypothalamic Self-
Stimulation: Evidence for Both Reward and Motor Deficits,” Pharmacology, 
Biochemistry, and Behavior 18 (1983), 433–442; H. O. Petit and J. B. Justice,
“Dopamine in the Nucleus Accumbens During Cocaine Self-Administration as
Studied by In Vivo Microdialysis,” Pharmacology, Biochemistry, and Behavior 23
(1989), 899–904; Eliot L. Gardner, “Neurobiology and Genetics of Addiction:
Implications of the ‘Reward Deficiency Syndrome’ for Therapeutic Strategies in
Chemical Dependency,” in Addiction: Entries and Exits, ed. J. Elster (New York:
Russell Sage Foundation, 1999), 57.



notes and references

p. 249 “learning how to release dopamine”: Bartley G. Hoebel, Pedro V. Rada, Gregory P.
Mark, and Emmanuel N. Pothos, “Neural Systems for Reinforcement and Inhibi-
tion of Behavior: Relevance to Eating, Addiction, and Depression,” in Kahneman,
Diener, and Schwarz, Well-Being, 558.

p. 249 Crack addict can “activate the accumbens”: Hoebel et al., “Neural Systems,” in Kah-
neman, Diener, and Schwarz, Well-Being, 563.

p. 249 Appetitive vs. consummatory reward systems: Darryl B. Neill, “Reward Systems in
the Brain: A Glutamatergic Hypothesis,” lecture in the Frontiers of Neuroscience
Series, Emory University (February 23, 2001), 98.

p. 249 Sensitivity of accumbens increased in isolated rats: G. H. Jones, C. A. Marsden, and 
T. W. Robbins, “Increased Sensitivity to Amphetamine and Reward-Related Stimuli
Following Social Isolation in Rats: Possible Disruption of Dopamine-Dependent
Mechanisms of the Nucleus Accumbens,” Psychopharmacology 102 (1990), 364–372.

p. 249 Opiates’ rewarding effect acts through separate mechanism: Franco, Vaccarino, and
Schiff, “Biological View,” 125.

p. 249 Dopamine system may highlight rewarding stimulus, opiate supply pleasure:
Berridge, “Pleasure, Pain”; Paul A. Garris, Michaux Kilpatrick, Melissa A. Bunin,
Darren Michael, Q. David Walker, and R. Mark Wightman, “Dissociation of
Dopamine Release in the Nucleus Accumbens from Intracranial Self-Stimulation,”
Nature 398:6722 (1999), 67–69; Kent C. Berridge and Terry E. Robinson, “What Is
the Role of Dopamine in Reward: Hedonic Impact, Reward Learning, or Incentive
Salience?,” Brain Research Reviews 2803 (1998), 309–369.

p. 249 Third input using glutamate: Peter W. Kalivas and Mitsuo Nakamura, “Neural Sys-
tems for Behavioral Activation and Reward,” Current Opinion in Neurobiology 9:2
(1999), 223–227.

p. 250 Activation and reward systems: Darryl Neill, “Distinct Dopamine Terminal Areas
Controlling Behavioral Activation and Reward Value of Hypothalamic Stimula-
tion,” Annals of the New York Academy of Sciences 537 (1988), 520–522; Wenhe
Gong, Joseph B. Justice, Jr., and Darryl Neill, “Dissociation of Locomotor and
Conditioned Place Preference Responses Following Manipulation of GABA-A and
AMPA Receptors in Ventral Pallidum,” Progress in Neuro-Psychopharmacology &
Biological Psychiatry 21 (1997), 839–852; Darryl B. Neill, “Reward Systems in the
Brain: A Glutamatergic Hypothesis,” lecture in the Frontiers of Neuroscience
Series, Emory University (February 23, 2001).

p. 250 “Most rewards that are liked are also wanted”: Berridge, “Pleasure, Pain.”
p. 250 Functional separation within brain will lead to treatments: Gardner, “Neurobiology

and Genetics of Addiction.”
p. 250 Studies of thrill seeking: Marvin Zuckerman, Monte S. Buchsbaum, and Dennis L.

Murphy, “Sensation Seeking and Its Biological Correlates,” Psychological Bulletin 88
(1980), 187–214; Marvin Zuckerman, “Sensation Seeking: A Comparative Approach
to a Human Trait,” Behavioral and Brain Sciences 7 (1984), 413–471; and “The Psy-
chophysiology of Sensation Seeking,” Journal of Personality 58 (1990), 313–345. For
further references, see the discussion of thrill seeking near the end of Chapter 7.

p. 250 Argument for arraying psychic states on two dimensions: R. Reisenzein, “Pleasure-
Arousal Theory and the Intensity of the Emotions,” Journal of Personality and
Social Psychology 67 (1994), 529–539; Nico H. Frijda, “Emotions and Hedonic
Experience,” and William N. Morris, “The Mood System,” both in Kahneman,
Diener, and Schwarz, Well-Being, 169–190.

p. 250 Brain surgeons have studied effects: Robert G. Heath, “Pleasure and Brain Activity
in Man,” Journal of Nervous and Mental Disease 154 (1972), 3–31.



the tangled wing

p. 251 Valenstein quotation: Elliot S. Valenstein, Brain Control (New York: John Wiley &
Sons, 1973), 73.

p. 251 Work by Itzhak Fried: Itzhak Fried et al., Nature 391 (1998), 650.
p. 251 “You guys are just so funny”: Malcolm W. Browne, “Who Needs Jokes? Brain Has a

Ticklish Spot,” The New York Times (March 10, 1998).
p. 251 Deliberately putting on facial expressions influences subjective states: Paul Ekman,

Robert W. Levenson, and Wallace V. Friesen, “Autonomic Nervous System Activity
Distinguishes Among Emotions,” Science 221 (1983), 1208–1210; Robert W. 
Levenson, Paul Ekman, Karl Heider, and Wallace V. Friesen, “Emotion and Auto-
nomic Nervous System Activity in the Minangkabau of West Sumatra,” Journal of
Personality and Social Psychology 62:6 (1992), 972–988.

p. 251 The nucleus accumbens and amygdala: Hans C. Breiter and Bruce R. Rosen,
“Functional Magnetic Resonance Imaging of Brain Reward Circuitry in the
Human,” in Advancing from the Ventral Striatum to the Extended Amygdala: Impli-
cations for Neuropsychiatry and Drug Use: In Honor of Lennart Heimer, ed. J. F.
McGinty (New York: New York Academy of Sciences, 1999), 523–547.

p. 251 Stroked with velvet or touched with wood: S. Francis et al., E. T. Rolls, R. Bowtell, F.
McGlone, J. O’Doherty, A. Browning, S. Clare, and E. Smith, “Representation of
Pleasant Touch in the Brain and Its Relationship with Taste and Olfactory Areas,”
Neuroreport: An International Journal for the Rapid Communication of Research in
Neuroscience 10:3 (1999).

p. 251 “helps to provide . . . emotions”: Francis et al., “Pleasant Touch in the Brain,” 453–459.
p. 252 Patient with desire to self-stimulate: Valenstein, Brain Control, 74.
p. 252 Electrode implanted before and after menstruation: Valenstein, Brain Control, 74.
p. 252 Valenstein’s rat experiments: Elliot S. Valenstein, V. C. Cox, and J. K. Kakolewsky,

“Reexamination of the Role of the Hypothalamus in Motivation,” Psychological
Review 77 (1970), 16–31.

p. 252 REM-deprived animals and self-stimulation: S. S. Steiner and S. J. Ellman, “Relation
Between REM Sleep and Intracranial Self-Stimulation,” Science (1972), 1122–1124.

p. 252 “Woe to you, my Princess”: Sigmund Freud, Cocaine Papers (New York: Stonehill,
1974), 10.

p. 253 Freud’s paper well received: Freud, Cocaine Papers, 50.
p. 253 “dogs show obvious signs of happy excitement”: Freud, Cocaine Papers, 57.
p. 253 “The psychic effect . . . consists of exhilaration”: Freud, Cocaine Papers, 60.
p. 253 Surge in interest in cocaine in lab: ed. Paul Gootenberg, Cocaine: Global Histories

(London: Routledge, 1999), 213.
p. 253 Confirmed fears about cocaine: Robert M. Post, “Cocaine Psychoses: A Continuum

Model,” American Journal of Psychiatry 132:3 (1975), 225–231.
p. 254 Cocaine blocks dopamine transporter: Alan I. Leshner, “Molecular Mechanisms of

Cocaine Addiction,” New England Journal of Medicine 335:2 (1996), 128–129; 
M. J. Kuhar, M. C. Ritz, and J. W. Boja, “The Dopamine Hypothesis of the Rein-
forcing Properties of Cocaine,” Trends in Neurosciences 14 (1991), 299–302.

p. 254 Knockout mice show no cocaine response: B. Giros, M. Jaber, S. R. Jones, R. M.
Wightman, and M. G. Caron, “Hyperlocomotion and Resistance to Cocaine and
Amphetamine in Mice Lacking the Dopamine Transporter,” Nature 379 (1996),
606–612.

p. 254 The CART gene in reward systems: Michael J. Kuhar and Stephanie E. Dall Vechia,
“CART Peptides: Novel Addiction- and Feeding-Related Neuropeptides,” Trends in
Neurosciences 22 (1999), 316–320.



notes and references

p. 254 Cocaine effects depend on dopamine reward system: Petit and Justice, “Dopamine in
the Nucleus Accumbens.”

p. 254 Mechanism may be crucial to substance addictions: Gardner, “Neurobiology and
Genetics of Addiction.”

p. 254 Subjects’ descriptions of cocaine influence: Richard B. Resnick, Richard S. Kesten-
baum, and Lee K. Schwartz, “Acute Systemic Effects of Cocaine in Man: A Con-
trolled Study by Intranasal and Intravenous Routes,” Science 195 (1977), 697.

p. 254 “the drug was almost exclusively chosen”: Thomas G. Aigner and Robert L. Balster,
“Choice Behavior in Rhesus Monkeys: Cocaine Versus Food,” Science 201 (1978), 535.

p. 254 “I feel more relaxed”: Resnick, Kestenbaum, and Schwartz, “Acute Systemic Effects
of Cocaine,” 698.

p. 254 Experiments specifically localizing brain reward under way: S. R. Jones, P. A. Garris,
C. D. Kilts, and R. M. Wightman, “Comparison of Dopamine Uptake in the Baso-
lateral Amygdaloid Nucleus, Caudate-Putamen, and Nucleus Accumbens of the
Rat,” Journal of Neurochemistry 64:6 (1995), 2581–2589.

p. 254 A chemical that poisons dopamine neurons: Larry Stein and C. David Wise, “Possi-
ble Etiology of Schizophrenia: Progressive Damage to the Noradrenergic Reward
System by 6-Hydroxydopamine,” Science 171 (1971), 1032–1036.

p. 255 Study of free-ranging monkeys: D. E. Redmond and A. Kling, “Behavior of Free-
Ranging Macaques After Intraventricular 6-Hydroxydopamine,” Science 181 (1973),
1256–1258.

p. 255 Peptides and brain research: Dorothy E. Krieger and Anthony S. Liotta, “Pituitary
Hormones in Brain: Where, How, and Why?,” Science 205 (1979), 366–372;
Solomon H. Snyder, “Opiate Receptors and Internal Opiates,” Scientific American
236:3 (1977), 44–56; Avram Goldstein, “Opioid Peptides (Endorphins) in Pituitary
and Brain,” Science 193 (1976), 1081–1086.

p. 255 Locating opiate receptors: Snyder, “Opiate Receptors”; Candace Pert, A. M. Snowman,
and Solomon H. Snyder, “Localization of Opiate Receptor Binding in Presynaptic
Membranes of Rat Brain,” Brain Research 70 (1974), 184–188.

p. 255 Endorphins and peptides could mimic opiates: Roger Guillemin, “Peptides in the
Brain: The New Endocrinology of the Neuron,” Science 202 (1978), 390–402.
Actually, as it turned out, it was the synthetic opiates that mimicked the natural
endorphins.

p. 255 Tiny doses of opioids: Floyd Bloom, David Segal, Nicholas Ling, and Roger
Guillemin, “Endorphins: Profound Behavioral Effects in Rats Suggest New Etio-
logical Factors in Mental Illness,” Science 194 (1976), 630–632; Yasuko F. Jacquet
and Neville Marks, “The C-Fragment of B-Lipotropin: An Endogenous Neurolep-
tic or Antipsychotogen?,” Science 194 (1976), 632–635.

p. 255 Tiger’s provocative book: Lionel Tiger, Optimism: The Biology of Hope (New York:
Simon & Schuster, 1979); J. C. Willer, H. Dehen, and J. Cambier, “Stress-Induced
Analgesia in Humans: Endogenous Opioids and Naloxone Reversible Depression
of Pain Reflexes,” Science 212 (1981), 689–691. For a valuable psychological analy-
sis of optimism, its cultivation, and its dangers, see Christopher Peterson, “The
Future of Optimism,” American Psychologist 55 (2000), 44–55. As Peterson likes to
say, the study of happiness is too important to be left to happy people.

p. 256 Positive illusions and survival: Shelley E. Taylor, Positive Illusions: Creative Self-
Deception and the Healthy Mind (New York: Basic Books, 1989), xv, 301; Shelley E.
Taylor, Margaret E. Kemeny, Geoffrey M. Reed, Julienne E. Bower, and Tara L.
Gruenewald, “Psychological Resources, Positive Illusions, and Health,” American 
Psychologist 55 (2000), 99–109.



the tangled wing

p. 256 The first thirty-five years: George Vaillant, Adaptation to Life (Boston: Little, Brown,
1977).

p. 256 “Woe to the man”: Vaillant, Adaptation to Life, 239.
p. 256 Roy Campanella story: Vaillant, Adaptation to Life, 239.
p. 257 MacFarlane quotation: Vaillant, Adaptation to Life, 299.
p. 257 Cohort of 698 Hawaiians: Emmy E. Werner and Ruth S. Smith, Vulnerable But

Invincible: A Longitudinal Study of Resilient Children and Youth (New York:
Adams Bannister Cox, 1989); Emmy E. Werner, “High-Risk Children in Young
Adulthood: A Longitudinal Study from Birth to 32 Years,” American Journal of
Orthopsychiatry 59:1 (1989), 72–81; and “Vulnerable But Invincible: High-Risk
Children from Birth to Adulthood,” European Child Adolescent Psychiatry 5:1
(1996), 47–51.

p. 257 “competent, confident, and caring adults”: Emmy E. Werner, “Vulnerable But
Invincible: High-Risk Children from Birth to Adulthood,” Acta Paediatric 422
(1997), 103.

p. 257 Selye attribution: Vaillant, Adaptation to Life, 374.
p. 257 “Man is born broken”: George E. Vaillant, The Wisdom of the Ego (Cambridge:

Harvard University, 1993), 287. For a further update of this research, see George E
Vaillant, “Adaptive Mental Mechanisms: Their Role in a Positive Psychology,”
American Psychologist 55 (2000), 89–98.

p. 257 O’Neill quotation: eds. Sylvan Barnet, Morton Berman, and William Burto, Eight
Great Tragedies (New York: Mentor, 1957).

p. 258 Yeats poem: William Butler Yeats, “Lapis Lazuli,” in The Variorum Edition of the
Poems of W. B. Yeats, eds. P. Allt and R. Alspach (New York: Macmillan, 1940),
565–566.

chapter twelve: Lust
Lust and its behaviors have proved surprisingly accessible to scientific study. Simon LeVay’s
The Sexual Brain (Cambridge: MIT, 1993) makes a graceful, excellent starting point for the
neuroscience, but the definitive book on mechanism is Donald Pfaff’s Drive: Neurobiologi-
cal and Molecular Mechanisms of Sexual Motivation (Cambridge: MIT, 1999). Behavioral
Endocrinology, edited by Jill Becker, Marc Breedlove, and David Crews, (Cambridge: MIT,
1992) and Reproduction in Context: Social and Environmental Influences on Reproduction,
by Kim Wallen and Jill Schneider (Cambridge: MIT, 2000) broaden the perspective.

A fine collection of studies on the effects of age and culture is Sexuality Across the Life
Course, edited by Alice Rossi (Chicago: University of Chicago, 1994). The classic introduc-
tion to the evolutionary dimensions of the subject is Donald Symons’s Evolution of Human
Sexuality (New York: Oxford University, 1979). David Buss’s Evolution of Desire: Strategies
of Human Mating (New York: Basic Books, 1994) shows just how prescient Symons was.
Any doubt about the applicability of Darwinian sexual-selection theory to human beings
should be dispelled by the papers in two collections: Human Reproductive Behavior: A Dar-
winian Perspective, edited by Laura Betzig, Monique Borgerhoff Mulder, and Paul Turke
(Cambridge: Cambridge University, 1988); and Human Nature: A Critical Reader, edited by
Betzig (New York: Oxford University, 1997). Engaging evolutionary overviews are Natalie
Angier’s Woman: An Intimate Geography (New York: Anchor/Random House, 1999) and
Jared Diamond’s Why Is Sex Fun? The Evolution of Human Sexuality (New York: Basic
Books, 1997).

The reports by Alfred Kinsey and his colleagues, Sexual Behavior in the Human Male
and Sexual Behavior in the Human Female (Philadelphia: W. B. Saunders, 1953), remain



notes and references

classic accounts, but we now at last have a worthy modern counterpart: The Social Organi-
zation of Sexuality: Sexual Practices in the United States, by Edward Laumann et al.
(Chicago: University of Chicago, 1944). This work was summarized briefly and with
clearer charts in Sex in America: A Definitive Survey, by Robert Michael et al. (New York:
Little, Brown, 1994). Philip Blumstein and Pepper Schwartz’s American Couples: Money,
Work, and Sex (New York: William Morrow, 1983) remains a superb account of the real
lives of hetero- and homosexual couples. The best general overviews of sexual orientation
are Simon LeVay’s Queer Science: The Use and Abuse of Research into Homosexuality
(Cambridge: MIT, 1997) and Being Homosexual: Gay Men and Their Development, by
Richard Isay (New York: Farrar, Straus, & Giroux, 1989).

The most interesting six pages I have read on the emergence of sexual interest is
“Rethinking Puberty: The Development of Sexual Attraction,” by Martha McClintock and
Gilbert Herdt, in Current Directions in Psychological Science 5 (1996, pp. 178–183).
Herdt’s collection, The Third Sex, cited in Chapter 6, is the definitive account of transgen-
der roles cross-culturally. Nancy Etcoff’s Survival of the Prettiest: The Science of Beauty
(New York: Doubleday, 1999) is the best overview of this fascinating and increasingly rig-
orous field. The honest but often unsuccessful effort of Catholic priests to suppress their
sexual instincts is detailed in Richard Sipe’s remarkable book A Secret World: Sexuality and
the Search for Celibacy (New York: Brunner/Mazel, 1990). Last but not least, no one with
a serious interest in sex should fail to read William H. Masters and Virginia E. Johnson’s
Human Sexual Response (Boston: Little, Brown, 1966), a source of crucial information and
a turning point in the history of sex research.

p. 260 “Survival of the species” replaced by evolution of gene, etc.: Robert L. Trivers,
Social Evolution (Menlo Park, Calif.: Benjamin Cummings, 1985); George C.
Williams, Natural Selection: Domains, Levels, and Challenges (New York: Oxford
University, 1992); Leonard Nunney, “Are We Selfish, Are We Nice, or Are We
Nice Because We Are Selfish?,” Science 281 (1998), 1619–1621; Barbara Smuts,
“Multilevel Selection, Cooperation, and Altruism: Reflections on Unto Others:
The Evolution and Psychology of Unselfish Behavior,” Human Nature 10:3
(1999), 311–327.

p. 261 Gene’s way of making another gene: Richard Dawkins, The Selfish Gene (New York:
Oxford University, 1978); and The Selfish Gene, new ed. (New York: Oxford Uni-
versity, 1989).

p. 262 Why were males ever invented?: N. H. Barton and B. Charlesworth, “Why Sex and
Recombination?,” Science 281:5385 (1998), 1986–1990.

p. 262 Traditional explanation: Claus Wedekind, “Pathogen-Driven Sexual Selection and
the Evolution of Health,” in Evolution in Health and Disease, ed. S. C. Stearns
(Oxford: Oxford University, 1999), 102–107.

p. 262 Hawaiian and Fijian geckos: Kenneth Petren, Douglas T. Bolger, and Ted J. Case,
“Mechanisms in the Competitive Success of an Invading Sexual Gecko Over an
Asexual Native,” Science 259 (1993), 354–358.

p. 262 “one vast breeding experiment”: George C. Williams, Sex and Evolution (Princeton,
N.J.: Princeton University, 1975).

p. 262 “If women were fastidious”: John Updike, Toward the End of Time (New York: Alfred
A. Knopf, 1997), 223.

p. 263 Female-widowbird preference: Malte Andersson, “Female Choice Selects for
Extreme Tail Length in a Widowbird,” Nature 299 (1982), 818–820.

p. 263 Peacock tails and peahens’ pickiness: M. Petrie, T. Halliday, and C. Sanders, “Pea-
hens Prefer Peacocks with Elaborate Trains,” Animal Behavior 41 (1991), 323–331;



the tangled wing

Marie Petrie, “Improved Growth and Survival of Offspring of Peacocks with More
Elaborate Trains,” Nature 371 (1994), 598–599.

p. 263 Peacocks, elk, and elephant seals: James L. Gould and Carol Grant Gould, Sexual
Selection (New York: Scientific American Library, 1989), 277.

p. 263 Literally the key: William Eberhard, Sexual Selection and Animal Genitalia (Cam-
bridge: Harvard University, 1985).

p. 263 Evidence for sexual selection: Malte Andersson, Sexual Selection (Princeton, N.J.:
Princeton University, 1994); 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).

p. 263 Mechanisms of female choice being discovered: Michael J. Ryan, “Mechanisms
Underlying Sexual Selection,” in Behavioral Mechanisms in Evolutionary Ecology,
ed. Leslie A. Real (Chicago: University of Chicago, 1994), 190–215; and “Sexual
Selection, Receiver Biases, and the Evolution of Sex Differences,” Science
281:5385 (1998), 1999–2003.

p. 263 Naturalists’ idea of female control: William G. Eberhard, Female Control: Sexual
Selection by Cryptic Female Choice (Princeton, N.J.: Princeton University, 1996).

p. 263 Correlation with direct care of offspring: Robert L. Trivers, “Parental Investment and
Sexual Selection,” in Sexual Selection and the Descent of Man, 1871–1971, ed.
Bernard Campbell (Chicago: Aldine de Gruyter, 1972), 136–179.

p. 263 Cheating, deceiving, deserting in mated pairs: Virginia Morell, “A New Look at
Monogamy,” Science 281:5385 (1998), 1982–1983.

p. 263 Goose monogamy imperfect: Konrad Lorenz, The Year of the Greylag Goose (New
York: Harcourt Brace Jovanovich, 1978).

p. 263 Pattern of male participation: Mary Maxwell Katz and Melvin J. Konner, “The Role
of the Father: An Anthropological Perspective,” in The Role of the Father in Child
Development, ed. M. E. Lamb (New York: John Wiley & Sons, 1981), 155–186.

p. 263 Marmoset fathers: G. Epple, “The Behavior of Marmoset Monkeys (Callithricidae),”
in Primate Behavior: Developments in Field and Laboratory Research, Vol. 4, ed. L.
A. Rosenblum (New York: Academic, 1975); Paul A. Garber, “Phylogenetic
Approach to the Study of Tamarin and Marmoset Social Systems,” American Jour-
nal of Primatology 34 (1994), 199–219.

p. 263 Pair-bonding vs. multiple-mating mice: Janet K. Bester-Meredith, Larry J. Young,
and Catherine A. Marler, “Species Differences in Paternal Behavior and Aggression
in Peromyscus and Their Associations with Vasopressin Immunoreactivity and
Receptors,” Hormones and Behavior 36:1 (1999), 25–38.

p. 263 Voles and vasopressin: Thomas R. Insel, “A Neurobiological Basis of Social Attach-
ment,” American Journal of Psychiatry 154:6 (1997), 726–735; Larry J. Young,
Zuoxin Wang, and Thomas R. Insel, “Neuroendocrine Bases of Monogamy,”
Trends in Neuroscience 21:2 (1998), 71–75.

p. 263 Ring dove behavior: Daniel S. Lehrman, “The Physiological Basis of Parental Feed-
ing Behavior in the Ring Dove,” Behavior 7 (1955), 241–286; Robert K. Selander,
“Sexual Selection and Dimorphism in Birds,” in Campbell, Sexual Selection,
180–230.

p. 263 Sexual selection mutual in monogamous seabirds: I. L. Jones and F. M. Hunter,
“Mutual Sexual Selection in a Monogamous Seabird,” Nature 36 (1993), 238–239.

p. 263 Other end of spectrum: Gould and Gould, Sexual Selection; Andersson, Sexual
Selection; Ryan, “Sexual Selection and Mate Choice.”

p. 264 Breeding season of California elephant seals: Burney LeBoeuf and R. Peterson,
“Social Status and Mating Activity in Elephant Seals,” Science 163 (1969), 91–93.



notes and references

p. 264 Mating behavior in tournament species: Selander, “Sexual Selection and Dimor-
phism”; Trivers, “Parental Investment,” in Campbell, Sexual Selection and the
Descent of Man. 

p. 264 Jacanas: For review, see David Lack, Ecological Adaptations for Breeding in Birds
(London: Methuen, 1968). 

p. 264 Phalaropes: E. O. Hohn, “Observations on the Breeding Biology of Wilson’s
Phalarope (Steganopus tricolor) in Central Alberta” Auk 84 (1969), 220–244; and
“The Phalarope,” Scientific American 220 (1969), 104–111.

p. 265 English moorhens: Marie Petrie, “Female Moorhens Compete for Small Fat
Males,” Science 220 (1983), 413–415.

p. 265 Spotted hyena sex role reversal: Kay E. Holekamp and Laura Smale, “Feisty Females
and Meek Males: Reproductive Strategies in the Spotted Hyena,” in Reproduction
in Context: Social and Environmental Influences on Reproduction, eds. K. Wallen
and J. E. Schneider (Cambridge: MIT, 2000), 257–285.

p. 265 An enlarged, virilized clitoris: L. G. Frank, “Evolution of Genital Masculinization:
Why Do Female Hyenas Have Such a Large ‘Penis’?,” Trends in Ecology and Evo-
lution 12 (1997), 58–62.

p. 265 The placenta lacks an enzyme: T. M. Yalcinkaya, P. K. Siiteri, J. L. Vigne, P. Licht,
S. Pavgi, L. G. Frank, and S. E. Glickman, “A Mechanism for Virilization of
Female Spotted Hyenas In Utero,” Science 260 (1993), 1929–1931.

p. 265 Female rank and reproductive success: Holekamp and Smale, “Feisty Females.”
p. 265 Exceptionally aggressive littermate competition: Laura Smale, Kay E. Holekamp,

Mary Weldele, Laurence G. Frank et al., “Competition and Cooperation Between
Litter-Mates in the Spotted Hyena, Crocuta crocuta,” Animal Behaviour 50 (1995),
671–692; Waltraud Golla, Heribert Hofer, and Marion L. East, “Within-Litter
Sibling Aggression in Spotted Hyaenas: Effect of Maternal Nursing, Sex and Age,”
Animal Behaviour 58 (1999), 715–726.

p. 265 Hyenas as hunters: Hans Kruuk, The Spotted Hyena: A Study of Predation and
Social Behavior (Chicago: University of Chicago, 1972); Simon K. Bearder, “The
Hyena Family,” in The Encyclopedia of Mammals, ed. D. W. Macdonald, (New
York: Facts on File, 1984), 154–158.

p. 265 Species with partly reversed sex roles: Katherine Ralls, “Mammals in Which Females
Are Larger Than Males,” The Quarterly Review of Biology 51 (1976), 245–276;
Mark Ridley; “Paternal Care,” Animal Behaviour 26 (1978), 904–932.

p. 265 Bank swallow: Michael D. Beecher and Inger M. Beecher, “Sociobiology of Bank
Swallows: Reproductive Strategy of the Male,” Science 205 (1979), 1284.

p. 265 Beechers quotation: Beecher and Beecher, “Sociobiology of Bank Swallows,” 1284.
p. 266 Ring dove’s courtship: Lehrman, “Parental Feeding Behavior in the Ring Dove”;

Daniel S. Lehrman, Philip N. Brody, and Rochelle P. Wortis, “The Presence of the
Mate and of Nesting Material as Stimuli for the Development of Incubation Behav-
ior and for Gonadotropin Secretion in the Ring Dove (Streptopelia risoria),”
Endocrinology 68 (1961), 507–516; Daniel S. Lehrman, “The Reproductive Behav-
ior of Ring Doves,” Scientific American 211:5 (1964), 48–54.

p. 266 Female’s oviduct as function of male testosterone level: Carl J. Erickson, “Social
Induction of the Ovarian Response in the Female Ring Dove,” in Reproduction: A
Behavioral and Neuroendocrine Perspective, eds. B. R. Komisaruk et al. (New York:
New York Academy of Sciences, 1986), 13–19.

p. 266 Research following up on Lehrman’s: Patricia G. Zanone, M. Eleanor Sims, and
Carl J. Erickson, “Male Ring Dove Behavior and the Defense of Genetic Paternity,”
American Naturalist 114 (1979), 615–626.



the tangled wing

p. 266 Redwing blackbirds’ change in LH: Cheryl F. Harding and Brian K. Follett, “Hor-
mone Changes Triggered by Aggression in a Natural Population of Blackbirds,” 
Science 203 (1979), 918–920.

p. 266 Vasectomy experiments in redwing blackbirds: O. E. Bray, J. J. Kennelly, and J. L.
Guarino, “Fertility of Eggs Produced on Territories of Vasectomized Red-Winged
Blackbirds,” Wilson Bulletin 87 (1975), 187–195.

p. 267 Wilson’s phalarope nesting behavior: Hohn, “Breeding Biology of Wilson’s
Phalarope”; Hohn, “The Phalarope.” Farther afield, the pipefish, a group of teleost
fishes including seahorses, have specialized in male parenting. Seahorse males
carry live young in abdominal pouches and “give birth” when they mature.

p. 267 Females have their own strategies: In addition to cuckolding males to gain better
quality offspring, females in pair-bonding species may use stolen copulations as a
transition strategy to begin a subsequent bond with a higher-quality male. There is
at least anecdotal evidence that this occurs as a conscious strategy in humans: Lisa
A. Johnson, “Cheat Your Way to a Better Man (By Four Women Who Did),”
Women’s Own Magazine (July 2001).

p. 267 Mating of domestic dogs in India: S. K. Pal, B. Ghosh, and S. Roy, “Inter- and Intra-
Sexual Behaviour of Free-Ranging Dogs (Canis familiaris),” Applied Animal Behav-
iour Science 62 (1999), 267–279.

p. 268 Dominant male baboons succeed genetically: In a remarkable study by Jeanne 
Altmann, Susan Alberts, and their colleagues, wild baboons were genetically tested
for paternity, and “the reproductive priority of dominant males was confirmed by
molecular genetic analysis.” However, due to instability in dominance status, this pri-
ority may only last a few years. Jeanne Altmann, Susan C. Alberts et al., “Behavior
Predicts Gene Structure in a Wild Primate Group,” Proceedings of the National
Academy of Sciences 93 (1996), 5797–5801.

p. 268 Gibbons’ sexual profile: Donna Robbins Leighton, “Gibbons: Territoriality and
Monogamy,” in Primate Societies, eds. Barbara B. Smuts et al. (Chicago: University
of Chicago, 1987), 135–145.

p. 268 Gorillas’ sexual profile: Caroline E. G. Tutin, “Reproductive Success Story: Vari-
ability Among Chimpanzees and Comparisons with Gorillas,” in Chimpanzee Cul-
tures, eds. Richard W. Wrangham et al. (Cambridge: Harvard University, 1994),
181–193; Kelly J. Stewart and Alexander H. Harcourt, “Gorillas: Variation in
Female Relationships,” in Smuts et al., Primate Societies, 155–164; A. H. Harcourt,
“Gorilla,” in Encyclopedia of Mammals, ed. D. W. Macdonald (New York: Facts on
File, 1984), 432–439.

p. 268 Chimps’ sexual profile: Jane Goodall, The Chimpanzees of Gombe: Patterns of
Behavior (Cambridge: Harvard University, 1986), 673.

p. 268 Female chimps in heat: J. Wallis, “Chimpanzee Genital Swelling and Its Role in the
Pattern of Sociosexual Behavior,” American Journal of Primatology 28 (1992),
101–113; C. Tutin, “Mating Patterns and Reproductive Strategies in a Community
of Wild Chimpanzees,” Behavioral Ecology and Sociobiology 6 (1979), 39–48.

p. 268 Chimps’ testicles: A. H. Harcourt, P. H. Harvey, S. G. Larson, and R. V. Short,
“Testis Weight, Body Weight, and Breeding System in Primates,” Nature 293:5827
(1981), 55–57; J. Dahl, K. Gould, and R. Nadler, “Testicle Size of Orangutans in
Relation to Body Size,” American Journal of Physical Anthropology 90 (1993),
229–236.

p. 268 Bonobo sexual behavior: Chie Hashimoto and Takeshi Furuichi, “Social Role and
Development of Noncopulatory Sexual Behavior of Wild Bonobos,” in Wrangham



notes and references

et al., Chimpanzee Cultures, 155–168; Frans de Waal, “Bonobo Sex and Society,”
Scientific American 272:3 (1995), 82–88; Richard Wrangham, “The Evolution of
Sexuality in Chimpanzees and Bonobos,” Human Nature 4 (1993), 47.

p. 268 Females try to dislodge: Hilde Vervaecke and Linda van Elsacker, “Sexual Competi-
tion in a Group of Captive Bonobos,” Primates 41:1 (2000), 109–115.

p. 268 Humans pair-bonding, imperfectly: Donald Symons, The Evolution of Human Sex-
uality (New York: Oxford University, 1979), 358; John Tooby and Irven DeVore,
“The Reconstruction of Hominid Behavioral Evolution Through Strategic Model-
ing,” in The Evolution of Human Behavior: Primate Models, ed. W. G. Kinzey
(Albany: State University of New York, 1987), 183–237.

p. 268 Polygny study: George Peter Murdock, “Ethnographic Atlas: A Summary,” Ethnol-
ogy 6:2 (1967), 109–236.

p. 268 “Why do all those old men”: Richard B. Lee and Irven DeVore, Man the Hunter
(Chicago: Aldine de Gruyter, 1968).

p. 268 Kipsigis marriage and reproductive success: Monique Borgerhoff Mulder, “Kipsigis
Bridewealth Payments,” in L. Betzig, M. Borgerhoff Mulder, and P. Turke, Human
Reproduction: A Darwinian Perspective (Cambridge: Cambridge University, 1988).

p. 269 Betzig’s interpretation: Laura L. Betzig, Despotism and Differential Reproduction: A
Darwinian View of History (New York: Aldine de Gruyter, 1986); and “Introduc-
tion: People Are Animals,” in Human Nature: A Critical Reader, ed. Laura Betzig
(New York: Oxford University, 1997), 1–17.

p. 269 Monogamy figures: Helen Fisher, “Monogamy, Adultery, and Divorce in Cross-
Species Perspective,” in Man and Beast Revisited, eds. M. H. Robinson and Lionel
Tiger (Washington, D.C.: Smithsonian Institution, 1991), 95–126.

p. 269 Pitcairn Island monogamy: Donald E. Brown and Dana Hotra, “Are Prescriptively
Monogamous Societies Effectively Monogamous?,” in Human Reproductive Behav-
iour: A Darwinian Perspective, eds. Laura Betzig, Monique Borgerhoff Mulder, and
P. Turke (Cambridge: Cambridge University, 1988), 153–159.

p. 269 Serial polygny: J. S. Lockard and R. M. Adams, “Human Serial Polygyny: Demo-
graphic, Reproductive, Marital, and Divorce Data,” Ethology and Sociobiology 2
(1991), 177–186.

p. 269 Polyandry in four societies: John H. Crook and Stamati J. Crook, “Tibetan Polyandry:
Problems of Adaptation and Fitness,” in Betzig, Mulder, and Turke, Human Reproduc-
tive Behaviour, 97–114; Melvyn C. Goldstein, “Polyandry: When Brothers Take a
Wife,” in The Developing Structure of Temperament and Personality from Infancy to
Adulthood, eds. C. F. J. Halverson, G. A. Kohnstamm, and R. Martin (Hillsdale, N.J.:
Lawrence Erlbaum, 1994), 214–221; Nancy E. Levine, The Dynamics of Polyandry:
Kinship, Domesticity, and Population on the Tibetan Border (Chicago: University of
Chicago, 1988), 309; Manis Kumer Raha and Palash Chandra Coomar, Polyandry in
India: Demographic, Economic, Social, Religious and Psychological Concomitants of
Plural Marriages in Women (Delhi: Gian, 1987), 440; William H. Durham, Coevolu-
tion: Genes, Culture, and Human Diversity (Stanford, Calif.: Stanford University, 1991).

p. 269 Murdock’s sample: George Peter Murdock, Social Structure (London: Macmillan,
1949); Martin Daly and Margo Wilson, Sex, Evolution and Behavior, 2d Ed.
(Boston: Willard Grant, 1983), 402.

p. 269 Conditions of dowry occurrence: Mildred Dickemann, “Paternal Confidence and
Dowry Competition: A Biocultural Analysis of Purdah,” and “Cleo Unveiled,” both
in Betzig, Human Nature, 311–330; John Hartung, “If I Had It to Do Over,” in
Betzig, Human Nature, 344–348.



the tangled wing

p. 269 Men emphasize looks and love, women status and wealth: Elaine Hatfield and
Richard Rapson, “Love and Attachment Processes,” in Handbook of Emotions, eds.
M. Lewis and J. M. Haviland (New York: Guilford, 1993), 595–604.

p. 269 Sexist distribution blamed: Cheryl B. Travis, Kayce L. Meginnis, and Kristin M.
Bardari, “Beauty, Sexuality, and Identity: The Social Control of Women,” in Sexu-
ality, Society, and Feminism, Vol. 4, Psychology of Women, ed. C. B. Travis and 
J. W. White (Washington, D.C.: American Psychological Association, 2000),
237–372.

p. 270 Who Wants to Marry a Multi-Millionaire: Maurice J. Baumgarten, “I Take This
Man, for Richer Only,” in The New York Times (February 18, 2000), A30.

p. 270 As William Irons has shown: Whatever the route to status in a given society—hunting,
martial ardor, cattle, land, or money—men will strive for it, and women will choose
men who have made their mark. William Irons, “Cultural and Biological Success,”
and “Looking Back Two Decades,” both in Betzig, Human Nature, 36–49.

p. 270 Buss study: David M. Buss, “Evolutionary Personality Psychology,” Annual Review
of Psychology 42 (1991), 459–491; and “The Emergence of Evolutionary Social Psy-
chology,” in Evolutionary Social Psychology, eds. J. A. Simpson and D. T. Kenrick
(Mahwah, N.J.: Lawrence Erlbaum, 1997), 387–400.

p. 270 Cultural preferences about beauty: Nancy Etcoff, Survival of the Prettiest: The Sci-
ence of Beauty (New York: Doubleday, 1999); Judith H. Langlois, Lisa Kalakanis,
Adam J. Rubenstein, Andrea Larson, Monica Hallam, and Monica Smoot, “Max-
ims or Myths of Beauty? A Meta-Analytic and Theoretical Review,” Psychological
Bulletin 126:3 (2000), 390–423. For a remarkable first-person account of how
beauty makes almost every aspect of ordinary life easier, see Anonymous, “The
Pretty Girl Discount,” Elle Magazine (May 2001).

p. 270 Lara Croft specifications: D. Barboza, “Video World Is Smitten by Gun-Toting,
Tomb-Raiding Sex Symbol,” The New York Times (January 9, 1998), 3; Anonymous,
“Cyberpalooza,” in The New York Times Magazine (July 12, 1998), 12. In 2001,
actress Angelina Jolie attempted to portray Lara in a movie based on the game, but
no mere human could match her assemblage of supernormal stimuli.

p. 270 Cultural differences in weight preference: Peter Brown and Melvin J. Konner, “An
Anthropological Perspective on Obesity,” Annals of the New York Academy of Sci-
ences 499 (1987), 29–46.

p. 270 Waist-to-hip ratio preference: Devendra Singh, “Adaptive Significance of Female
Physical Attractiveness: Role of Waist-to-Hip Ratio,” Journal of Personality and
Social Psychology 65:2 (1993), 293–307; Devendra Singh and Suwardi Luis, “Ethnic
and Gender Consensus for the Effect of Waist-to-Hip Ratio on Judgment of
Women’s Attractiveness,” Human Nature 6:1 (1995), 51–65; Ronald Henss, “Waist-
to-Hip Ratio and Female Attractiveness: Evidence from Photographic Stimuli and
Methodological Considerations,” Personality and Individual Differences 28:3
(2000), 501–513.

p. 270 Preference patterns fit with Darwinian theory: David Buss and D. P. Schmitt, “Sex-
ual Strategies Theory: An Evolutionary Perspective on Human Mating,” Psycholog-
ical Review 100 (1993), 204–232; David Buss, “Sex Differences in Human Mate
Preferences: Evolutionary Hypotheses Tested in 37 Cultures,” Behavioral and Brain
Sciences 12 (1989), 1–49.

p. 270 Patterns outlined decades ago: Symons, Evolution of Human Sexuality.
p. 270 Kinsey statistic on extramarital intercourse: Alfred C. Kinsey, Wardell B. Pomeroy,

and Clyde E. Martin, Sexual Behavior in the Human Male (Philadelphia: W. B.
Saunders, 1948), 804; Alfred C. Kinsey, Wardell B. Pomeroy, Clyde E. Martin, Paul



notes and references

H. Gebhard et al., Sexual Behavior in the Human Female (Philadelphia: W. B.
Saunders, 1953).

p. 270 Conservative and Libertarian figures: Edward E. Laumann, John H. Gagnon,
Robert T. Michael, and Stuart Michaels, The Social Organization of Sexuality: 
Sexual Practices in the United States (Chicago: University of Chicago, 1994), 718.

p. 270 Men more likely to predict: T. K. Shackelford and David M. Buss, “Anticipation of
Marital Dissolution as a Consequence of Spousal Infidelity,” Journal of Social and
Personal Relationships 14:6 (1997), 793–808. As discussed earlier in the chapter,
females have their own strategies. See Johnson, “Cheat Your Way to a Better Man
(By Four Women Who Did).”

p. 270 “Dads” and “cads”: Patricia Draper and Henry Harpending, “Father Absence and
Reproductive Strategy: An Evolutionary Perspective,” Journal of Anthropological
Research 38 (1982), 255–273; and “Parent Investment and the Child’s Environ-
ment,” in Parenting Across the Life Span: Biosocial Dimensions, eds. Jane B. Lan-
caster, Jeanne Altmann, Alice S. Rossi, and Lonnie R. Sherrod (New York: Aldine
de Gruyter, 1987), 207–236.

p. 271 Husbands on Butaritari: Alexandra Brewis, paper presented at the Society for
Applied Anthropology, San Francisco (March 2000). Brewis is in the Department
of Anthropology, University of Georgia.

p. 271 !Kung San homicide over adultery: Richard B. Lee, The !Kung San: Men, Women
and Work in a Foraging Society (Cambridge: Cambridge University, 1979), ch. 13.

p. 271 Male and female response to adultery among !Kung San: Marjorie Shostak, Nisa:
The Life and Words of a !Kung Woman (Cambridge: Harvard University, 1981); and
Return to Nisa (Cambridge: Harvard University, 2000).

p. 271 Male violence against females: Barbara Smuts, “Male Aggression Against Women:
An Evolutionary Perspective,” Human Nature 3:1 (1992), 1–44; Barbara B. Smuts
and R. W. Smuts, “Male Aggression and Sexual Coercion of Females in Nonhu-
man Primates and Other Mammals: Evidence and Theoretical Implications,”
Advances in the Study of Behavior 22 (1993), 1–63.

p. 271 Malamuth and Heilmann findings: Neil M. Malamuth, “Predictors of Naturalistic
Sexual Aggression,” Journal of Personality and Social Psychology 50 (1986),
953–962; Neil M. Malamuth and Mario F. Heilmann, “Evolutionary Psychology
and Sexual Aggression,” in Handbook of Evolutionary Psychology, eds. Charles
Crawford and Dennis L. Krebs (Mahwah, N.J.: Lawrence Erlbaum, 1998),
515–542.

p. 271 Rape among Yanomamo: Napoleon A. Chagnon, Yanomamo: The Fierce People
(New York: Holt, Rinehart & Winston, 1968). In the Fall of 2000, Chagnon and his
colleagues were subjected to a completely irresponsible journalistic attack, taken
up vigorously on the Internet by cultural anthropologists long opposed to
Chagnon’s ideas. After meticulous review by several scientific commissions, none
of the serious charges was substantiated. The episode suggested that cultural
anthropology is in a state of intellectual eclipse, forced to resort to scurrilous, eva-
sive tactics in a debate with evolutionary anthropology that, on purely scientific
grounds, it has already lost.

p. 271 Shavante reproductive success: F. M. Salzano, J. V. Neel, and D. Maybury-Lewis,
“Further Studies on the Xavante Indians. I. Demographic Data on Two Additional
Villages: Genetic Structure of the Tribe,” American Journal of Human Genetics 19
(1967), 463–489.

p. 271 Yanomamo who have killed have more offspring: Napoleon A. Chagnon, “Life His-
tories, Blood Revenge, and Warfare in a Tribal Population,” Science 239 (1988),



the tangled wing

985–992; “Life Histories, Blood Revenge, and Warfare in a Tribal Population,” in
Betzig, Human Nature, 87–99; and “Sticks and Stones,” in Betzig, Human Nature,
100–102.

p. 271 Durham finding: Lecture presented at the Department of Anthropology, Emory
University (Spring 2000).

p. 271 U.S. figures on sex partners: Laumann et al., Sexual Practices. 
p. 271 Sins of popes: Gary S. Wills, Papal Sin: Structures of Deceit (New York: Doubleday,

2000).
p. 272 Sipe’s conclusion: A. W. Richard Sipe, A Secret World: Sexuality and the Search for

Celibacy (New York: Brunner/Mazel, 1990), 324.
p. 272 Only men commit rape: Malamuth, “Naturalistic Sexual Aggression”; Malamuth

and Heilmann, “Sexual Aggression.”
p. 272 Higher primates probably have orgasms: Suzanne Chevalier-Skolnikoff, “Male-

Female, Female-Female, and Male-Male Sexual Behavior in the Stumptail Mon-
key, with Special Attention to Female Orgasm,” Archives of Sexual Behavior 3
(1974), 95–116; David A. Goldfoot, H. Westerborg-Van Loon, W. Groeneveld, and
A. Koos Slob, “Behavioral and Physiological Evidence of Sexual Climax in the
Female Stump-Tailed Macaque (Macaca arctoides),” Science 208 (1980),
1477–1478; A. Koos Slob, W. H. Groeneveld, and J. J. van der Werff ten Bosch,
“Physiological Changes During Copulation in Male and Female Stumptail
Macaques (Macaca arctoides),” Physiology and Behavior 38 (1986), 891–895; A. K.
Slob and J. J. van der Werff ten Bosch, “Orgasm in Nonhuman Species,” in Pro-
ceedings of the First International Conference on Orgasm, eds. P. Kothari and R.
Patel (Bombay: VRP, 1991).

p. 272 Orgasm may play role in fertilization: Robin R. Baker and Mark A. Bellis, “Human
Sperm Competition: Ejaculate Manipulation by Females and a Function for the
Female Orgasm,” Animal Behaviour 46:5 (1993), 887–909.

p. 272 Female reluctance: Smuts, “Male Aggression”; Smuts and Smuts, “Male Aggression
and Sexual Coercion.”

p. 273 Sex considered polluting during menstruation: Thomas Buckley and Alma Gottlieb,
Blood Magic: The Anthropology of Menstruation (Berkeley: University of California,
1988), x, 326.

p. 273 Monthly surge in female apes: J. Lancaster and R. Lee, “The Annual Reproductive
Cycle in Monkeys and Apes,” in Primate Behavior, ed. Irven DeVore (New York:
Holt, Rinehart & Winston, 1965); Sarah Blaffer Hrdy and Patricia L. Whitten, “Pat-
terning of Sexual Activity,” in Primate Societies, eds. Barbara B. Smuts et al.
(Chicago: University of Chicago, 1987), 370–384.

p. 273 Physical signs in baboon and chimpanzee: Goodall, Chimpanzees of Gombe;
Thelma E. Rowell, “Female Reproductive Cycles and the Behavior of Baboons and
Rhesus Macaques,” in Social Communication Among Primates, ed. S. A. Altmann
(Chicago: University of Chicago, 1967).

p. 273 Annual breeding patterns in monkeys and apes: Richard Michael and Doris Zumpe,
“Annual Cycles of Aggression and Plasma Testosterone in Captive Male Rhesus
Monkeys,” Psychoneuroendocrinology 3 (1978), 217–220.

p. 273 South American squirrel monkey: Leonard A. Rosenblum, “Reproduction of Squir-
rel Monkeys in the Laboratory,” in Breeding Primates, ed. W. I. B. Beveridge (Basel:
S. Karger, 1972), 130–143; P. A. Schiml, S. P. Mendoza, W. Saltzman, D. M.
Lyons, and W. A. Mason, “Annual Physiological Changes in Individually Housed
Squirrel Monkeys (Saimiri sciureus),” American Journal of Primatology 47:2 (1999),
93–103.



notes and references

p. 273 Pineal gland in annual cycles: R. J. Reiter, “The Pineal Gland and Seasonal Repro-
ductive Adjustments,” International Journal of Biometeorology 19:4 (1975), 282–288.

p. 273 Pineal gland as “seat of the soul”: René Descartes, “Les Passions de L’Âme,” in A
Source in the History of Psychology, eds. R. Herrnstein and E. Boring (Cambridge:
Harvard University, 1965), 205–210.

p. 273 Pineal activity partly controlled by light: M. T. Mendonca, A. J. Tousignant, and
David Crews, “Seasonal Changes and Annual Variability in Daily Plasma Mela-
tonin in the Red-Sided Garter Snake (Thamnophis sirtalis parietalis),” General
Comparative Endocrinology 100:2 (1995), 226–237.

p. 273 Action of melatonin and pineal secretions: Jonathan A. Gastel, Patrick H. Roseboom,
Peter A. Rinaldi, Joan L. Weller, and David C. Klein, “Melatonin Production: Pro-
teasomal Proteolysis in Serotonin N-Acetyltransferase Regulation,” Science 279
(1998), 1358–1360; X. Li, J. Borjigin, and S. H. Snyder, “Molecular Rhythms in
the Pineal Gland,” Current Opinions in Neurobiology 8:5 (1998), 648–651.

p. 273 Pineal creates new hormonal balance: Richard J. Wurtman, “The Effects of Light on
Man and Other Mammals,” Annual Review of Physiology 3:7 (1975), 467–483.

p. 273 Seasonal testosterone in sifakas: Diane K. Brockman, Patricia L. Whitten, Alison F.
Richard, and Benjamin Benander, “Birth Season Testosterone Levels in Male 
Verreaux’s Sifaka, Propithecus Verreauxi: Insights into Socio-Demographic Factors
Mediating Seasonal Testicular Function,” Behavioral Ecology & Sociobiology 49,
(2001) 117–127; Patricia L. Whitten and Diane K. Brockman, “Strepsirrhine
Reproductive Ecology,” in Primate Reproductive Ecology and Human Evolution,
ed. P. Ellison (Hawthorne, N.Y.: Aldine de Gruyter, 2001).

p. 273 More complex monthly rhythms in monkeys, apes, humans: C. Sue Carter, “Neu-
roendocrinology of Sexual Behavior in the Female,” in Behavioral Endocrinology,
eds. Jill B. Becker, S. Marc Breedlove, and David Crews (Cambridge: MIT, 1992),
71–95; Richard J. Lilford and Timothy Chard, “The Ovary,” in Clinical
Endocrinology, eds. G. M. Besser and A. G. Cudworth (Philadelphia: J. B. Lippin-
cott, 1987), 11.1–11.8; Samuel S. C. Yen, “The Human Menstrual Cycle: 
Neuroendocrine Regulation,” in Reproductive Endocrinology: Physiology, Patho-
physiology, and Clinical Management, 4th Ed., eds. S. S. C. Yen, R. B. Jaffe, and 
R. L. Barbieri (Philadelphia: Saunders, 1999).

p. 273 Role of LH, FSH, and androgens: Roger A. Gorski, “Sexual Differentiation of the
Nervous System,” in Principles of Neural Science, eds. Eric R. Kandel, James H.
Schwartz, and Thomas M. Jessell (New York: McGraw-Hill, 2000), 1131.

p. 273 Females have clock: Yen, “Human Menstrual Cycle.”
p. 274 Ovaries change: Yen, “Human Menstrual Cycle.”
p. 274 Estimates of hunter-gatherer cycle: S. Boyd Eaton et al., “Women’s Reproductive

Cancers in Evolutionary Perspective,” Quarterly Review of Biology 69 (1994),
353–367.

p. 274 Strangeness of bleeding from womb: Buckley and Gottlieb, Blood Magic.
p. 274 Genetic dissection of mechanisms: S. Ogawa, C. J. Krebs, Y. S. Zhu, and Donald W.

Pfaff, “Genes Participating in Reproductive Behaviors,” in Genetic Influences on
Neural and Behavioral Functions, eds. Donald W. Pfaff et al. (New York: CRC,
2000).

p. 274 GnRH mutations in mice: M. J. Gibson, H. C. Moscovits, G. J. Kokoris, and A. J.
Silverman, “Female Sexual Behavior in Hypogonadal Mice with GnRH-Contain-
ing Brain Grafts,” Hormones and Behavior 21 (1987), 211ff.

p. 274 Releasing hormones as neurotransmitters and effects on sex: Donald W. Pfaff, Drive: Neu-
robiological and Molecular Mechanisms of Sexual Motivation (Cambridge: MIT, 1999).



the tangled wing

p. 274 GnRH activates lordosis in rat: Pfaff, Drive, ch. 9; R. L. Moss and S. M. McCann,
“Action of Luteinizing Hormone-Releasing Factor (LRF) in the Initiation of Lordo-
sis Behavior in the Estrone-Primed Ovarectomized Female Rat,” Neuroendocrinology
17 (1975), 309–318.

p. 274 GnRH in rhesus monkey males: Maryann Davis DaSilva and Kim Wallen, “Sup-
pression of Male Rhesus Testicular Function and Sexual Behavior by a
Gonadotropin-Releasing-Hormone Agonist,” Physiology and Behavior 45:5 (1989),
963–968.

p. 275 Study of men with suppression of sex hormones: Carrie J. Bagatell, J. R. Heiman, 
J. E. Rivier, and W. J. Bremner, “Effects of Endogenous Testosterone and Estradiol
on Sexual Behavior in Normal Young Men,” Journal of Clinical Endocrinological
Metabolism 78:3 (1994), 711–716 (published erratum appears in 78:6 [1994] issue).

p. 275 GnRH as treatment for male impotence: O. Bendert, R. Jordan, H. G. Dahlen, 
H. P. G. Schneider, and G. Gammel, “Sexual Impotence: A Double Blind Study 
of LHRH Nasal Spray Versus Placebo,” Neuropsychobiology 1 (1975), 203–210.

p. 275 GnRH as treatment for sexual deviance: Ariel Rosler and Eliezer Witztum, “Treat-
ment of Men with Paraphilia with a Long-Acting Analogue of Gonadotropin-
Releasing Hormone,” New England Journal of Medicine (February 12, 1998),
416–422, 464–465. This treatment is a continuous rather than pulsatile application.

p. 275 Importance of secretion in packets: John C. Marshall and Robert P. Kelch,
“Gonadotropin-Releasing Hormone: Role of Pulsatile Secretion in the Regulation
of Reproduction,” New England Journal of Medicine 315:23 (1986), 1459–1468.

p. 275 Blood vessels connecting brain and pituitary carry hormones both ways: Richard M.
Bergland and Robert B. Page, “Pituitary-Brain Vascular Relations: A New Para-
digm,” Science 204 (1979), 18–24; Richard Bergland, The Fabric of Mind (New
York: Viking Penguin, 1988), 202.

p. 275 Releasing hormones sent into the brain: Pfaff, Desire, ch. 9.
p. 275 Decline in sexuality of males slows in cats and humans: Michael J. Baum, “Neu-

roendocrinology of Sexual Behavior in the Male,” in Becker, Breedlove, and Crews,
Behavioral Endocrinology, 97–130; James McBride Dabbs and Mary Godwin Dabbs,
Heroes, Rogues, and Lovers: Testosterone and Behavior (New York: McGraw-Hill,
2000).

p. 275 Testosterone replacement reverses trend: Bagatell et al., “Effects of Endogenous
Testosterone”; L. M. Coolen and R. I. Wood, “Testosterone Stimulation of the
Medial Preoptic Area and Medial Amygdala in the Control of Male Hamster Sex-
ual Behavior: Redundancy Without Amplification,” Behavioural Brain Research
98:1 (1999), 143–153.

p. 275 Ovary removal reduces female sexual activity: Baum, “Neuroendocrinology of 
Sexual Behavior.”

p. 275 Progesterone enhances estrogen effects: Pfaff, Desire, 57.
p. 275 Testosterone in rhesus female sexual behavior: Doris Zumpe and Richard P.

Michael, “Ovarian Hormones and Female Sexual Invitations in Captive Rhesus
Monkeys (Macaca mulatta),” Animal Behaviour 18 (1970), 293–301; Richard P.
Michael and Doris Zumpe, “Sexual Initiating Behaviour by Female Rhesus Mon-
keys (Macaca mulatta) under Laboratory Conditions,” Behaviour 36 (1970),
168–186; Richard P. Michael and Doris Zumpe, “A Review of Hormonal Factors
Influencing the Sexual and Aggressive Behavior of Macaques,” American Journal of
Primatology 30 (1993), 213–241; Richard P. Michael and Doris Zumpe, “Biologi-
cal Factors in the Organization and Expression of Sexual Behaviour,” in Sexual
Deviation, ed. I. Rosen, 3d Ed. (Oxford: Oxford University, 1996), 452–487.



notes and references

p. 275 Testosterone enhances human female sex drive: H. L. Judd and S. C. Yen, “Serum
Androstenedione and Testosterone Levels During the Menstrual Cycle,” Journal of
Clinical Endocrinology and Metabolism 36 (1973), 475–481; C. Sue Carter, “Hor-
monal Influences on Human Sexual Behavior,” in Becker, Breedlove, and Crews,
Behavioral Endocrinology, 131–142; James M. Dabbs, Jr., and S. Mohammed,
“Male and Female Salivary Testosterone Concentrations Before and After Sexual
Activity,” Physiology & Behavior 52:1 (1992), 195–197.

p. 275 Testosterone replacement for menopausal women: R. Basson, “Androgen Replace-
ment for Women,” Canadian Family Physician 45 (1999) 2100–2107; Jane E.
Brody, “A Tad of Testosterone Adds Zest to Menopause,” The New York Times (Feb-
ruary 24, 1998), B29.

p. 275 Rising testosterone predicts onset of sexual behavior: C. T. Halpern, J. R. Udry, and
C. Suchindran, “Testosterone Predicts Initiation of Coitus in Adolescent Females,”
Psychosomatic Medicine 59:2 (1997), 161–171; and “Monthly Measures of Salivary
Testosterone Predict Sexual Activity in Adolescent Males,” Archives of Sexual
Behavior 27:5 (1998), 445–465.

p. 275 First romantic attraction or fantasy: Martha K. McClintock and Gilbert Herdt,
“Rethinking Puberty: The Development of Sexual Attraction,” Current Directions
in Psychological Science 5:6 (1996), 178–183.

p. 276 Female cycle influences mental processes: B. S. McEwen, S. E. Alves, K. Bulloch,
and N. G. Wieland, “Clinically Relevant Basic Science Studies of Gender Differ-
ences and Sex Hormone Effects,” Psychopharmacology Bulletin 34:5 (1998),
251–259.

p. 276 Dominant baboon males get estrus females: Irven DeVore, “Male Dominance and
Mating Behavior in Baboons,” in Sexual Behavior, ed. F. Beach (New York: John
Wiley & Sons, 1965); Glenn Hausfater, Dominance and Reproduction in Baboons
(Papio cynocephalus) (Basel: S. Karger, 1975); Jeanne Altmann, Susan C. Alberts et
al., “Behavior Predicts Gene Structure in a Wild Primate Group,” Proceedings of
the National Academy of Sciences 93 (1996), 5797–5801. Paternity testing shows
that dominant males do produce most infants for several years, but as rank slowly
rotates, so does reproductive success.

p. 276 Female cycle affects female relationships: Kim Wallen and P. L. Tannenbaum, “Hor-
monal Modulation of Sexual Behavior and Affiliation in Rhesus Monkeys,” Annals
of the New York Academy of Sciences 807 (1997), 185–202; Kim Wallen, “Risky
Business: Social Context and Hormonal Modulation of Primate Sexual Desire,” in
Reproduction in Context: Social and Environmental Influences on Reproduction,
eds. K. Wallen and J. E. Schneider, (Cambridge: MIT, 2000), 289–323.

p. 276 Chimpanzee and bonobo cycles differ: Wrangham, “Sexuality in Chimpanzees and
Bonobos”; D. Praschnik-Buchman, “Female Reproductive Strategies as Social
Organizers,” Annals of the New York Academy of Sciences 907 (2000), 191–195.

p. 276 Menstrual synchrony and pheromones: Martha K. McClintock, “Menstrual Syn-
chrony and Suppression,” Nature 229 (1971), 244–245; Kathleen Stern and Martha
K. McClintock, “Regulation of Ovulation by Human Pheromones,” Nature 392
(1998), 177–179; Martha K. McClintock, “Human Pheromones: Primers,
Releasers, Signalers, or Modulators?,” in Reproduction in Context: Social and Envi-
ronmental Influences on Reproduction, eds. K. Wallen and J. E. Schneider, 
(Cambridge: MIT, 2000), 355–420.

p. 276 Midcycle increase of sexual interest in different cultures: J. R. Udry and N. M. Morris,
“Distribution of Coitus in the Menstrual Cycle,” Nature 220 (1968), 593–596;
Carol Worthman, Psychoendocrine Study of Human Behavior (Cambridge: Harvard



the tangled wing

University, 1978); 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.

p. 276 Study of four thousand women: H. Stanislaw and F. J. Rice, “Correlation Between
Sexual Desire and Menstrual Cycle Characteristics,” Archives of Sexual Behavior
17, (1988) 499–508.

p. 276 Superimposable on the curve for rhesus females: Kim Wallen, Linda A. Winston, S.
Gaventa, Maryann Davis-DaSilva, and D. C. Collins, “Periovulatory Changes in
Female Sexual Behavior and Patterns of Ovarian Steroid Secretion in Group-Living
Rhesus Monkeys,” Hormones & Behavior 18 (1984), 431–450; Wallen, “Risky Busi-
ness,” in Wallen and Schneider, Reproduction in Context. 

p. 276 Midcycle hormone surge may be testosterone-dependent: Naomi M. Morris, J. Richard
Udry, Firyal Khan-Dawood, and M. Yusoff Dawood, “Marital Sex Frequency and
Midcycle Female Testosterone,” Archives of Sexual Behavior 16 (1987), 27–37.

p. 276 “Ovulation may be hazardous”: Sarah Blaffer Hrdy, Mother Nature: A History of
Mothers, Infants, and Natural Selection (New York: Pantheon, 1999), 226.

p. 277 External and internal influences on women’s sexual activity: Alice Rossi and Peter
Rossi, “Body Time and Social Time: Mood Patterns by Menstrual Cycle Phase and
Day of the Week,” Social Science Research 6 (1977), 273–308.

p. 277 Signals from partners: Gould and Gould, Sexual Selection; Julian Huxley, The
Courtship Habits of the Great Crested Grebe (London: Jonathan Cape, 1968), 98.

p. 277 Genetics of fruit fly courtship: Seymour Benzer, “Genetic Dissection of Behavior,”
Scientific American 229:6 (1973), 24–37; J. Weiner, Time, Love, and Memory: A
Great Biologist and His Quest for the Origins of Behavior (New York: Alfred A.
Knopf, 1999).

p. 277 Fruitless gene coding: W. Roush, “Fly Sex Drive Traced to Fru Gene,” Science 274
(1996), 1836.

p. 277 Fireflies’ come-on messages: Gould and Gould, Sexual Selection. 
p. 277 Stickleback fish mating habits: Desmond Morris, “The Reproductive Behavior of

the Ten-Spined Stickleback (Pygosteus pungitius L),” Behavior 6 (1958).
p. 277 Frank Moore research: G. A. Davis and Frank L. Moore, “Neuroanatomical Distrib-

ution of Androgen and Estrogen Receptor-Immunoreactive Cells in the Brain of the
Male Roughskin Newt,” Journal of Comparative Neurology 372 (1996), 294–308.

p. 277 Reptilian stage of sexual evolution: David Crews, “Diversity of Hormone-Behavior
Relations in Reproductive Behavior,” in Becker, Breedlove, and Crews, Behavioral
Endocrinology, 143–186; “The Evolutionary Antecedents to Love,” Psychoneuroen-
docrinology 23:8 (1998), 751–764; and “Sexuality: The Environmental Organiza-
tion of Phenotypic Plasticity,” in Reproduction in Context: Social and Environmen-
tal Influences on Reproduction, eds. K. Wallen and J. E. Schneider (Cambridge:
MIT, 2000), 473–499.

p. 278 Whiptail physiology shaped by behavior: Vesta Hartman and David Crews, “Socio-
sexual Stimuli Affect ER- and PR-mRNA Abundance in the Hypothalamus of All-
Female Whiptail Lizards,” Brain Research 741 (1996), 344–347.

p. 278 Pfaff’s magisterial book: Donald W. Pfaff, Drive: Neurobiological and Molecular
Mechanisms of Sexual Motivation (Cambridge: MIT, 1999).

p. 278 “Sexual motivation is very fine”: Pfaff, Drive, 13.
p. 278 Classic paper by Beach: Frank A. Beach, “Sexual Attractivity, Proceptivity, and

Receptivity in Female Mammals,” Hormones & Behavior 7 (1976), 105–138.
p. 279 The physiology is known: Most details of this discussion come from Donald Pfaff’s

Drive.



notes and references

p. 279 Rat sexual signals aromatic: F. Bronson, “Pheromonal Influences on Mammalian
Reproduction,” in Perspectives in Reproduction and Sexual Behavior, ed. Marian C.
Diamond (Bloomington: Indiana University, 1968).

p. 279 Lateral hypothalamic stimulation in rats: Elliot S. Valenstein, V. C. Cox, and J. K.
Kakolewsky, “Reexamination of the Role of the Hypothalamus in Motivation,” 
Psychological Review 77 (1970), 16–31.

p. 279 Medial preoptic area: Baum, “Neuroendocrinology of Sexual Behavior.”
p. 279 Effects of midbrain damage in rats: T. K. Clark, Anthony R. Caggiula, R. A.

McConnell, and Seymour M. Antelman, “Sexual Inhibition Is Reduced by Rostral
Midbrain Lesions in the Male Rat,” Science 190 (1975), 169–171.

p. 279 Three aspects of female sexuality: Beach, “Sexual attractivity.”
p. 280 Edwards research on sexual behavior and motivation: David A. Edwards and Jill K.

Pfeifle, “Hormonal Control of Receptivity, Proceptivity and Sexual Motivation,”
Physiology & Behavior 30 (1983), 437–443; David A. Edwards and Leslie C. 
Einhorn, “Preoptic and Midbrain Control of Sexual Motivation,” Physiology &
Behavior 37 (1986), 329–335.

p. 280 No erections at a distance without olfactory bulbs: David A. Edwards and Anne B.
Davis, “Deafferentation of the Olfactory Bulbs of Male Rats Reduces Erection to
Remote Cues from Females,” Physiology & Behavior 62 (1997), 145–149.

p. 280 But they show preference and have sex: David A. Edwards, Ben Walter, and Paul
Liang, “Hypothalamic and Olfactory Control of Sexual Behavior and Partner Pref-
erence in Male Rats,” Physiology & Behavior 60 (1996), 1347–1354.

p. 280 Lesion studies: Edwards, Walter, and Liang,, “Hypothalamic and Olfactory Control.”
p. 280 Androgen receptor and fos delineate male sex circuit: Beatrice Greco, David A.

Edwards, Doris Zumpe, and Andrew N. Clancy, “Androgen Receptor and Mating-
Induced Fos Immunoreactivity Are Co-Localized in Limbic and Midbrain Neu-
rons That Project to the Male Rat Medial Preoptic Area,” Brain Research 781
(1998), 15–24; Beatrice Greco, David A. Edwards, Doris Zumpe, Richard P.
Michael, and Andrew N. Clancy, “Fos Induced by Mating or Noncontact Socio-
sexual Interaction Is Colocalized with Androgen Receptors in Neurons Within the
Forebrain, Midbrain, and Lumbosacral Spinal Cord of Male Rats,” Hormones &
Behavior 33 (1998), 125–138. Co-localization occurs in the dorsal medial amyg-
dala, the bed nucleus of the stria terminalis, the anterior hypothalamus, the medial
preoptic nucleus, the central tegmental field of the midbrain, and the lumbosacral
spinal cord.

p. 280 Active female compensates for male brain damage: David A. Edwards and Claire-
Anne Maillard, “Subthalamic and Mesencephalic Locomotor Regions: Brain
Damage Augments the Importance of Female Movement for the Display of Sexual
Behavior in Male Rats,” Physiology & Behavior 44 (1988), 803–809.

p. 280 Lordosis depends on central gray and ventromedial hypothalamus: Ann C. Hennessey,
Lael Camak, Frank Gordon, and David A. Edwards, “Connections Between the
Pontine Central Gray and the Ventromedial Hypothalamus Are Essential for Lor-
dosis in Female Rats,” Behavioral Neuroscience 104 (1990), 477–488.

p. 280 Midbrain lesions spare partner preference: Jill K. Pfeifle and David A. Edwards,
“Midbrain Lesions Eliminate Sexual Receptivity But Spare Sexual Motivation in
Female Rats,” Physiology & Behavior 31 (1983), 385–389.

p. 280 Males will show lordosis: Ann C. Hennessey, Kim Wallen, and David A. Edwards,
“Preoptic Lesions Increase the Display of Lordosis by Male Rats,” Brain Research
370 (1986), 21–28.

p. 280 Pfaff’s lab traced lordosis circuit: Donald W. Pfaff, Drive, ch. 6.



the tangled wing

p. 280 “The main source . . . must be ventromedial hypothalamic neurons”: Pfaff, Drive, 81.
p. 280 Damage to amygdala or stria terminalis: Donna E. Every and Benjamin D. Sachs,

“Copulatory Behavior in Male Rats with Lesions in the Bed Nucleus of the Stria
Terminalis,” Physiology & Behavior 17 (1976), 803–806.

p. 281 Preoptic hypothalamus in males, ventromedial in females: Jaak Panksepp, Affective
Neuroscience: The Foundations of Human and Animal Emotions (New York: Oxford
University, 1998).

p. 281 Testosterone receptors in preoptic area in rats: A. S. Clark, L. A. Davis, and E. J. Roy,
“A Possible Physiological Basis for the Dud-Stud Phenomenon,” Hormones &
Behavior 19 (1985), 227–230.

p. 281 Evidence on oxytocin and vasopressin: Panksepp, Affective Neuroscience; C. Sue
Carter, “Oxytocin and Sexual Behavior,” Neuroscience and Biobehavioral Reviews
16 (1992), 131–144.

p. 281 Estrogen receptor activates circuits: Ogawa et al., “Genes Participating in Repro-
ductive Behaviors.”

p. 281 Stimulation of genes for oxytocin and receptor in rats: Ogawa et al., “Genes Partici-
pating in Reproductive Behaviors,” 420.

p. 281 “Sex with knockout models”: Emilie F. Rissman, Scott R. Wersinger, Heather N.
Fugger, and Thomas C. Foster, “Sex with Knockout Models: Behavioral Studies of
Estrogen Receptor Alpha,” Brain Research 835:1 (1999), 80–90.

p. 281 A “symphony” of genes and transcription factors: Pfaff, Desire, 12, ch. 7.
p. 281 Lesions in hypothalamus don’t abolish interest in opposite sex: Baum, “Neuroen-

docrinology of Sexual Behavior.”
p. 281 Studies of epileptics with temporal lobe seizures: Michael R. Trimble, Mario F.

Mendez, and Jeffrey L. Cummings, “Neuropsychiatric Symptoms from the Tem-
porolimbic Lobes,” in The Neuropsychiatry of Limbic and Subcortical Disorders,
eds. Stephen Salloway, Paul Malloy, and Jeffrey L. Cummings (Washington, D.C.:
American Psychiatric Association, 1997), 123–132.

p. 281 Blumer study: Dietrich Blumer, “Changes of Sexual Behavior Related to Temporal
Lobe Disorders in Man,” Journal of Sex Research 6 (1970), 173–180.

p. 282 Epileptics with seizures elsewhere not hyposexual: Trimble, Mendez, and Cummings,
“Neuropsychiatric Symptoms.”

p. 282 Increased sexuality for all but one patient: Blumer, “Changes of Sexual Behavior.”
p. 282 Later research confirms role of limbic structures in sex: M. J. Morrell and G. T. Guldner,

“Self-Reported Sexual Function and Sexual Arousability in Women with Epilepsy,”
Epilepsia 37 (1996), 1204–1210; G. Murialdo, C. A. Galimberti, S. Fonzi et al.,
“Sex Hormones and Pituitary Function in Male Epileptic Patients with Altered or
Normal Sexuality,” Epilepsia 36 (1995), 360–365.

p. 282 Thirty-seven-year-old woman: R. Crevenna, H. Homann, M. Feichtinger, E. Oh,
and E. Koerner, “Spontaneous Orgasm: An Epileptic Case Without Structural
Correlate,” British Journal of Psychiatry 176 (2000), 300.

p. 282 Dopamine replacement in Parkinson’s patients: eds. M. Sandler and G. L. Gessa, 
Sexual Behavior: Pharmacology and Biochemistry (New York: Raven, 1975), 117–128.

p. 282 Viagra works: H. D. Langtry and A. Markham, “Sildenafil: A Review of Its Use in
Erectile Dysfunction,” Drugs 57:6 (1999), 967–989.

p. 282 Neurochemical workings of Viagra: Tom F. Lue, “Erectile Dysfunction,” New Eng-
land Journal of Medicine 342:24 (2000), 1802–1813.

p. 282 “a near normalization of erectile function”: W. W. Dinsmore, M. Hodges, 
C. Hargreaves, I. H. Osterloh, M. D. Smith, and R. C. Rosen, “Sildenafil Citrate
(Viagra) in Erectile Dysfunction: Near Normalization in Men with Broad-Spectrum



notes and references

Erectile Dysfunction Compared with Age-Matched Healthy Control Subjects,”
Urology 53:4 (1999), 800–805 (published erratum appears in 53:5 [1999] issue,
1072).

p. 282 Women taking Viagra: A. K. Ashton, “Sildenafil Treatment of Paroxetine-Induced
Anorgasmia in a Woman” (letter), American Journal of Psychiatry 156:5 (1999), 800.

p. 282 Brain neurotransmitters play role in sexual behavior: B. J. Everitt, K. Fuxe, T. Hokfelt,
and G. Jonsson, “Role of Monoamines in the Control by Hormones of Sexual
Receptivity in the Female Rat,” Journal of Comparative and Physiological Psychol-
ogy 89 (1975), 556–572; P. B. Gradwell, B. J. Everitt, and J. Herbert, “5-Hydroxy-
tryptamine in the Central Nervous System and Sexual Receptivity of Female 
Rhesus Monkeys,” Brain Research 88 (1975), 281–293.

p. 283 Yohimbine function: K. Reid, A. Morales, and C. Harris, “Double-Blind Trial of
Yohimbine in Treatment of Psychogenic Impotence,” Lancet 2 (1987), 421ff.; 
M. A. Nessel, “Yohimbine and Pentoxifylline in the Treatment of Erectile Dysfunc-
tion,” American Journal of Psychiatry 151 (1994), 453ff.; E. Hollander and A.
McCarley, “Yohimbine Treatment of Sexual Side Effects Induced by Serotonin
Reuptake Blockers,” Journal of Clinical Psychiatry 53 (1992), 207ff.

p. 283 Serotonin hangs around in synapse: Gary D. Tollefson, “Selective Serotonin Reup-
take Blockers,” in Psychopharmacology, eds. A. F. Shatzberg and C. B. Nemeroff
(Washington, D.C.: American Psychiatric Association, 1995), 161–182.

p. 283 Wurtman research: Richard J. Wurtman and J. Fernstrom, “Effects of the Diet on
Brain Neurotransmitters,” Nutrition Reviews 32 (1974), 193–200; Richard J. Wurtman
and J. H. Growdon, “Dietary Enhancement of CNS Neurotransmitters,” in Neu-
roendocrinology, eds. D. T. Krieger and J. C. Hughes (Stamford, Conn.: Sinauer,
1980); Richard J. Wurtman, “Effects of Their Nutrient Precursors on the Synthesis
and Release of Serotonin, the Catecholamines, and Actylcholine: Implications for
Behavioral Disorders,” Clinical Neuropharmacology 11:1 (1988), 187–193.

p. 284 Phytoestrogens act as anti-estrogens in the brain: Heather B. Patisaul, Patricia L.
Whitten, and Larry J. Young, “Regulation of Estrogen Receptor Beta Mrna in the
Brain: Opposite Effects of 17b-Estradiol and the Phytoestrogen, Coumestrol,” 
Molecular Brain Research 67 (1999), 165–171.

p. 284 Phytoestrogen-containing supplements reduce lordosis: Heather B. Patisaul, Marietta
Dindo, Patricia L. Whitten, and Larry J. Young, “Soy Isoflavone Supplements
Antagonize Reproductive Behavior and Era- and Erb-Dependent Gene Expression
in the Brain,” Manuscript submitted for publication, May 2001.

p. 284 Protective against menopausal symptoms: Heather B. Patisaul and Patricia L. Whitten,
“Dietary Phytoestrogens,” in Endocrine Disruptors: Effects on Male and Female
Reproductive Systems (Boca Raton: CRC, 1999), 389–423.

p. 284 Rhesus vaginal secretion analysis: Richard Michael and E. B. Keverne, “A Male
Sex-Attractant Pheromone in Rhesus Monkey Vaginal Secretions,” Journal of
Endocrinology 46 (1969), xx–xxi.

p. 284 It takes more than smell: David A. Goldfoot, M. A. Kravetz, Robert W. Goy, and 
S. K. Freeman, “Lack of Effect of Vaginal Lavages and Alphatic Acids on Ejacula-
tory Responses in Rhesus Monkeys: Behavior and Chemical Analysis,” Hormones &
Behavior 7 (1976), 1–27.

p. 284 Monkeys too complex to be ruled by odors: Richard P. Michael and Doris Zumpe,
“A Review of Hormonal Factors Influencing the Sexual and Aggressive Behavior of
Macaques,” American Journal of Primatology 30 (1993), 213–241; Richard P.
Michael and Doris Zumpe, “Biological Factors in the Organization and Expression
of Sexual Behaviour,” in Sexual Deviation, 3d Ed., ed. I. Rosen, (Oxford: Oxford



the tangled wing

University, 1996), 452–487; Kim Wallen, “Desire and Ability: Hormones and the
Regulation of Female Sexual Behavior,” Neuroscience & Biobehavioral Reviews 14
(1990), 233–241.

p. 284 Martha McClintock has added modulating functions: Martha K. McClintock,
“Human Pheromones: Primers, Releasers, Signalers, or Modulators?,” in Reproduc-
tion in Context: Social and Environmental Influences on Reproduction, eds. K.
Wallen and J. E. Schneider (Cambridge: MIT, 2000), 355–420.

p. 284 Fatty acids in human vaginal secretions: Richard P. Michael, “Human Vaginal
Secretions: Volatile Fatty Acid Content,” Science 186 (1974), 1217.

p. 284 Midmonth secretions “less unpleasant”: R. Doty, M. Prety, M. Ford, and G. Huggins,
“Changes in the Intensity and Pleasantness of Human Vaginal Odors During the
Menstrual Cycle,” Science 190 (1975), 1361–1362; Jacqueline Scola Vierling and
John Rock, “Variations in Olfactory Sensitivity to Exaltolide During the Menstrual
Cycle,” Journal of Applied Physiology 22 (1967), 311–315.

p. 284 Rise and fall of five fatty acids: J. Sokolov, “Isolation of Substance from Human
Vaginal Secretions Previously Shown to Be Sex Attractant Pheromones in Higher
Primates,” Archives of Sexual Behavior 5 (1976), 269–274.

p. 285 “Clear evidence . . . of human priming pheromones”: McClintock, in Reproduction
in Context, 406.

p. 285 Synchronized cycles in women: M. K. McClintock, “On the Nature of Mammalian
and Human Pheromones,” Annals of the New York Academy of Sciences 855 (1998),
390–392; K. Stern and M. K. McClintock, “Regulation of Ovulation by Human
Pheromones,” Nature 392 (1998), 177–179.

p. 285 Odors play little role in stumptailed monkey: David A. Goldfoot, Stanley J. Wiegard,
and Guenther Scheffer, “Continued Copulation in Ovariectomized Adrenal-
Suppressed Stumptail Macaques (Macaca arctoides),” Hormones & Behavior 11
(1978), 89–99; David A. Goldfoot, M. A. Kravetz, Robert W. Goy, and S. K. Freeman,
“Lack of Effect of Vaginal Lavages and Alphatic Acids on Ejaculatory Responses in
Rhesus Monkeys: Behavior and Chemical Analysis,” Hormones & Behavior 7
(1976), 1–27.

p. 285 Shrinking of human olfactory brain and expansion of visual system: R. W. Sussman,
“Smell as a Signal,” in The Cambridge Encyclopedia of Human Evolution, eds. 
S. Jones, R. Martin, and D. Pilbeam (New York: Cambridge University, 1992),
157–160; Terrence W. Deacon, “Primate Brains and Senses,” in Jones, Martin, and
Pilbeam, Cambridge Encyclopedia, 109–114; Anne C. Zeller, “Communication by
Sight and Smell,” in Smuts et al., Primate Societies, 433–439.

p. 285 Young man and Star Trek: McClintock and Herdt, “Rethinking Puberty.”
p. 285 The ring dove’s parallels to humans: Daniel S. Lehrman, “Parental Feeding Behav-

ior in the Ring Dove”; Daniel S. Lehrman, Philip N. Brody, and Rochelle P. Wortis,
“The Presence of the Mate and of Nesting Material as Stimuli for the Develop-
ment of Incubation Behavior and for Gonadotropin Secretion in the Ring Dove
(Streptopelia risoria),” Endocrinology 68 (1961), 507–516; Daniel S. Lehrman,
“The Reproductive Behavior of Ring Doves,” Scientific American 211:5 (1964),
48–54.

p. 285 “homosexual rape” in flatworms: Lawrence G. Abele and Sandra Gilchrist, “Homo-
sexual Rape and Sexual Selection in Acanthocephalan Worms,” Science 197
(1977), 81–83.

p. 285 “For whom . . . coo?” Mei-F. Cheng, “For Whom Does the Female Dove Coo? A
Case for the Role of Vocal Self-Stimulation,” Animal Behavior 43 (1992),
1035–1044.



notes and references

p. 285 Male rat’s postejaculatory song: Ronald J. Barfield and Cynetta A. Geyer, “Sexual
Behavior: Ultrasonic Postejaculatory Song of the Male Rat,” Science 176 (1972),
1349–1350.

p. 285 Harlow’s classic study: Harry F. Harlow, “Lust, Latency and Love: Simian Secrets of
Successful Sex,” Journal of Sex Research 11:2 (1975), 79–90.

p. 286 Description of Yerkes chimp research: Roger Davenport, “Some Behavioral Distur-
bances of Great Apes in Captivity,” in Burg Wartenstein Symposium 62: The Behav-
ior of Great Apes (1974), 356.

p. 286 1940 study: John W. M. Whiting and Irvin L. Child, Child Training and Personality:
A Cross-Cultural Study (New Haven, Conn.: Yale University, 1953).

p. 287 Revolution was real: Laumann, Social Organization of Sexuality, 199.
p. 287 Modification of sexual practices inadequate: Laumann, Social Organization of 

Sexuality, 438.
p. 287 Growing epidemic of sexually transmitted diseases: Sheryl Gay Stolberg, “U.S.

Awakes to Epidemic of Sexual Diseases and Finds No Safety Net,” in The New York
Times (March 9, 1998), A1, A14.

p. 287 Small increase in abstinence among teens: C. F. Turner, L. Ku, S. M. Rogers, L. D.
Lindberg, J. H. Pleck, and F. L. Sonenstein, “Adolescent Sexual Behavior, Drug
Use, and Violence: Increased Reporting with Computer Survey Technology,” 
Science 280 (1998), 867–873; William Cates, Jr., and Stuart M. Berman, “Preven-
tion of Sexually Transmitted Diseases Other Than Human Immunodeficiency
Virus,” in Handbook of Pediatric and Adolescent Health Psychology, ed. A. J. H. M.
Goreczny (Boston: Allyn & Bacon, 1999), 361–370.

p. 287 Best survey since Kinsey’s: Laumann, Social Organization of Sexuality.
p. 287 Masters and Johnson: William H. Masters and Virginia E. Johnson, Human Sexual

Response (Boston: Little, Brown, 1966); and Human Sexual Inadequacy (Boston:
Little, Brown, 1970); William H. Masters, Virginia E. Johnson, and R. C. Kolodny,
Human Sexuality, 4th Ed. (New York: HarperCollins, 1992), 748.

p. 287 !Kung woman quotation: Marjorie Shostak, Nisa, 256.
p. 287 Mead quotations: Margaret Mead, Male and Female: A Study of the Sexes in a

Changing World (New York: William Morrow, 1949, 1967), 70 (Mundugomor),
218 (Arapesh), 219 (Samoa).

p. 288 “The pulse . . . body’s strength”: Andre Bejin, “The Decline of the Psycho-Analyst
and the Rise of the Sexologist,” in Western Sexuality: Practice and Precept in Past
Times, eds. P. Aries and A. Bejin (Oxford: Basil Blackwell, 1985), 181–200.

p. 288 Freud on female orgasm: Sigmund Freud, A General Introduction to Psychoanalysis
(New York: Washington Square, 1920), 327.

p. 288 “a biologic impossibility”: Kinsey, Sexual Behavior in the Human Female, 584.
p. 289 “mature” vaginal orgasm: Vern L. Bullough, Science in the Bedroom: A History of

Sex Research (New York: Basic Books, 1994), 376.
p. 290 Carmichael findings: Marie S. Carmichael, Richard Humbert, Jean Dixen, Glenn

Palmisano, Walter Greenleaf, and Julian M. Davidson, “Plasma Oxytocin Increases
in the Human Sexual Response,” Journal of Clinical Endocrinology and Metabo-
lism 64:1 (1987), 27–31.

p. 290 Exton research: Michael S. Exton, A. Bindert, T. Kruger, F. Scheller, U. Hartmann,
and M. Schedlowski, “Cardiovascular and Endocrine Alterations After Masturbation-
Induced Orgasm in Women” (see comments), Psychosomatic Medicine 61:3
(1999), 280–289.

p. 290 Parallel study in young men: Natalie G. Exton, Trinh Chau Truong, Michael S.
Exton, Sabine A. Wingenfeld, Norbert Leygraf, Bernard Saller, Uwe Hartmann,



the tangled wing

and Manfred Schedlowski, “Neuroendocrine Response to Film-Induced Sexual
Arousal in Men and Women,” Psychoneuroendocrinology 25:2 (2000), 187–199.

p. 290 Other research confirms oxytocin role in female orgasm: W. Blaicher, D. Gruber, C.
Bieglmayer, A. M. Blaicher, W. Knogler, and J. C. Huber, “The Role of Oxytocin
in Relation to Female Sexual Arousal,” Gynecologic and Obstetric Investigation 47:2
(1999), 125–126.

p. 290 Measurements of penile tumescence: Ismet Karacan, Cengiz Aslan, and Max 
Hirshkowitz, “Erectile Mechanisms in Man,” Science 220 (1983), 1080–1082.

p. 290 Men with spinal cord injuries can respond to stimulation: F. J. Courtois, M. C.
Goulet, K. F. Charvier, and A. Leriche, “Posttraumatic Erectile Potential of Spinal
Cord Injured Men: How Physiologic Recordings Supplement Subjective Reports,”
Archives of Physical Medicine and Rehabilitation 80:1 (1999), 1268–1272.

p. 290 Women can experience orgasm during sleep: Comradge L. Henton, “Nocturnal
Orgasm in College Women: Its Relation to Dreams and Anxiety Associated with
Sexual Factors,” Journal of Genetic Psychology 129 (1976), 245–251.

p. 290 Orgasm in women with spinal cord injuries: Marcia L. Sipski, Craig J. Alexander,
and Raymond C. Rosen, “Sexual Response in Women with Spinal Cord Injuries:
Implications for Our Understanding of the Able Bodied,” Journal of Sex and Marital
Therapy 25:1 (1999), 11–22.

p. 290 Vagus-nerve signals bypass spinal cord: Brenda DeKoker, “Sex and the Spinal Cord:
A New Pathway for Orgasm,” Scientific American 262:6 (1996), 30–32.

p. 290 G spot known to seventh-century Indian writers: R. Syed, “Knowledge of the ‘Grafen-
berg Zone’ and Female Ejaculation in Ancient Indian Sexual Science: A Medical His-
tory Contribution,” Sudhoffs Archiv Zur Wissenschaftgeschichte 83:2 (1999), 171–190.

p. 290 “G spot” a region of heightened sensitivity: Bullough, Science in the Bedroom; Heli
Alzate, “Vaginal Eroticism and Female Orgasm: A Current Appraisal,” Journal of
Sex and Marital Therapy 11 (1985), 271–284; H. Alzate and Zwi Hoch, “The 
‘G Spot’ and ‘Female Ejaculation’: A Current Appraisal,” Journal of Sex and Marital
Therapy 12 (1986), 211–220.

p. 291 Description of septal area during intercourse: Robert G. Heath, “Pleasure and Brain
Activity in Man,” Journal of Nervous and Mental Disease 154 (1972), 15.

p. 291 Davidson’s “bipolar hypothesis”: Julian M. Davidson, “The Psychobiology of Sexual
Experience,” in The Psychobiology of Consciousness, eds. Julian M. Davidson and
Richard J. Davidson (New York: Plenum, 1980).

p. 291 “Often loss of contact with reality”: Ellen Belle Vance and Nathaniel N. Wagner,
“Written Descriptions of Orgasm: A Study of Sex Differences,” Archives of Sexual
Behavior 13 (1976), 155–164.

p. 291 “willingness to relinquish control”: Charles F. Bridges, Joseph W. Critelli, and Victor
E. Loos, “Hypnotic Susceptibility, Inhibitory Control, and Orgasmic Consistency,”
Archives of Sexual Behavior 14:4 (1985), 373–376. The quote is on p. 97.

p. 292 Face-to-face genital rubbing in bonobos: Hashimoto and Furuichi, “Sexual Behavior
of Wild Bonobos”; De Waal, “Bonobo Sex and Society.”

p. 292 Clutch reflex in rhesus monkey females: Doris Zumpe and Richard P. Michael,
“The Clutching Reaction and Orgasm in the Female Monkey (Macaca mulatta),”
Journal of Endocrinology 40 (1968), 117–123.

p. 292 Burton findings: Francis D. Burton, “Sexual Climax in Female Macaca mulatta,”
in Proceedings of the Third International Congress of Primatology, 1970 (Basel: 
S. Karger, 1971), 180–191.

p. 292 Chevalier-Skolnikoff observations: Suzanne Chevalier-Skolnikoff, “Sexual Behavior
in the Stumptail Monkey.”



notes and references

p. 292 Goldfoot stumptail study: Goldfoot et al., “Sexual Climax in the Female Stump-
Tailed Macaque.”

p. 292 Further work confirms results: Slob, Groeneveld, and Werff ten Bosch, “Physiologi-
cal Changes During Copulation”; Slob and Werff ten Bosch, “Orgasm in Nonhu-
man Species.”

p. 292 Female orgasm may promote fertilization: Baker and Bellis, “Human Sperm Competition.”
p. 292 Female orgasm may prepare uterus for childbirth: Sam Baxter, “Orgasm and Labour

in Primiparae,” Journal of Psychosomatic Research 18 (1974), 357–360.
p. 292 Gould observation: Stephen Jay Gould, “Freudian Slip,” Natural History (February

1987), 15–21.
p. 292 Female orgasm within forty-five minutes of ejaculation retains sperm: Baker and 

Bellis, “Human Sperm Competition.”
p. 293 Evolutionary concept of female control: Eberhard, Female Control. 
p. 293 Habits reinforced intermittently hardest to extinguish: Michael Domjan, The Essen-

tials of Conditioning and Learning (Pacific Grove, Calif.: Brooks/Cole, 1996), 226.
p. 293 1992 sample findings on sexual dysfunction: Edward O. Laumann, Anthony Paik,

and Raymond C. Rosen, “Sexual Dysfunction in the United States: Prevalence and
Predictors,” Journal of the American Medical Association, 281:6 (1999), 537–544;
Paul G. Cohen, “Sexual Dysfunction in the United States,” Journal of the American
Medical Association 282:13 (1999), 1229.

p. 293 Treatments for sexual dysfunction: Bullough, Science in the Bedroom; Barbara L.
Anderson, “Primary Orgasmic Dysfunction: Diagnostic Considerations and Review
of Treatment,” Psychological Bulletin 95 (1983), 105–136.

p. 293 Percentages of women with few or no orgasms: Sharon G. Nathan, “The Epidemiology
of the DSM-III Psychosexual Dysfunctions,” Journal of Sex and Marital Therapy 12
(1986), 267–281.

p. 293 Women report faking orgasm: Carol A. Darling and J. Kenneth Davidson, “Enhanc-
ing Relationships: Understanding the Feminine Mystique of Pretending Orgasm,”
Journal of Sex and Marital Therapy 12:3 (1986), 182–196.

p. 293 Young men have premature ejaculation: Cohen, “Sexual Dysfunction.”
p. 293 Older men have trouble with erections: Lue, “Erectile Dysfunction.”
p. 293 Viagra for men and women: Ashton, “Sildenafil Treatment.”
p. 293 Masturbation useful for women: Alzate, “Vaginal Eroticism”; Andersen, “Primary

Orgasmic Dysfunction.”
p. 293 Educated people masturbate more: Kinsey, Pomeroy, and Martin, Sexual Behavior

in the Human Male; Kinsey, Martin, Pomeroy, Gebhard et al., Sexual Behavior in
the Human Female; Laumann et al., Social Organization of Sexuality, 83.

p. 293 Palace “biofeedback” research: Eileen Palace, “The Modification of Dysfunctional
Patterns of Sexual Response Through Autonomic Arousal and False Physiological
Feedback,” Journal of Consulting & Clinical Psychology 64 (1995), 604–615.

p. 294 Parasympathetic branch promotes erection: Susan Iversen, Leslie Iversen, and 
Clifford B. Saper, “The Autonomic Nervous System and the Hypothalamus,” in
Kandel, Schwartz, and Jessell, Principles of Neural Science, 960.

p. 294 Erection relies on neurons using nitrous oxide: Lue, “Erectile Dysfunction.”
p. 294 Natural selection would detect threatening conditions: Robert M. Sapolsky, Why

Zebras Don’t Get Ulcers (New York: W. H. Freeman, 1994).
p. 294 Mechanism a “density stat”: J. A. Gray, The Psychology of Fear and Stress (New

York: McGraw-Hill, 1971), 73.
p. 294 Male gestures resemble threat and dominance: Niko Tinbergen, “Einige Gedanken

über Beschwichtigungs-Gebaerden,” Zeitschrift für Tierpsychologie 16 (1959),



the tangled wing

651–655; and “On Appeasement Signals,” in The Animal in Its World (Cambridge:
Harvard University, 1972), ch. 14.

p. 294 Genital display in squirrel monkeys: Paul D. MacLean, “Effects of Lesions of
Globus Pallidus on Species-Typical Display Behavior of Squirrel Monkeys,” Brain
Research 149 (1978), 175–196.

p. 294 Male baboon or macaque shows dominance by mounting: Irven DeVore, “Male
Dominance and Mating Behavior in Baboons,” in Sexual Behavior, ed. F. Beach
(New York: John Wiley & Sons, 1965).

p. 294 Orangutan’s sexual advance is rape: John MacKinnon, “The Orangutan in Sabah
Today,” Oryx 11:2,3 (1971), 141–191.

p. 294 Male status desirable in all cultures: Buss and Schmitt, “Sexual Strategies Theory”;
Buss, “Sex Differences”; Irons, “Cultural and Biological Success”; Irons, “Looking
Back.”

p. 294 Manipulations that increase dominance make men more attractive: Edward K.
Sadalla, Douglas T. Kenrick, and Beth Vershure, “Dominance and Heterosexual
Attraction,” Journal of Personality and Social Psychology 52:4 (1987), 730–738.

p. 294 Some sociobiologists’ proposal: Randy Thornhill and Nancy Wilmsen Thornhill,
“The Evolutionary Psychology of Men’s Coercive Sexuality,” Behavioral and Brain
Sciences 15 (1992), 363–421.

p. 294 Coercion widespread and has shaped evolution: Smuts, “Male Aggression”; Smuts
and Smuts, “Male Aggression Against Women.”

p. 294 Female macaque coalitions: A similar case is made by Kim Wallen, “Risky Busi-
ness,” in Reproduction in Context (Cambridge: MIT, 2000).

p. 294 Female preference for winning males may have evolved: Hashimoto and Furuichi,
“Sexual Behavior of Wild Bonobos.”

p. 294 Effects of shock to male rat: Benjamin D. Sachs and Ronald J. Barfield, “Copulatory
Behavior of Male Rats Given Intermittent Electric Shocks,” Journal of Comparative
and Physiological Psychology 86 (1974), 607–615.

p. 294 Experiment removing female mouse: M. P. Rathbone, P. A. Stewart, and F. Vetrano,
“Strange Females Increase Plasma Testosterone Levels in Male Mice,” Science 189
(1975), 1104–1106; Arthur Coquelin and F. H. Bronson, “Release of Luteinizing
Hormone in Male Mice During Exposure to Females: Habituation of the
Response,” Science 206 (1979), 1099–1101.

p. 295 Sexual practices more common in male homosexual couples: Philip Blumstein and
Pepper Schwartz, American Couples: Money, Work, Sex (New York: William Mor-
row, 1983), 656.

p. 295 Evidence that men’s and women’s fantasies are different: Bruce J. Ellis and Donald
Symons, “Sex Differences in Sexual Fantasy: An Evolutionary Psychological
Approach,” Journal of Sex Research 27:4 (1990), 527–555.

p. 295 Male fantasies have more violence, dominance, submission: Robert May, Sex and
Fantasy: Patterns of Male and Female Development (New York: W. W. Norton,
1980); Nancy Friday, Men in Love: Men’s Sexual Fantasies: The Triumph of Love
Over Rage (New York: Delacorte, 1980).

p. 295 Courtship demonstrations that male can care for young: C. T. Nisbet, “Courtship-
Feeding, Egg-Size and Breeding Success in Common Terns,” Nature 241 (1973),
141–142.

p. 295 Male may build bower, bring morsel, etc.: Gould and Gould, Sexual Selection;
Andersson, Sexual Selection and Mate Choice. 

p. 295 Claudia Kennedy case: Steven Lee Myers, “Female General in Army Alleges Sex
Harassment,” in The New York Times (March 31, 2000), A1, A22; and “Army



notes and references

Rescinds Job of General Accused of Sexual Advance,” in The New York Times (May
23, 2000), A1, A18.

p. 295 “Sexual intercourse is dangerous”: Kim Wallen, “Risky Business: Social Context and
Hormonal Modulation of Primate Sexual Desire,” in Reproduction in Context:
Social and Environmental Influences on Reproduction, eds. K. Wallen and J. E.
Schneider (Cambridge: MIT, 2000), 289. 

p. 295 “Sexual passion can only exist”: The second quote is from Benoîte Groult, Salt on
Our Skin (London: Hamish Hamilton, 1992).

p. 295 Nietzsche’s Birth of Tragedy: Adam Konner, “The Birth of Tragedy in a World of
Logic,” Unpublished manuscript, Residential College, University of Michigan (Fall
2000).

p. 296 Brilliant, irascible study of Western art: Camille Paglia, Sexual Personae: Art and
Decadence from Nefertiti to Emily Dickinson (New Haven, Conn.: Yale University,
1990).

p. 296 “He had drawn her close”: The quote appears in the first version of the novel, D. H.
Lawrence, The First Lady Chatterley: The First Version of Lady Chatterley’s Lover, with
a Foreword by Frieda Lawrence (New York: Penguin Books, 1973, orig. 1944), 121.

chapter thirteen: Love
The near-definitive work on the evolution of motherhood is Sarah Blaffer Hrdy’s Mother
Nature: A History of Mothers, Infants, and Natural Selection (New York: Pantheon, 1999). It
complements John Bowlby’s enduring three-volume classic, Attachment and Loss (New
York: Basic Books, 1970–1980), which successfully integrated animal and human attach-
ment in an evolutionary context for the first time. The Handbook of Attachment, edited by
Jude Cassidy and Philip Shaver (New York: Guilford, 1999), brings the subject up to date.
Important contributions to our grasp of attachment in animals have come from Konrad
Lorenz, Harry F. Harlow, Robert Hinde, Patrick Bateson, Peter Klopfer, Leonard Rosen-
blum, and Stephen Suomi, whose papers are cited in the notes and described in the text.
Harry Harlow’s short book Learning to Love (San Francisco: Albion, 1971) is a brief
overview of his lifetime of discoveries about attachment in infant monkeys. Two accounts of
human infants’ relationships that focus on interaction rather than attachment are Daniel
Stern’s superb treatise, The Interpersonal World of the Infant (New York: Basic Books, 1985),
and Philippe Rochat’s fine collection, Early Social Cognition (Mahwah, N.J.: Lawrence 
Erlbaum, 1999). These form a counterpoint to the notion that love is all you need.

On the subject of romantic attachment, there is no more beautiful or illuminating
work than Ethel Spector Person’s Dreams of Love and Fateful Encounters: The Power of
Romantic Passion (New York: W. W. Norton, 1988), which combines a common-sense
psychoanalytic approach with a remarkable literary and humane sensibility. Diane Ackerman’s
A Natural History of Love (New York: Random House, 1994) is more history than natural
history, but it gives a good account of the annals of love in the West. For real natural his-
tory, a good place to start is Helen Fisher’s The Anatomy of Love: The Natural History of
Monogamy, Adultery, and Divorce (New York: W. W. Norton, 1992). Great strides in our
understanding of the physiology of love and the pair bond have been made by Daniel
Lehrman, Sue Carter, Stephen Porges, and especially Thomas Insel, in works cited in the
notes.

Evolutionary theory has helped to explain altruism and cooperation in a relentlessly
competitive universe. The applicability of this kind of theory to human life is best appreci-
ated through Laura Betzig’s fine collection, Human Nature: A Critical Reader (New York:
Oxford, 1997). The original theoretical contribution was by W. D. Hamilton, “The Genet-



the tangled wing

ical Evolution of Social Behavior,” Journal of Theoretical Biology 7 (1964), 1–52. Robert
Trivers’s classic paper, “The Evolution of Reciprocal Altruism,” Quarterly Review of Biology
46 (1971), 35–57, provided a missing piece of the puzzle highly relevant to anthropology.
An elegant extension to include the evolution of cooperation among nonrelatives is given
by Robert Axelrod and W. D. Hamilton in “The Evolution of Cooperation,” Science 211
(1981), 1390–1396, discussed accessibly in Axelrod’s book of the same title (New York:
Basic Books, 1984). Group selection remains an embattled addition to the theory, but most
evolutionists now give it a minor role. A brief in its favor, widely criticized but still interest-
ing, is Elliot Sober and David Sloan Wilson’s Unto Others: The Evolution and Psychology
of Unselfish Behavior (Cambridge: Harvard University, 1998).

p. 299 Lorenz monograph: Konrad Lorenz, “Companions as Factors in the Bird’s Environ-
ment,” in his Studies in Animal and Human Behavior (Cambridge: Harvard Uni-
versity, 1970), 101–258.

p. 299 Eiffel Tower analogy: Konrad Lorenz, Evolution and Modification of Behavior
(Chicago: University of Chicago, 1965), 27.

p. 299 Head-and-neck shapes trigger preference: Johan J. Bolhuis, “Early Learning and the
Development of Filial Preferences in the Chick,” Behavioural Brain Research 98:2
(1999), 245–252.

p. 299 Sight and sound intensify process: Bolhuis, “Filial Preferences in the Chick.”
p. 299 Takes a few days at most: Nicholas E. Collias, “Filial Imprinting and Leadership

Among Chicks in Family Integration of the Domestic Fowl,” Behaviour 137:2
(2000), 197–211.

p. 299 Eckhardt Hess lab: Eckhardt Hess, Imprinting (Chicago: University of Chicago, 1974).
p. 300 Bateson and Horn: Patrick Bateson, S. Rose, and Gabriel Horn, “Imprinting: Lasting

Effects on Uracil Incorporation into Chick Brain,” Science 181 (1973), 576–578;
Patrick Bateson, “Imprinting as a Process of Competitive Exclusion,” in Imprinting
and Cortical Plasticity: Comparative Aspects of Sensitive Periods, eds. Josef P.
Rauschecker and Peter Marler (New York: John Wiley & Sons, 1978); Alister U.
Nicol, Malcolm W. Brown, and Gabriel Horn, “Is Neuronal Encoding of Subject-
Object Distance Dependent on Learning?,” Neuroreport: An International Journal
for the Rapid Communication of Research in Neuroscience 10:8 (1999), 1671–1675.

p. 300 Katharina Braun: Katharina Braun, Joerg Bock, Martin Metzger, Shucui Jiang, and
Reinhild Schnabel, “The Dorsocaudal Neostriatum of the Domestic Chick: A
Structure Serving Higher Associative Functions,” Behavioural Brain Research 89:2
(1999), 211–218.

p. 300 Johan Bolhuis: Bolhuis, “Filial Preferences in the Chick.”
p. 300 Phenomenon flexible, quick, mysterious: Rauschecker and Marler, Imprinting and

Cortical Plasticity, 377.
p. 300 Increasing understanding of brain changes during imprinting: Philip Bradley and

Gabriel Horn, “Neural Consequences of Imprinting,” in Rauschecker and Marler,
Imprinting and Cortical Plasticity; Gabriel Horn, “Cerebral Function and Behav-
iour Investigated Through a Study of Filial Imprinting,” in The Development and
Integration of Behaviour: Essays in Honor of Robert Hinde, ed. Patrick Bateson
(Cambridge: Cambridge University, 1991), 121–148.

p. 300 Connected areas in chick’s forebrain: Braun et al., “Dorsocaudal Neostriatum of the
Domestic Chick.”

p. 300 Massive pruning of dendrite spines: J. Bock and Katharina Braun, “Filial Imprinting
in Domestic Chicks Is Associated with Spine Pruning in the Associative Area, Dor-
socaudal Neostriatum,” European Journal of Neuroscience 11:7 (1999), 2566–2570.



notes and references

p. 300 Dendritic pruning depends on activation of glutamate receptors: J. Bock and Katharina
Braun, “Blockade of N-Methyl-D-Aspartate Receptor Activation Suppresses Learn-
ing-Induced Synaptic Elimination,” Proceedings of the National Academy of Sci-
ences 95:5 (1999), 2485–2490.

p. 300 Blocking receptors prevents pruning: C. H. Parsons and L. J. Rogers, “NMDA
Receptor Antagonists Extend the Sensitive Period for Imprinting,” Physiology &
Behavior 68:5 (2000), 749–753.

p. 300 Imprinting switches on GABA neurons: R. Ambalavanar, B. J. McCabe, K. N. Potter,
and G. Horn, “Learning-Related Fos-like Immunoreactivity in the Chick Brain:
Time-Course and Co-Localization with GABA and Parvalbumin,” Neuroscience
83:4 (1999), 1515–1524.

p. 300 A stretch to include other mammals: Paul E. Griffiths, What Emotions Really Are: The
Problem of Psychological Categories (Chicago: University of Chicago, 1997), 286.

p. 300 Bowlby quotation: John Bowlby, Attachment and Loss, Vol. 2 , Separation, Anxiety,
and Anger (New York: Basic Books, 1973), 86.

p. 301 Harlow quotation: Harry F. Harlow, Learning to Love (San Francisco: Albion,
1971), 2–4.

p. 301 “there is always” and “each love system”: Harlow, Learning to Love, 3.
p. 301 Zebra finches develop slowly and imprint late: K. Immelman, “Zur Irreversibilität

der Prägung,” Naturwissenschaft 53 (1966), 209.
p. 301 Method has much in common with dendritic pruning: Hans Joachim, J. Bischof,

and Astrid Rollenhagen, “Behavioural and Neurophysiological Aspects of Sexual
Imprinting in Zebra Finches,” Behavioural Brain Research 98:2 (1999),
267–276.

p. 301 Attempt to pin down “the nature of love”: Harry F. Harlow, “The Nature of Love,”
American Psychologist 13 (1958), 673–685.

p. 302 Oral gratification as root of attachment in infancy: Sigmund Freud, “An Outline of
Psycho-Analysis,” in The Standard Edition of the Complete Psychological Works of
Sigmund Freud, ed. James Strachey (London: Hogarth, 1940).

p. 302 Punishment increases infant’s contact with “mother”: Leonard A. Rosenblum and
Harry F. Harlow, “Generalization of Affectional Responses in Rhesus Monkeys,”
Perceptual and Motor Skills 16 (1963), 561–564.

p. 302 Requirements for normal future development: Stephen J. Suomi, “Early Determi-
nants of Behaviour: Evidence from Primate Studies,” British Medical Bulletin 53:1
(1997), 170–184.

p. 302 Some females clumsy, negligent, brutal: Gerald C. Ruppenthal, “A 10-Year Perspec-
tive of Motherless-Mother Monkey Behavior,” Journal of Abnormal Psychology 85
(1976), 341–349; Maribeth Champoux, Evan Byrne, Roberta DeLizio, and
Stephen J. Suomi, “Motherless Mothers Revisited: Rhesus Maternal Behavior and
Rearing History,” Primates 33:2 (1992), 251–255.

p. 302 Opportunities for peer contact essential: Harry F. Harlow and E. Shaw, “Age-Mate 
or Peer Affectional Systems,” in Advances in the Study of Behavior, Vol. 2, eds. 
D. Lehrman and Robert Hinde (New York: Academic, 1969).

p. 302 Related species may differ in response to deprivation: Gene P. Sackett, G. C. Ruppenthal,
C. E. Fahrenbruch, and Richard A. Holm, “Social Isolation Rearing Effects in Mon-
keys Vary with Genotype,” Developmental Psychology 17 (1981), 313–318.

p. 302 Males can “mother”: William K. Redican and G. Mitchell, “Play Between Adult
Male and Infant Rhesus Monkeys,” American Zoology 14 (1974), 295–302.

p. 302 Rocking models reduces later deficits: William A. Mason and Gershon Berkson,
“Effects of Maternal Mobility on the Development of Rocking and Other Behaviors



the tangled wing

in Rhesus Monkeys: A Study with Artificial Mothers,” Developmental Psychobiology
8:3 (1975), 197–211.

p. 302 Monkey infants rehabilitated by placement with younger infant monkey: Stephen J.
Suomi and Harry F. Harlow, “Social Rehabilitation of Isolate-Reared Monkeys,”
Developmental Psychology 6 (1972), 487–496; Stephen Suomi, Harry Harlow, and
William McKinney, “Monkey Psychiatrists,” American Journal of Psychiatry 128
(1972), 927–932; Mark S. Cummins and Stephen J. Suomi, “Long-Term Effects of
Social Rehabilitation in Rhesus Monkeys,” Primates 17 (1976), 43–51.

p. 302 Infant monkey can form attachment to dog: William A. Mason and M. D. Kenney,
“Redirection of Filial Attachments in Rhesus Monkeys: Dogs as Mother Surro-
gates,” Science 183 (1974), 1209–1211.

p. 302 Neural and hormonal controls coming into view: Stephen J. Suomi, “Attachment in
Rhesus Monkeys,” in Handbook of Attachment: Theory, Research, and Clinical
Applications, eds. Jude Cassidy and Philip R. Shaver (New York: Guilford, 1999),
181–197.

p. 303 Suomi studies of temperament differences: Champoux et al., “Motherless Mothers;”
Suomi, “Attachment.”

p. 303 Success of peer-reared vs. mother-reared rhesus monkeys: J. D. Higley, S. T. King, Jr.,
M. F. Hasert, M. Champous, S. J. Suomi, and M. Linnoila, “Stability of Interindi-
vidual Differences in Serotonin Function and Its Relationship to Severe Aggression
and Competent Social Behavior in Rhesus Macaque Females,” Neuropsychophar-
macology 14:1 (1996), 67–76.

p. 303 Consequences of differential rearing described in lab studies: Suomi, “Early Deter-
minants of Behaviour” and “Attachment in Rhesus Monkeys.”

p. 303 Results of different rearing conditions divergent: Suomi, “Early Determinants of
Behaviour”; Suomi, “Attachment in Rhesus Monkeys”; Maribeth Champoux,
Becky Metz, and Stephen J. Suomi, “Behavior of Nursery/Peer-Reared and Mother-
Reared Rhesus Monkeys from Birth Through 2 Years of Age,” Primates 32:4 (1991),
509–514.

p. 303 Males more aggressive: Higley et al., “Stability of Interindividual Differences.”
p. 303 Other differences of peer-reared adult males: D. Doudet, D. Hommer, J. D. Higley,

P. J. Andreason, R. Moneman, S. J. Suomi, and M. Linnoila, “Cerebral Glucose
Metabolism, CSF 5-HIAA, and Aggressive Behavior in the Rhesus Monkey,” Amer-
ican Journal of Psychiatry 152 (1995), 1782–1787.

p. 303 Peer-reared adult males consume more alcohol: J. D. Higley, Stephen J. Suomi, and
M. Linnoila, “A Nonhuman Primate Model of Type II Alcoholism?” Part 2:
“Diminished Social Competence and Excessive Aggression Correlates with Low
Cerebrospinal Fluid 5-Hydroxyindoleacetic Acid Concentrations,” Alcohol: Clinical
and Experimental Research 20:4 (1996), 643–650; and Part 1: “Low Cerebrospinal
Fluid 5-Hydroxyindoleacetic Acid Concentrations and Diminished Social Compe-
tence Correlate with Excessive Alcohol Consumption,” Alcohol: Clinical and
Experimental Research 20:4 (1996), 629–642.

p. 303 High serotonin transporter, low 5-HIAA and impulsiveness etc.: A. Heinz, J. Dajicek,
S. J. Suomi, K. P. Lesch, D. R. Weinberger, and M. Linnoila, “In Vivo Association
Between Alcohol Intoxication, Aggression, and Serotonin Transporter Availability
in Nonhuman Primates,” American Journal of Psychiatry 155:8 (1998), 1023–1028.

p. 304 Short version of region has lower gene expression: K.-P. Lesch, “Serotonin Transporter
and Psychiatric Disorders: Listening to the Gene,” Neuroscientist 4 (1998), 25–34.

p. 304 Growing evidence that experience must be understood: L. J. Eaves, H. J. Eysenck,
and N. G. Martin, Genes, Culture and Personality: An Empirical Approach (New



notes and references

York: Academic, 1989); David Reiss, Jenae M. Neiderhiser, E. Mavis Hetherington,
and Robert Plomin, The Relationship Code: Deciphering Genetic and Social Influ-
ences on Adolescent Development (Cambridge: Harvard University, 2000).

p. 304 Reactive genotype asset or detriment: Suomi, “Attachment in Rhesus Monkeys.”
p. 304 Rhesus monkey separations resulted in fear: Robert A. Hinde and Yvette Spencer-

Booth, “The Behaviour of Socially Living Rhesus Monkeys in Their First Two and
a Half Years,” Animal Behavior 15 (1967), 169–196; and “Effects of Brief Separation
from Mother on Rhesus Monkeys,” Science 173 (1971), 111—118; Robert A. Hinde
and Lynda M. Davies, “Changes in Mother-Infant Relationship After Separation in
Rhesus Monkeys,” Nature 239 (1972), 41–42; and “Removing Infant Rhesus from
Mother for 13 Days Compared with Removing Mother from Infant,” Journal of
Child Psychology and Psychiatry 13 (1972), 227–237.

p. 304 Bonnet macaques raised in three conditions: Jeremy D. Coplan, Leonard A. Rosenblum,
and Jack M. Gorman, “Primate Models of Anxiety: Longitudinal Perspectives,” Psy-
chiatric Clinics of North America 18:4 (1995), 727–743; Leonard A. Rosenblum and
Michael Andrews, “Primate Developmental Models of Stress,” in Chronic Diseases:
Perspectives in Behavioral Medicine, eds. M. Stein and A. Baum (Mahwah, N.J.:
Lawrence Erlbaum, 1995), 97–113.

p. 304 Infants show more anxiety when grown: J. D. Coplan, M. W. Andrews, L. A. Rosenblum,
M. J. Owens, S. Friedman, J. M. Gorman, and C. B. Nemeroff, “Persistent Eleva-
tions of Cerebrospinal Fluid Concentrations of Corticotropin-Releasing Factor in
Adult Nonhuman Primates Exposed to Early-Life Stressors: Implications for the
Pathophysiology of Mood and Anxiety Disorders,” Proceedings of the National
Academy of Sciences 93:4 (1996), 1619–1623; and Jeremy D. Coplan, Ronald C.
Trost, Michael J. Owens, Thomas B. Cooper, Jack M. Gorman, Charles B.
Nemeroff, and Leonard A. Rosenblum, “Cerebrospinal Fluid Concentrations of
Somatostatin and Biogenic Amines in Grown Primates Reared by Mothers Exposed
to Manipulated Foraging Conditions,” Archives of General Psychiatry 55:5 (1998),
473–477; E. L. Smith, J. D. Coplan, R. C. Trost, B. A. Scharf, and L. A. Rosenblum,
“Neurobiological Alterations in Adult Nonhuman Primates Exposed to Unpre-
dictable Early Rearing: Relevance to Posttraumatic Stress Disorder,” Annals of the
New York Academy of Sciences 821 (1997), 545–548.

p. 305 Threefold role of mother: Leonard A. Rosenblum, “Effective Mothering in a Famil-
ial Context: A Nonhuman Primate Perspective,” in Families, Risk, and Competence,
eds. M. Lewis and F. Candice (Mahwah, N.J.: Lawrence Erlbaum, 1998), 71–87.

p. 305 Kraemer’s catecholamine model: Gary W. Kraemer, “A Psychobiological Theory of
Attachment,” Behavioral and Brain Sciences 15 (1992), 493–541.

p. 305 Suomi quotation: Suomi, “Early Determinants of Behaviour.”
p. 305 Influences exaggerated and weak: Jerome Kagan and R. E. Klein, “Crosscultural

Perspective on Early Development,” American Psychologist 28 (1973), 947–961;
Jerome Kagan, The Nature of the Child (New York: Basic Books, 1984); Judith Rich
Harris, “Where Is the Child’s Environment? A Group Socialization Theory of
Development,” Psychological Review 102 (1995), 458–489; and The Nurture
Assumption (1998); David C. Rowe, The Limits of Family Influence: Genes, Experi-
ence, and Behavior (New York: Guilford, 1994).

p. 305 We can learn from animal experiments and cross-cultural observations: eds. Robert A.
LeVine, Patrice M. Miller, and Mary M. West, “Parental Behavior in Diverse Soci-
eties,” New Directions for Child Development 40 (1988), 128; Robert A. LeVine,
Sarah LeVine, P. Herbert Leiderman, T. Berry Braselton, Suzanne Dixon, Amy
Richman, and Constance H. Keefer, Child Care and Culture: Lessons from Africa



the tangled wing

(Cambridge: Cambridge University, 1994), 346; Robert A. LeVine, “Child Psychol-
ogy and Anthropology: An Environmental View,” in Biosocial Perspectives on Chil-
dren, ed. C. Panter-Brick (Cambridge: Cambridge University, 1998), 102–130;
Robert S. Marvin and Preston A. Britner, “Normative Development: The Ontogeny
of Attachment,” in Cassidy and Shaver, Handbook of Attachment, 44–67; Marinus
H. van Ijzendoorn and Abraham Sagi, “Cross-Cultural Patterns of Attachment:
Universal and Contextual Dimensions,” in Cassidy and Shaver, Handbook of
Attachment, 713–734; eds. Beatrice B. Whiting and John W. M. Whiting, Children
of Six Cultures: A Psychocultural Analysis (Cambridge: Harvard University, 1975);
eds. Ruth H. Munroe, Robert L. Munroe, and Beatrice B. Whiting, Handbook of
Cross-Cultural Development (New York: Garland, 1981); Beatrice B. Whiting and
Carolyn Pope Edwards, Children of Different Worlds: The Formation of Social
Behavior (Cambridge: Harvard University, 1988).

p. 306 Extrapolating from modern hunter-gatherers about ancestral foragers: Melvin J. Konner,
“Evolution of Human Behavior Development,” in Handbook of Cross-Cultural
Human Development, eds. R. H. Munroe, R. L. Munroe, and B. B. Whiting (New
York: Garland STPM, 1981), 3–51.

p. 306 !Kung San infancy studies: M. J. Konner, “Maternal Care, Infant Behavior and
Development Among The !Kung,” in Kalahari Hunter-Gatherers, eds. R. B. Lee
and I. DeVore, (Cambridge: Harvard University, 1976); M. J. Konner, “Infancy
Among the Kalahari Desert San,” in Culture and Infancy, eds. P. H. Leiderman, 
S. R. Tulkin, and A. Rosenfeld (New York: Academic , 1977).

p. 306 !Kung San nurse continually: Melvin J. Konner and Carol Worthman, “Nursing
Frequency, Gonadal Function, and Birth Spacing Among !Kung Hunter-Gatherers,”
Science 207 (1980), 788–791.

p. 306 Six-second nurturing response: 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).

p. 306 Hadza Studies: 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, 1993), 309–326.

p. 306 Central African Pygmies: Barry S. Hewlett, Intimate Fathers: The Nature and Context
of Aka Pygmy Paternal Infant Care (Ann Arbor: University of Michigan, 1991); Gilda
A. Morelli and Edward Z. Tronick, “Efe Fathers: One Among Many? A Comparison
of Forager Children’s Involvement with Fathers and Other Males,” Social Develop-
ment 1:1 (1992), 36–54; Edward Z. Tronick, Gilda A. Morelli, and Paula K. Ivey,
“The Efe Forager Infant and Toddler’s Pattern of Social Relationships: Multiple and
Simultaneous,” Developmental Psychology 28:4 (1992), 568–577.

p. 306 Non-African hunter-gatherers similar: Kim Hill and Magdalena Hurtado, Ache Life
History: The Ecology and Demography of a Foraging People (New York: Aldine de
Gruyter, 1996); A. R. Holmberg, Nomads of the Long Bow: The Siriono of Eastern
Bolivia (Garden City, N.Y.: Natural History, 1969); P. M. Gardner, “The Paliyans,”
in Hunters and Gatherers Today, ed. M. G. Bicchieri (New York: Holt, Rinehart &
Winston, 1972); P. Bion-Griffin and Agnes Estioko-Griffin, The Agta of Northeast-
ern Luzon: Recent Studies Humanities Series 16 (Cebu City, Philippines: San Car-
los, 1985), 189; Asen Balikci, The Netsilik Eskimo (Garden City, N.Y.: Natural His-
tory, 1970), 264.

p. 306 Ben Shaul and others: D. M. Ben Shaul, “The Composition of the Milk of Wild
Animals,” International Zoological Year Book 4 (1962), 333–342; T. H. Clutton-



notes and references

Brock, The Evolution of Parental Care (Princeton, N.J.: Princeton University,
1991), 352.

p. 307 Feeding of carriers and followers: Nicholas Blurton Jones, “Comparative Aspects of
Mother-Child Contact,” in Ethological Studies of Child Behaviour, ed. Nicholas
Blurton Jones (Cambridge: Cambridge University, 1972).

p. 307 !Kung nursing bouts: Konner and Worthman, “Nursing Frequency”; Melvin J. 
Konner, “Infancy Among the Kalahari Desert San.”

p. 307 !Kung weaning style and results: Patricia Draper, !Kung Bushman Childhood (Cam-
bridge: Harvard University, 1972).

p. 307 Bowlby: Bowlby, Attachment and Loss.
p. 307 Bowlby framework extended: Susan Goldberg, “Recent Developments in Attach-

ment Theory and Research,” Canadian Journal of Psychiatry 36 (1991), 393–400;
Jude Cassidy and Philip R. Shaver, Handbook of Attachment, xvii, 925; Mary Main,
“Attachment Theory: Eighteen Points with Suggestions for Future Studies,” in 
Cassidy and Shaver, Handbook of Attachment, 845–887.

p. 307 Bowlby not last word in attachment theory: Jay Belsky, “Modern Evolutionary The-
ory and Patterns of Attachment,” in Cassidy and Shaver, Handbook of Attachment,
141–161.

p. 307 Bowlby is durable: Jude Cassidy, “The Nature of the Child’s Ties,” in Cassidy and
Shaver, Handbook of Attachment, 3–20.

p. 307 Bowlby grounded in Darwin: Jeffry A. Simpson, “Attachment Theory in Modern Evo-
lutionary Perspective,” in Cassidy and Shaver, Handbook of Attachment, 115–140.

p. 307 Bowlby consistent with psychodynamic theory: Peter Fonagy, “Psychoanalytic The-
ory from the Viewpoint of Attachment Theory and Research,” in Cassidy and
Shaver, Handbook of Attachment, 595–624.

p. 307 Role of attunement: Daniel N. Stern, The Interpersonal World of the Infant: A View
from Psychoanalysis and Developmental Psychology (New York: Basic Books, 1985).

p. 307 Emphasis on maternal protection: Susan Goldberg, Joan E. Grusec, and Jennifer
M. Jenkins, “Confidence in Protection: Arguments for a Narrow Definition of
Attachment,” Journal of Family Psychology 13:4 (1999), 475–483; and “Narrow
View of Attachment or Broad View of Protection? Rejoinder to the Commen-
taries,” Journal of Family Psychology 13:4 (1999), 504–507.

p. 307 Decades of research not based on attachment: Michael Lewis and Leonard A.
Rosenblum, The Effect of the Infant on Its Caregiver (New York: John Wiley & Sons,
1973); eds. M. Lewis and Leonard A. Rosenblum, The Development of Affect, Vol. 1,
Genesis of Behavior, eds. M. Lewis and Leonard A. Rosenblum (New York: Plenum,
1978), 426; Heidelise Als, Edward Tronick, and T. Berry Brazelton, “Affective Reci-
procity and the Development of Autonomy,” Journal of the American Academy of
Child Psychiatry 19 (1980), 22–40; Lynne Murray and Colwyn Trevarthen, “Emo-
tional Regulation of Interactions Between Two-Month-Olds and Their Mothers,” in
Social Perception in Infants, eds. T. M. Field and Nathan A. Fox (Norwood, N.J.:
Ablex, 1985); ed. Philippe Rochat, Early Social Cognition: Understanding Others in
the First Months of Life (Mahwah, N.J.: Lawrence Erlbaum, 1999).

p. 307 Life-history theory: Eric L. Charnov, Life History Invariants: Some Explorations of
Symmetry in Evolutionary Ecology (New York: Oxford University, 1993); E. R.
Pianka, “On ‘r’ and ‘K’ Selection,” American Naturalist 104 (1970), 453–464; E.
Pianka, Evolutionary Ecology (New York: Harper & Row, 1988); Stephen C.
Stearns and Jacob C. Koella, “The Evolution of Phenotypic Plasticity in Life-History
Traits: Predictions of Reaction Norms for Age and Size at Maturity,” Evolution 40:5
(1986), 893–913; Stephen C. Stearns, “The Evolutionary Significance of Pheno-



the tangled wing

typic Plasticity,” Bioscience 39:7 (1989), 436–445; and The Evolution of Life Histories
(Oxford: Oxford University, 1992); Serge Daan and Sean Nee, “The Phylogenetic
Foundations of Behavioural Ecology,” in Behavioural Ecology: An Evolutionary
Approach, eds. John R. Krebs and Nicholas B. Davies (Cambridge: Cambridge
University, 1997), 334; D. E. L. Promislow and Paul H. Harvey, “Living Fast and
Dying Young: A Comparative Analysis of Life History Variation Among Mammals,”
Journal of Zoology 220 (1990), 417–437.

p. 307 Draper contribution: Patricia Draper and Henry Harpending, “Parent Investment
and the Child’s Environment,” in Parenting Across the Life Span: Biosocial Dimen-
sions, eds. Jane B. Lancaster, J. Altmann, A. S. Rossi, and L. R. Sherrod (New York:
Aldine de Gruyter, 1987) 207–236.

p. 307 Chisholm contribution: James S. Chisholm, “Death, Hope, and Sex: Life-History
Theory and the Development of Reproductive Strategies,” Current Anthropology
34:1 (1993), 1–24; “The Evolutionary Ecology of Attachment Organization,”
Human Nature 7:1 (1996), 1–38; and Death, Hope and Sex: Steps to an Evolutionary
Ecology of Mind and Morality (New York: Cambridge University, 1999), xiv, 296.

p. 307 Belsky contribution: Jay Belsky, “Modern Evolutionary Theory”; Jay Belsky, Laurence
Steinberg, and Patricia Draper, “Childhood Experience, Interpersonal Develop-
ment, and Reproductive Strategy: An Evolutionary Theory of Socialization,” Child
Development 62 (1991), 647–670.

p. 307 Hrdy’s book: Sarah Blaffer Hrdy, Mother Nature: A History of Mothers, Infants, and
Natural Selection (New York: Pantheon, 1999).

p. 308 All species have life histories: Charnov, Life History Invariants; Pianka, “On ‘r’ and
‘K’ Selection”; Stearns and Koella, “Phenotypic Plasticity in Life-History Traits”;
Stearns, Evolution of Life Histories; S. C. Stearns, “Trade-Offs in Life-History Evo-
lution,” Functional Ecology 3 (1989), 259–268.

p. 308 Example of poor environment and rejecting mother: Chisholm, “Death, Hope, and
Sex: Life-History Theory”; Jay Belsky, L. Steinberg, and Patricia Draper, “Child-
hood Experience, Interpersonal Development, and Reproductive Strategy: An Evo-
lutionary Theory of Socialization,” Child Development 62 (1991), 647–670.

p. 308 Hrdy’s approach restores compassion: Hrdy, Mother Nature.
p. 308 Amygdala and life-history strategies: James S. Chisholm, “Steps to an Evolutionary

Ecology of Mind,” in Biocultural Approaches to the Emotions: Publications of the
Society for Psychological Anthropology, ed. A. L. Hinton (New York: Cambridge
University, 1999), 117–149.

p. 308 Uncertainty about effects of early nurturing: Harris, Nurture Assumption; Ross A.
Thompson, “Early Attachment and Later Development,” in Cassidy and Shaver,
Handbook of Attachment, 265–286.

p. 308 Great clinical questions: Michael Rutter and Thomas G. O’Connor, “Implications
of Attachment Theory for Child Care Policies,” in Cassidy and Shaver, Handbook
of Attachment, 823–844; David Hamburg, Today’s Children: Creating a Future for a
Generation in Crisis (New York: Times Books/Random House, 1992); Melvin J.
Konner, Childhood: A Multicultural View (Boston: Little, Brown, 1991).

p. 309 Classic writings on attachment behavior: Bowlby, Attachment and Loss, Vol. 1; eds.
Mary D. Ainsworth, M. C. Blehar, E. Waters, and S. Wall, Patterns of Attachment:
A Psychological Study of the Strange Situation (Hillsdale, N.J.: Lawrence Erlbaum,
1978); Mary D. Salter Ainsworth, Silvia Bell, and Donelda F. Stayton, “Infant-
Mother Attachment and Social Development: Socialisation as a Product of Recip-
rocal Responsiveness to Signals,” in The Integration of the Child into a Social
World, ed. Martin P. M. Richards (Cambridge: Cambridge University, 1974).



notes and references

p. 309 !Kung and western infants show attachment behaviors at similar ages: Ijzendoorn
and Sagi, “Cross-Cultural Patterns of Attachment.”

p. 309 Early attachment essential to later mental health: John Bowlby, “Maternal Care and
Mental Health,” Bulletin of the World Health Organization 3 (1951), 355–364.

p. 310 Main quotation: Main, “Attachment Theory,” 849.
p. 310 Emphasis on early attachment: Freud, “Outline of Psycho-Analysis”; Fonagy, “Psy-

choanalytic Theory”; Stern, Interpersonal World of the Infant; Bowlby, Attachment
and Loss; Erik H. Erikson, Childhood and Society (New York: W. W. Norton,
1950); Peter Fonagy, “Points of Contact and Divergence Between Psychoanalytic
and Attachment Theories: Is Psychoanalytic Theory Truly Different?,” Psychoana-
lytic Inquiry 19:4 (1999), 448–480.

p. 310 Benjamin Spock: Benjamin Spock, Baby and Child Care (New York: Pocket
Books/Simon & Schuster, 1968); Baby and Child Care (New York: Pocket Books,
1976), 223–229; Benjamin Spock and Michael B. Rothenberg, Dr. Spock’s Baby
and Child Care (New York: Pocket Books/Simon & Schuster, 1985); Benjamin
Spock and Steven J. Parker, Dr. Spock’s Baby and Child Care, 7th Ed. (New York:
Pocket Books/Simon & Schuster, 1998).

p. 310 “unspoiling”: Spock and Parker, Dr. Spock’s Baby and Child Care, 217–222.
p. 311 Ill effects of multiple caregiving not shown: John Bowlby, “Maternal Care”; and

Deprivation of Maternal Care (New York: Schocken, 1966).
p. 311 Shared caregiving among Efe Pygmies: Tronick, Morelli, and Ivey, “Efe Forager

Infant”; Edward Z. Tronick, Gilda A. Morelli, and S. Winn, “Multiple Caretaking
of Efe (Pygmy) Infants,” American Anthropologist 89 (1987), 96–106.

p. 311 Kikiyu multiple attachments: P. Herbert Leiderman and Gloria F. Leiderman, “Eco-
nomic Change and Infant Care in an East African Agricultural Community,” in
Culture and Infancy, eds. P. Herbert Leiderman, S. R. Tulkin, and A. Rosenfeld
(New York: Academic, 1977).

p. 311 LeVine’s observations of Gusii: LeVine, Child Care and Culture.
p. 311 Hausa, Dogon, and others: Robert A. LeVine, “Mother-Infant Interaction in Cross-

Cultural Perspective,” in Uniting Psychology and Biology: Integrative Perspectives on
Human Development, eds. N. L. Segal, G. E. Weisfeld, and C. C. Weisfeld (Wash-
ington, D.C.: American Psychological Association, 1977), 339–354.

p. 311 Tragedy makes maternal attachment impossible: Carollee Howes, “Attachment
Relationships in the Context of Multiple Caregivers,” in Cassidy and Shaver, Hand-
book of Attachment, 671–687.

p. 311 Attachment in kibbutz: Abraham Sagi, Marinus H. van Ijzendoorn, Ora Aviezer,
Frank Donell, Nina Koren-Karie, Tirtsa Joels, and Yael Harel, “Attachments in a
Multiple-Caregiver and Multiple-Infant Environment: The Case of the Israeli Kib-
butzim,” Monographs of the Society for Research in Child Development 244:60
(1995), 71–91.

p. 311 Infants consistently choose one caregiver: eds. Jerome Kagan, R. B. Kearsley, and P. R.
Zelazo, Infancy: Its Place in Human Development (Cambridge: Harvard University, 1978).

p. 311 Mother’s workload key influence: Whiting and Edwards, Children of Different Worlds;
Beatrice B. Whiting, Six Cultures: Studies of Child Rearing (New York: John Wiley
& Sons, 1963); and “Work and the Family: Cross-Cultural Perspectives,” in Women:
Resource for a Changing World (Cambridge: Radcliffe Institute, 1972).

p. 311 Ninety societies sample: H. Barry and L. M. Paxson, “Infancy and Early Childhood:
Cross-Cultural Codes,” Ethnology 10 (1971), 467–508.

p. 311 Close sleeping of mother and young: Melvin J. Konner, “Evolution of Human
Behavior Development,” in Handbook of Cross-Cultural Human Development,



the tangled wing

eds. Robert L. Munroe, Ruth H. Munroe, and Beatrice B. Whiting (New York:
Garland, 1981), 3–51; James J. McKenna, “Primate Infant Caregiving Behavior:
Origins, Consequences, and Variability with Emphasis on the Common Indian
Langur Monkey,” in Parental Care in Mammals, ed. D. J. Gubernick (New York:
Plenum, 1981), 389–416; eds. Michael E. Pereira and Lynn A. Fairbanks, Juvenile
Primates: Life History, Development, and Behavior (New York: Oxford University,
1993).

p. 312 Co-sleeping protection against sudden infant death syndrome?: Melvin J. Konner
and Charles M. Super, “Sudden Infant Death Syndrome: An Anthropological
Hypothesis,” in The Role of Culture in Developmental Disorder, ed. Charles M.
Super (New York: Academic, 1987), 95–108.

p. 312 Ongoing McKenna research: James J. McKenna, E. B. Thoman, T. F. Anders, A.
Sadeh, V. L. Schectman, and S. F. Glotzbach, “Infant-Parent Co-Sleeping in an
Evolutionary Perspective: Implication for Understanding Infant Sleep Development
in the Sudden Infant Death Syndrome,” Sleep 16:3 (1993), 23–28; James McKenna,
Sarah Mosko, and Chris Richard, “Breastfeeding and Mother-Infant Cosleeping in
Relation to SIDS Prevention,” in Evolutionary Medicine, eds. W. R. Trevathan, 
E. O. Smith, and James J. McKenna (New York: Oxford University, 1999), 53.

p. 312 Artifacts of our sleeping arrangements: J. Bernal, “Night-Waking in Infants During
the First Fourteen Months,” Developmental Medicine and Child Neurology 15
(1973), 760.

p. 312 “There is a sensible way of treating children . . .”: John B. Watson, Psychological Care
of Infant and Child (New York: W. W. Norton, 1928), 83–87.

p. 312 Spock’s counsel: Spock, Baby and Child Care, 1968 ed., 227–229.
p. 313 First edition milder: Benjamin Spock, The Pocket Book of Baby and Child Care

(New York: Pocket Books, 1946).
p. 313 Ferber vs. Sears: Richard Ferber, Solve Your Child’s Sleep Problems (New York:

Simon & Schuster, 1986); William Sears and Mary White, Nighttime Parenting: A
La Leche League International Book, Rev. Ed. (New York: Plume, 1999).

p. 314 “Rendezvous”: Jill Hoffman, “Rendezvous,” in Mink Coat (New York: Holt, Rine-
hart & Winston, 1973), 38.

p. 314 Comparison of !Kung and London children: Nicholas 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).

p. 314 !Kung women in labor: Melvin J. Konner and Marjorie J. Shostak, “Timing and
Management of Birth Among the !Kung: Biocultural Interaction in Reproductive
Adaptation,” Cultural Anthropology 2 (1987), 11–28.

p. 314 Hidden co-sleeping subculture: Terry B. Brazelton, “Commentary: Parent-Infant 
Co-Sleeping Revisited,” Ab Initio 2:1 (1990), 1–7; C. Hanks and F. Rebelsky,
“Mommy and the Midnight Visitor: A Study of Occasional Co-Sleeping,” Psychiatry
40 (1977), 277–280; B. Lozoff, A. Wolf, and N. Davis, “Co-sleeping in Urban Fam-
ilies with Young Children in the United States,” Pediatrics 74:2 (1984), 171–182;
Alvin A. Rosenfeld, Anne O’Reilly Wenegrat, Diane K. Haavik, Brant G. Wenegrat,
and Carole R. Smith, “Sleeping Patterns in Upper-Middle-Class Families When
the Child Awakens Ill or Frightened,” Archives of General Psychiatry 39 (1982),
943–947.

p. 314 Elias research on La Leche League: Marjorie F. Elias, Nancy A. Nicolson, Carolyn
Bora, and Johanna Johnston, “Sleep/Wake Patterns of Breast-Fed Infants in the First
2 Years of Life,” Pediatrics 77:3 (1986), 322–329; Marjorie F. Elias, N. A. Nichol-



notes and references

son, and Melvin J. Konner, “Two Sub-Cultures of Maternal Care in the United
States,” in Current Perspectives in Primate Social Dynamics, eds. D. M. Taub and 
F. A. King (New York: Van Nostrand Reinhold, 1986).

p. 314 “basic trust” necessary: Erikson, Childhood and Society.
p. 314 Infants whose mothers respond cry less: Silvia M. Bell and Mary D. Salter Ainsworth,

“Infant Crying and Maternal Responsiveness,” Child Development 43 (1972),
1171–1190; Ainsworth et al., Patterns of Attachment.

p. 314 Toddlers respond more maturely to separation: L. Alan Sroufe and Everett Waters,
“Attachment as an Organizational Construct,” Child Development 48 (1977),
1184–1199.

p. 315 Findings have been challenged: Barbara C. Etzel and Jacob L. Gewirtz, “Experi-
mental Modification of Caretaker-Maintained High-Rate Operant Crying in a 
6- and a 20-Week-Old Infant (Infans tyrannotearus): Extinction of Crying with
Reinforcement of Eye Contact and Smiling,” Journal of Experimental Child Psy-
chology 5:3 (1967), 303–317; eds. Jacob L. Gewirtz and William M. Kurtines, Inter-
sections with Attachment (Hillsdale, N.J.: Lawrence Erlbaum, 1991).

p. 315 Continuity strong: Nancy S. Weinfield, L. Alan Stroufe, Byron Egeland, and 
Elizabeth A. Carlson, “The Nature of Individual Differences in Infant-Caregiver
Attachment,” in Cassidy and Shaver, Handbook of Attachment, 68–88.

p. 315 Continuity modest or equivocal: Thompson, “Early Attachment and Later Devel-
opment.”

p. 315 Controversial but sustainable claim: Harris, “Where Is the Child’s Environment?”;
and Nurture Assumption.

p. 315 Support “surprisingly sparse”: Suomi, “Early Determinants.”
p. 315 Best intervention studies: Dymphna van Den Boom “Do First-Year Intervention

Effects Endure? Follow-Up During Toddlerhood of a Sample of Dutch Irritable
Infants,” Child Development 66 (1995), 1798–1816.

p. 315 Statistical analysis of several studies: M. DeWolff and Marinus H. van Ijzendoorn,
“Sensitivity and Attachment: A Meta-Analysis on Parental Antecedents of Infant
Attachment,” Child Development 68 (1997), 571–591.

p. 315 Intervention studies: M. H. van Ijzendoorn, F. Juffer, and M. G. C. Duyvesteyn,
“Breaking the Intergenerational Cycle of Insecure Attachment: A Review of the
Effects of Attachment-Based Interventions on Maternal Sensitivity and Infant Secu-
rity,” Journal of Child Psychology and Psychiatry 36 (1995), 225–248.

p. 315 “that Ainsworth’s core theoretical proposition . . .”: Jay Belsky, “Interactional and
Contextual Determinants of Attachment Security,” in Cassidy and Shaver, Hand-
book of Attachment, 253.

p. 316 Lack of parallel to !Kung social support of mothers: Melvin J. Konner, “Relations
Among Infants and Juveniles in Comparative Perspective,” in Friendship and Peer
Relations, eds. M. Lewis and Leonard Rosenblum (New York: John Wiley & Sons,
1974).

p. 316 “gentle-and-tumble play”: Konner, “Development Ethology of a Foraging People.”
p. 316 Shostak interviews: Marjorie Shostak, Nisa: The Life and Words of a !Kung Woman

(Cambridge: Harvard University, 1991); and Return to Nisa (Cambridge: Harvard
University, 2000).

p. 316 Frank on “irrational feelings”: Robert H. Frank, Passions Within Reason: The Strate-
gic Role of the Emotions (New York: W. W. Norton, 1988).

p. 316 Instability of !Kung early marriages: N. Howell, Demography of the Dobe !Kung
(New York: Academic, 1979), 174; Lorna Marshall, “Marriage Among !Kung Bush-
men,” Africa 29 (1959), 335–365.



the tangled wing

p. 316 Russell’s trial marriage idea: Bertrand Russell, Autobiography, Vol. 2 (Boston: Little,
Brown, 1968), 333–365; and Marriage and Morals (New York: Liveright, 1929).

p. 316 Nisa and sequel: Shostak, Nisa and Return to Nisa.
p. 317 Nisa quotation: Shostak, Nisa, 271.
p. 317 “Her lover may have been away . . .”: Shostak, Nisa, 274.
p. 317 Shostak on appeal of affairs: Shostak, Nisa, 267–268.
p. 317 “limerence”: Dorothy Tennov, Love and Limerence: The Experience of Being in Love

(New York: Stein & Day, 1980), 324.
p. 317 Some men turn violent: Brian H. Spitzberg and William R. Cupach, The Dark Side

of Close Relationships (Hillsdale, N.J.: Lawrence Erlbaum, 1998); Margo I. Wilson
and Martin Daly, “An Evolutionary Psychological Perspective on Male Sexual Pro-
prietariness and Violence Against Wives,” Violence and Victims 8 (1993), 271–294;
Margo I. Wilson, Martin Daly, and C. Wright, “Uxoricide in Canada: Demo-
graphic Risk Patterns,” Canadian Journal of Criminology 37 (1993), 331–361; Erica
Goode, “When Women Find Love Is Fatal,” in The New York Times (February 15,
2000), D1, D6.

p. 318 Person’s thesis: Ethel Spector Person, Dreams of Love and Fateful Encounters: The
Power of Romantic Passion (New York: W. W. Norton, 1988).

p. 318 “Sex is a sacred rite . . .”: Person, Dreams of Love, 12.
p. 318 “Love is the only appetite . . .”: Person, Dreams of Love, 87.
p. 318 “Love serves to assuage the sorrows . . .”: Person, Dreams of Love, 117.
p. 318 “The metaphor . . . is that of a branch . . .”: Person, Dreams of Love.
p. 318 “The most outlandish people . . .”: Carson McCullers, cited in Person, Dreams of

Love, 36.
p. 319 “Yet, . . . well then?” Virginia Woolf, cited in Person, Dreams of Love, 18.
p. 319 “Love is an act of the imagination . . .”: Person, Dreams of Love, 20.
p. 319 “Last night made it seven my eyes missed my kitten . . .”: John L. Foster, Love Songs

of the New Kingdom, Translated from the Ancient Egyptian by John L. Foster (New
York: Scribner’s, 1974), 58.

p. 319 “Love is as strong as death . . .”: The King James Bible, Son of Solomon 7:6.
p. 319 “a discourse of defiance . . .”: Lila Abu-Lughod, Veiled Sentiments: Honor and Poetry

in a Bedouin Society (Berkeley: University of California, 1986), xix.
p. 319 “Now the nights grow cold . . .”: Tanka by Princess Yoza, translated by Sam Hamill, in

his Only Companion: Japanese Poems of Love and Longing (Boston: Shambala, 1992).
p. 320 Jankowiak’s book of examples: William Jankowiak and Edward Fischer, “A Cross-

Cultural Perspective on Romantic Love,” Ethnology 13:2 (1992), 149–155; ed.
William Jankowiak, Romantic Passion: A Universal Experience? (New York: Colum-
bia University, 1995).

p. 320 “I didn’t want any other men . . .”: Helen Harris, “Rethinking Heterosexual Rela-
tionships in Polynesia: A Case Study of Mangaia, Cook Island,” in Jankowiak,
Romantic Passion, 115.

p. 320 “It’s both feelings and sex . . .”: Harris, “Rethinking Heterosexual Relationships,” 109.
p. 320 “We felt together—close . . .”: Harris, “Rethinking Heterosexual Relationships.”
p. 320 “While romance was seldom the basis . . .”: William Jankowiak, “Romantic Passion

in the People’s Republic of China,” in Jankowiak, Romantic Passion, 80.
p. 320 Courtship-by-mail: Elizabeth Ahearn, interviewed by Erica Goode, “Arranged Mar-

riage Gives Way to Courtship by Mail,” in The New York Times (February 9, 1999), D4.
p. 320 Marmosets and plural mating: A. W. Goldizen, “A Comparative Perspective on the

Evolution of Tamarin and Marmoset Social Systems,” International Journal of Pri-
matology 11 (1987), 63–83; W. A. Mason and S. P. Mendoza, “Generic Aspects of



notes and references

Primate Attachments: Parents, Offspring and Mates” (in-process citation), Psy-
choneuroendocrinology 23:8 (1998), 765–778.

p. 320 Gibbons not strictly faithful: Ann Gibbons, “‘Monogamous’ Gibbons Really Swing,”
Science 280 (1998), 677–678; Paul A. Garber, “Phylogenetic Approach to the Study of
Tamarin and Marmoset Social Systems,” American Journal of Primatology 34 (1994),
199–219; Donna Robbins Leighton, “Gibbons: Territoriality and Monogamy,” in 
Primate Societies, eds. Barbara B. Smuts, D. L. Cheney, R. M. Seyfarth, R. W. Wrangham,
and T. T. Struhsaker (Chicago: University of Chicago, 1987), 135–145.

p. 321 Smuts’s classic study: Barbara B. Smuts, Sex and Friendship in Baboons (New York:
Aldine de Gruyter, 1985).

p. 321 Bonobo sex: Takayoshi Kano, “The Sexual Behavior of Pygmy Chimpanzees,” in
Understanding Chimpanzees, eds. P. G. Heltne and L. A. Marquardt (Cambridge:
Harvard University/Chicago Academy of Sciences, 1989), 176–183; Chie
Hashimoto and Takeshi Furuichi, “Social Role and Development of Noncopula-
tory Sexual Behavior of Wild Bonobos,” in Chimpanzee Cultures, eds. Richard W.
Wrangham, W. C. McGrew, F. B. M. de Waal, and P. G. Heltne, (Cambridge: Har-
vard University, 1994), 155–168; Frans de Waal, “Bonobo Sex and Society,” Scien-
tific American 272:3 (1995), 82–88; Richard Wrangham, “The Evolution of Sexual-
ity in Chimpanzees and Bonobos,” Human Nature 4 (1993), 47.

p. 321 Temporary couples among chimps: L. Tutin and William McGrew, “Sexual Behav-
ior of Group-Living Adolescent Chimpanzees,” American Journal of Physical
Anthropology 38 (1973), 195–199; Patrick R. McGinnis, “Sexual Behavior in Free-
Living Chimpanzees: Consort Relationships,” in The Great Apes, eds. David A.
Hamburg and Elizabeth R. McCown (Menlo Park, Calif.: Benjamin Cummings,
1979), 429–440.

p. 321 “During sudden alarms . . .”: Jane Goodall, The Chimpanzees of Gombe: Patterns of
Behavior (Cambridge: Harvard University, 1986), 463.

p. 321 “there were many sessions . . .” : Goodall, Chimpanzees of Gombe, 464.
p. 322 Sappho verse: Sappho, Lyrics in the Original Greek (New York: New York Univer-

sity, 1965), 11.
p. 322 Person quotation: Person, Dreams of Love, 37–38.
p. 322 Porges research: Stephen W. Porges, “Orienting in a Defensive World: Mammalian

Modifications of Our Evolutionary Heritage: A Polyvagal Theory,” Psychophysiol-
ogy 32 (1995), 301–318; “Emotion: An Evolutionary By-Product of the Neural Reg-
ulation of the Autonomic Nervous System,” Annals of the New York Academy of Sci-
ences 807 (1997), 62–77; and “Love: An Emergent Property of the Mammalian
Autonomic Nervous System” (in-process citation), Psychoneuroendocrinology 23:8
(1998), 837–861.

p. 323 Work of Sue Carter and others: C. Susan Carter, “Neuroendocrine Perspectives on
Social Attachment and Love,” Psychoneuroendocrinology 23 (1998), 779–818.

p. 323 Kling and Steklis findings: Arthur Kling and Horst Steklis, “A Neural Substrate for
Affiliative Behavior in Nonhuman Primates,” Brain, Behavior and Evolution 13
(1976), 216–238.

p. 323 Social context affects brain surgery: Arthur Kling and Leslie Brothers, “The Amyg-
dala and Social Behaviour,” in Neurobiological Aspects of Emotion, Memory and
Mental Dysfunction, ed. J. Aggleton (New York: Wiley-Liss, 1992); Leslie Brothers,
Friday’s Footprint: How Society Shapes the Human Mind (New York: Oxford Uni-
versity, 1997), 187.

p. 323 Damasio’s theory of emotion: Antonio Damasio, Descartes’ Error: Emotion, Reason,
and the Human Brain (New York: G. P. Putnam’s Sons, 1994); “The Somatic



the tangled wing

Marker Hypothesis and the Possible Functions of the Prefrontal Cortex,” Philo-
sophical Transactions of the Royal Society of London B Biological Sciences 351:1346
(1996), 1413–1420; and “Emotion in the Perspective of an Integrated Nervous Sys-
tem,” Brain Research Review 26:2,3 (1998), 83–86.

p. 323 Myelination and fear of separation: Melvin J. Konner, “Universals of Behavioral
Development in Relation to Brain Myelination,” 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. 323 Fox research: Nathan A. Fox, “Temperament and Regulation of Emotion in the
First Years of Life,” Pediatrics 102:5 (1998), 1230–1235; Nathan A. Fox and Judith
A. Card, “Psychophysiological Measures in the Study of Attachment,” in Cassidy
and Shaver, Handbook of Attachment, 226–245.

p. 323 Gunnar research: Megan R. Gunnar, L. Brodersen, M. Nachmias, K. Buss, and J.
Rigatuso, “Stress Reactivity and Attachment Security,” Developmental Psychobiol-
ogy 29:3 (1996), 191–204; Megan R. Gunnar, “Quality of Early Care and Buffering
of Neuroendocrine Stress Reactions: Potential Effects on the Developing Human
Brain,” Preventive Medicine 27:2 (1998), 208–211.

p. 323 Spangler and Grossman research: Gottfried Spangler and Karin Grossman, “Individual
and Physiological Correlates of Attachment Disorganization in Infancy,” in Attach-
ment Disorganization, ed. J. G. C. Solomon (New York: Guilford, 1999), 95–124.

p. 324 Prepubertal changes involved: Martha K. McClintock and Gilbert Herdt, “Rethink-
ing Puberty: The Development of Sexual Attraction,” Current Directions in Psycho-
logical Science 5:6 (1996), 178–183.

p. 324 Erotic affections dependent on pubertal hormones: J. Richard Udry, “Hormonal and
Social Determinants of Adolescent Sexual Initiation,” in Adolescence and Puberty,
eds. J. Bancroft and J. M. Reinisch (New York: Oxford University, 1990), 70–87; 
C. T. Halpern, J. R. Udry, and C. Suchindran, “Testosterone Predicts Initiation of
Coitus in Adolescent Females,” Psychosomatic Medicine 59:2 (1997), 161–171; and
“Monthly Measures of Salivary Testosterone Predict Sexual Activity in Adolescent
Males,” Archives of Sexual Behavior 27:5 (1998), 445–465.

p. 324 Studies of physiology in parenting in animals: Judith M. Stern, “Somatosensation
and Maternal Care in Norway Rats,” in Parental Care: Evolution, Mechanisms, and
Adaptive Significance, eds. Jay S. Rosenblatt and C. T. Snowdon (San Diego: Aca-
demic, 1996), 243–294; Michael Numan, “Maternal Behavior,” in The Physiology
of Reproduction, 2d Ed., eds. E. Knobil and J. D. Neill (New York: Raven, 1994),
221–302; Michael Numan and T. P. Sheehan, “Neuroanatomical Circuitry for
Mammalian Maternal Behavior,” Annals of the New York Academy of Sciences 807
(1997), 101–125; Lawrence J. Young and Thomas R. Insel, “Parental Behavior,” in
Behavioral Neuroendocrinology, 2d Ed. in press, eds. Jill Becker, Marc Breedlove,
and David Crews (Cambridge: MIT, 1992).

p. 324 Nurturance adaptations in male pigeons and doves: John D. Buntin, “Neural and
Hormonal Control of Parental Behavior in Birds,” in Snowdon and Rosenblatt,
Parental Care, 161–213.

p. 324 Carter vole research: Carter, “Neuroendocrine Perspectives.”
p. 325 Decade of elegant research: Thomas R. Insel, “A Neurobiological Basis of Social

Attachment,” American Journal of Psychiatry 154:6 (1997), 726–735; “Toward a
Neurobiology of Attachment,” Review of General Psychology 4:2 (2000),
176–185.

p. 325 Oxytocin and vasopressin changed mammalian destiny: David O. Norris, Vertebrate
Endocrinology, 3d Ed. (San Diego: Academic, 1997), 634.



notes and references

p. 325 Social amnesia in oxytocin knockout mice: Jennifer N. Ferguson, Larry J. Young,
Elizabeth F. Hearn, Martin M. Matzuk, Thomas R. Insel, and James T. Winslow,
“Social Amnesia in Mice Lacking the Oxytocin Gene,” Nature Genetics 25 (2000),
284–288.

p. 325 Variety of mating and parenting patterns involves how brain reacts to hormones:
Zuoxin Wang, Terrence J. Hulihan, and Thomas R. Insel, “Sexual and Social Expe-
rience Is Associated with Different Patterns of Behavior and Neural Activation in
Male Prairie Voles,” Brain Research 767 (1997), 321–332; Thomas R. Insel, “A
Neurobiological Basis of Social Attachment,” American Journal of Psychiatry 154
(1997), 726–735.

p. 325 Findings specific: Lawrence J. Young, Zuoxin Wang, and Thomas R. Insel, “Neu-
roendocrine Bases of Monogamy,” Trends in Neuroscience 21:2 (1998), 71–75.

p. 326 Effects of vasopressin and oxtyocin on partner loyalty and sex act: J. T. Winslow, 
N. Hastings, C. Sue Carter, C. R. Harbaugh, and Thomas R. Insel, “A Role for
Central Vasopressin in Monogamous Prairie Voles,” Nature 365 (1993), 545–548.

p. 326 Fickle vole habits unchanged by oxytocin: J. T. Winslow, L. E. Shapiro, C. Sue
Carter, and Thomas R. Insel, “Oxytocin and Complex Social Behaviors: Species
Comparisons,” Psychopharmacology Bulletin 29 (1993), 409–414.

p. 326 Stimulation of reward circuits promotes partner preference: Brenden Gingrich, Yan
Liu, Carissa Cascio, Zuoxin Wang, and Thomas R. Insel, “Dopamine D2 Receptors
in the Nucleus Accumbens Are Important for Social Attachment in Female Prairie
Voles (Microtus ochrogaster),” Behavioral Neuroscience 114:1 (2000), 173–183.

p. 326 Promoter region subject to mutation: Lawrence J. Young, J. T. Winslow, R. Nilsen,
and T. R. Insel, “Species Differences in V1a Receptor Gene Expression in Monog-
amous and Nonmonogamous Voles: Behavioral Consequences,” Behavioral Neuro-
science 111:3 (1997), 599–605.

p. 326 Vole genes inserted into mice: Lawrence J. Young, J. T. Winslow, Z. Wang, B. Gingrich,
Q. Guo, M. M. Matzuk, and T. R. Insel, “Gene Targeting Approaches to Neuroen-
docrinology: Oxytocin, Maternal Behavior, and Affiliation,” Hormones & Behavior
31:3 (1997), 221–231.

p. 326 Unmouselike pattern in transgenic mice: Lawrence J. Young, Roger Nilsen, Katrina
G. Waymire, Grant R. MacGregor, and Thomas R. Insel, “Increased Affiliative
Response to Vasopressin in Mice Expressing the V1a Receptor from a Monoga-
mous Vole,” Nature 400 (1999), 766–768.

p. 326 Model of emotions as affect programs: Griffiths, What Emotions Really Are.
p. 326 Study of brain peptides in marmosets: Zuoxin Wang, D. Toloczko, L. J. Young, K.

Moody, J. D. Newman, and T. R. Insel, “Vasopressin in the Forebrain of Com-
mon Marmosets (Callithrix jacchus): Studies in Situ Hybridization, Immunocyto-
chemistry and Receptor Autoradiography,” Brain Research 768:1,2 (1997),
147–156; Zuoxin Wang, K. Moody, J. D. Newman, and T. R. Insel, “Vasopressin
and Oxytocin Immunoreactive Neurons and Fibers in the Forebrain of Male and
Female Common Marmosets (Callithrix jacchus),” Synapse 27:1 (1997), 14–25.

p. 327 Peak divorce time four years: Helen E. Fisher, “Evolution of Human Serial Pair-
bonding,” American Journal of Physical Anthropology 78 (1989), 331–354;
“Monogamy, Adultery, and Divorce in Cross-Species Perspective,” in Man and
Beast Revisited, eds. M. H. Robinson and Lionel Tiger (Washington, D.C.: Smith-
sonian Institution, 1991), 95–126; and “The Nature and Evolution of Romantic
Love,” in Jankowiak, Romantic Passion, 23–41.

p. 327 Psychological research on attachment ignores distinction: R. Chris Fraley and Philip R.
Shaver, “Adult Romantic Attachment: Theoretical Developments, Emerging Contro-



the tangled wing

versies, and Unanswered Questions,” Review of General Psychology 4:2 (2000),
132–154; Cindy Hazan and Debra Zeifman, “Pair Bonds as Attachments: Evaluating
the Evidence,” in Cassidy and Shaver, Handbook of Attachment, 336–354.

p. 327 Fisher’s two-stage pair-bonding process: Fisher, “Nature and Evolution of Romantic
Love”; Helen Fisher, Anatomy of Love: The Natural History of Monogamy, Adul-
tery, and Divorce (New York: W. W. Norton, 1992).

p. 327 “This effect . . . character”: Steven Stack and J. Ross Eshleman, “Marital Status and
Happiness: A 17-Nation Study,” Journal of Marriage and the Family 60 (1998), 534.

p. 328 Women benefit from marriage: Hara Estroff Marano, “Debunking the Marriage
Myth: It Works for Women Too,” The New York Times (August 4, 1998), B8;
Michael Argyle, “Causes and Correlates of Happiness,” in Well-Being: The Founda-
tions of Hedonic Psychology, eds. Daniel Kahneman, Ed Diener, and Norbert
Schwarz (New York: Russell Sage Foundation, 1999), 353–373; Astrid Riehl-Emde
and Juerg Willi, “‘Is His Marriage Also Her Marriage?’ An Old Question in a New
Light,” System Familie-Forschung und Therapie 12:3 (1999), 132–138.

p. 328 Same sex unions recognized in courts and churches: Carey Goldberg, “Vermont’s
High Court Extends Full Rights to Same-Sex Couples,” in The New York Times
(December 21, 1999), A1, A23; Gustav Niebuhr, “Laws Aside, Some in Clergy
Quietly Bless Gay ‘Marriage,’” The New York Times (April 17, 1998), A1, A20.

p. 328 Increase in cohabitation: Eric Nagourney, “Study Finds Families Bypassing Mar-
riage,” The New York Times (February 15, 2000), D8; Andrew J. Cherlin and Craig
Calhoun, Public and Private Families: An Introduction (New York: McGraw-Hill,
1996), 530; Andrew J. Cherlin, Marriage, Divorce, Remarriage, Rev. Ed. (Cam-
bridge: Harvard University, 1992).

p. 328 Reentry of women into labor force: S. Scarr, “American Child Care Today,” Ameri-
can Psychology 53:2 (1998), 95–108.

p. 328 Parental care in vertebrates: Stephen T. Trumbo, “Parental Care in Invertebrates,”
in Rosenblatt and Snowdon, Parental Care, 3–51.

p. 328 Parental care in fish: Stephen S. Crawford and Eugene K. Balon, “Cause and Effect
of Parental Care in Fishes: An Epigenetic Perspective,” in Rosenblatt and Snowdon,
Parental Care, 53–107.

p. 328 Parental care in amphibians: Martha L. Crump, “Parental Care Among the
Amphibia,” in Rosenblatt and Snowdon, Parental Care, 109–144.

p. 328 Parental care in reptiles: Carl Gans, “An Overview of Parental Care Among the
Reptilia,” in Rosenblatt and Snowdon, Parental Care, 145–157.

p. 328 Parenting vital to reproduction in birds and mammals: Patricia Adair Gowaty, “Field
Studies of Parental Care in Birds: New Data Focus Questions on Variation Among
Females,” in Rosenblatt and Snowdon, Parental Care, 477–531; David J. Guber-
nick, “Parent and Infant Attachment in Mammals,” in Parental Care in Mammals,
ed. D. J. Gubernick (New York: Plenum, 1981), 243–305.

p. 328 Intensification of dependency and mothering in mammals drove advance in brain
evolution: Paul D. MacLean, “Brain Evolution Relating to Family, Play, and the
Separation Call,” Archives of General Psychiatry 42 (1985), 405–417; Michael S.
Mega, Jeffrey L. Cummings, Stephen Salloway, and Paul Malloy, “The Limbic Sys-
tem: An Anatomic, Phylogenetic, and Clinical Perspective,” in The Neuropsychiatry
of Limbic and Subcortical Disorders, eds. S. Salloway, P. Malloy, and J. L. Cum-
mings (Washington, D.C.: American Psychiatric Press, 1997), 3–18.

p. 328 Rise of hormones in onset of mothering: Robert S. Bridges, “Endocrine Regulation of
Parental Behavior in Rodents,” in Mammalian Parenting, eds. N. A. Krasnegor and
R. S. Bridges (New York: Oxford University, 1990), 93–117.



notes and references

p. 328 Hormone treatment of virgin female rat: Howard Moltz, M. Lubin, and M. Numan,
“Hormonal Induction of Maternal Behavior in the Ovariectomized Nulliparous
Rat,” Physiology and Behavior 5 (1971), 1373–1377.

p. 328 Terkel and Rosenblatt study: Joseph Terkel and Jay S. Rosenblatt, “Humoral Factors
Underlying Maternal Behavior at Parturition: Cross Transfusion Between Freely Mov-
ing Rats,” Journal of Comparative and Physiological Psychology 80 (1972), 365–371.

p. 329 Medial preoptic area essential for maternal behavior in rats: Judith M. Stern,
“Somatosensation and Maternal Care in Norway Rats,” in Rosenblatt and Snowdon,
Parental Care; Numan, “Maternal Behavior”; Michael Numan, Jay S. Rosenblatt,
and Barry R. Komisaruk, “Medial Preoptic Area and Onset of Maternal Behavior in
the Rat,” Journal of Comparative and Physiological Psychology 91 (1977), 146–164;
Michael Numan and Marilyn Numan, “A Lesion and Neuroanatomical Tract-
Tracing Analysis of the Role of the Bed Nucleus of the Stria Terminalis in Retrieval
Behavior and Other Aspects of Maternal Responsiveness in Rats,” Developmental
Psychobiology 29:1 (1996), 23–51.

p. 329 Oxytocin injected into rats: Cort A. Pedersen, J. A. Ascher, Y. L. Monroe, and A. J.
Prange, Jr., “Oxytocin Induces Maternal Behavior in Virgin Female Rats,” Science
216 (1982), 648–649.

p. 329 Effects of oxytocin-blocking treatments: Insel, “Neurobiology of Attachment.”
p. 329 “core or elemental . . . rat”: Numan, “Maternal Behavior,” 275.
p. 329 Emphasis on pup retrieval: Numan and Sheehan, “Neuroanatomical Circuitry”;

and Michael Numan, “A Neural Circuitry Analysis of Maternal Behavior in the
Rat,” Acta Paediatrica 397 (1994), 19–28.

p. 329 Feedback from midbrain to higher brain centers: Jaak Panksepp, Affective Neuro-
science: The Foundations of Human and Animal Emotions (New York: Oxford Uni-
versity, 1998), 253ff.

p. 329 Tactile stimulation as separate brain pathway: Stern, “Somatosensation and Mater-
nal Care.”

p. 330 Species differences in biology of mothering: Numan, “Maternal Behavior.”
p. 330 Priming produces maternal behavior in mice: Elaine Noirot, “The Onset of Mater-

nal Behavior in Rats, Hamsters, and Mice: A Selective Review,” Advances in the
Study of Behavior 4 (1972), 107–145.

p. 330 Rosenblatt’s rat priming: Jay S. Rosenblatt, “Nonhormonal Basis of Maternal Behav-
ior in the Rat,” Science 156 (1967), 1512–1514.

p. 330 Priming of hamsters: Martin Richards, “Some Effects of Experience on Maternal
Behavior in Rodents,” in Determinants of Infant Behavior, Vol. 4, ed. B. Foss (Lon-
don: Methuen, 1965).

p. 330 Testosterone reduces maternal behavior in many mammals: M. X. Zarrow, Victor H.
Denenberg, and B. D. Sachs, “Hormones and Maternal Behavior in Mammals,” in
Hormones and Behavior, ed. S. Levine (New York: Academic, 1972).

p. 330 Wang’s marmosets show such adaptations: Wang, “Vasopressin in the Forebrain”;
and “Vasopressin and Oxytocin Immunoreactive Neurons.”

p. 331 Studies of hormone changes under way: Alison S. Fleming, “Hormonal and Experi-
ential Correlates of Maternal Responsiveness in Human Mothers,” in Mammalian
Parenting, eds. N. A. Krasnegor and R. S. Bridges (New York: Oxford University,
1990), 184–208; Michelle P. Warren and Barbara Shortle, “Endocrine Correlates
of Human Parenting: A Clinical Perspective,” in Krasnegor and Bridges, Mam-
malian Parenting, 209–226.

p. 331 Reproductive hormones altered in breast-feeeding: Konner and Worthman, “Nursing
Frequency”; Marjorie F. Elias, Nancy A. Nicolson, Carolyn Bora, and Johanna



the tangled wing

Johnston, “Sleep/Wake Patterns of Breast-Fed Infants in the First 2 Years of Life,”
Pediatrics 77 (1986), 322–329; Marjorie Elias, Jane Teas, Johanna Johnston, and
Carolyn Bora, “Nursing Practices and Lactation Amenorrhoea,” Journal of Bioso-
cial Science 18 (1986), 1–10; Judith M. Stern, M. Konner, T. N. Herman, and S.
Reichlin, “Nursing Behavior, Prolactin and Postpartum Amenorrhoea During Pro-
longed Lactation in American and !Kung Mothers,” Clinical Endocrinology 25
(1986), 247–258.

p. 331 Hormonal changes influence women’s mood and behavior: Judith M. Stern, “Lick-
ing, Touching, and Suckling: Contact Stimulation and Maternal Psychobiology in
Rats and Women,” Annals of the New York Academy of Sciences 474 (1986), 95–107.

p. 331 Preparation for motherhood greater for adoptive mothers: Gretchen Joann Larson,
The Parenting Experiences of Infertile Couples Who Adopt (Chicago: Chicago
School of Professional Psychology, 1999).

p. 331 Molecular methods to determine relatedness: C. Packer, D. A. Gilbert, A. E. Pusey,
and S. J. O’Brien, “A Molecular Genetic Analysis of Kinship and Cooperation in
African Lions,” Nature 351 (1991), 562–565; T. L. Goldberg and Richard W.
Wrangham, “Genetic Correlates of Social Behaviour in Wild Chimpanzees: Evi-
dence from Mitochondrial DNA,” Animal Behavior 54:3 (1997), 559–570.

p. 331 Possible psychological basis of kin tie: Marvin Harris, The Rise of Anthropological
Theory: A History of Theories of Culture (New York: Crowell, 1968), 198–199;
Claude Lévi-Strauss, The Elementary Structures of Kinship (Les Structures Elémen-
taires de la Parenté), Rev. Ed. (London: Eyre & Spottiswoode, 1969).

p. 332 Kinship systems way of ordering the world: Edmund R. Leach, Rethinking Anthro-
pology (New York: Humanities, 1966); Robin Fox, Kinship and Marriage: An
Anthropological Perspective (Baltimore: Penguin, 1967); Encounter with Anthropol-
ogy (New York: Harcourt Brace Jovanovich, 1976); and The Red Lamp of Incest
(New York: E. P. Dutton, 1980).

p. 332 J. B. S. Haldane on sacrifice: J. B. S. Haldane, On Being the Right Size and Other
Essays, ed. J. M. Smith (New York: Oxford University, 1990, orig. 1953), 191.

p. 332 Sociobiologists’ scientific revolution: William D. Hamilton, “The Genetical Evolu-
tion of Social Behavior,” parts 1 and 2, Journal of Theoretical Biology 12 (1964),
1–52; Richard Dawkins, “Twelve Misunderstandings of Kin Selection,” Zeitschrift
für Tierpsychologie 51 (1979), 184–200; David Haig, Naomi E. Pierce, and Edward
O. Wilson, “William Hamilton (1936–2000),” Science 287 (2000), 2438.

p. 332 Eusocial insects: Andrew F. G. Bourke, “Sociality and Kin Selection in Insects,” in
Behavioural Ecology: An Evolutionary Approach, eds. John R. Krebs and Nicholas
B. Davies (Cambridge: Cambridge University, 1997), 203.

p. 332 Role of reciprocal altruism: Robert L.Trivers, “The Evolution of Reciprocal Altruism,”
Quarterly Review of Biology 46 (1971), 35–57.

p. 332 Prisoner’s dilemma: Robert Axelrod and William D. Hamilton, “The Evolution of
Cooperation,” Science 211 (1981), 1390–1396; Robert Axelrod, The Evolution of
Cooperation (New York: Basic Books, 1984), 241; Robert Axelrod and Douglas
Dion, “The Further Evolution of Cooperation,” Science 242 (1988), 1385–1390.
Brain imager James Rilling has begun to study the Prisoner’s Dilemma and has
made an important discovery: the nucleus accumbens, a main reward area, lights
up most strongly in the double-defect condition. That is, despite the fact that it is
not the most rewarding in the game’s payoff terms, it appears to be the most plea-
surable outcome. Perhaps we get the greatest satisfaction from the avoidance of
being suckered. In any case, this may be the cheater-detection mechanism pro-
posed by Leda Cosmides and John Tooby on theoretical grounds. James K. Rilling,



notes and references

David A. Gutman, Thorsten R. Zeh, Giuseppe Pagnoni, Gregory S. Berns, and
Clinton D. Kilts, “A Neural Substrate for the Nash Equilibrium in the Prisoner’s
Dilemma Game,” submitted for publication, June 2001; Leda Cosmides and John
Tooby, “Cognitive Adaptations for Social Exchange,” in The Adapted Mind: Evolu-
tionary Psychology and the Generation of Culture, eds. J. H. Barkow, L. Cosmides,
and J. Tooby (New York: Oxford University, 1992), 163–228; Leda Cosmides and
John Tooby, “The Cognitive Neuroscience of Social Reasoning,” in The New Cog-
nitive Neurosciences, 2d Ed., ed. M. Gazzaniga, (Cambridge: MIT, 2000),
1259–1270.

p. 333 Cooperative behavior favored kin among macaques: Jeffrey Kurland, “Kin Selection
in the Japanese Monkey,” Contributions to Primatology, Vol. 12 (Basel: Karger,
1977).

p. 333 A seemingly similar species: T. H. Clutton-Brock, M. J. O’Riain, P. N. M. Brotherton,
D. Gaynor, R. Kansky, A. S. Griffin, and M. Mansder, “Selfish Sentinels in Coop-
erative Mammals,” Science 284 (1999), 1640–1644.

p. 333 The “saber-toothed sausage”: Paul W. Sherman, Jennifer U. M. Jarvis, and Richard
D. Alexander, The Biology of the Naked Mole Rat (Princeton, N.J.: Princeton Uni-
versity, 1991).

p. 333 Higher altruism resemblance in identical twins: J. Phillippe Rushton, David W.
Fulker, Michael C. Neale, David K. B. Nias, and Hans J. Eysenck, “Altruism and
Aggression: The Heritability of Individual Differences,” Journal of Personality and
Social Psychology 50 (1986), 1192–1198.

p. 333 Basis of kinship in ground squirrels: Warren G. Holmes and Paul W. Sherman,
“The Ontogeny of Kin Recognition in Two Species of Ground Squirrels,” American
Zoologist 22 (1982), 491–517.

p. 333 Gouzouleses’ comment: Sarah Gouzoules and Harold Gouzoules, “Kinship,” in
Smuts et al., Primate Societies, 305.

p. 333 Female relationship quality among captive rhesus monkeys: Frans B. de Waal,
“Macaque Social Culture: Development and Perpetuation of Affiliative Networks,”
Journal of Comparative Psychology 110:2 (1996), 147–154.

p. 333 Developmental association in humans: eds. Jane B. Lancaster, Jeanne Altmann,
Alice S. Rossi, and Lonnie R. Sherrod, Parenting Across the Life Span: Biosocial
Dimensions (New York: Aldine de Gruyter, 1987), 474.

p. 333 Bread and butter of anthropologists: Lévi-Strauss, Elementary Structures of Kinship;
Fox, Kinship and Marriage; Meyer Fortes, Kinship and the Social Order: The Legacy
of Lewis Henry Morgan (Chicago: Aldine de Gruyter, 1969); A. R. Radcliffe-Brown,
Structure and Function in Primitive Society (Glencoe, Ill.: Free Press, 1962).

p. 333 Finding mates while avoiding incest: Fox, The Red Lamp of Incest.
p. 334 Stack and others: Carol B. Stack, All Our Kin: Strategies for Survival in a Black

Community (New York: Harper & Row, 1974).
p. 334 “The great gift of increased longevity . . .”: Alice S. Rossi and Peter H. Rossi, Of

Human Bonding: Parent-Child Relations Across the Life Course (New York: Aldine
de Gruyter, 1990), 490.

p. 334 “Those who grew up with affectionate parents . . .”: Rossi and Rossi, Of Human
Bonding, 492.

p. 334 “But on the two occasions . . .”: Haldane, Being the Right Size, 182.
p. 334 Kin recognition by smell: Les Greenberg, “Genetic Component of Bee Odor in Kin

Recognition,” Science 206 (1979), 1095–1097; D. W. Pfennig and Paul W. Sherman,
“Identifying Relatives,” Science 255 (1992), 217–218; and “Kin Recognition,” Sci-
entific American 272 (1995), 98–103.



the tangled wing

p. 335 Eibl-Eibesfeldt’s filming of universal flirtation: Irenäus Eibl-Eibesfeldt, “Human
Ethology: Concepts and Implications for the Sciences of Man,” Behavioral and
Brain Sciences 2 (1979), 1–57; and Human Ethology (New York: Aldine de Gruyter,
1988).

p. 335 Henry James passage: Henry James, The Golden Bowl (New York: Penguin, 1966),
182–183.

p. 336 Rich verse: Adrienne Rich, “Twenty-One Love Poems,” in The Dream of a Common
Language (New York: W. W. Norton, 1978).

chapter fourteen: Grief
Courageous and moving first-person accounts of mood disorders include William Styron’s
Darkness Visible: A Memoir of Madness (New York: Vintage, 1992) and Kay Redfield
Jamison’s An Unquiet Mind: (New York: Alfred Knopf, 1995). Charles Nemeroff’s “The Neuro-
biology of Depression” (Scientific American 278:6 [1998], 42–49) offers a brief and authoritative
account of the physiology, and Hagop Akiskal and Giovanni Cassano’s collection, Dysthymia
and the Spectrum of Chronic Depressions (New York: Guilford, 1997), is the best introduction to
depressive personalities. The Harvard Guide to Modern Psychiatry, edited by Armand M. Nicholi
(Cambridge: Harvard University, 1999), includes several chapters on the causes and conse-
quences of feelings of loss and depression. Manic-Depressive Illness, edited by Frederick K.
Goodwin and Kay Redfield Jamison (New York: Oxford University, 1990), is a landmark textbook
on bipolar disorder. Robert Burton’s The Anatomy of Melancholy (cited in the notes), one of the
best-selling books of the seventeenth century, is of great historical and literary interest.

The definitive account of the relationship between mood swings and creativity is
Touched with Fire: Manic-Depressive Illness and the Artistic Temperament (New York: Free
Press, 1993) by Kay Redfield Jamison. An excellent overview of grief in the literal sense is
John Archer’s The Nature of Grief: The Evolution and Psychology of Reactions to Loss (Lon-
don: Routledge, 1999). It brings the loss part of John Bowlby’s Attachment and Loss (New
York: Basic Books, 1970–1980) up to date through the 1990s, in both evolutionary and psy-
chological terms. Ernest Becker’s classic, The Denial of Death (New York: Macmillan,
1973), is a psychoanalytic and existential account of the pervasive effect of our knowledge
of death on the way we live our lives. To understand the sad reality of dying itself, read How
We Die (New York: Knopf, 1994), an unflinching yet eloquent account by surgeon Sher-
win Nuland; it isn’t pretty. A. Alvarez, in The Savage God (New York: Random House,
1970), provides an exceptionally literate, eloquent, and sensitive view of suicide.

On the nature of divorce and separation, one cannot do better than Diane Vaughan’s
Uncoupling: Turning Points in Intimate Relationships (New York: Oxford University, 1986),
a common-sense, systematic, largely positive view of this increasingly common loss. The
demographic benchmark is Andrew Cherlin’s Marriage, Divorce, Remarriage (Cambridge:
Harvard University, 1992). Solitude: A Return to the Self (New York: Free Press, 1988) is
Anthony Storr’s graceful demonstration of the therapeutic value of solitude, a state entirely
different from loneliness.

p. 337 1980s divorce rate: Andrew J. Cherlin, Marriage, Divorce, Remarriage, Rev. Ed.
(Cambridge: Harvard University, 1992); Andrew J. Cherlin and Craig Calhoun,
Public and Private Families: An Introduction (New York: McGraw-Hill, 1996), 530.

p. 337 Darien divorce rite: Tracie Rozloin, “Divorce Ceremony for Children’s Sake,” The
New York Times (August 15, 1980).

p. 337 Divorce-rite idea spreading: Ann Doss Helms, “‘Rituals’ to Ease People Through
Divorce,” Charlotte Observer (January 22, 1999), www.charlotte.com/observer/family;



notes and references

Dan Millman, No Ordinary Moments: A Peaceful Warrior’s Guide to Daily Life 
(Novato, Calif.: H. J. Kramer, 1992).

p. 337 Hemlock Society gained fame: Associated Press, “California Group Plans to Publish
a Guide to Suicide,” The New York Times (August 15, 1980).

p. 338 Oregon Death with Dignity Act: Neil A. Lewis, “Reno Lifts Barrier to Oregon’s Law
on Aided Suicide,” The New York Times (June 6, 1998), A1, A7.

p. 338 Percentage of all women divorced tripled: George Masnick, The Nation’s Families
(Cambridge: Joint Center for Urban Studies, 1980), 34–35.

p. 338 Tenfold increase in divorce likelihood: Cherlin, Marriage, Divorce, Remarriage, 22.
p. 338 Leveling off of divorce rate: Cherlin and Calhoun, Public and Private Families.
p. 338 Divorced women as percentage of those ever married: Masnick, Nation’s Families, 36.
p. 338 1997 U.S. divorce statistics: Roger Doyle, “Divorce, American Style,” Scientific

American (March 1999), 34.
p. 338 “evolution of human serial pair bonding”: Helen E. Fisher, “Evolution of Human

Serial Pairbonding,” American Journal of Physical Anthropology 78:3 (1989),
331–354.

p. 338 Teenage suicide rise: Jill M. Harkavy and Gregory Asnis, “Suicide Attempts in Ado-
lescence: Prevalence and Implications,” New England Journal of Medicine 313:20
(1985), 1290–1291; Pam Belluck, “Black Youths’ Rate of Suicide Rising Sharply,”
The New York Times (March 20, 1998), A1, A18.

p. 338 Suicide rates same now as turn of century: Morton Kramer, Earl S. Pollack, and
Richard W. Redick, “Mental Disorders and Suicide,” in Vital and Health Statistics
Monographs, American Public Health Association (Cambridge: Harvard University,
1972), 179, 197, 203.

p. 338 Suicide increase in Japan: K. Ohara, D. Xie, T. Matsunaga, H. Sano, K. Miyasato,
and K. Ohara, “The Middle-Aged Generation Is at High Risk for Suicide in Japan:
A Comparison Between the 1950s and the 1980s,” Acta Psychiatrica Scandinavica
90 (1994), 14–15; Stephanie Strom, “In Japan, Mired in Recession, Suicides Soar,”
The New York Times (July 15, 1999), A1, 8.

p. 338 Gilman quotation: Charlotte Perkins Gilman, “Charlotte Gilman Dies to Avoid
Pain: Note Left at Pasadena by Poet and Feminist ‘Justifies’ Suicide as ‘Human
Right,’” The New York Times (August 20, 1935), 44; and Charlotte Perkins Gilman
Reader, ed. A. J. Lane (New York: Pantheon, 1980).

p. 339 Kübler-Ross: Elisabeth Kübler-Ross, On Death and Dying (New York: Macmillan,
1969).

p. 339 Denial of Death: Ernest Becker, The Denial of Death (New York: Macmillan,
1973).

p. 339 Freud’s “death instinct”: Becker, The Denial of Death; Sigmund Freud, Civilization
and Its Discontents (New York: W. W. Norton, 1961); Norman O. Brown, Life
Against Death: The Psychoanalytical Meaning of History (New York: Viking, 1959);
Herbert Marcuse, Eros and Civilization: A Philosophical Inquiry into Freud
(Boston: Beacon, 1966).

p. 339 “dread” and “sickness unto death”: Søren Kierkegaard, The Sickness Unto Death
(New York: Anchor, 1954); and Fear and Trembling (New York: Anchor, 1954).

p. 339 Awareness of death can interfere: Jamie Arndt, Jamie L. Goldenberg, Jeff Greenberg,
Tom Pyszczynski, and Sheldon Solomon, “Death Can Be Hazardous to Your
Health: Adaptive and Ironic Consequences of Defenses Against the Terror of
Death,” in Psychodynamic Perspectives on Sickness and Health: Empirical Studies of
Psychoanalytic Theories, ed. Paul R. Duberstein and Joseph M. Masling (Washing-
ton, D.C.: American Psychological Association, 2000), 201–257.



the tangled wing

p. 339 Maladaptive behavior in ducks and geese: Konrad Lorenz, Studies in Animal and
Human Behavior, Vol. 1 (Cambridge: Harvard University, 1970), 215–216.

p. 339 Mother goose’s gosling search: Lorenz, Animal and Human Behavior, 184, 276.
p. 339 Rosenblum’s wild-monkey experiment: Leonard A. Rosenblum and Kenneth P.

Youngstein, “Developmental Changes in Compensatory Dyadic Response in
Mother and Infant Monkeys,” in The Effect of the Infant on Its Caregiver, eds. M.
Lewis and Leonard A. Rosenblum (New York: John Wiley & Sons, 1974).

p. 339 Darwin’s second greatest book: Charles Darwin, Expression of the Emotions in Man
and Animals, ed. Paul Ekman (London: John Murray, 1873); and The Expression of
the Emotions in Man and Animals, introduced and annotated by Paul Ekman, 
3d Ed. (New York: Oxford University, 1998), 473.

p. 340 Evidence of continuities: Paul E. Griffiths, What Emotions Really Are: The Problem
of Psychological Categories (Chicago: University of Chicago, 1997), 286; eds. Paul
Ekman and Erika L. Rosenberg, What the Face Reveals: Basic and Applied Studies
of Spontaneous Expression Using the Facial Action Coding System (FACS) (New
York: Oxford University, 1997); Signe Preuschoft and Jan van Hooff, “Homologiz-
ing Primate Facial Displays: A Critical Review of Methods,” Folia Primatologica 65
(1995), 121–137; and “The Social Function of ‘Smile’ and Laughter’: Variations
Across Primate Species and Societies,” in Nonverbal Communication: Where
Nature Meets Culture, eds. U. Segerstraºle and P. Molnàr (Mahwah, N.J.: Lawrence
Erlbaum, 1997), 171–189.

p. 340 Common facial expressions of sadness: Paul Ekman and W. V. Friesen, “Constants
Across Cultures in the Face and Emotion,” Journal of Personality and Social Psy-
chology 17 (1971), 124–129; Paul Ekman, E. R. Sorenson, and W. V. Friesen, “Pan-
Cultural Elements in Facial Displays of Emotion,” Science 164 (1969), 86–88.

p. 340 Ekman’s finding has held up: Ekman and Rosenberg, What the Face Reveals.
p. 340 Ekman’s reassessment of Darwin: Darwin, Expression of Emotions.
p. 340 Eibl-Eibesfeldt research: Irenäus Eibl-Eibesfeldt, Grundriss der Vergleichenden Ver-

haltensforschung (Munich: Piper, 1987); and Human Ethology (New York: Aldine
de Gruyter, 1988).

p. 340 Claims for absence of grieving: Nancy Scheper-Hughes, Death Without Weeping:
The Violence of Everyday Life in Brazil (Berkeley: University of California, 1992);
Catherine A. Lutz, Unnatural Emotions: Everyday Sentiments on a Micronesian
Atoll and Their Challenge to Western Theory (Chicago: University of Chicago,
1988), 273.

p. 340 Emotion in Bali: Unni Wikan, Managing Turbulent Hearts: A Balinese Formula for
Living (Chicago: University of Chicago, 1990).

p. 340 Three Indonesian cultures: Karl Heider, Landscapes of Emotion: Mapping Three
Darwinian Philosophers; Griffiths, What Emotions Really Are.

p. 340 Anecdotes suggesting mammals cry: Jeffrey Massouf Masson and Susan McCarthy,
When Elephants Weep: The Emotional Lives of Animals (New York: Delacorte,
1995).

p. 340 Extended study of weeping: Thomas Lutz, Crying: The Natural and Cultural History
of Tears (New York: W. W. Norton, 1999).

p. 340 Children’s understanding of death’s finality: John Archer, The Nature of Grief: The
Evolution and Psychology of Reactions to Loss (New York: Routledge, 1999), 54.

p. 340 Grieving in elephants: Cynthia Moss, Elephant Memories: Thirteen Years in the Life
of an Elephant Family (New York: William Morrow, 1988).

p. 340 Goodall’s observations of chimps’ grief: Jane Goodall, The Chimpanzees of Gombe:
Patterns of Behavior (Cambridge: Harvard University, 1986).



notes and references

p. 341 Goodall’s concern for Flint: Jane van Lawick Goodall, In the Shadow of Man (New
York: Dell, 1971), 240–241.

p. 341 Question answered two years later: Jane van Lawick Goodall, “Life and Death at
Gombe,” National Geographic 155:5 (1979), 592–621.

p. 341 Cause of Flint’s death: Goodall, Chimpanzees of Gombe.
p. 341 René Spitz: René Spitz, The First Year of Life (New York: International Universities,

1975).
p. 342 Romanian orphans: Margaret Talbot, “Attachment Theory: The Ultimate Experi-

ment,” The New York Times Magazine (May 24, 1998), 24–54.
p. 342 Many individuals never catch up: Thomas G. O’Connor, Diana Bredenkamp, and

Michael Rutter, “Attachment Disturbances and Disorders in Children Exposed to
Early Severe Deprivation,” Infant Mental Health Journal 20:1 (1999), 10–29; 
M. Rutter, “Developmental Catch-Up, and Deficit, Following Adoption After
Severe Global Early Privation,” English and Romanian Adoptees (ERA) Study
Team, Journal of Child Psychology and Psychiatry 39:4 (1998), 465–476.

p. 342 Bowlby inherited Spitz’s mantle: John Bowlby, Attachment and Loss, Vol. 1, Attach-
ment (London: Hogarth, 1969); and Vol. 2, Separation: Anxiety and Anger (New
York: Basic Books, 1973).

p. 342 Four stages in prolonged separation: Bowlby, Separation.
p. 342 First stage is protest: John Bowlby, Attachment and Loss, Vol. 3, Loss (New York:

Basic Books, 1980).
p. 342 Onset of protest in Ainsworth experiment: Inge Bretherton and Mary D. Salter Ainsworth,

“Responses of One-Year-Olds to a Stranger in a Strange Situation,” in Origins of Fear,
eds. M. Lewis and Leonard A. Rosenblum (New York: John Wiley & Sons, 1974); eds.
Mary D. S. Ainsworth, M. C. Blehar, E. Waters, and S. Wall, Patterns of Attachment: A
Psychological Study of the Strange Situation (Hillsdale, N.J.: Lawrence Erlbaum, 1978);
Megan R. Gunnar, L. Brodersen, M. Nachmias, K. Buss, and J. Rigatuso, “Stress Reac-
tivity and Attachment Security,” Developmental Psychobiology 29:3 (1996), 191–204.

p. 343 Infant monkey separation as model for forms and treatment of grief: Harry F. Harlow,
“Love in Infant Monkeys,” Scientific American (June 1959), 1–8.

p. 343 Grief object of active study of depression: Hagop S. Akiskal and William T. McKin-
ney, Jr., “Depressive Disorders: Toward a Unified Hypothesis,” Science 182 (1973),
20–29; William T. McKinney, Jr., Russell Gardner, Jr., George W. Barlow, and
Michael T. McGuire, “Conceptual Basis of Animal Models in Psychiatry: A Con-
ference Summary,” Ethology and Sociobiology 15 (1994), 369–382.

p. 343 MacLean’s theory of maternal care and separation response: Paul D. MacLean,
“Brain Evolution Relating to Family, Play, and the Separation Call,” Archives of
General Psychiatry 42 (1985), 405–417.

p. 343 Subtleties of pup’s reaction to separation: Myron Hofer, “Developmental Roles of
Timing in the Mother-Infant Interaction,” in Developmental Time and Timing, eds. 
G. Turkewitz and D. A. Devenny (Hillsdale, N.J.: Lawrence Erlbaum, 1993), 211–231;
and “Hidden Regulators in Attachment, Separation, and Loss,” in The Development of
Emotion Regulation: Biological and Behavioral Considerations, ed. Nathan A. Fox,
Monographs of the Society for Research in Child Development 59:2,3 (1994), 192–207.

p. 343 Rosenblum’s study of macaques’ affectional ties: Leonard A. Rosenblum, “Infant
Attachment in Monkeys,” in The Origins of Human Social Relations, ed. R. Schaffer
(New York: Academic, 1971).

p. 343 Monkeys show no one model for humans: Gene P. Sackett, Richard A. Holm, and
Gerald C. Ruppenthal, “Social Isolation Rearing: Species Differences in Behavior
of Macaque Monkeys,” Developmental Psychology 12 (1976), 283–288.



the tangled wing

p. 343 Need for broad framework: McKinney et al., “Animal Models in Psychiatry.”
p. 344 Theories linking childhood loss with adult behavior: James S. Chisholm, “Death,

Hope, and Sex: Life-History Theory and the Development of Reproductive Strate-
gies,” Current Anthropology 34:1 (1993), 1–24; Jay Belsky, L. Steinberg, and Patricia
Draper, “Childhood Experience, Interpersonal Development, and Reproductive
Strategy: An Evolutionary Theory of Socialization,” Child Development 62 (1991),
647–670; Patricia Draper and Henry Harpending, “Parent Investment and the
Child’s Environment,” in Parenting Across the Life Span: Biosocial Dimensions, ed.
Jane B. Lancaster (New York: Aldine de Gruyter, 1987), 207–236; Michael E.
Lamb et al., Infant-Mother Attachment: The Origins and Developmental Signifi-
cance of Individual Differences in Strange Situation Behavior (Hillsdale, N.J.:
Lawrence Erlbaum, 1985); Sarah Blaffer Hrdy, Mother Nature: A History of Moth-
ers, Infants, and Natural Selection (New York: Pantheon, 1999); Jay Belsky, “Mod-
ern Evolutionary Theory and Patterns of Attachment,” in Handbook of Attachment:
Theory, Research, and Clinical Applications, eds. Jude S. Cassidy and Philip R.
Shaver (New York: Guilford, 1999), 141–161; James S. Chisholm, Death, Hope
and Sex: Steps to an Evolutionary Ecology of Mind and Morality (New York: Cam-
bridge University, 1999).

p. 344 Werner’s study: Emmy E. Werner and Ruth S. Smith, Vulnerable But Invincible: A
Longitudinal Study of Resilient Children and Youth (New York: Adams Bannister
Cox, 1989); Emmy E. Werner, “Vulnerable But Invincible: High-Risk Children
from Birth to Adulthood,” Acta Paediatrica 422 (1997), 103–105.

p. 344 Nurturing caregiver for one third who developed into healthy adults: Werner and
Smith, Vulnerable But Invincible.

p. 344 Is grieving for the loved one?: James Robertson, Young Children in Hospital (Lon-
don: Tavistock, 1958).

p. 344 Grief is specific: Leonard A. Rosenblum, “Affective Maturation and the Mother-
Infant Relationship,” in The Development of Affect, eds. M. Lewis and Leonard A.
Rosenblum (New York: Plenum, 1978), 275–292.

p. 345 Separation study using pigtail monkeys: Martin Reite, R. Short, and C. Seiler,
“Physiological Correlates of Maternal Separation in Surrogate-Reared Infants: A
Study in Altered Attachment Bonds,” Developmental Psychobiology 11 (1978),
427–435; Martin Reite, R. Short, C. Seiler, and J. D. Pauley, “Attachment, Loss,
and Depression,” Journal of Child Psychology and Psychiatry 22 (1981), 141–169;
Martin Reite, I. Charles Kaufman, J. Donald Pauley, and A. J. Stynes, “Depression
in Infant Monkeys: Physiological Correlates,” Psychosomatic Medicine 36:4 (1974),
363–367; Martin Reite and J. P. Capitanio, “On the Nature of Social Separation
and Social Attachment,” in The Psychobiology of Attachment and Separation, eds.
Martin Reite and T. Field (New York: Academic, 1985), 223–255.

p. 345 Recent bonnet monkey studies: M. L. Laudenslager, P. E. Held, M. L. Boccia, M. L.
Reite, and J. J. Cohen, “Behavioral and Immunological Consequences of Brief
Mother-Infant Separation: A Species Comparison,” Developmental Psychobiology
23 (1990), 247–264.

p. 345 Recent squirrel monkey studies: Christopher L. Coe, S. G. Wiener, L. T. Rosenberg,
and S. Levine, “Endocrine and Immune Responses to Separation and Maternal
Loss in Nonhuman Primates,” in Reite and Field, Psychobiology of Attachment,
163–199; Christopher L. Coe and N. R. Hall, “Psychological Disturbance Alters
Thymic and Adrenal Hormone Secretion in a Parallel But Independent Manner,”
Psychoneuroendocrinology 21:2 (1996), 237–247; Christopher L. Coe and C. M.
Erickson, “Stress Decreases Lymphocyte Cytolytic Activity in the Young Monkey



notes and references

Even After Blockade of Steroid and Opiate Hormone Receptors,” Developmental
Psychobiology 30:1 (1997), 1–10.

p. 345 Squirrel monkeys inform about hormonal changes: Coe et al., “Endocrine and
Immune Responses to Separation”; Christopher Coe, S. Mendoza, W. Smotherman,
and S. Levine, “Mother-Infant Attachment in the Squirrel Monkey: Adrenal
Response to Separation,” Behavioral Biology 22 (1978), 256–263.

p. 345 Osler on Burton: Robert Burton, The Anatomy of Melancholy (New York: Random
House, 1977), xi, 431.

p. 346 “a kind of dotage without a fever . . .”: Burton, Anatomy of Melancholy, 169.
p. 346 Burton’s four-page chart: Burton, Anatomy of Melancholy, 126–129.
p. 346 Life events and acute-onset schizophrenia: Max Day and Elvin V. Semrad, “Schizo-

phrenic Reactions,” in The Harvard Guide to Modern Psychiatry, ed. Armand M.
Nicholi, Jr. (Cambridge: Harvard University, 1978), 220; E. F. Walker and D.
Diforio, “Schizophrenia: A Neural Diathesis-Stress Model,” Psychology Review
104:4 (1997), 667–685; Ming T. Tsuang, Stephen V. Faraone, and Alan I. Green,
“Schizophrenia and Other Psychotic Disorders,” in Nicholi, Harvard Guide.

p. 346 Relationship between depression and normal grief: Archer, Nature of Grief; George
A. Bonanno and Stacey Kaltman, “Toward an Integrative Perspective on Bereave-
ment,” Psychological Bulletin 125:6 (1999), 760–776.

p. 346 “Feelings of sadness . . . clear”: Gerald L. Klerman, “Affective Disorders,” in
Nicholi, Harvard Guide, 254.

p. 347 “impairments of body functioning . . .”: Klerman, “Affective Disorders.”
p. 347 “reports of feeling sad, low, blue . . .”: Klerman, “Affective Disorders.”
p. 347 Identical twins more alike: David Lykken and Auke Tellegen, “Happiness Is a Sto-

chastic Phenomenon,” Psychological Science 7:3 (1996), 186–189; David Lykken,
Happiness: What Studies on Twins Show Us About Nature, Nurture, and the Hap-
piness Set-Point (New York: Golden, 1999), 279.

p. 347 Studies more numerous for clinically significant depression: Kenneth S. Kendler,
Michael C. Neale, Ronald C. Kessler, and Andrew C. Heath, “A Population-Based
Twin Study of Major Depression in Women: The Impact of Varying Definitions of
Illness,” Archives of General Psychiatry 49:4 (1992), 257–266.

p. 347 Depressed person’s susceptibility has genetic component: Kenneth S. Kendler,
Ronald C. Kessler, Ellen E. Walters, and Charles MacLean, “Stressful Life Events,
Genetic Liability, and Onset of an Episode of Major Depression in Women,” Amer-
ican Journal of Psychiatry 152:6 (1995), 833–842; Kenneth S. Kendler and Laura
Karkowski-Shuman, “Stressful Life Events and Genetic Liability to Major Depres-
sion: Genetic Control of Exposure to the Environment?,” Psychological Medicine
27:3 (1997), 539–547.

p. 347 Seven twin-studies statistics: Wade H. Berrettini, “The Search for Susceptibility Genes
in Bipolar Disorder,” in Genetic Influences on Neural and Behavioral Functions, eds.
Donald W. Pfaff, W. Berrettini, T. H. Joh, and S. C. Maxson (New York: CRC, 2000).

p. 347 False optimism about manic-depressive gene: 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; E. I. Ginns, J. Ott, J. A. Egeland, C. R. Allen, C. S. Fann, 
D. L. Pauls, J. Weissenbachoff, J. P. Carulli, K. M. Falls, T. P. Keith, and S. M.
Paul, “A Genome-Wide Search for Chromosomal Loci Linked to Bipolar Affective
Disorder in the Old Order Amish,” Nature Genetics 12:4 (1996), 431–435.

p. 347 Putative genes for manic depression: Berrettini, “Susceptibility Genes in Bipolar
Disorder”; Ginns et al., “Genome-Wide Search.”



the tangled wing

p. 348 Search for quantitative trait loci may be more efficient: T. C. Eley and Robert
Plomin, “Genetic Analyses of Emotionality,” Current Opinions in Neurobiology 7:2
(1997), 279–284.

p. 348 Neuroticism runs in families with depression: C. Duggan, P. Sham, A. Lee, C.
Minne, and R. Murray, “Neuroticism: A Vulnerability Marker for Depression: Evi-
dence from a Family Study,” Journal of Affective Disorders 35:3 (1995), 139–143.

p. 348 Familial link between depression and anxiety: R. Rende, M. Weissman, M. Rutter, P.
Wickramaratne, R. Harrington, and A. Pickles, “Psychiatric Disorders in the Rela-
tives of Depressed Probands,” Journal of Affective Disorders 42:1 (1997), 23–28.

p. 348 Depression-anxiety link strong in children and adults: Thalia C. Eley and Jim
Stevenson, “Exploring the Covariation Between Anxiety and Depression Symptoms:
A Genetic Analysis of the Effects of Age and Sex,” Journal of Child Psychology and
Psychiatry and Allied Disciplines 40:8 (1999), 1273–1282.

p. 348 Experiments exploring differences among mouse and rat strains: Ashutosh Dalvi and Irwin
Lucki, “Murine Models of Depression,” Psychopharmacology 147:1 (1999), 14–16.

p. 348 Genetic animal models will emerge: Jay M. Weiss, Mark A. Cierpial, and Charles H.
K. West, “Selective Breeding of Rats for High and Low Motor Activity in a Swim
Test: Toward a New Animal Model of Depression,” Pharmacology, Biochemistry
and Behavior 61:1 (1998), 49–66.

p. 348 Psychiatric consequences of concentration-camp internment: Angela Favaro, F. C.
Rodella, G. Colombo, and P. Santonastaso, “Post–Traumatic Stress Disorder and
Major Depression Among Italian Nazi Concentration Camp Survivors: A Con-
trolled Study 50 Years Later,” Psychological Medicine 29:1 (1999), 87–95.

p. 348 “there are as yet no studies . . .”: Chisholm, Death, Hope and Sex, 197–198.
p. 349 Fisher’s concept: Ronald A. Fisher, The Genetical Theory of Natural Selection (New

York: Dover, 1958), 27.
p. 349 “We may ask . . . about persons of any chosen age . . .”: Fisher, Genetical Theory, 27.
p. 349 “the present value of the future offspring . . .”: Fisher, Genetical Theory, 27.
p. 349 “grandmother hypothesis”: Ann Gibbons, “A Blow to the ‘Grandmother Theory,’”

Nature 392 (1998), 516; K. Hawkes, J. F. O’Connell, and Nicholas G. Blurton
Jones, “Hadza Women’s Time Allocation, Offspring Provisioning, and the Evolu-
tion of Long Postmenopausal Life Spans,” Current Anthropology 38:4 (1997),
551–577; Kim Hill and Magdalena Hurtado, “The Evolution of Premature Repro-
ductive Senescence and Menopause in Human Females: An Evaluation of the
‘Grandmother Hypothesis,’” in Human Nature: A Critical Reader, ed. Laura Betzig
(New York: Oxford University, 1997), 118–139.

p. 349 John Archer quotation on parental grief: Archer, Nature of Grief, 204.
p. 349 “Some negative and passive aspects . . .”: Randolph M. Nesse, “Is Depression an

Adaptation?,” Archives of General Psychiatry 57:1 (2000), 14.
p. 349 Several possible adaptive explanations: Michael McGuire and Alfonso Troisi, Dar-

winian Psychiatry (New York: Oxford University, 1998).
p. 349 Connection between mood disorders and creativity: Stanley W. Jackson, Melancholia

and Depression: From Hippocratic Times to Modern Times (New Haven, Conn.:
Yale University, 1986), 441.

p. 350 Andreasen study: Nancy C. Andreasen, “Creativity and Mental Illness: Prevalence
Rates in Writers and Their First-Degree Relatives,” American Journal of Psychiatry
144 (1987), 1288–1292.

p. 350 Manic phase: Donald K. Goodwin and Kay Redfield Jamison, Manic-Depressive Ill-
ness (New York: Oxford University, 1990).

p. 350 Andreasen on subjects’ suicide: Andreasen, “Creativity and Mental Illness.”



notes and references

p. 350 Jamison study: Kay Redfield Jamison, “Mood Disorders and Patterns of Creativity in
British Writers and Artists,” in Goodwin and Jamison, Manic-Depressive Illness.

p. 350 Akiskals’ study: Hagop S. Akiskal and Kareen Akiskal, “Reassessing the Prevalence
of Bipolar Disorders: Clinical Significance and Artistic Creativity,” Psychiatry and
Psychobiology 3 (1988), 29S—36S.

p. 351 Jamison’s book: Kay Redfield Jamison, Touched with Fire: Manic-Depressive Illness
and the Artistic Temperament (New York: Free Press, 1993).

p. 351 Jamison’s family trees: Jamison, Touched with Fire.
p. 351 Goodwin described alcoholism: Donald W. Goodwin, “Alcoholism and Genetics:

The Sins of the Fathers,” Archives of General Psychiatry 42 (1985), 171–174.
p. 351 Alcoholism may be on genetic continuum with depression: Rende, “Psychiatric 

Disorders.”
p. 351 Statistics on mood disorders in males and females: Myrna M. Weissman, Roger

Bland, Peter R. Joyce, Stephen Newman, J. Elisabeth Wells, and Hans-Ulrich
Wittchen, “Sex Differences in Rates of Depression: Cross-National Perspectives,”
Journal of Affective Disorders 29 (1993), 77–84.

p. 351 Certainty of genetic influence in mood disorders: Anthony J. Rothschild, “Mood Dis-
orders,” in Nicholi, Harvard Guide, 281–307.

p. 352 Other genes under investigation: Berrettini, “Search for Susceptibility Genes”; W.
H. Berrettini, T. N. Ferraro, L. R. Goldin, D. E. Weeks, S. Detera-Wadleigh, J. J.
Nurnberger, Jr., and E. S. Gershon, “Chromosome 18 DNA Markers and Manic-
Depressive Illness: Evidence for a Susceptibility Gene,” Proceeding of the National
Academy of Sciences 91:3 (1994), 5918–5921.

p. 352 “Born with the Blues” quoted: Akiskal and Akiskal, “Prevalence of Bipolar Disorders.”
p. 352 Stressful life events: Aaron T. Beck, D. Guth, R. A. Steer, and R. Ball, “Screening

for Major Depression Disorders in Medical Inpatients with the Beck Depression
Inventory for Primary Care,” Behavioral Research and Therapy 35:8 (1997),
785–791; Aaron T. Beck, “The Past and Future of Cognitive Therapy,” Journal Psy-
chotherapy Practice and Research 6 (1997), 276–284.

p. 352 Losses most common in severely depressed: Aaron T. Beck, Depression: Clinical,
Experimental, and Theoretical Aspects (New York: Harper & Row, 1967). 

p. 352 Rhesus monkey separation studies: Lauren Young, Stephen J. Suomi, and Harry F.
Harlow, “Early Stress and Later Response to Separation in Rhesus Monkeys,” Amer-
ican Journal of Psychiatry 130 (1973), 400–405.

p. 352 “Mourning is essential to uncoupling”: Diane Vaughan, Uncoupling: Turning Points
in Intimate Relationships (New York: Oxford University, 1986), 42.

p. 352 “In the course of life . . .”: Vaughan, Uncoupling, 188–189.
p. 352 “Uncoupling is . . . woefully chaotic . . .”: Vaughan, Uncoupling, 188.
p. 353 Catecholamine theory: Joseph J. Schildkraut, “The Catecholamine Hypothesis of

Affective Disorders: A Review of Supporting Evidence,” American Journal of Psychi-
atry 122 (1965), 509–522; D. S. Charney, “Monoamine Dysfunction and the
Pathophysiology and Treatment of Depression,” Journal of Clinical Psychiatry 59:14
(1998), 11–14; G. R. Heninger, P. L. Delgado, and D. S. Charney, “The Revised
Monoamine Theory of Depression: A Modulatory Role for Monoamines, Based on
New Findings from Monoamine Depletion Experiments in Humans,” Pharma-
copsychiatry 29:1 (1996), 2–11.

p. 353 Tricyclic antidepressants: William Z. Potter, Husseini K. Manji, and Matthew V.
Rudorfer, “Tricyclics and Tetracyclics,” in Textbook of Psychopharmacology, eds. A.
F. Shatzberg and Charles B. Nemeroff (Washington, D.C.: American Psychiatric
Press, 1995), 141–160.



the tangled wing

p. 353 Electroconvulsive shock therapy: Samuel H. Bailine, Arthur Rifkin, Ernst Kayne, 
Jeffrey A. Selzer, Jacques Vital-Herne, Marjorie Blieka, and Simcha Pollack,
“Comparison of Bifrontal and Bitemporal ECT for Major Depression,” American
Journal of Psychiatry 157 (2000,) 121–123; R. T. Dunn, M. S. Frye, T. A. Kimbrell,
K. D. Denicoff, G. S. Leverich, and R. M. Post, “The Efficacy and Use of Anticon-
vulsants in Mood Disorders,” Clinical Neuropharmacology 21:4 (1998), 215–235.

p. 353 Shock therapy effects on norepinephrine levels: Bruce L. Welch, Edith D. Hendley,
and Ibrahim Turek, “Norepinephrine Uptake into Cerebral Cortical Synaptosomes
After One Fight or Electroconvulsive Shock,” Science 183 (1974), 220–221.

p. 353 Other treatments alter norepinephrine function: Ross J. Baldessarini, Chemotherapy
in Psychiatry (Cambridge: Harvard University, 1977).

p. 353 Compounds that deplete norepinephrine cause depressionlike symptoms: D. E. 
Redmond and A. Kling, “Behavior of Free-Ranging Macaques After Intraventricular
6-Hydroxydopamine,” Science 181 (1973), 1256–1258.

p. 353 Catecholamine theory still has some truth: Heninger, Delgado, and Charney,
“Revised Monoamine Theory.” 

p. 353 Drugs that affect norepinephrine affect serotonin: Clause de Montigny, “Tricyclic
Antidepressants: Long-Term Treatment Increases Responsivity of Rat Forebrain
Neurons to Serotonin,” Science 202 (1978), 1303–1305.

p. 354 Prozac changed how we think about depression: Rothschild, “Mood Disorders.”
p. 354 Drugs block serotonin transporter: Gary D. Tollefson, “Selective Serotonin Reup-

take Blockers,” in Shatzberg and Nemeroff, Psychopharmacology, 161–182.
p. 354 Other drugs have more obscure effects: Robert N. Golden, Joseph M. Bebchuk, and

Martha E. Leatherman, “Trazadone and Other Antidepressants,” in Shatzberg and
Nemeroff, Psychopharmacology.

p. 354 Serotonin reuptake treatment yield doubled improvement: Tollefson, “Selective Sero-
tonin Reuptake Blockers.” 

p. 354 New drugs may be even more effective: Thomas R. Einarson, Steven R. Arikian,
Julian Casciano, and John J. Doyle, “Comparison of Extended-Release Venlafax-
ine, Selective Serotonin Reuptake Inhibitors, and Tricyclic Antidepressants in the
Treatment of Depression: A Meta-Analysis of Randomized Controlled Trials,” Clin-
ical Therapeutics: The International Journal of Drug Therapy 21:2 (1999), 296–308;
Richard L. Rudolph and Alan D. Feiger, “A Double-Blind, Randomized, Placebo-
Controlled Trial of Once-Daily Venlafaxine Extended Release (XR) and Fluoxetine
for the Treatment of Depression,” Journal of Affective Disorders 56:2,3 (1999),
171–181.

p. 354 More people being treated in early 1990s: Peter Kramer, Listening to Prozac: A Psychiatrist
Explores Antidepressant Drugs and the Remaking of the Self (New York: Viking, 1993).

p. 354 Side effects of classic tricyclics: David C. O’Prichard, David A. Greenberg, Peter P.
Sheehan, and Solomon H. Snyder, “Tricyclic Antidepressants: Therapeutic Proper-
ties and Affinity for Alpha-Noradrenergic Receptor Binding Sites in the Brain,” 
Science 199 (1978), 197–198.

p. 354 Psychotherapists’ claim that SSRIs change personality: Kramer, Listening to Prozac.
p. 354 “I didn’t really care how fast I ran . . .”: Alberto Salazar, quoted in “Prozac and Run-

ning: The Brain Connection,” Runner’s World (August 1994), 70.
p. 355 Patients in psychoanalysis also prescribed medications: Leslie Knowlton and Steven

P. Roose, “Psychoanalysis and Pharmacotherapy—Incompatible or Synergistic?
Interview with Steven P. Roose,” Psychiatric Times 14:6 (1997).

p. 355 Luhrmann’s account: Tanya M. Luhrmann, Of Two Minds: The Growing Disorder
in American Psychiatry (New York: Alfred A. Knopf, 2000).



notes and references

p. 355 Studies of psychotherapy’s effectiveness: Ellen Frank, Victoria J. Grochocinski, Cynthia
A. Spanier, Daniel J. Buysse, Christine R. Cherry, Patricia R. Houck, Deborah M.
Stapf, and David J. Kupfer, “Interpersonal Psychotherapy and Antidepressant Med-
ication: Evaluation of a Sequential Treatment Strategy in Women with Recurrent
Major Depression,” Journal of Clinical Psychiatry 61 (2000), 51–57; Charles F.
Reynolds, III, Ellen Frank, James M. Perel, Stanley D. Imber, Cleon Cornes, Mark
D. Miller, Sati Mazumdar, Patricia R. Houck, Mary Amanda Dew, Jacqueline A.
Stack, Bruce G. Pollock, and David J. Kupfer, “Nortriptyline and Interpersonal Psy-
chotherapy as Maintenance Therapies for Recurrent Major Depression: A Ran-
domized Controlled Trial in Patients Older Than 59 Years,” JAMA: Journal of the
American Medical Association 281 (1999), 39–45.

p. 355 “For those who have dwelt . . .”: William Styron, Darkness Visible: A Memoir of
Madness (New York: Vintage, 1992).

p. 356 “We are digging around with a hand spade . . .”: Walle J. Nauta, in his Presidential
Symposium of the Third Annual Meeting of the Society for Neuroscience (San
Diego, Calif., 1973).

p. 356 The treatment methods are weak: On the history of psychosurgery and its failures,
see Jack D. Pressman, Last Resort: Psychosurgery and the Limits of Medicine (New
York: Cambridge University, 1998); on the continuing possible promise of this
approach in some cases, see Gin S. Malhi, Paul K. Bridges, and Andrea L. Malizia,
“Neurosurgery for Mental Disorders (NMD): A Clinical Perspective: Past, Present
and Future,” International Journal of Psychiatry in Clinical Practice 1 (1997),
119–129; Perminder Sachdev and Jagdeep Sachdev, “Sixty Years of Psychosurgery:
Its Present Status and Its Future,” Australian & New Zealand Journal of Psychiatry
31 (1997), 457–464; and Seth M. Weingarten, “Psychosurgery,” in The Human
Frontal Lobes: Functions and Disorders, The Science and Practice of Neuropsychol-
ogy Series, ed. B. L. C. J. L. Miller, (New York: Guilford, 1999), 446–460.

p. 356 Ballantine’s surgery: H. Thomas Ballantine, Anthony J. Bouckoms, Elizabeth K.
Thomas, and Ida E. Giriunas, “Treatment of Psychiatric Illness by Stereotactic
Cingulotomy,” Biological Psychiatry 22 (1987), 807–819.

p. 356 MIT testing group: Suzanne Corkin, T. E. Twitchell, and E. V. Sullivan, “Safety
and Efficacy of Cingulotomy for Pain and Psychiatric Disorder,” in Modern Con-
cepts in Psychiatric Surgery, eds. E. R. Hitchcock, H. T. Ballantine, and B. A.
Meyerson (New York: Elsevier/North Holland, 1979), 253–272. For ongoing
research attempting to establish the mechanism of action of cingulotomy, see Scott
L. Rauch, Nikos Makris, G. Rees Cosgrove, Hackjin Kim, Edwin H. Cassem,
Bruce H. Price, Lee Baer, Cary R. Savage, Verne S. Caviness, Michael A. Jenike,
and David N. Kennedy, “A Magnetic Resonance Imaging Study of Regional Corti-
cal Volumes Following Stereotactic Anterior Cingulotomy,” CNS Spectrums 6
(2001), 214–222.

p. 356 Ballantine’s 1987 report: Ballantine et al., “Stereotactic Cingulotomy.”
p. 356 “Cingulotomy was recommended only if . . .”: Ballantine et al., “Stereotactic Cingu-

lotomy,” 808. The psychiatrist in a number of these cases was the highly respected
Edwin Cassem, who had been a Jesuit priest before becoming a doctor.

p. 357 Psychosurgery in Britain and Ireland: P. K. Bridges, J. R. Bartlett, A. S. Hale, A. M.
Poynton et al., “Psychosurgery: Stereotactic Subcaudate Tractotomy: An Indispensable
Treatment,” British Journal of Psychiatry 165 (1994), 599–611; Robert Cawley and
Michael Tarsh, “Peer Review of Psychosurgery: Stereotactic Subcaudate Tractotomy:
An Indispensable Treatment,” British Journal of Psychiatry 165 (1994), 612–613.
Another use of this treatment is in intractable obsessive-compulsive disorder.



the tangled wing

p. 357 Outcomes in subcaudate tractotomy: Amanda M. Poynton, L. D. Kartsounis, and P.
K. Bridges, “A Prospective Clinical Study of Stereotactic Subcaudate Tractotomy,”
Psychological Medicine 25 (1995), 763–770; Miriam O’Doherty and Paul K.
Bridges, “Contemporary Psychosurgery: Indications, Outcome and the Irish Expe-
rience,” Irish Journal of Psychological Medicine 15 (1998), 119–123.

p. 357 PET scans of healthy women: M. S. George, T. A. Ketter, P. I. Parekh, B. Horwitz,
P. Herscovitch, and R. M. Post, “Brain Activity During Transient Sadness and Hap-
piness in Healthy Women,” American Journal of Psychiatry 152:3 (1995), 341–351.

p. 357 fMRI study results: F. Schneider, Ute Habel, Christoph Kessler, Jasmin B. Salloum,
and Stefan Posse, “Gender Differences in Regional Cerebral Activity During Sad-
ness,” Human Brain Mapping 9:4 (2000), 226–238.

p. 357 Some studies implicate amygdala and frontal lobes: W. C. Drevets, “Prefrontal Cor-
tical-Amygdalar Metabolism in Major Depression,” in Advancing from the Ventral
Striatum to the Extended Amygdala: Implications for Neuropsychiatry and Drug
Use, In Honor of Lennart Heimer, Annals of the New York Academy of Sciences, ed.
J. F. McGinty (New York: New York Academy of Sciences, 1999), 614–637.

p. 357 Mayberg’s PET scans: Helen S. Mayberg, “Limbic-Cortical Dysregulation: A Pro-
posed Model of Depression,” in The Neuropsychiatry of Limbic and Subcortical Dis-
orders, eds. Stephen Salloway, Paul Malloy, and Jeffrey L. Cummings (Washington,
D.C.: American Psychiatric Press, 1997), 167–177; Helen S. Mayberg, M. Liotti, S.
K. Brannan, S. McGinnis, R. K. Mahurin, P. A. Jerabek, J. A. Silva, J. L. Tekell, C.
C. Martin, J. L. Lancaster, and P. T. Fox, “Reciprocal Limbic-Cortical Function
and Negative Mood: Converging PET Findings in Depression and Normal Sad-
ness,” American Journal of Psychiatry 156:5 (1999), 675–682.

p. 357 Mayberg quotation: Mayberg et al., “Reciprocal Limbic-Cortical Function,” 675.
p. 357 Cortical-limbic balance model: Helen S. Mayberg, “Limbic-Cortical Dysregulation:

A Proposed Model of Depression,” Journal of Neuropsychiatry & Clinical Neuro-
sciences 9 (1997), 471–481; Mario Liotti and Helen S. Mayberg, “The Role of
Functional Neuroimaging in the Neuropsychology of Depression,” Journal of Clin-
ical & Experimental Neuropsychology 23 (Netherlands: Swets & Zeitlinger, 2001).

p. 358 Prozac study: Helen S. Mayberg, Steven K. Brannan, Janet L. Tekell, J. Arturo
Silva, Roderick K. Mahurin, Scott McGinnis, and Paul A. Jerabek, “Regional Meta-
bolic Effects of Fluoxetine in Major Depression: Serial Changes and Relationship
to Clinical Response,” Biological Psychiatry 48 (2000).

p. 358 “Getting better is about adjusting the balance . . .”: Helen Mayberg, “The Neurology
of Depression: The Emerging Role of Limbic-Cortical Interactions,” lecture at Grand
Rounds, Department of Psychiatry, Emory School of Medicine (January 24, 2001).

p. 358 Normal people’s sadness: Mayberg et al., “Reciprocal Limbic-Cortical Function;” Mario
Liotti, Helen S. Mayberg, Stephan K. Brannan, Scott McGinnis, Paul Jerabek, and Peter
T. Fox, “Differential Limbic-Cortical Correlates of Sadness and Anxiety in Healthy Sub-
jects: Implications for Affective Disorders,” Biological Psychiatry 48 (2000), 30–42.

p. 359 Postpartum blues: J. L. Campbell, “Maternity Blues: A Model for Biological
Research,” in Postpartum Psychiatric Illness: A Picture Puzzle, eds. Jane A. Hamilton
and P. N. Harberger (Philadelphia: University of Pennsylvania, 1992), 90–101; ed.
Laura J. Miller, Postpartum Mood Disorders (Washington, D.C.: American Psychi-
atric Press, 1999).

p. 359 Hamburg’s study: 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.



notes and references

p. 359 Risk of mental breakdowns higher after giving birth: Hamilton and Harberger, Post-
partum Psychiatric Illness.

p. 359 More than 10 percent of women suffer depression within first year: A. M. Llewellyn,
Z. N. Stowe, and Charles B. Nemeroff, “Depression During Pregnancy and the
Puerperium,” Journal of Clinical Psychiatry 58:15 (1997), 26–32; Z. N. Stowe and
Charles B. Nemeroff, “Women at Risk for Postpartum-Onset Major Depression,”
American Journal of Obstetrics and Gynecology 173:2 (1995), 639–645; Michael W.
O’Hara and A. M. Swain, “Rates and Risk of Postpartum Depression: A Metanalysis,”
International Review of Psychiatry 8 (1996), 37–54.

p. 359 Similar rates in different countries: Patrizia Romito, Marie-Josephe Saurel-Cubi-
zolles, and Nathalie Lelong, “What Makes New Mothers Unhappy: Psychological
Distress One Year After Birth in Italy and France,” Social Science & Medicine 49
(1999), 1651–1661; John L. Cox, “Perinatal Mood Disorders in a Changing Cul-
ture: A Transcultural European and African Perspective,” International Review of
Psychiatry 11 (1999), 103–110.

p. 359 Specific cultural strategies protecting women: Sara Harkness, “The Cultural Media-
tion of Postpartum Depression,” Medical Anthropology Quarterly, New Series 1
(1987), 184–209; Anne E. Becker, “Postpartum Illness in Fiji: A Sociosomatic Per-
spective,” Psychosomatic Medicine 60 (1998), 431–438.

p. 359 Strong effects of relationships and employment: Romito et al., “What Makes New
Mothers Unhappy.”

p. 359 O’Hara casts doubt on whether this depression is different: Michael W. O’Hara, Post-
partum Depression: Causes and Consequences (New York: Springer-Verlag, 1994);
Michael W. O’Hara, E. M. Zekoski, L. H. Philipps, and E. J. Wright, “A Controlled
Prospective Study of Postpartum Mood Disorders: Comparison of Childbearing
and Nonchildbearing Women,” Journal of Abnormal Psychology 99 (1990), 3–15;
Michael W. O’Hara, J. A. Schlechte, D. A. Lewis, and M. W. Varner, “A Controlled
Prospective Study of Postpartum Mood Disorders: Psychological, Environmental,
and Hormonal Variables,” Journal of Abnormal Psychology 100 (1991), 63–73.

p. 360 Postpartum blues is related to birth itself: Michael W. O’Hara, J. A. Schlechte, D. A.
Lewis, and E. J. Wright, “Prospective Study of Postpartum Blues: Biologic and Psy-
chosocial Factors,” Archives of General Psychiatry 48 (1991), 801–806. Levels of free
estradiol declined more from late pregnancy to the first day postpartum in women
with the blues than in women without the blues.

p. 360 Psychobiological crisis of birth: Paula Nicolson, “Loss, Happiness and Postpartum
Depression: The Ultimate Paradox,” Canadian Psychology 40:2 (1999), 162–178.

p. 360 Endorphins and postpartum exuberance: Edward Z. Tronick, Marjorie Beeghly, M.
Katherine Weinberg, and Karen L. Olson, “Postpartum Exuberance: Not All
Women in a Highly Positive Emotional State in the Postpartum Period Are Deny-
ing Depression and Distress,” Infant Mental Health Journal 18:4 (1997); Laura J.
Miller and Margaret Rukstalis, “Beyond the ‘Blues’: Hypotheses About Postpartum
Reactivity,” in Postpartum Mood Disorders, ed. L. J. Miller (Washington, D.C.:
American Psychiatric Press, 1999), 3–19.

p. 360 Premenstrual irritability or depression in minority of women: Hamburg, Moos, and
Yalom, “Studies of Distress in the Menstrual Cycle”; Roger F. Haskett, “Premen-
strual Syndrome,” in Handbook of Clinical Psychoneuroendocrinology, eds. Charles
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); Stephanie H. M. Van Goozen, Nico H. Frijda, Victor
M. Wiegant, Erik Endert, and Nannie E. Van de Poll, “The Premenstrual Phase



the tangled wing

and Reactions to Aversive Events: A Study of Hormonal Influences on Emotional-
ity,” Psychoneuroendocrinology 21:5 (1996), 479–497.

p. 360 Studies show effects of hormonal changes: Peter J. Schmidt, Lynnette K. Nieman,
Merry A. Danaceau, 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 338:4 (1998), 209–216; B. S.
McEwen, S. E. Alves, K. Bulloch, and N. G. Wieland, “Clinically Relevant Basic
Science Studies of Gender Differences and Sex Hormone Effects,” Psychopharma-
cology Bulletin 34:3 (1998), 251–259.

p. 360 Sachar research: Edward J. Sachar, “Neuroendocrine Abnormalities in Depressive
Illness,” in Topics in Psychoendocrinology, ed. Edward J. Sachar (New York: Har-
court Brace Jovanovich, 1975), 136–146.

p. 360 Nemeroff and colleagues: Charles B. Nemeroff, “The Corticotropin-Releasing Factor
(CRF) Hypothesis of Depression: New Findings and New Directions” (see com-
ments), Molecular Psychiatry 1:4 (1996), 336–342; “The Neurobiology of Depres-
sion,” Scientific American 278:6 (1998), 42–49; Paul M. Plotsky, M. J. Owens, and
Charles B. Nemeroff, “Psychoneuroendocrinology of Depression: Hypothalamic-
Pituitary-Adrenal Axis,” Psychiatric Clinics of North America 21:2 (1998), 293–307.

p. 361 CRF/depression evidence: Nemeroff, “Corticotropin-Releasing Factor (CRF)
Hypothesis”; Plotsky, Owens, and Nemeroff, “Psychoneuroendocrinology.” Tradi-
tionally endocrinologists liked to replace the word “factor” with the word “hor-
mone” once they worked out the chemistry of the factor. In psychiatry the terms
seem to be used interchangeably, so that either CRF or CRH refers to this small
peptide with a very large role.

p. 361 Blunted response to CRF stimulation in depressed people: Plotsky, Owens, and
Nemeroff, “Psychoneuroendocrinology.”

p. 361 Plotsky’s research: Plotsky, Owens, and Nemeroff, “Psychoneuroendocrinology”;
Paul M. Plotsky and M. Meaney, “Early, Postnatal Experience Alter Hypothalamic
CRF mRNA, Median Eminence CRF Content and Stress Induced Release in
Adults,” Molecular Brain Research 18 (1993), 195–200.

p. 361 Rat model suggests effect of early experience on neurobiology: L. Arborelius, M. J.
Owens, P. M. Plotsky, and C. B. Nemeroff, “The Role of Corticotropin-Releasing
Factor in Depression and Anxiety Disorders,” review, Journal of Endocrinology
160:1 (1999), 1–12.

p. 361 Clinical investigators’ beliefs: Beck, Depression.
p. 361 Different degrees of separation: Joan Kaufman, Paul M. Plotsky, Charles B.

Nemeroff, and Dennis S. Charney, “Effects of Early Adverse Experiences on Brain
Structure and Function: Clinical Implications,” Biological Psychiatry 48:8 (2000),
778–790.

p. 362 “it would be correct to speak of an affective theory . . .”: Edward C. Senay, “General
Systems Theory and Depression,” American Association for the Advancement of 
Science (1973), 242.

p. 362 “propose that early abuse or neglect . . .”: Nemeroff, “Neurobiology of Depression.”
p. 362 Monkey studies: Akiskal and McKinney, “Depressive Disorders”; McKinney et al.,

“Animal Models in Psychiatry.”
p. 363 Protective role of positive emotional states on physical health: Peter Salovey, Alexander

J. Rothman, Jerusha B. Detweiler, and Wayne T. Steward, “Emotional States and
Physical Health,” American Psychologist 55 (2000), 110–121.

p. 363 Psychological stresses worsen some medical diseases: Herbert Weiner, Psychobiology
and Human Disease (New York: Elsevier, 1977); Steven Locke and James Gorman,



notes and references

“Behavior and Immunity,” in Comprehensive Textbook of Psychiatry, 5th Ed., eds. 
H. Kaplan and B. Sadock (Baltimore: Williams and Wilkins, 1989), 1240–1249.

p. 363 Role for bereavement and psychological stress consistent with all we know: Ellen E.
Beem, Herbert Hooijkaas, Marc H. P. D. Cleiren, Henk A. W. Schut, Bert Garssen,
Marcel A. Croon, Lea Jabaaij, Karl Goodkin, Henk Wind, and Marco J. de Vries,
“The Immunological and Psychological Effects of Bereavement: Does Grief Coun-
seling Really Make a Difference? A Pilot Study,” Psychiatry Research 85:1 (1999),
81–93; Miranda Olff, “Stress, Depression and Immunity: The Role of Defense and
Coping Styles,” Psychiatry Research 85:1 (1999), 7–15; Steven J. Schleifer, Steven
E. Keller, and Jacqueline A. Bartlett, “Depression and Immunity: Clinical Factors
and Therapeutic Course,” Psychiatry Research 85:1 (1999), 63–69.

p. 363 “learned helplessness”: Martin Seligman, “Failure to Escape Traumatic Shock,”
Journal of Experimental Psychology 74 (1975), 1–9; Helplessness (San Francisco: 
W. H. Freeman, 1975), 1–9; Martin Seligman, J. Weiss, M. Weinraub, and A. Shul-
man, “Coping Behavior: Learned Helplessness, Physiological Change and Learned
Inactivity,” Behaviour Research and Therapy 18 (1980), 459–512.

p. 363 Weiss experiments: Jay M. Weiss and C. D. Kilts, “Animal Models of Depression and
Schizophrenia,” in Shatzberg and Nemeroff, Psychopharmacology, 81–123.

p. 363 Basic facts of learned helplessness: Seligman et al., “Coping Behavior.”
p. 363 Helpless rats have more ulcers and less norepinephrine: Jay Weiss, H. I. Glazer, and

L. A. Poherecky, “Coping Behavior and Neurochemical Changes in Rats: An Alter-
native Explanation for the Original ‘Learned Helplessness’ Experiments,” in Ani-
mal Models in Human Psychobiology, eds. G. Servan and A. Kling (New York:
Plenum, 1976); Jay Weiss, “Psychological Factors in Stress and Disease,” Scientific
American 226:6 (1972), 104–113.

p. 363 Effects of severe stress on norepinephrine: Jay M. Weiss, Julie C. Stout, Mark F.
Aaron, Ning Quan, Michael J. Owens, Pamela D. Butler, and Charles B.
Nemeroff, “Depression and Anxiety: Role of the Locus Coeruleus and Corti-
cotropin-Releasing Factor,” Brain Research Bulletin 35:5,6 (1994), 561–572.

p. 364 Blue-spot axons and higher-brain center activity: Weiss and Kilts, “Animal Models.”
p. 364 Neurons use norepinephrine and galanin to regulate dopamine: Jay M. Weiss, Robert

W. Bonsall, Melissa K. Demetrikopoulos, Milburn S. Emery, and Charles H. K.
West, “Galanin: A Significant Role in Depression?,” in Galanin: Basic Research
Discoveries and Therapeutic Implications, Annals of the New York Academy of Sci-
ences, eds. T. Hoekfelt and T. Bartfai (New York: New York Academy of Sciences,
1998), 364–382.

p. 364 Possible explanation of Effexor’s special effectiveness: Einarson et al, “Treatment of
Depression”; Rudolph and Feiger, “Once-Daily Venlafaxine Extended Release.”

p. 364 Changes in norepinephrine enzymes and receptors: Darlene D. Francis, Christian
Caldji, Frances Champagne, Paul M. Plotsky, and Michael J. Meaney, “The Role
of Corticotropin-Releasing Factor—Norepinephrine Systems in Mediating the
Effects of Early Experience on the Development of Behavioral and Endocrine
Responses to Stress,” Biological Psychiatry 46 (1999), 1153–1166. The three-hour
separated rats have an up-regulation of transcription of the gene for tyrosine hydroxy-
lase in the locus ceruleus. This is the rate-limiting enzyme in norepinephrine as
well as dopamine synthesis, and the increase may deplete neurotransmitter stores.
They also have down-regulation of norepinephrine autoreceptors on the locus
ceruleus cells, which might tend to exhaust the system and end in depletion.

p. 364 Tragic study by Hamburg: S. B. Friedman, P. Chodoff, J. W. Mason, and David A.
Hamburg, “Behavioral Observations on Parents Anticipating the Death of a Child,”



the tangled wing

Pediatrics 32 (1963), 610–625; David A. Hamburg, “Coping Behavior in Life-
Threatening Circumstances,” Psychotherapy and Psychosomatics 23 (1974), 13–25.

p. 364 Parents’ experience as active field of research: Archer, Nature of Grief; eds. Tamar
Krulik, Bonnie Holaday, and Ida M. Martinson, The Child and Family Facing Life-
Threatening Illness: A Tribute to Eugenia Waechter (Philadelphia: J. B. Lippincott,
1987); Paul C. Rosenblatt, Parent Grief: Narratives of Loss and Relationship
(Philadelphia: Brunner/Mazel, 2000), xv, 252.

p. 364 Hamburg quotation: Hamburg, “Coping Behavior,” 21.
p. 365 Studies of polio and burn victims: H. M. Visotsky, David A. Hamburg, M. E. Goss,

and B. Z. Lebovits, “Coping Behavior Under Extreme Stress: Observations of
Patients with Severe Poliomyelitis,” Archives of General Psychiatry 5 (1961),
423–448; David A. Hamburg, G. Hamburg, and S. De Goza, “Adaptive Problems
and Mechanisms in Severely Burned Patients,” Psychiatry 16 (1953), 1–20; David
A. Hamburg, “Clinical Importance of Emotional Problems in Care of Patients with
Burns,” New England Journal of Medicine 248 (1953), 355–359.

p. 365 Kübler-Ross’s five stages of response: Kübler-Ross, On Death and Dying.
p. 365 Adjustment to loss, in jumble of cycles: Archer, Nature of Grief; William M. Lamers,

Jr., “Grief in Dying Persons,” in Clinical Dimensions of Anticipatory Mourning:
Theory and Practice in Working with the Dying, Their Loved Ones, and Their Care-
givers, ed. T. A. Rando (Champaign, Ill.: Research, 2000), 281–305.

p. 365 Every life . . . every death: Sherwin B. Nuland, How We Die: Reflections on Life’s
Final Chapter (New York: Alfred A. Knopf, 1994), 3.

p. 365 “Life is dappled with periods of pain . . .”: Nuland, How We Die, 268.
p. 366 “The honesty and grace of the years . . .”: Nuland, How We Die, 268.
p. 366 Hindu pilgrimage to Banaras: Christopher Justice, Dying the Good Death: The Pil-

grimage to India’s Holy City (Albany: State University of New York, 1997). 
p. 366 Thomas poem: Dylan Thomas, “Do Not Go Gentle Into That Good Night,” in Col-

lected Poems (New York: New Directions, 1953), 128.
p. 366 We are all terminal patients: Becker, Denial of Death.
p. 366 Grief in every known society: Archer, Nature of Grief, 52ff.; Dennis Klass, “Develop-

ing a Cross-Cultural Model of Grief: The State of the Field,” Omega—Journal of
Death and Dying 39:3 (1999), 153–178.

p. 366 Rosenblatt quotation: Paul C. Rosenblatt, R. Patricia Walsh, and Douglas A. Jackson,
“Grief and Mourning in Cross-Cultural Perspective” (New Haven, Conn.: Human
Relations Area Files, 1976), 124.

p. 367 Ghost beliefs “probably universal”: Rosenblatt, Walsh, and Jackson, “Grief and
Mourning,” 65.

p. 367 !Kung San “like death”: Richard B. Lee, “The Sociology of !Kung Bushman Trance
Performances,” in Trance and Possession States, ed. R. Prince (Montreal: Bucke
Memorial Society, 1968); Richard Katz, Boiling Energy: Community Healing Among
the Kalahari !Kung (Cambridge: Harvard University, 1982).

p. 367 Freud’s “death instinct”: Freud, Civilization and Its Discontents.
p. 367 Depression as “anger turned inward”: Beck, Depression, 248.
p. 368 Vendetta a dark option: Bruce Knauft, “Reconsidering Violence in Simple Human

Societies: Homicide Among the Gebusi of New Guinea,” Current Anthropology 28
(1987), 457–500.

p. 368 Revenge in !Kung homicide: Richard B. Lee, The !Kung San: Men, Women and
Work in a Foraging Society (Cambridge: Cambridge University, 1979), 440–441.

p. 368 Grief and rage among Ilongot: Renato Rosaldo, Ilongot Headhunting 1883–1974: A
Study in Society and History (Stanford, Calif.: Stanford University, 1980).



notes and references

p. 368 Gradual but inevitable loss of our own lives: Becker, Denial of Death.
p. 369 !Kung healing ritual: Marjorie Shostak, Return to Nisa (Cambridge: Harvard Uni-

versity, 2000).
p. 369 Aborigines’ “sacred dream time”: A. P. Elkin, The Australian Aborigines (Garden

City, N.Y.: Doubleday, 1964).
p. 369 Bororo funeral ceremonies: Claude Lévi-Strauss, Tristes Tropiques (New York:

Atheneum, 1965).
p. 369 “The hostile forces in the physical universe . . .”: Lévi-Strauss, Tristes Tropiques, 224.
p. 369 Ndembu Isoma: Victor W. Turner, The Ritual Process: Structure and Anti-Structure

(Harmondsworth, Eng.: Penguin, 1974), ch. 1.
p. 369 Children’s view of death: Edwin H. Cassem, “The Person Confronting Death,” in

Nicholi, Harvard Guide, 699–731.
p. 369 Risk of suicide at fifteen: Harkavy and Asnis, “Suicide Attempts in Adolescence”;

Belluck, “Black Youths’ Rate of Suicide”; Leon Eisenberg, “Adolescent Suicide: On
Taking Arms Against a Sea of Troubles,” Pediatrics 66 (1980), 315–320.

p. 370 Critics of assisted suicide: Carlos F. Gomez, Regulating Death: Euthanasia and the
Case of the Netherlands (New York: Free Press, 1991).

p. 370 High suicide rates among severely depressed: Douglas G. Jacobs, “Depression
Screening as an Intervention Against Suicide,” Journal of Clinical Psychiatry 60:2
(1999), 42–45; Jules Angst, “Major Depression in 1998: Are We Providing Optimal
Therapy?,” Journal of Clinical Psychiatry 60:6 (1999), 5–9.

p. 370 “In such sort doth the torture . . .”: Burton, Anatomy of Melancholy, 431.
p. 370 “The logical culmination . . .”: Isaiah Berlin, “Two Concepts of Liberty,” in Inau-

gural Lecture at Oxford University (London: Oxford University, 1958), 25.
p. 370 Half percent lifetime risk: Kramer, Pollack, and Redick, “Mental Disorders and 

Suicide,” 197.
p. 370 Most common U.S. suicide methods: Kramer, Pollack, and Redick, “Mental Disor-

ders and Suicide,” 216.
p. 370 Firearm availability increases suicide risk: Jeffrey H. Boyd, “The Increasing Rate of

Suicide by Firearms,” New England Journal of Medicine 308:15 (1983), 872–874;
Richard W. Hudgens, “Preventing Suicide,” New England Journal of Medicine
308:15 (1983), 897–898; Arthur I. Kellerman, Frederick P. Rivara, Grant Somes,
Donald T. Reay, Jerry Francisco, Joyce Gillentine Banton, Janice Prodzinski,
Corinne Fligner, and Bela B. Hackman, “Suicide in the Home in Relation to Gun
Ownership,” New England Journal of Medicine 327:7 (1992), 467–491.

p. 370 Gender differences in suicide and depression: Myrna M. Weissman and Gerald L.
Klerman, “Sex Differences and the Epidemiology of Depression,” Archives of Gen-
eral Psychiatry 34 (1977), 98–111. Since attempts are three times more common in
women, and completed suicides three times more common in men, the risk that an
attempt will lead to death is about an order of magnitude higher in men.

p. 370 Depression increases suicide risk: George W. Blair-West, Chris H. Cantor, Graham W.
Mellsop, and Margo L. Eyeson-Annan, “Lifetime Suicide Risk in Major Depression:
Sex and Age Determinants,” Journal of Affective Disorders 55:2,3 (1999), 171–178.

p. 370 Manic-depressive illness increases risk: N. H. Kalin, “Management of the Depressive
Component of Bipolar Disorder,” Depression and Anxiety 4:4 (1996), 190–198.

p. 370 Panic attacks increase suicide risk: Myrna M. Weissman, Gerald L. Klerman, Jeffrey
S. Markowitz, and R. Ouellette, “Suicidal Ideation and Suicide Attempts in Panic
Disorder and Attacks,” New England Journal of Medicine 321 (1989), 1209–1214;
Peter Reich, “Panic Attacks and the Risk of Suicide,” New England Journal of Med-
icine 321 (1989), 1260–1261.



the tangled wing

p. 370 Other psychiatric disorders increase suicide risk: Nozomu Asukai, “Suicide and Men-
tal Disorders,” Psychiatry and Clinical Neurosciences 49:1 (1995), S91–97.

p. 370 Lower risk for married people: Émile Durkheim, Le Suicide (Paris: Felis Alean,
1912).

p. 370 Natural disasters increase suicide: Etienne G. Krug, Marcie-Jo Kresnow, John P.
Peddicord, Linda L. Dahlberg, Kenneth Powell, Alex E. Crosby, and Joseph L.
Annest, “Suicide After Natural Disasters,” New England Journal of Medicine 338:6
(1998), 373–378.

p. 371 Post–traumatic stress disorder increases suicide risk: Marcello Ferrada-Noli, Marie
Åsberg, Kari Ormstad, Tom Lundin, and Elisabet Sundbom, “Suicidal Behavior
After Severe Trauma, Part 1,” Journal of Traumatic Stress 11:1 (1998), 103–112.

p. 371 Torture victims and suicide: Marcello Ferrada-Noli, Marie Åsberg, and K. Ormstad,
“Suicidal Behavior After Severe Trauma, Part 2,” Journal of Traumatic Stress 11:1
(1998), 113–124.

p. 371 Copycat effect following suicide: David P. Phillips, “Motor Vehicle Fatalities
Increase Just After Publicized Suicide Stories,” Science 196 (1977), 1464–1465.

p. 371 Scandinavian suicide vs. U.S. homicide: H. Hendrin, Suicide and Scandinavia
(New York: Grune & Stratton, 1965).

p. 371 Åsberg research: Marie Åsberg, Lil Traskman, and Peter Thoren, “5-HIAA in the
Cerebrospinal Fluid: A Biochemical Suicide Predictor?,” Archives of General 
Psychiatry 33:10 (1976), 1193–1197.

p. 371 Low 5-HIAA in CSF of later suicides: Marie Åsberg and Kaj Forslund, “Neurobio-
logical Aspects of Suicidal Behaviour,” International Review of Psychiatry 12:1
(2000), 62–74.

p. 371 Suicide linked to low 5-HIAA”: Åsberg and Forslund, “Neurobiological Aspects of
Suicidal Behaviour.”

p. 371 Suicide statistics in Åsberg study groups: Marie Åsberg and Lil Traskman, “Studies
of CSF 5-HIAA in Depression and Suicidal Behavior,” Advances in Experimental
Medicine and Biology 133 (1981), 739–752; Marie Åsberg, Bjoern Martensson, and
Anna Waegner, “Psychobiological Aspects of Suicidal Behavior,” in Psychopathology:
An Interactional Perspective: Personality, Psychopathology, and Psychotherapy, ed.
D. O. A. Magnusson (Orlando: Academic, 1987), 81–94.

p. 371 Later studies support association: Peter Nordstroem, Mats Samuelsson, Marie
Åsberg, Lil Traeskman-Bendz, “CSF 5-HIAA Predicts Suicide Risk After Attempted
Suicide,” Suicide and Life-Threatening Behavior 24:1 (1994), 1–9.

p. 372 Åsberg, Goodwin studies produce refinements: Marie Åsberg, “Neurotransmitters and
Suicidal Behavior: The Evidence from Cerebrospinal Fluid Studies,” in The Neu-
robiology of Suicide: From the Bench to the Clinic, Annals of The New York Academy
of Sciences, ed. D. M. Stoff and J. J. Mann (New York: New York Academy of 
Sciences, 1997), 158–181.

p. 372 Individuals with chronic maladjustments: Jayanti Chotai, Gunnar Kullgren, and
Marie Åsberg, “CSF Monamine Metabolites in Relation to the Diagnostic Inter-
view for Borderline Patients (DIB),” Neuropsychobiology 38:4 (1998), 207–212.

p. 372 French study of suicide attempters: Didier Cremniter, Sylvie Jamain, Kaei Kollenbach,
Jean-Claude Alvarez, Yves Lecrubier, Alain Gilton, Philippe Jullien, Philippe
Lesieur, Francis Bonnet, and Odile Spreux-Varoquaux, “CSF 5-HIAA Levels Are
Lower in Impulsive as Compared to Nonimpulsive Violent Suicide Attempters and
Control Subjects,” Biological Psychiatry 45:12 (1999), 1572–1579.

p. 372 Altered serotonin function in brains of suicide victims: Peter Nordstroem and Marie
Åsberg, “Suicide Risk and Serotonin,” International Clinical Psychopharmacology



notes and references

6:6 (1992), 12–21; Tetsuro Ohmori, Ramesh C. Arora, and Herbert Y. Meltzer,
“Serotonergic Measures in Suicide Brain: The Concentration of 5-HIAA, HVA,
and Tryptophan in Frontal Cortex of Suicide Victims,” Biological Psychiatry 32:1
(1992), 57–71.

p. 372 Frontal abnormality linked to suicide: Jeffrey H. Meyer, Shitij Kapur, Sylvain Joule,
Jean DaSilva, Beata Owczarek, Gregory M. Brown, Alan A. Wilson, and Sidney H.
Kennedy, “Prefrontal Cortex 5-HT-Sub-2 Receptors in Depression,” American Jour-
nal of Psychiatry 156:7 (1999), 1029–1034.

p. 372 Other neurotransmitter systems show changes: J. John Mann, “Role of the Seroton-
ergic System in the Pathogenesis of Major Depression and Suicidal Behavior,” 
Neuropsychopharmacology 21:2 (1999), 99S—105S.

p. 372 People with low 5-HIAA and nonsuicidal violence: Åsberg, “Neurotransmitters and
Suicidal Behavior”; Marie Åsberg, “Monoamine Neurotransmitters in Human
Aggressiveness and Violence: A Selected Review,” Criminal Behaviour and Mental
Health 4:4 (1994), 303–327.

p. 372 Inward and outward violence as two sides of coin: David Lester, “Neuropsychologi-
cal Correlates of Violence and Aggression: An Extension to Suicidal Behavior,” 
Perceptual and Motor Skills 89:2 (1999), 389–392; Manfred Wolfersdorf and
Andrea Kiefer, “Depression, Aggression and Suicidality: Are Suicidal Depressed
Inpatients More Aggressive?,” Psychotherapeutics 44:2 (1999), 94–100.

p. 373 “What youthful mother . . .”: William Butler Yeats, “Among School Children,” in
The Variorum Edition of the Poems of W. B. Yeats, eds. P. Allt and R. K. Alspach
(New York: Macmillan, 1940), 444.

p. 373 T. S. Eliot: T. S. Eliot, “The Love Song of J. Alfred Prufrock,” in The Complete
Poems and Plays (1909–1950) (New York: Harcourt, Brace & World, 1952).

p. 373 Older people more satisfied: Lykken, Happiness, 243.
p. 373 “Surely spring has been returned to me . . .”: Louise Glück, Vita Nova (Hopewell,

N.J.: Ecco, 1999), 2.
p. 374 “Death is the mother of beauty . . .”: Wallace Stevens, “Sunday Morning,” in The

Palm at the End of the Mind, ed. H. Stevens (New York: Vintage, 1972).
p. 374 “Why should she give her bounty to the dead?”: Stevens, “Sunday Morning,” 5.
p. 374 “Is there no change of death paradise?”: Stevens, “Sunday Morning,” 7.

Chapter 15: Gluttony
Gerard P. Smith’s collection, Satiation: From Gut to Brain (New York: Oxford University,
1998), is a good place to start for the science of what ends eating—or fails to. Several major
papers on the physiology of hunger and satiety appeared in the journal Science 280:5368
(May 29, 1998). “Neuroendocrine Responses to Starvation and Weight Loss,” by Michael
W. Schwartz and Randy J. Seeley (New England Journal of Medicine 336, 1302–1311), is
an elegant overview of how the body foils efforts to starve it. A brief account of what makes
an animal (or person) stop eating is provided by Gerard Smith, “The Direct and Indirect
Control of Meal Size,” in Neuroscience and Biobehavioral Reviews 20 (1996), 41–46.

A classic account of the psychology of obesity is Obese Humans and Rats, edited by
Stanley Schachter and Judith Rodin (Potomac, Md.: Lawrence Erlbaum, 1974). Medical
aspects of the problem are reviewed in Derek Chadwick and Gain Cardew, eds., The Ori-
gins and Consequences of Obesity (New York: John Wiley & Sons, 1996). Insights into “ner-
vous eating” are given by Josephine Wilson and Michael Cantor in “An Animal Model of
Excessive Eating,” Journal of the Experimental Analysis of Behavior 47 (1987), 335–346. At
the other end of the spectrum, Joan Jacobs Brumberg’s Fasting Girls: The History of



the tangled wing

Anorexia Nervosa (Cambridge: Harvard University, 1988) provides an absorbing history of
what is mainly a twentieth-century disorder. Félix Larocca’s collection, Eating Disorders
(San Francisco: Jossey-Bass, 1986), remains a good, concise introduction to the clinical
issues.

Food and the Status Quest, edited by Polly Wiessner and Wulf Schiefenhövel (Provi-
dence/Oxford: Berghahn Books, 1996), is a highly original collection showing how people
and apes use food to create relationships and exert control. Hunter-gatherers are central to
our understanding of the human relationship to accumulation, and the foundation for
modern studies was laid by Richard Lee and Irven DeVore in Man the Hunter (Chicago:
Aldine de Gruyter, 1968). The field was advanced by Bruce Winterhalder and Eric Alden
Smith in Hunter-Gatherer Foraging Strategies: Ethnographic and Archeological Analyses
(Chicago: University of Chicago, 1981) and Francis Dahlberg’s Woman the Gatherer
(New Haven, Conn.: Yale University, 1981). The culmination of twentieth-century
research is Richard Lee and Richard Daly’s Cambridge Encyclopedia of Hunters and
Gatherers (Cambridge: Cambridge University, 1999). For a view of life in societies where
maximizing wealth is not the principal goal, see Marshall Sahlins, Stone Age Economics
(Chicago: Aldine de Gruyter, 1972); a more balanced view is Stuart Plattner’s Economic
Anthropology (Stanford, Calif.: Stanford University, 1989).

For a view of childhood in a culture in which maximizing wealth is the principal goal,
see Robert Coles’s Privileged Ones: The Well-Off and the Rich in America (Boston: Atlantic-
Little, Brown, 1977). Robert Frank’s Luxury Fever: Why Money Fails to Satisfy in an Era of
Excess (New York: Free Press, 1999) analyzes the background and human consequences of
out-of-control consumption and conspicuous display of wealth in contemporary America.
John Kenneth Galbraith’s writings have, for over half a century, gently and gracefully
called our attention to the excesses of corporate capitalism and the people it leaves
behind—most recently, The Culture of Contentment (New York: Houghton Mifflin, 1993)
and The Good Society: The Humane Agenda (New York: Houghton Mifflin, 1997).

p. 376 Research etc. keeping an eye on our health: Michael Rosenbaum, Rudolph L.
Leibel, and Jules Hirsch, “Obesity,” New England Journal of Medicine 337:6
(1997), 396–407; Gary Taubes, “As Obesity Rates Rise, Experts Struggle to Explain
Why,” Science 280:5368 (1998), 1367–1368; Ingrid Wickelgren, “Obesity: How Big
a Problem?,” Science 280:5368 (1998), 1364–1367; James O. Hill and John C.
Peters, “Environmental Contributions to the Obesity Epidemic,” Science 280:5368
(1998), 1371–1374.

p. 376 Epidemic of obesity in children: Centers for Disease Control, Adolescent and School
Health: Promoting Better Health for Young People Through Physical Activity 
and Sports (Report to the President, Fall 2000, www.cdc.gov/nccdphp/dash/
presphysactrpt/index.htm); Geoffrey Cowley, “Generation XXL,” Newsweek (July 3,
2000), 40–44.

p. 377 IOTF statement: Taubes, “Obesity Rates Rise.”
p. 377 Most solutions have piece of truth: George A. Bray, “Coherent, Preventive and

Management Strategies for Obesity,” in eds. Derek Chadwick and Gail Cardew,
The Origins and Consequences of Obesity, CIBA Foundation Symposium 201
(Chichester, Eng.: John Wiley & Sons, 1996), 228–254; Elissa Jelalian and Brian
E. Saelens, “Empirically Supported Treatments in Pediatric Psychology: Pediatric
Obesity,” Journal of Pediatric Psychology 24:3 (1999), 223–248.

p. 377 Research about “I ate it . . .”: John M. Poothullil, “Maintenance of Weight Loss
Using Taste and Smell Sensations,” Journal of Women’s Health 8:1 (1999),
109–113.



notes and references

p. 377 Neural and blood-borne messages as we eat: Stephen C. Woods, Randy J. Seeley,
and Daniel Porte, Jr., “Signals That Regulate Food Intake and Energy Homeosta-
sis,” Science 280:5368 (1998), 1378–1383; ed. Gerard P. Smith, Satiation: From
Gut to Brain (New York: Oxford University, 1998).

p. 377 Weight rebound extremely common: I. I. Walker, S. Carlos Poston, Martin Ericsson,
Juergen Linder, Thomas Nilsson, G. Ken Goodrick, and John P. Foreyt, “Personal-
ity and the Prediction of Weight Loss and Relapse in the Treatment of Obesity,”
International Journal of Eating Disorders 25:3 (1999), 301–309; Robert W. Jeffery,
Leonard H. Epstein, G. Terence Wilson, Adam Drewnowski, Albert J. Stunkard,
and Rena R. Wing, “Long-Term Maintenance of Weight Loss: Current Status,”
Health Psychology 19:1 (2000), 5–16; Mary Lou Klem, Rena R. Wing, Maureen T.
McGuire, Helen M. Seagle, and James O. Hill, “Psychological Symptoms in Indi-
viduals Successful at Long-Term Maintenance of Weight Loss,” Health Psychology
17:4 (1998), 336–345.

p. 378 “a formerly obese person . . . ”: Rosenbaum, Leibel, and Hirsch, “Obesity,” 397.
p. 378 Weight regulation “highly integrated and redundant . . . ”: Woods, Seeley, and Porte,

“Signals That Regulate Food Intake,” 1382.
p. 378 “Some 6 million American children . . . ”: Geoffrey Cowley, “Generation XXL,”

Newsweek (July 3, 2000), 42.
p. 378 if intake exceeds output by one third of 1 percent: Rosenbaum, Leibel, and Hirsch,

“Obesity.”
p. 378 Turn-of-century U.S. statistics: Taubes, “Obesity Rates Rise”; Wickelgren, “Obesity”;

Hill and Peters, “Environmental Contributions.”
p. 378 Meal-ending factors signal over nerves or through chemicals: Woods, Seeley, and

Porte, “Signals That Regulate Food Intake”; Gerard P. Smith, “The Direct and
Indirect Controls of Meal Size,” Neuroscience and Biobehavioral Reviews 20:1
(1996), 41–46.

p. 378 Rat lever-pressing: M. M. Berkun, M. L. Kessen, and N. E. Miller, “Hunger-Reducing
Effects of Food by Stomach Fistula Versus Food by Mouth Measured by a Con-
summatory Response,” Journal of Comparative and Physiological Psychology 45
(1952), 550–554.

p. 378 “sham eating”: H. D. Janowitz and M. I. Grossman, “Some Factors Affecting the
Food Intake of Normal Dogs and Dogs with Esophagostomy and Gastric Fistula,”
American Journal of Physiology 159 (1949), 143–148.

p. 379 Mechanical filling alone will work: H. D. Janowitz and F. Lollander, “Effect of Pro-
longed Intragastric Feeding on Oral Ingestion,” Federation Proceedings 12 (1953), 72.

p. 379 Rats lick less enthusiastically as stomach fills: J. D. Davis, G. P. Smith, and J. L.
Sayler, “Reduction of Intake in the Rat Due to Gastric Filling,” American Journal of
Physiology 272:5(2) (1997), R1599–1605.

p. 379 Twenty normal men: B. J. Rolls, V. H. Castellanos, J. C. Halford, A. Kilara, D.
Panyam, C. L. Pelkman, G. P. Smith, and M. L. Thorwart, “Volume of Food Con-
sumed Affects Satiety in Men,” American Journal of Clinical Nutrition 67:6 (1998),
1170–1177.

p. 379 Fat in small intestine reduces appetite: John E. Blundell and Neil A. King, “Over-
consumption as a Cause of Weight Gain: Behavioural-Physiological Interactions in
the Control of Food Intake (Appetite),” in Chadwick and Cardew, Origins and
Consequences of Obesity, 138–158.

p. 379 Nutrients seep into bloodstream: M. G. Tordoff and M. I. Friedman, “Hepatic Portal
Glucose Infusions Decrease Food Intake and Increase Food Preference,” American
Journal of Physiology 251 (1986), R192–196; “Hepatic Control of Feeding: Effect of



the tangled wing

Glucose, Fructose, and Mannitol,” American Journal of Physiology 254 (1988)
R969–976; D. Novin, B. A. Robinson, L. A. Culbreth, and M. G. Tordoff, “Is There
a Role for the Liver in the Control of Food Intake?,” American Journal of Clinical
Nutrition 9 (1983), 233–246.

p. 379 Glucostatic theory: Jean Mayer, “Regulation of Energy Intake and Body Weight:
The Glucostatic Theory and the Lipostatic Hypothesis,” Annals of the New York
Academy of Sciences 63 (1955), 15–43.

p. 379 Glucostatic model plausible in part: Stephen C. Woods, Randy J. Seeley, Daniel
Porte, Jr., and Michael W. Schwartz, “Signals That Regulate Food Intake and
Energy Homeostasis,” Science 280:5368 (1998), 1378–1383; and Stephen C.
Woods, Michael W. Schwartz, Denis G. Baskin, and Randy J. Seeley, “Food Intake
and the Regulation of Body Weight,” Annual Review of Psychology 51 (2000),
255–277.

p. 380 Effects of lesions contribute to changes: Irving Kupfermann, “Neural Control of
Feeding,” Current Opinion in Neurobiology 4 (1994), 869–876; Irving Kupfermann,
Eric R. Kandel, and Susan Iversen, “Motivational and Addictive States,” in Princi-
ples of Neural Science, eds. Eric R. Kandel, James H. Schwartz, and Thomas M.
Jessell (New York: McGraw-Hill, 2000), 998.

p. 380 Glucose water in toads: Peter R. Laming and Christopher Cairns, “Effects of Food,
Glucose, and Water Ingestion on Feeding Activity in the Toad (Bufo bufo),” Behav-
ioral Neuroscience 112:5 (1998), 1266–1272.

p. 380 Glucose detection by liver and brain: Woods et al., “Signals That Regulate Food
Intake”; Woods et al., “Food Intake”; Mauricio Russek, “Semi-Quantitative Simula-
tion of Food Intake Control and Weight Regulation,” in Hunger Models: Computable
Theory of Feeding Control, ed. D. A. Booth (New York: Academic, 1978); Mauricio
Russek, “A Hypothesis on the Participation of Hepatic Glucoreceptors in the Control
of Food Intake,” Nature (London) 197 (1963), 79–80; Mauricio Russek, “Hepatic
Receptors and the Neurophysiological Mechanisms Controlling Feeding Behavior,”
in Neurosciences Research, ed. S. Ehrenpreis (New York: Academic, 1971).

p. 380 How gut hormones act in feeding regulation: Smith, Satiation.
p. 381 Parallel but different theory: R. Liebelt, C. Bordelon, and A. Liebelt, “The Adipose

Tissue System and Food Intake,” in Progress in Physiological Psychology, eds. E. Stellar
and J. Sprague (New York: Academic, 1973); Jacques Le Magnen, “Hyperphagie
Provoquée Chez le Rat Blanc par Altération du Méchanisme de Satiété Péri-
phérique,” Comptes Rendus des Séances de la Société de Biologie 150 (1956), 32.

p. 381 Rose Frisch: Rose E. Frisch and R. Revelle, “Height and Weight at Menarche and a
Hypothesis of Critical Body Weights and Adolescent Events,” Science 169 (1970),
397–398; Rose E. Frisch, Grace Wyshak, and Larry Vincent, “Delayed Menarche and
Amenorrhea in Ballet Dancers,” New England Journal of Medicine 303 (1980), 17–19.

p. 381 Release of insulin and leptin in proportion to mass of body fat: Woods et al., “Signals
That Regulate Food Intake.”

p. 381 Pharmacologists’ search for new drugs: L. Arthur Campfield, Francoise J. Smith, and
Paul Burn, “Strategies and Potential Molecular Targets for Obesity Treatment,” 
Science 280:5368 (1998), 1383–1387.

p. 381 How leptin works: Denis G. Baskin, Dianne Figlewicz Lattemann, Randy J. Seeley,
Stephen C. Woods, Daniel Porte, Jr., and Michael W. Schwartz, “Insulin and Lep-
tin: Dual Adiposity Signals to the Brain for the Regulation of Food Intake and Body
Weight,” Brain Research 848:1,2 (1999), 114–123.

p. 381 Ancient molecular mechanism: D. M. Denbow et al., “Leptin-Induced Decrease in
Food Intake in Chickens,” Physiology and Behavior 69:3 (2000), 359–362; M. G.



notes and references

Hulsey et al., “Intracerebroventricular (I.C.V.) Administration of Mouse Leptin in
Rats: Behavioral Specificity and Effects on Meal Patterns,” Physiology and Behavior
65:3 (1998), 445–455.

p. 381 Neuropeptide Y and hunger stimulation: Michael W. Schwartz and Randy J. Seeley,
“Neuroendocrine Responses to Starvation and Weight Loss,” New England Journal
of Medicine 336:25 (1997), 1802–1811.

p. 381 Effects of neuropeptide Y injection: Neil R. Carlson, Physiology of Behavior, 6th Ed.
(Boston: Allyn & Bacon, 1998), 396.

p. 381 Insulin and leptin suppress hunger: S. R. Glaum, M. Hara, V. P. Bindokas, C. C.
Lee, K. S. Polonsky, G. I. Bell, and R. J. Miller, “Leptin, the Obese Gene Product,
Rapidly Modulates Synaptic Transmission in the Hypothalamus,” Molecular Phar-
macology 50 (1996), 230–235.

p. 382 Mixed results from chemical intervention: L. Arthur Campfield, Françoise J. Smith,
and Paul Burn, “Strategies and Potential Molecular Targets for Obesity Treatment,”
Science 280 (1998), 1383–1387.

p. 382 Fen/phen use and effects: Gregory D. Curfman, “Diet Pills Redux,” New England
Journal of Medicine 337:9 (1997), 629–630; David J. Morrow, “Fen–Phen Maker to
Pay Billions in Settlement of Diet-Injury Cases,” in The New York Times (October 8,
1999), A1, C6.

p. 382 Meridia: Greg Critser, “The Meridian Candidate: A Journal of Obesity and Phar-
macology,” Worth (February 1999), 94–126.

p. 382 Meridia seems safer: Didier Chapelot, Corinne Marmonier, Florence Thomas, and
Corinne Hanotin, “Modalities of the Food Intake-Reducing Effect of Sibutramine in
Humans,” Physiology and Behavior 68:3 (2000), 299–308; Jonathan O. Cole, Alexandra
Levin, Barbara Beake, Pamela E. Kaiser, and Monte L. Scheinbaum, “Sibutramine: A
New Weight Loss Agent Without Evidence of the Abuse Potential Associated with
Amphetamines,” Journal of Clinical Psychopharmacology 18:3 (1998), 231–236.

p. 382 Obese people have high leptin levels: Campfield, Smith, and Burn, “Obesity Treatment.”
p. 382 Search for new drugs that enhance leptin: Gina Kolata, “How the Body Knows

When to Gain or Lose,” The New York Times (October 17, 2000), D1, D8.
p. 382 Increased use of Xenical: Dana Canedy, “Almost Anyone Can Easily Get Pill Meant

for the Truly Obese,” The New York Times (May 11, 1999), A1, C10.
p. 383 Response to inadequate food intake highly developed: Schwartz and Seeley, “Neu-

roendocrine Responses to Starvation.”
p. 383 Bennett quote: William Bennett, “Dietary Treatments of Obesity,” in Human Obe-

sity, eds. Richard J. Wurtman and J. J. Wurtman (New York: New York Academy of
Sciences, 1987), 250–263.

p. 383 Various factors override satiety: Blundell and King, “Overconsumption.”
p. 383 Rat response to flavored diet: LeMagnen, “Hyperphagie Provoquée.”
p. 383 Social factors enhance eating: Wanda Wyrwicka, “The Problem of Motivation in

Feeding Behavior,” in Hunger: Basic Mechanisms and Clinical Implications, eds.
D. Novin, Wanda Wyrwicka, and G. Bray (New York: Raven, 1976); eds. Stanley
Schachter and Judith Rodin, Obese Humans and Rats (Potomac, Md.: Lawrence
Erlbaum, 1974).

p. 383 Taste for variety and social eating in humans and rats: J. M. de Castro and E. S. de
Castro, “Spontaneous Meal Patterns of Humans: Influence of the Presence of
Other People,” American Journal of Clinical Nutrition 50 (1989), 237–240; B. J.
Rolls, E. A. Rowe, E. T. Rolls, B. Kingston, A. Megson, and R. Gunary, “Variety in
a Meal Enhances Food Intake in Man,” Physiology and Behavior 26 (1981),
215–221.



the tangled wing

p. 383 Stress increases food intake: N. E. Rowland and S. M. Antelman, “Stress-Induced
Hyperphagia and Obesity in Rats: A Possible Model for Understanding Human
Obesity,” Science 191 (1976), 310–312; John Moreley and Allen Levine, “Stress-
Induced Eating Is Mediated Through Endogenous Opiates,” Science 209 (1980),
1259–1261.

p. 383 Physical discomfort increases food intake: Donald A. Czech, A. E. Klosterman, and
K. T. Le Sueur, “N-Super(G)-Nitro-L-Arginine Methyl Ester Reduces Stress-
Related Feeding in the Rat Tail-Pinch Model,” Pharmacology, Biochemistry and
Behavior 60:1 (1998), 91–96.

p. 383 Increased eating as nervous adjunct to challenge: Michael B. Cantor, “Bad Habits:
Models of Induced Ingestion in Satiated Rats and People,” in Behavior and Nutri-
tion, ed. S. A. Miller (Philadelphia: Franklin Institute, 1981), 31–49; Michael B.
Cantor and Josephine F. Wilson, “Feeding the Face: New Directions in Adjunc-
tive Behavior Research,” in S. A. Miller, Behavior and Nutrition, 299–312;
Michael B. Cantor, Stephen E. Smith, and Bonita R. Bryan, “Induced Bad
Habits: Adjunctive Ingestion and Grooming in Human Subjects,” Appetite: Jour-
nal for Intake Research 3 (1982), 1–12; Josephine F. Wilson and Michael B. Can-
tor, “An Animal Model of Excessive Eating: Schedule-Induced Hyperphagia in
Food-Satiated Rats,” Journal of the Experimental Analysis of Behavior 47 (1987),
335–346.

p. 383 Varying effects of psychological distress on hunger: Janet Polivy and C. Peter Herman,
“Distress and Eating: Why Do Dieters Overeat?,” International Journal of Eating
Disorders 26:2 (1999), 153–164.

p. 383 Subliminal threats can cause nervous eating: Caroline Meyer and Glenn Waller,
“The Impact of Emotion Upon Eating Behavior: The Role of Subliminal Visual
Processing of Threat Cues,” International Journal of Eating Disorders 25:3 (1999),
319–326.

p. 384 Parallels between very obese and hypothalamus-damaged rats: Schachter and Rodin,
Obese Humans and Rats.

p. 384 Rich people thin, poor people fat in industrialized countries: Albert J. Stunkard,
“Socioeconomic Status and Obesity,” in Chadwick and Cardew, Origins and Con-
sequences of Obesity, 174–193.

p. 384 Opposite true in less developed countries: Peter J. Brown and Melvin J. Konner, 
“An Anthropological Perspective on Obesity,” in Wurtman and Wurtman, Human
Obesity, 29–46; Peter J. Brown, “Cultural Perspectives on the Etiology and Treat-
ment of Obesity,” in Obesity: Theory and Therapy, 2d Ed., eds. A. J. Stunkard and
T. A. Wadden (New York: Raven, 1993).

p. 384 “The incidence of obesity coincides . . . ”: eds. Robert Berkow and John H. Talbott,
Merck Manual of Diagnosis and Therapy, 13th Ed. (Rahway, N.J.: Merck, Sharp &
Dohme, 1977), 1177.

p. 384 When food is hard to get, obesity disappears: Jean Mayer, Overweight: Causes, Cost
and Control (Englewood Cliffs, N.J.: Prentice-Hall, 1968); George Bray, The Obese
Patient (Philadelphia: W. B. Saunders, 1976); ed. George Bray, Obesity: Compara-
tive Methods of Weight Control (Westport, Conn.: Technomic, 1980).

p. 384 Fasting works: Thomas A. Wadden, Albert J. Stunkard, and Kelly D. Brownell,
“Very Low Calorie Diets: Their Efficacy, Safety, and Future,” Annals of Internal
Medicine 99 (1983), 675–684.

p. 384 Demonstrations of such specific hungers: Paul Rozin and J. W. Kalat, “Specific
Hungers and Poison Avoidance as Adaptive Specializations of Learning,” Psycholog-
ical Review 78 (1971), 459–486.



notes and references

p. 385 Cultural factors and general rules: Peter J. Brown and Melvin J. Konner, “An
Anthropological Perspective on Obesity,” Annals of the New York Academy of Sci-
ences 499 (1987), 29–46.

p. 385 Rich German men fatter: A. Stunkard, “Environment and Obesity: Recent Advances
in Our Understanding of Regulation of Food Intake in Man,” Federation Proceed-
ings 27 (1968), 1367–1373.

p. 385 Samoans tolerant of weight gain: Alexandra Brewis, S. T. McGarvey, J. Jones, and
B. A. Swinburn, “Perceptions of Body Size in Pacific Islanders,” International Jour-
nal of Obesity and Related Metabolic Disorders 22:2 (1998), 185–189.

p. 385 Incapacitating obesity in West Africa: L. W. G. Malcolm, “Note on the Seclusion of
Girls Among the Efik at Old Calabar,” Man (1925), 113–114.

p. 385 Annang fattening room: P. J. Brink, “The Fattening Room Among the Annang of
Nigeria,” Medical Anthropology 12:1 (1989), 131–143.

p. 385 Young women encourage each other to gain more weight: Norimitsu Onishi, “Maradi
Journal: On the Scale of Beauty, Weight Weighs Heavily.” The New York Times
(February 12, 2001).

p. 385 Anorexia nervosa in West: Joan Jacobs Brumberg, Fasting Girls: The History of
Anorexia Nervosa (Cambridge: Harvard University, 1988).

p. 385 Classic English study: D. S. Miller and Sally Parsonage, “Resistance to Slimming:
Adaptation or Illusion?,” Lancet (April 5, 1975), 773–775.

p. 386 “that among . . . illusory”: Miller and Parsonage, “Resistance to Slimming,” 773.
p. 386 Pioneering study: Mario De Luise, George Blackburn, and Jeffrey Flier, “Reduced

Activity of the Red-Cell Sodium-Potassium Pump in Human Obesity,” New Eng-
land Journal of Medicine 303 (1980), 1017–1022.

p. 386 Studies have made genes for obesity a reality: Anthony G. Comuzzie and David B. Alli-
son, “The Search for Human Obesity Genes,” Science 280:5368 (1998), 1374–1377.

p. 386 Overweight people as physiologically different: Arne Astrup, “Obesity and Metabolic
Efficiency,” in Chadwick and Cardew, Origins and Consequences of Obesity,
159–173.

p. 386 Genetically obese rats and mice studied for decades: Rosenbaum, Leibel, and
Hirsch, “Obesity.”

p. 386 Zucker “fatty rat”: Schwartz and Seeley, “Neuroendocrine Responses to Starvation.”
p. 386 Transgenic mice have been studied: Frank H. Koegler and Lori K. Singer, “Feeding

and Obesity Genes,” in Genetic Influences on Neural and Behavioral Functions,
eds. Donald W. Pfaff, W. H. Berrettini, T. H. Joh, and S. C. Maxson (New York:
CRC, 2000), 379–394.

p. 386 Stunkard’s classic adoption study: Albert J. Stunkard, Thorkild A. Sorensen, Craig
Hanis, Thomas W. Teasdale, Ranajit Chakraborty, William J. Schull, and Fini
Schulsinger, “An Adoption Study of Obesity,” New England Journal of Medicine
314 (1986), 193–198.

p. 386 Debate has given way to search for specific gene: Comuzzie and Allison, “Search for
Human Obesity Genes.”

p. 386 Bouchard experiments: Claude Bouchard, “Genetics of Obesity in Humans: Current
Issues,” in Chadwick and Cardew, Origins and Consequences of Obesity, 108–117.
In this sample of twins, “there was at least threefold more variance in response
between pairs than within pairs for gains in body weight and fat mass,” 110.

p. 386 Abdominal visceral fat has chromosomal locus: T. Rice, J. P. Despres, L. Perusse, 
J. Gagnon, A. S. Leon, J. S. Skinner, J. H. Wilmore, D. C. Rao, and C. Bouchard,
“Segregation Analysis of Abdominal Visceral Fat: The Heritage Family Study,” 
Obesity Research 5:5 (1997), 417–424; and T. Rice, J. P. Despres, E. W. Daw, 



the tangled wing

J. Gagnon, I. B. Borecki, L. Perusse, A. S. Leon, J. S. Skinner, J. H. Wilmore, 
D. C. Rao, and C. Bouchard, “Familial Resemblance for Abdominal Visceral Fat:
The HERITAGE Family Study,” International Journal of Obesity and Related
Metabolic Disorders 21:11 (1997), 1024–1031.

p. 387 Fat-free mass linked to mitochondrial genome: T. Rice et al., “Familial Resemblance
for Body Composition Measures: The HERITAGE Family Study,” Obesity
Research 5:6 (1997), 557–562.

p. 387 Overlap between inherited components and insulin level: Y. Hong, T. Rice, J.
Gagnon, J. P. Despres, A. Nadeau, L. Perusse, C. Bouchard, A. S. Leon, J. S. Skin-
ner, J. H. Wilmore, and D. C. Rao, “Familial Clustering of Insulin and Abdominal
Visceral Fat: The HERITAGE Family Study,” Journal of Clinical Endocrinology
and Metabolism 83:12 (1998), 4239–4245.

p. 387 Chromosomes implicated: Koegler and Singer, “Feeding and Obesity Genes”;
Bouchard, “Genetics of Obesity.”

p. 387 Groups of people under study for obesity: Comuzzie and Allison, “Search for
Human Obesity Genes.”

p. 387 Genes expressing messenger RNA for POMC turned on in arcuate nucleus: Mary M.
Hagan, Paul A. Rushing, Michael W. Schwartz, Keith A. Yagaloff, Paul Burn,
Stephen C. Woods, and Randy J. Seeley, “Role of the CNS Melanocortin System
in the Response to Overfeeding,” Journal of Neuroscience 19:6 (1999), 2362–2367.

p. 387 Other studies of melanocortin-like molecules and eating: Silvia Q. Giraudo, Charles
J. Billington, and Allen S. Levine, “Feeding Effects of Hypothalamic Injection of
Melanocortin 4 Receptor Ligands,” Brain Research 809:2 (1998), 302–306; Harvey
J. Grill, Abigail B. Ginsberg, Randy J. Seeley, and Joel M. Kaplan, “Brainstem
Application of Melanocortin Receptor Ligands Produces Long-Lasting Effects on
Feeding and Body Weight,” Journal of Neuroscience 18:23 (1998), 10128–10135;
Stephen Benoit, Michael Schwartz, Denis Baskin, Stephen C. Woods, and Randy J.
Seeley, “CNS Melanocortin System Involvement in the Regulation of Food
Intake,” Hormones and Behavior 37:4 (2000), 299–305.

p. 388 Eight genome-scanning efforts under way: Comuzzie and Allison, “Search for
Human Obesity Genes”; Koegler and Singer, “Feeding and Obesity Genes.”

p. 388 Ethnographic record: Marjorie Whiting, “A Cross-Cultural Nutrition Survey,”
Ph.D. dissertation, Harvard School of Public Health, 1958.

p. 388 Sample of 186 societies: G. Murdock and D. White, “Standard Cross-Cultural Sam-
ple,” Ethnology 8 (1969), 329–369.

p. 388 Richard B. Lee and Irven DeVore, Man the Hunter (Chicago: Aldine de Gruyter,
1968); eds. Richard B. Lee and Richard Daly, The Cambridge Encyclopedia of
Hunters and Gatherers (Cambridge: Cambridge University, 1999).

p. 389 Pioneering research: eds. Mark Nathan Cohen and George J. Armelagos, Paleo-
pathology at the Origins of Agriculture (New York: Academic, 1984); Mark Nathan
Cohen, Health and the Rise of Civilization (New Haven, Conn.: Yale University,
1989); George Armelagos, Allan Goodman, and K. Jacobs, “The Origins of Agri-
culture: Population Growth During a Period of Declining Health,” Population and
Environment 13 (1991), 9ff.

p. 389 “Paleolithic Nutrition”: S. Boyd Eaton and Melvin J. Konner, “Paleolithic Nutri-
tion: A Consideration of Its Nature and Current Implications,” New England Jour-
nal of Medicine 312 (1985), 283–289.

p. 389 High fiber, low sugar intake of hunter-gatherers: S. Boyd Eaton, Marjorie Shostak,
and Melvin J. Konner, The Paleolithic Prescription: A Program of Diet and Exercise
and a Design for Living (New York: Harper & Row, 1988).



notes and references

p. 390 Traditional cultures had shortages: Whiting, “Cross-Cultural Nutrition Survey.”
p. 391 Ghana body-weight changes: J. M. Hunter, “Seasonal Hunger in a Part of the West

African Savanna: A Survey of Body Weights in Nangodi, North-East Ghana,” Trans-
actions of the Institute of British Geography 41 (1967), 167–185.

p. 391 Cultural ideal of beauty in most societies is plump: Brown and Konner, “Anthropo-
logical Perspective on Obesity.”

p. 391 Venuses of Willendorf and Laussel: Kenneth Clark, The Nude: A Study in Ideal
Form, A. W. Mellon Lectures in the Fine Arts (New York: MJF Books/Princeton
University, 1956).

p. 391 Pontius study of female figurines: Annelise A. Pontius, “Obesity Types in Stone Age Art:
A Study in Icono-Diagnosis,” in Wurtman and Wurtman, Human Obesity, 331–334.

p. 391 “These sweet, round bodies . . . ”: Clark, The Nude, 106.
p. 391 “that sweet fruit, the human body . . . ”: Clark, The Nude, 124.
p. 391 “the female body, with all its sensuous weight . . . ”: Clark, The Nude, 127.
p. 391 “the miracle of Rembrandt’s Bathsheba: Clark, The Nude, 341.
p. 392 Schama on Bathsheba: Simon Schama, “The Naked Rembrandt,” The New Yorker

(October 11, 1999), 60–75.
p. 392 “this ample stomach . . .”: Clark, The Nude, 341–342.
p. 392 Renoir’s “fair, round girls” and “new race of women”: Clark, The Nude, 171.
p. 392 “O pumpkin plump! . . .” Wislawa Szymborska, “Rubens’ Women,” in View with a

Grain of Sand: Selected Poems (New York: Harcourt Brace, 1995), 21.
p. 392 Massa of Cameroon: Igor de Garine, “Food and the Status Quest in Five African

Cultures,” in Food and the Status Quest: An Interdisciplinary Perspective, eds. Polly
Wiessner and Wulf Schiefenhövel (Providence: Berghahn Books, 1996), 193–217.

p. 392 Calories needed to take a woman through pregnancy: M. W. Blackburn and D. H.
Calloway, “Energy Expenditure and Consumption of Mature, Pregnant, and Lac-
tating Women,” Journal of the American Dietary Association 69 (1976), 29–37.

p. 392 Calories needed for breast-feeding: A. M. Thompson, F. E. Hytten, and W. Z.
Billewicz, “The Energy Cost of Human Lactation,” British Journal of Nutrition 24
(1970), 565–572.

p. 393 Women signal high status by looking near starvation: Brown and Konner, “Anthro-
pological Perspective on Obesity.”

p. 393 “original affluent society”: Marshall D. Sahlins, Stone Age Economics (Chicago:
Aldine de Gruyter, 1972).

p. 393 Lee studies of !Kung: Richard B. Lee, “What Hunters Do for a Living, or How to
Make Out on Scarce Resources,” in Lee and DeVore, Man the Hunter; eds.
Richard B. Lee and Irven DeVore, Kalahari Hunter-Gatherers: Studies of the !Kung
San and Their Neighbors (Cambridge: Harvard University, 1976), 408; Richard B.
Lee, The !Kung San: Men, Women and Work in a Foraging Society (Cambridge:
Cambridge University, 1979), 440–441.

p. 393 !Kung diet and lifestyle: A. Stuart Truswell and John D. L. Hansen, “Medical
Research Among the !Kung,” in Kalahari Hunter-Gatherers, 166–194.

p. 393 Illnesses suffered by !Kung: Trusswell and Hansen, “Medical Research Among the
!Kung.”

p. 393 !Kung women pregnant or nursing: Nancy Howell, Demography of the Dobe Area
!Kung (New York: Academic, 1979).

p. 394 Wilmsen studies of annual weight loss: Edwin Wilmsen, “Seasonal Effects on
Dietary Intake in Kalahari San,” Federation Proceedings 37 (1978), 65–71; and
Land Filled with Flies: A Political Economy of the Kalahari (Chicago: University of
Chicago, 1989), 402.



the tangled wing

p. 394 !Kung food shortages and slow population growth: Howell, Dobe Area !Kung.
p. 394 Fertile ovarian cycles and body fat: Rose Frisch, “Population, Food Intake and Fer-

tility,” Science 199 (1978), 22–30; Rose Frisch, Grace Wyshak, and Larry Vincent,
“Delayed Menarche and Amenorrhea in Ballet Dancers,” New England Journal of
Medicine 303 (1980), 17–19; Melvin J. Konner and Carol Worthman, “Nursing
Frequency, Gonadal Function and Birth Spacing Among !Kung Hunter-Gather-
ers,” Science 207 (1980), 788–791.

p. 394 Nisa: Marjorie Shostak, Nisa: The Life and Words of a !Kung Woman (Cambridge:
Harvard University, 1981). 

p. 394 Return to Nisa: Marjorie Shostak, Return to Nisa (Cambridge: Harvard University,
2000).

p. 395 “meat hunger”: Polly Wiessner, “Leveling the Hunter: Constraints on the Status
Quest in Foraging Societies,” in Wiessner and Schiefenhövel, Food and the Status
Quest, 171–191.

p. 395 Women Like Meat: Megan Biesele, Women Like Meat: The Folklore and Foraging Ide-
ology of the Kalahari Ju/’hoan (Bloomington, Ind.: Witwatersrand University, 1993).

p. 395 “the peculiarly intimate identification . . .”: Biesele, Women Like Meat, 90.
p. 396 Themes of great cave paintings: Jean-Marie Chauvet, Eliette Brunel Deschamps,

and Christian Hillaire, Dawn of Art: The Chauvet Cave, the Oldest Known Paint-
ings in the World (New York: Harry N. Abrams, 1996), 135; Pedro A. Saura Ramos,
Matilde Múzquiz Pérez-Seoane, Federico Bernaldo de Quirós, José Antonio
Lasheras Corruchaga, and Antonio Beltrán, The Cave of Altamira (New York: Harry
N. Abrams, 1998); Mario Ruspoli, The Cave of Lascaux: The Final Photographs
(New York: Harry N. Abrams, 1987).

p. 396 “A boy who never killed . . .”: Biesele, Women Like Meat, 1; Lorna J. Marshall, The
!Kung of Nyae Nyae (Cambridge: Harvard University, 1976), 270.

p. 396 “Men spend more time hunting . . .”: Robert C. Bailey, “The Behavioral Ecology of
Efe Pygmy Men in the Ituri Forest, Zaire,” Anthropology Papers, Vol. 86 (Ann
Arbor: Museum of Anthropology, University of Michigan, 1991), 77.

p. 396 Central role of hunting in Efe Pygmy culture: Robert C. Bailey, “The Efe: Archers of
the African Rain Forest,” National Geographic 176:175 (1989), 664–686.

p. 396 Efe hunting prowess confers advantages: Bailey, “Efe Pygmy Men.”
p. 396 Aché studies: Kim Hill and A. Magdalena Hurtado, Aché Life History: The Ecology

and Demography of a Foraging People (New York: Aldine de Gruyter, 1996) in Lee
and Daly, Cambridge Encyclopedia, 92.

p. 396 “resource redistribution within Aché bands . . .”: Hill and Hurtado, “Aché of
Paraguay,” 94.

p. 396 “Sharanahua like to bring meat home . . .”: Janet Siskind, To Hunt in the Morning
(New York: Oxford University, 1973), 214.

p. 396 Meat among Agta: eds. P. Bion-Griffin and Agnes Estioko-Griffin, The Agta of North-
eastern Luzon: Recent Studies, Humanities Series No. 16. (Cebu City, Philippines:
San Carlos Publications, 1985), 189; P. Bion-Griffin and Marcus B. Briffin, “The
Agta of Eastern Luzon, Philippines,” in Lee and Daly, Cambridge Encyclopedia, 289.

p. 396 Hadza like most hunter-gatherers: Lee and DeVore, Man the Hunter.
p. 396 Hadza value meat and honey: Bwire Kaare and James Woodburn, “The Hadza of

Tanzania,” in Lee and Daly, Cambridge Encyclopedia, 202.
p. 396 Hawkes studies: Kristen Hawkes, “Hunting Income Patterns Among the Hadza: Big

Game, Common Goods, Foraging Goals, and the Evolution of the Human Diet,”
Philosophical Transactions of the Royal Society of London B Biological Sciences 334
(1991), 243–251.



notes and references

p. 396 Hadza hunting songs: G. G. Bala, Hadza Stories and Songs, eds. W. G. Bonny
Sands and Nicholas G. Blurton Jones (Los Angeles: Friends of the Hadzabe/UCLA
Document Services, 1998), 38.

p. 397 “When status is accorded to good hunters . . .”: Wiessner, “Leveling the Hunter,” 176.
p. 397 Accumulation begins with rise of complex hunter-gatherer societies: Richard G.

Klein, Ice-Age Hunters of the Ukraine (Chicago: University of Chicago, 1973), xviii,
140; eds. Bruce Winterhalder and Eric Alden Smith, “Hunter-Gatherer Foraging
Strategies: Ethnographic and Archeological Analyses,” in Prehistoric Archeology and
Ecology, eds. K. W. Butzer and L. G. Freeman (Chicago: University of Chicago,
1981), 268.

p. 397 Cultures could support dense populations: Kenneth Ames, “The Northwest Coast:
Complex Hunter-Gatherers, Ecology and Social Evolution,” Annual Review of
Anthropology 23 (1994), 209–229; E. Cooper, “The Potlach in Ancient China: Par-
allels in the Sociopolitical Structure of the Ancient Chinese and the American
Indians of the Northwest Coast,” History of Religions 22 (1992), 103–128.

p. 397 Grand feasts: Brian Hayden, “Feasting in Prehistoric and Traditional Societies,” in
Wiessner and Schiefenhövel, Food and the Status Quest, 127–147.

p. 397 Kwakiutl potlatch: Helen Codere, Fighting with Property: A Study of Kwakiutl Pot-
latching and Warfare, 1792–1930 (Seattle: University of Washington, 1950).

p. 398 “big man complex”: A. J. Strathern, The Rope of Moka: Big Men and Ceremonial
Exchange in Mount Hagen, New Guinea (Cambridge: Cambridge University,
1971); Pierre Lemonnier, “Food, Competition, and the Status of Food in New
Guinea,” in Wiessner and Schiefenhövel, Food and the Status Quest, 219–234.

p. 398 A model anthropological history: Polly Wiessner and Akii Tumu, Historical Vines:
Enga Networks of Exchange, Ritual, and Warfare in Papua New Guinea (Washing-
ton, D.C.: Smithsonian Institution, 1998).

p. 398 Yam distribution among Trobriand Islanders: Bronislaw Malinowski, Coral Gardens
and Their Magic: A Study of Tilling the Soil and of Agricultural Rites in the Tro-
briand Islands (London: Allen & Unwin, 1935).

p. 398 Flow of heirlooms and jewels around Melanesia: J. P. Singh Uberoi, Politics of the
Kula Ring: An Analysis of the Findings of Bronislaw Malinowski (Manchester, Eng.:
Manchester University, 1962).

p. 398 Schiefenhövel proposal: Wulf Schiefenhövel and Ingrid Bell-Krannhals, “Of Har-
vests and Hierarchies: Securing Staple Food and Social Position in the Trobriand
Islands,” in Wiessner and Schiefenhövel, Food and the Status Quest, 235–251.

p. 398 Power of small elite groups of men grows: Allen W. Johnson and Timothy Earle, The
Evolution of Human Societies: From Foraging Group to Agrarian State (Stanford,
Calif.: Stanford University, 1987).

p. 398 Ritual feasts a mark of great men: Peter Damerow, “Food Production and Social
Status as Documented in Proto-Cuneiform Texts,” in Wiessner and Schiefenhövel,
Food and the Status Quest, 149–169; Michael Dietler, “Feasts and Commensal Pol-
itics in the Political Economy: Food, Power and Status in Prehistoric Europe,” in
Wiessner and Schiefenhövel, Food and the Status Quest, 87–125.

p. 398 Taxation etc. as groundwork of states: Johnson and Earle, Evolution of Human Soci-
ety; ed. Timothy Earle, Chiefdoms: Power, Economy, and Ideology (Cambridge:
Cambridge University, 1991).

p. 398 Conquest subordinated surrounding peoples: Karl Polanyi, The Great Transformation
(Boston: Beacon, 1964).

p. 398 “the second earth”: Marvin Harris, Culture, People, Nature: An Introduction to Gen-
eral Anthropology, 7th Ed. (New York: Longman, 1997). The phrase is a chapter title.



the tangled wing

p. 401 Twelve-year-old’s statement: Robert Coles, Children of Crisis, Vol. 5, Privileged Ones:
The Well-Off and the Rich in America (Boston: Atlantic-Little, Brown, 1977), 384.

Chapter 16: Change
Laws of learning persist intact, although research on them is no longer popular. For a basic
account of those laws and the facts that support them, I like Michael Domjan’s Essentials
of Conditioning and Learning (Pacific Grove, Calif.: Brooks Cole, 1996). An approach
through major theorists is B. R. Hergenhahn and Matthew H. Olson’s Introduction to The-
ories of Learning (Englewood Cliffs, N.J.: Prentice-Hall, 1993). On learning in children,
the classic by Albert Bandura and R. H. Walters, Social Learning and Personality Develop-
ment (New York: Holt, Rinehart & Winston, 1963), is still worth reading. Another land-
mark work is Biological Boundaries of Learning, edited by Martin Seligman and Joanne
Hager (New York: Meredith, 1972). Recent emphasis on cognition, linguistics, evolution,
and genetics has led to a decreased emphasis on traditional studies of learning, partly due
to past excessive claims for the power of learning theory. Perhaps fruitless controversy will
now give way to a more synthetic approach.

Ulric Neisser’s Memory Observed (San Francisco: W. H. Freeman, 1982) is a classic
on the natural history of memory, and Charles A. Nelson’s collection, Memory, Affect, and
Development (Hillsdale, N.J.: Lawrence Erlbaum, 1993) introduces important perspectives
on childhood memory and its role in identity formation. To some extent the effects of early
experience are separate from traditional learning theory. Victor H. Denenberg’s The Devel-
opment of Behavior (Stamford, Conn.: Sinauer, 1972) is a collection of key papers in this
field, introduced by a leading practitioner. For the contributions of anthropology to the
effects of experience on development, see the Handbook of Cross-Cultural Development,
edited by Ruth H. Monroe, Robert L. Monroe, and Beatrice B. Whiting (New York: Gar-
land, 1981).

Work in the late 1990s promises to lead cultural anthropology out of its dark night of
wandering in the postmodern wilderness. The best recent theoretical books are Dan Sperber’s
Explaining Culture: A Naturalistic Approach (Oxford: Blackwell, 1996) and Bradd Shore’s
Culture in Mind (New York: Oxford University, 1996). In Culture: The Anthropologist’s
Account (Cambridge: Harvard University, 1999), Adam Kuper offers the most cogent expla-
nation of the concept by tracing its modern history. The definitive work on cultural evolu-
tion is William Durham’s Coevolution: Genes, Culture, and Human Diversity (Stanford,
Calif.: Stanford University, 1991).

Studies of the physiology of learning and memory abound. The advanced reader
should consult sections on plasticity and memory in Michael Gazzaniga’s collection, The
New Cognitive Neurosciences, 2d Ed. (Cambridge: MIT, 2000). An accessible account of
the modern science of memory is Daniel Schacter’s Searching for Memory: The Brain, the
Mind, and the Past (New York: HarperCollins, 1997). For a wisely skeptical summary of
the effects of early experience in children, see John T. Bruer’s The Myth of the First Three
Years (New York: Free Press, 1999).

p. 405 Bruner epigraph: Jerome Bruner, “Nature and Uses of Immaturity,” American Psy-
chologist 27:8 (1972), 28–60.

p. 405 Harris article and book: Judith Rich Harris, “Where Is the Child’s Environment? A
Group Socialization Theory of Development,” Psychological Review 102 (1995)
458–489; and The Nurture Assumption: Why Children Turn Out the Way They Do:
Parents Matter Less than You Think and Peers Matter More (New York: Free Press,
1998).



notes and references

p. 405 Kagan/Klein study: Jerome Kagan and Robert E. Klein, “Crosscultural Perspective
on Early Development,” American Psychologist 28 (1973), 947–961; J. Kagan, R. E.
Klein, G. E. Finley, B. Rogoff, and E. Nolan, A Cross-Cultural Study of Child
Development (Chicago: University of Chicago, SRCD Monographs, 1979).

p. 406 Hartup on peer influences: Willard W. Hartup, in Friendship and Peer Relations,
eds. M. Lewis and Leonard A. Rosenblum (New York: John Wiley & Sons, 1975),
11–26.

p. 406 Peer interactions enhance moral reasoning: Ann Cale Kruger, “The Effect of Peer
and Adult-Child Transactive Discussions on Moral Reasoning,” Merrill-Palmer
Quarterly 38 (1992), 191–211; and “Peer Collaboration: Conflict, Cooperation, or
Both,” Social Development 2 (1993), 165–182.

p. 407 Cultural anthropology widens spectrum: Marvin Harris, The Rise of Anthropological
Theory: A History of Theories of Culture (New York: Crowell, 1968); and Culture,
People, Nature: An Introduction to General Anthropology (New York: Longman,
1997).

p. 407 IQ scores increased in twentieth century: Trish Hall, “I.Q. Scores Are Up, and Psy-
chologists Wonder Why,” The New York Times (February 24, 1998), B11, B12.

p. 407 Flynn effect: Ulric Neisser, “Intelligence: Knowns and Unknowns,” American Psy-
chologist (1996), 51–101; ed. Ulric Neisser, The Rising Curve: Long-Term Gains in
IQ and Related Measures (Washington, D.C.: American Psychological Association,
1998).

p. 408 Selfish gene vs. self-limiting reproduction: Daniel R. Vining, “Social Versus Repro-
ductive Success: The Central Theoretical Problem of Human Sociobiology,”
Behavioral and Brain Sciences 9 (1986), 167–216.

p. 408 Recent research failed to support: Hillard S. Kaplan, Jane B. Lancaster, and Kermyt
G. Anderson, “Human Parental Investment and Fertility: The Life Histories of
Men in Albuquerque,” in eds. A. Booth and N. Crouter, Men in Families: When Do
They Get Involved? What Difference Does It Make? (New York: Lawrence Erlbaum,
1998), 55–111.

p. 409 Learning-theory processes: Michael Domjan, The Essentials of Conditioning and
Learning (Pacific Grove, Calif.: Brooks/Cole, 1996); and The Principles of Learning
and Behavior (Pacific Grove, Calif.: Brooks/Cole, 1998); B. R. Hergenhahn and
Matthew H. Olson, An Introduction to Theories of Learning (Upper Saddle River,
N.J.: Prentice-Hall, 1996).

p. 410 Pavlov’s classical conditioning: Ivan P. Pavlov, Conditioned Reflexes (New York:
Oxford University, 1927).

p. 410 Operant conditioning: B. F. Skinner, The Behavior of Organisms (New York: Appleton-
Century-Crofts, 1938); and Verbal Behavior (New York: Appleton-Century-Crofts,
1957); Noam Chomsky, Syntatic Structures (The Hague: Mouton, 1957); and
review of B. F. Skinner’s Verbal Behavior, in Language 35 (1959), 26–58.

p. 410 How reinforcement schedules affect learning: Domjan, Principles of Learning and
Behavior.

p. 410 Effects of less consistent reinforcement: Skinner, Behavior of Organisms.
p. 410 Behavioral psychotherapy for mild psychological conditions: Alan Goldstein and

Edna B. Foa, Handbook of Behavioral Interventions (Somerset, N.J.: John Wiley &
Sons, 1979).

p. 410 Behavioral therapy for fear of flying: Richard A. Klein, “Treating Fear of Flying with
Virtual Reality Exposure Therapy,” in Innovations in Clinical Practice: A Sourcebook,
ed. L. VandeCreek and T. L. Jackson (Sarasota, Fla.: Professional Resource
Exchange, 1999), 449–465.



the tangled wing

p. 410 . . . for fear of spiders: Susan Mineka, Jayson L. Mystkowski, Deanna Hladek, and
Beverly I. Rodriguez, “The Effects of Changing Contexts on Return of Fear Fol-
lowing Exposure Therapy for Spider Fear,” Journal of Consulting and Clinical Psy-
chology 67 (1999), 599–604.

p. 410 . . . for fear of blushing: Sandra Mulkens, Susan M. Boegels, and Peter J. de Jong,
“Attentional Focus and Fear of Blushing: A Case Study,” Behavioural and Cognitive
Psychotherapy 27 (1999), 153–164.

p. 410 . . . for aggression in retarded children: Mark O’Reilly, Giulio Lancioni, and Ian 
Taylor, “An Empirical Analysis of Two Forms of Extinction to Treat Aggression,”
Research in Developmental Disabilities 20 (1999), 315–325.

p. 410 . . . for auditory hallucinations: S. S. Shergill, R. M. Murray, and P. K. McGuire,
“Auditory Hallucinations: A Review of Psychological Treatments,” Schizophrenia
Research 32 (1998), 137–150.

p. 411 Habituation: W. H. Thorpe, Learning and Instinct in Animals (London: Methuen,
1956).

p. 411 Complex behaviors can be smoothed: Konrad Lorenz, Evolution and Modification of
Behavior (Chicago: University of Chicago, 1965).

p. 412 Mental process alters stimulus-response connection: P. Chesler, “Maternal Influ-
ence in Learning by Observation in Kittens,” Science 166 (1969), 901–903; 
M. Ray Denny, Carla F. Clos, and R. Charles Bell, “Learning in the Rat of a
Choice Response by Observation of S-S Contingencies,” in Social Learning: Psy-
chological and Biological Perspectives, eds. T. R. Zentall and B. G. Galef, Jr.
(Hillsdale, N.J.: Lawrence Erlbaum, 1988), 207–223; J. Russell Mason, “Direct
and Observational Learning by Red-Winged Blackbirds (Agelaius phoeniceus):
The Importance of Complex Visual Stimuli,” in Zentall and Galef, Social
Learning, 99–115; I. M. Pepperberg, “The Importance of Social Interaction and
Observation,” in Zentall and Galef, Social Learning, 279–299. For other exam-
ples, see eds. Cecilia M. Heyes and Bennett G. Galef, Jr., Social Learning in
Animals: The Roots of Culture (San Diego, Calif.: Academic, 1996) and Lee
Alan Dugatkin, The Imitation Factor: Evolution Beyond the Gene (New York:
Free Press, 2001). However, not all cases put forward as observational learning
really qualify.

p. 412 Observational learning basis for formal and informal training: Margaret Mead, Con-
tinuities in Cultural Evolution (New Haven, Conn.: Yale University, 1964); eds.
Margaret Mead and Martha Wolfenstein, Childhood in Contemporary Cultures
(Chicago: University of Chicago, 1955); Ann Cale Kruger and Michael Tomasello,
“Cultural Learning and Learning Culture,” in Handbook of Education and Human
Development: New Models of Learning, Teaching, and Schooling, eds. D. Olson and
N. Torrance (Oxford, Eng.: Basil Blackwell, 1996).

p. 412 Imitation doesn’t always involve learning: Zentall and Galef, Social Learning.
p. 412 Female guppies copy courting: Lee A. Dugatkin, “Copying and Mate Choice,” in

Social Learning in Animals: The Roots of Culture, ed. C. M. Heyes, and B. G.
Galef, Jr. (San Diego, Calif.: Academic, 1996), 85–105.

p. 412 Social enhancement of overeating: Wanda Wyrwicka, The Problem of Motivation in
Feeding Behavior,” in Hunger: Basic Mechanisms and Clinical Implications, eds.
D. Novin, Wanda Wyrwicka, and G. Bray (New York: Raven, 1976).

p. 412 Pummeling of doll: Albert Bandura and R. H. Walters, Social Learning and Person-
ality Development (New York: Holt, Rinehart & Winston, 1963).

p. 412 Kruger and intersubjectivity: Kruger and Tomasello, “Cultural Learning and Learn-
ing Culture.”



notes and references

p. 412 Oystercatcher learning process: Michael Norton-Griffiths, “The Organization, Con-
trol and Development of Parental Feeding in the Oystercatcher (Haematopus
ostralegus),” Behavior 34 (1969), 5–114.

p. 412 Observational learning of birdsong: Arthur P. Arnold, “Critical Events in the Devel-
opment of Bird Song: What Can Neurobiology Contribute to the Study of the Evo-
lution of Behavior?,” in Behavioral Mechanisms in Evolutionary Ecology, ed. L. A.
Real (Chicago: University of Chicago, 1994), 219–237; Luis F. Baptista and Lewis
Petrinovich, “Song Development in the White-Crowned Sparrow: Social Factors
and Sex Differences,” Animal Behavior 34 (1986), 1359–1371; M. D. Beecher, S. E.
Campbell, and J. C. Nordby, “Bird Song Learning as an Adaptive Strategy,” CIBA
Foundation Symposia 208 (1997), 269–279; Peter Marler, “Song-Learning Behavior:
The Interface with Neuroethology,” Trends in Neurosciences 14 (1991), 199–206.

p. 413 Potato washing in Japanese monkeys: M. Kawai, “Newly-Acquired Pre-Cultural
Behavior of the Natural Troop of Japanese Monkeys on Koshima Islet,” Primates 6
(1965), 1–30.

p. 413 Chimpanzee termite fishing: Jane Goodall, “Tool-Using and Aimed Throwing in a
Community of Free-Living Chimpanzees,” Nature 201 (1964), 1264–1266; Jane
Goodall, “Cultural Elements in a Chimpanzee Community,” in Precultural Pri-
mate Behavior, ed. E. W. Menzel (Basel: S. Karger, 1973), 144–184.

p. 413 Helplessness studies: Jay Weiss, “Psychological Factors in Stress and Disease,” Scien-
tific American 226:6 (1972), 104–113.

p. 413 Rapid-fire cell function and depression: Jay M. Weiss and Clinton D. Kilts, “Animal
Models of Depression and Schizophrenia,” in The American Psychiatric Textbook of
Psychopharmacology, eds. A. F. Shatzberg and C. B. Nemeroff (Washington, D.C.:
American Psychiatric Press, 1995), 81–123.

p. 414 Desensitization to postpone premature ejaculation: William H. Masters and Virginia
E. Johnson, Human Sexual Inadequacy (Boston: Little, Brown, 1970).

p. 414 Seligman’s “Sauce Béarnaise syndrome”: eds. Martin Seligman and Joanne Hager,
Biological Boundaries of Learning (New York: Meredith, 1972).

p. 414 Garcia effect: John Garcia and Robert A. Koelling, “Relation of Cue to Conse-
quence in Avoidance Learning,” Psychonomic Science 4 (1966), 123–124; 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);
John Garcia, Linda Phillips Brett, and Kenneth W. Rusiniak, “Limits of Darwinian
Conditioning,” in Contemporary Learning Theories: Instrumental Conditioning The-
ory and the Impact of Biological Constraints on Learning, eds. S. B. Klein and R. R.
Mowrer (Hillsdale, N. J.: Lawrence Erlbaum, 1989), 181–203.

p. 414 Chick imprinting: Patrick Bateson, “Imprinting as a Process of Competitive Exclu-
sion,” in Imprinting and Cortical Plasticity: Comparative Aspects of Sensitive Peri-
ods, eds. J. P. Rauschecker and Peter Marler (New York: John Wiley & Sons, 1987).

p. 414 Mother goat: D. H. Klopfer and M. Klopfer, “Maternal ‘Imprinting’ in Goats: Fos-
tering of Alien Young,” Zeitschrift für Tierpsychologie 25 (1968), 862–866.

p. 414 Give me a child . . . : ed. Alexander Dru, The Journals of Kierkegaard (New York:
Harper Torchbooks, 1959).

p. 414 Tape-recorder metaphor: Jerome Kagan, The Growth of the Child (New York: W. W.
Norton, 1978); and The Nature of the Child (New York: Basic Books, 1984).

p. 415 Same beliefs seem buttressed by brain research: Martha Barinaga, “A Critical Issue
for the Brain,” Science 288 (2000), 2116–2119.

p. 415 Shatz quote: Barinaga, “Critical Issue.”



the tangled wing

p. 415 Bruer quote: John T. Bruer, The Myth of the First Three Years: A New Understanding
of Early Brain Development and Lifelong Learning (New York: Free Press, 1999), 206.

p. 415 The next three years, and the next: Kagan, The Nature of the Child.
p. 415 Adolescent’s environment shapes adulthood: E. Mavis Hetherington, “An Overview

of the Virginia Longitudinal Study of Divorce and Remarriage with a Focus on
Early Adolescence,” Journal of Family Psychology 7 (1993), 39–56.

p. 416 One-eye experiment in monkey: David Hubel, Torsten Wiesel, and Simon LeVay,
“Plasticity of Ocular Dominance Columns in Monkey Striate Cortex,” Philosophi-
cal Transactions of the Royal Society of London B (1977), 377–409; S. LeVay, T. N.
Wiesel, amd D. Hubel, “The Development of Ocular Dominance Columns in
Normal and Visually Deprived Monkeys,” Journal of Comparative Neurology 191
(1980), 1–51; David H. Hubel, Eye, Brain, and Vision (New York: Scientific Amer-
ican Library, 1987).

p. 416 Depth perception and role of visual cortex: Andrew J. Parker, Bruce G. Cumming,
and Jon V. Dodd, in The New Cognitive Neurosciences, eds. Michael S. Gazzaniga
et al. (Cambridge: MIT, 2000), 263.

p. 416 Behavior of isolated rhesus monkeys: Harry F. Harlow, Learning to Love (San Fran-
cisco: Albion, 1971); H. F. Harlow, R. O. Dodsworth, and M. K. Harlow, “Total
Social Isolation in Monkeys,” Proceedings of the National Academy of Sciences USA
54 (1965), 90–97.

p. 416 Neglectful mothers: Maribeth Champoux, Evan Byrne, Roberta DeLizio, and
Stephen J. Suomi, “Motherless Mothers Revisited: Rhesus Maternal Behavior and
Rearing History,” Primates 33 (1992), 251–255.

p. 416 Attempts to treat syndrome fail: Stephen Suomi, Harry F. Harlow, and William
McKinney, “Monkey Psychiatrists,” American Journal of Psychiatry 128 (1972),
927–932; M. A. Novak and Harry F. Harlow, “Social Recovery of Monkeys Isolated
for the First Year of Life: 1. Rehabilitation and Therapy,” Developmental Psychology
11 (1975), 453–465.

p. 416 Less extreme deprivations have lasting effects: Stephen J. Suomi, “Early Determi-
nants of Behaviour: Evidence from Primate Studies,” British Medical Bulletin 53
(1997), 170–184.

p. 416 Minor interventions have measurable effects: Robert A. Hinde and Yvette Spencer-
Booth, “Effects of Brief Separation from Mother on Rhesus Monkeys,” Science 173
(1971), 111–118.

p. 416 Rilling team research: James K. Rilling, James T. Winslow, Derek O’Brien, David
A. Gutman, John M. Hoffman, and Clinton D. Kilts, “Neural Correlates of Mater-
nal Separation in Rhesus Monkeys,” Biological Psychiatry 49 (2001), 146–157.

p. 416 Norepinephrine imbalances in isolated animals: Gary W. Kraemer, Michael H.
Ebert, Dennis E. Schmidt, and William T. McKinney, “A Longitudinal Study of
the Effect of Different Social Rearing Conditions on Cerebrospinal Fluid Norepi-
nephrine and Biogenic Amine Metabolites in Rhesus Monkeys,” Neuropsychophar-
macology 2 (1989), 175–189; Gary W. Kraemer, “A Psychobiological Theory of
Attachment,” Behavioral and Brain Sciences 15 (1992), 493–541.

p. 416 Serotonin imbalances: Gary W. Kraemer and A. Susan Clarke, “The Behavioral
Neurobiology of Self-Injurious Behavior in Rhesus Monkeys,” Progress in Neuro-
psychopharmacology and Biological Psychiatry 14 (1990), S141–168.

p. 416 Imbalances make animals vulnerable: Gary W. Kraemer, Dennis E. Schmidt, and
Michael H. Ebert, “The Behavioral Neurobiology of Self-Injurious Behavior in
Rhesus Monkeys: Current Concepts and Relations to Impulsive Behavior in
Humans,” in The Neurobiology of Suicide: From the Bench to the Clinic, Annals of



notes and references

The New York Academy of Sciences, eds. D. M. Stoff and J. J. Mann (New York:
New York Academy of Sciences, 1997), 12–38.

p. 416 Other studies find changes tied to behavioral changes: A. Heinz, J. D. Higley, J. G.
Gorey, R. C. Saunders, D. W. Jones, D. Hommer, K. Zajicek, S. J. Suomi, K. P.
Lesch, D. R. Weinberger, and M. Linnoila, “In Vivo Association Between Alcohol
Intoxication, Aggression, and Serotonin Transporter Availability in Nonhuman Pri-
mates,” American Journal of Psychiatry 155 (1998), 1023–1028; J. D. Higley, S. J.
Suomi, and M. Linnoila, “A Nonhuman Primate Model of Type II Alcoholism?
Part 2. Diminished Social Competence and Excessive Aggression Correlates with
Low Cerebrospinal Fluid 5-Hydroxyindoleacetic Acid Concentrations,” Alcohol:
Clinical and Experimental Research 20 (1996), 643–650; and “A Nonhuman Pri-
mate Model of Type II Excessive Alcohol Consumption? Part 1. Low Cerebrospinal
Fluid 5-Hydroxyindoleacetic Acid Concentrations and Diminished Social Compe-
tence Correlate with Excessive Alcohol Consumption,” Alcohol: Clinical and
Experimental Research 20 (1996), 629–642; D. Doudet, D. Hommer, J. D. Higley,
P. J. Andreason, R. Moneman, S. J. Suomi, and M. Linnoila, “Cerebral Glucose
Metabolism, CSF 5-HIAA, and Aggressive Behavior in the Rhesus Monkey,” Amer-
ican Journal of Psychiatry (1995), 1782–1787.

p. 416 Longer and more severe deprivation changes dendrite branching: Mary Kay Floeter
and William T. Greenough, “Cerebellar Plasticity: Modification of Purkinje Cell
Structure by Differential Rearing in Monkeys,” Science 206 (1979), 227–229; J. J.
Pysh and G. M. Weiss, “Exercise During Development Induces an Increase in
Purkinje Cell Dendritic Tree Size,” Science 206 (1979), 230–232.

p. 416 Cerebellum plays general role in learning: Jennifer L. Raymond, Stephen G. Lisberger,
and Michael D. Mauk, “The Cerebellum: A Neuronal Learning Machine?,” 
Science 272 (1996), 1126–1131.

p. 417 Sánchez research: Mar M. Sánchez, Elizabeth F. Hearn, Dung Do, James K. Rilling,
and James G. Herndon, “Differential Rearing Affects Corpus Collosum Size and
Cognitive Function of Rhesus Monkeys,” Brain Research 812 (1998), 38–49.

p. 417 Environment changes rat cerebral cortex: Mark R. Rosensweig, Edward L. Bennett,
and Marion Cleeves Diamond, “Brain Changes in Response to Experience,” Scien-
tific American 226:2 (1972), 22–29; M. C. Diamond, D. Krech, and M. R.
Rosensweig, “The Effects of an Enriched Environment on the Histology of the Rat
Cerebral Cortex,” Journal of Comparative Neurology 123 (1964), 111–120; M. C.
Diamond, R. E. Johnson, A. M. Protti, C. Ott, and L. Kajisa, “Plasticity in the 904-
Day-Old Male Rat Cerebral Cortex,” Experimental Neurology 87 (1985), 309–317;
M. C. Diamond, “Environmental Influences on the Young Brain,” in Brain Matu-
ration and Cognitive Development: Comparative and Cross-Cultural Perspectives,
eds. K. R. Gibson and A. C. Petersen (New York: Aldine de Gruyter, 1991),
107–124; A. Globus, M. R. Rosensweig, E. Bennett, and M. C. Diamond, “Effects
of Differential Experience on Dendritic Spine Counts,” Journal of Comparative
and Physiological Psychology 82 (1973), 175–181.

p. 417 Lowly jewel fish: Richard G. Coss and Albert Globus, “Spine Stems on Tectal
Interneurons in Jewel Fish Are Shortened by Social Stimulation,” Science 200
(1978), 787–790.

p. 417 Changes as individual adaptations: Francisco Valverde, “Apical Dendritic Spines of
the Visual Cortex and Light Deprivation in the Mouse,” Experimental Brain
Research 39 (1967), 337–352.

p. 417 Chick imprinting changes protein in forebrain: P. Bateson, G. Horn, and S. Rose,
“Effects of Early Experience on Regional Incorporation of Precursors into RNA and



the tangled wing

Protein in the Chick Brain,” Brain Research 39 (1972), 449–465; S. Kohsaka, E. Taka-
matsu, E. Aoki, and Y. Tsukuda, “Metabolic Mapping of Chick Brain After Imprint-
ing Using 14C-Deoxyglucose Technique,” Brain Research 39 (1979), 539–544.

p. 417 Imprinting changes cell structure in hyperstriatum: Hans-Joachim Bischof and Astrid
Rollenhagen, “Behavioural and Neurophysiological Aspects of Sexual Imprinting
in Zebra Finches,” Behavioural Brain Research 98 (1999), 267–276; R. Ambalavanar,
B. J. McCabe, K. N. Potter, and G. Horn, “Learning-Related Fos-Like Immunore-
activity in the Chick Brain: Time-Course and Co-Localization with GABA and Par-
valbumin,” Neuroscience 93 (1999), 1515–1524.

p. 417 Imprinting period can be extended by altering brain chemistry: C. H. Parsons and L.
J. Rogers, “NMDA Receptor Antagonists Extend the Sensitive Period for Imprint-
ing,” Physiology and Behavior 68 (2000), 749–753.

p. 417 1950s rat experiments: eds. G. Newton and S. Levine, Early Experience and Behav-
ior (Springfield, Mass.: Thomas, 1968); ed. M. R. Jones, Miami Symposium on the
Prediction of Behavior, 1968: Effects of Early Experience (Coral Gables, Fla.: Uni-
versity of Miami, 1970); ed. John Hill, Minnesota Symposia on Child Psychology
(Minneapolis: University of Minnesota, 1969).

p. 418 Adrenal weighs less with infant stress: S. Levine and R. F. Mullins, Jr., “Hormonal
Influences in Brain Organization in Infant Rats,” Science 152 (1964), 1585–1592.

p. 418 Early-stressed rats not always less responsive: Seymour Levine, Gary C. Haltmeyer,
George C. Karas, and Victor H. Denenberg, “Physiological and Behavioral Effects
of Infantile Stimulation,” Physiology of Behavior (1967), 55–59.

p. 418 Hormones higher up in the stress axis: M. X. Zarrow, P. Samuel Campbell, and Victor
H. Denenberg, “Handling in Infancy: Increased Levels of the Hypothalamic Corti-
cotropin-Releasing Factor (CRF) Following Exposure to a Novel Situation,” Pro-
ceedings of the Society for Experimental Biology and Medicine 141 (1972), 356–358;
P. Samuel Campbell, M. X. Zarrow, and Victor H. Denenberg, “The Effect of
Infantile Stimulation Upon Hypothalamic CRF Levels Following Adrenalectomy
in the Adult Rat,” Proceedings of the Society for Experimental Biology and Medicine
141 (1973), 781–783.

p. 418 Lateralization changed by early handling: Victor H. Denenberg, J. Garbanati, G.
Sherman, D. A. Yutzey, and R. Kaplan, “Infantile Stimulation Induces Brain Lateral-
ization in Rats,” Science 201 (1980), 1150–1152; and V. H. Denenberg, “Hemi-
spheric Laterality in Animals and the Effects of Early Experience,” Behavioral and
Brain Sciences 4 (1981), 1–49; A. S. Berrebi, R. H. Fitch, D. L. Ralphe, J. O. Denen-
berg, V. L. J. Friedrich, and V. H. Denenberg, “Corpus Callosum: Region-Specific
Effects of Sex, Early Experience and Age,” Brain Research 438 (1988), 216–224.

p. 418 Same effect with mice: Victor H. Denenberg, K. M. Rosenberg, R. Paschke, and M.
X. Zarrow, “Mice Reared with Rat Aunts: Effects on Plasma Corticosterone and
Open Field Activity,” Nature (1969), 73–74.

p. 418 Infant handling changes rat mother’s behavior: A. S. Berrebi et al., “Corpus Callo-
sum: Region-Specific Effects of Sex, Early Experience and Age,” Brain Research
438 (1988), 216–224; D. Liu, J. Diorio, B. Tannenbaum, C. Caldji, D. Francis, A.
Freedman, S. Sharma, D. Pearson, P. M. Plotsky, and M. J. Meaney, “Maternal
Care, Hippocampal Glucocorticoid Receptors, and Hypothalamic-Pituitary-
Adrenal Responses to Stress” (see comments), Science 277 (1997), 1659–1662; Paul
M. Plotsky and Michael J. Meaney, “Early, Postnatal Experience Alters Hypothala-
mic Corticotropin-Releasing Factor (CRF) mRNA, Median Eminence CRF Con-
tent and Stress-Induced Release in Adult Rats,” Molecular Brain Research 18
(1993), 195–200; Victor H. Denenberg, “Commentary: Is Maternal Stimulation



notes and references

the Mediator of the Handling Effect in Infancy?” (in-process citation), Develop-
mental Psychobiology 34 (1999), 1–3.

p. 418 Denenberg’s work on mice and rabbits: Denenberg, “Commentary.”
p. 418 Long-term effects of stimulation vs. maternal separation: Michael J. Meaney, J. Diorio,

D. Francis, J. Widdowson, P. LaPlante, C. Caldji, S. Sharma, J. R. Seckl, and P. M.
Plotsky, “Early Environmental Regulation of Forebrain Glucocorticoid Receptor
Gene Expression: Implications for Adrenocortical Responses to Stress,” Develop-
mental Neuroscience 18 (1996), 49–72; C. Caldji, B. Tannenbaum, S. Sharma, D.
Francis, P. M. Plotsky, and M. J. Meaney, “Maternal Care During Infancy Regu-
lates the Development of Neural Systems Mediating the Expression of Fearfulness
in the Rat,” Proceedings of the National Academy of Sciences USA 95 (1998),
5335–5340.

p. 418 Degrees of separation and maternal behavior: Joan Kaufman, Paul M. Plotsky,
Charles B. Nemeroff, and Dennis S. Charney, “Effects of Early Adverse Experi-
ences on Brain Structure and Function: Clinical Implications,” Biological Psychia-
try 48 (2000); Darlene D. Francis, Christian Caldji, Frances Champagne, Paul M.
Plotsky, and Michael J. Meaney, “The Role of Corticotropin-Releasing Factor—
Norepinephrine Systems in Mediating the Effects of Early Experience on the
Development of Behavioral and Endocrine Responses to Stress,” Biological Psychi-
atry 46 (1999), 1153–1166.

p. 418 Sapolsky’s belief: Robert M. Sapolsky, Stress, the Aging Brain, and the Mechanisms
of Neuron Death (Cambridge: MIT, 1992); and “The Importance of a Well-
Groomed Child” (see comments), Science 277 (1997), 1620–1621; Michael J.
Meaney, David H. Aitken, Chayann Van Berkell, Seema Bhatnagar, and Robert M.
Sapolsky, “Effect of Neonatal Handling on Age-Related Impairments Associated
with the Hippocampus,” Science 239 (1988), 766–768.

p. 418 Maladaptation: P. M. Plotsky, M. J. Owens, and C. B. Nemeroff, “Psychoneuroen-
docrinology of Depression. Hypothalamic-Pituitary-Adrenal Axis,” Psychiatric
Clinic of North America 21 (1998), 293–307; L. Arborelius, M. J. Owens, P. M.
Plotsky, and C. B. Nemeroff, “Review the Role of Corticotropin-Releasing Factor in
Depression and Anxiety Disorders,” Journal of Endocrinology 160 (1999), 1–12.

p. 418 Housing mice alone changes neurotransmitters: L. Valzelli, Psychopharmacology
(New York: John Wiley & Sons, 1973); P. Brain and D. Benton, “The Interpreta-
tion of Physiological Correlates of Differential Housing in Laboratory Rats,” Life
Sciences 24 (1979), 99–115.

p. 419 Recent studies help explain: S. Miachon, T. Rochet, B. Mathian, B. Barbagli, and
B. Claustrat, “Long-Term Isolation of Wistar Rats Alters Brain Monoamine
Turnover, Blood Corticosterone, and ACTH,” Brain Research Bulletin 32 (1993),
611–614; Mar M. Sánchez, F. Aguado, F. Sánchez-Toscano, and D. Saphier, “Neu-
roendocrine and Immunocytochemical Demonstrations of Decreased Hypothal-
amo-Pituitary-Adrenal Axis Responsiveness to Restraint Stress After Long-Term
Social Isolation,” Endocrinology 139 (1998), 579–587.

p. 419 Effects of postweaning isolation in mice and rats: Miachon et al., “Isolation of Wistar
Rats”; Walter B. Essman, “Differences in Locomotor Activity and Brain-Serotonin
Metabolism in Differentially Housed Mice,” Journal of Comparative and Physiolog-
ical Psychology 66 (1968), 244–246; L. Valzelli, “The ‘Isolation Syndrome’ in
Mice,” Psychopharmacologia 31 (1973), 305–320; Yousef Tizabi, V. John Massari,
and David M. Jacobowitz, “Isolation Induced Aggression and Catecholamine Vari-
ations in Discrete Brain Areas of the Mouse,” Brain Research Bulletin 5 (1980),
81–86.



the tangled wing

p. 419 Graham Jones research: G. H. Jones, C. A. Marsden, and T. W. Robbins, “Increased
Sensitivity to Amphetamine and Reward-Related Stimuli Following Social Isolation
in Rats: Possible Disruption of Dopamine-Dependent Mechanisms of the Nucleus
Accumbens,” Psychopharmacology 102 (1990), 364–372.

p. 419 Others have found changes: Miachon et al., “Isolation of Wistar Rats”; Fernando
Sánchez-Toscano, Maria-del Mar Sánchez, and Javier Garzón, “Changes in the
Number of Dendritic Spines in the Medial Preoptic Area During a Premature
Long-Term Social Isolation in Rats,” Neuroscience Letters 122 (1991), 1–3.

p. 419 Subtler changes with postweaning isolation: Kevin R. Byrd and Wayne E. Briner,
“Fighting, Nonagonistic Social Behavior, and Exploration in Isolation-Reared
Rats,” Aggressive Behavior 25 (1999), 211–223.

p. 419 Changes with briefer maternal separation: Judy McIntosh, Hymie Anisman, and Zul
Merali, “Short and Long Periods of Neonatal Maternal Separation Differentially
Affect Anxiety and Feeding in Adult Rats: Gender-Dependent Effects,” Develop-
mental Brain Research 113 (1999), 97–106.

p. 419 Late correction of childhood strabismus: A. J. Parker, B. G. Cummings, and J. V.
Dodd, “Binocular Neurons and the Perception of Depth,” in Gazzaniga, New Cog-
nitive Neurosciences; M. S. Banks, R. N. Aslin, and R. D. Letson, “Sensitive Period
for the Development of Human Binocular Vision,” Science 190 (1975), 675–677;
Richard Held, “Binocular Vision—Behavioral and Neuronal Development,” in
Brain Development and Cognition, ed. M. H. Johnson (Cambridge, Eng.: Basil
Blackwell, 1993), 152–166.

p. 419 Dire results often partly reversible: David H. Skuse, “Extreme Deprivation in Early
Childhood: II. Theoretical Issues and a Comparative Review,” Journal of Child Psy-
chology and Psychiatry and Allied Disciplines 25 (1984), 543–572; “Extreme Depri-
vation in Early Childhood: I. Diverse Outcomes for Three Siblings from an Extra-
ordinary Family,” Journal of Child Psychology and Psychiatry and Allied Disciplines
25 (1984), 523–541; and “Extreme Deprivation in Early Childhood: A Reply,” Jour-
nal of Child Psychology and Psychiatry and Allied Disciplines 26 (1985), 827–828.

p. 419 Romanian orphans: Thomas G. O’Connor, Diana Bredenkamp, and Michael Rutter,
“Attachment Disturbances and Disorders in Children Exposed to Early Severe
Deprivation,” Infant Mental Health Journal 20 (1999), 10–29; Michael Rutter,
“Developmental Catch-Up, and Deficit, Following Adoption After Severe Global
Early Privation,” English and Romanian Adoptees (ERA) Study Team, Journal of
Child Psychology and Psychiatry 39 (1998), 465–476.

p. 419 Catch-up of Romanian orphans: Rutter, “Developmental Catch-Up.”
p. 420 Long-term impact of divorce on children: Judith S. Wallerstein, “Children of

Divorce: Report of a Ten-Year Follow-Up of Early Latency-Age Children,” Ameri-
can Journal of Orthopsychiatry 57 (1987), 199–211.

p. 420 Ill effects from causes other than divorce itself: Andre J. Cherlin, Frank F. Furstenberg,
P. Lindsay Chase-Lansdale, Kathleen E. Kiernan, Philip K. Robins, Donna Ruane
Morrison, and Julien O. Teitler, “Longitudinal Studies of Effects of Divorce on
Children in Great Britain and the United States,” Science 252 (1991), 1386–1389;
Catherine E. Ross and John Mirowsky, “Parental Divorce, Life-Course Disruption
and Adult Depression,” Journal of Marriage and the Family 61 (1999), 1034–1045;
E. Mavis Hetherington, Margaret Bridges, and Glendessa M. Insabella, “What
Matters? What Does Not? Five Perspectives on the Association Between Marital
Transitions and Children’s Adjustment,” American Psychologist 53 (1998), 167–184;
ed. E. Mavis Hetherington, Coping with Divorce, Single Parenting, and Remarriage:
A Risk and Resiliency Perspective (Mahwah, N.J.: Lawrence Erlbaum, 1999).



notes and references

p. 420 Cross-cultural studies of stressful infant-care practices: Thomas K. Landauer and
John W. M. Whiting, “Infantile Stimulation and Adult Stature of Human Males,”
American Anthropologist 66 (1964), 1007–1028; John W. M. Whiting, Thomas K.
Landauer, and T. M. Jones, “Infantile Vaccination and Adult Stature,” Child Devel-
opment 39 (1968), 59–67; Sarah M. Gunders and John W. M. Whiting, “Mother-
Infant Separation and Physical Growth,” Ethnology 2 (1968), 196–206; eds. Ruth
H. Monroe, Robert L. Monroe, and Beatrice Whiting, Handbook of Cross-Cultural
Development (New York: Garland, 1981).

p. 420 Earlier menstruation: John Whiting, in Sex and Behavior, ed. F. Beach (New York:
John Wiley & Sons, 1965).

p. 420 Early stress in life-history theory: Jay Belsky, Laurence Steinberg, and Patricia
Draper, “Childhood Experience, Interpersonal Development, and Reproductive
Strategy: An Evolutionary Theory of Socialization,” Child Development 62 (1991),
647–670; Patricia Draper and Henry Harpending, in Parenting Across the Life Span:
Biosocial Dimensions, eds. Jane B. Lancaster, J. Altmann, A. S. Rossi, and L. R.
Sherrod (New York: Aldine de Gruyter, 1987), 207–236; James S. Chisholm,
“Death, Hope, and Sex: Life-History Theory and the Development of Reproductive
Strategies,” Current Anthropology 34 (1993), 1–24; Jay Belsky, “Modern Evolution-
ary Theory and Patterns of Attachment,” in Handbook of Attachment: Theory,
Research, and Clinical Applications, eds. Jude Cassidy and Philip Shaver (New
York: Guilford, 1999), 141–161; James S. Chisholm, Death, Hope and Sex: Steps to
an Evolutionary Ecology of Mind and Morality (New York: Cambridge University,
1999); Sarah Blaffer Hrdy, Mother Nature: A History of Mothers, Infants, and Nat-
ural Selection (New York: Pantheon, 1999).

p. 420 Nurturance alone changes brain chemistry: Higley, Suomi, and Linnoila, “Nonhu-
man Primate Model Part 1” and “Nonhuman Primate Model Part 2”; J. D. Coplan,
R. C. Trost, M. J. Owens, T. B. Cooper, J. M. Gorman, C. B. Nemeroff, and L. A.
Rosenblum, “Cerebrospinal Fluid Concentrations of Somatostatin and Biogenic
Amines in Grown Primates Reared by Mothers Exposed to Manipulated Foraging
Conditions,” Archives of General Psychiatry 55 (1998), 473–477; Gary W. Kraemer,
“Psychobiology of Early Social Attachment in Rhesus Monkeys: Clinical Implica-
tions,” in The Integrative Neurobiology of Affiliation, Annals of the New York Acad-
emy of Sciences, ed. C. S. L. I. I. Carter (New York: New York Academy of Sciences,
1997), 401–418.

p. 420 Important effects of early experience in humans unproven: Harris, “Where Is the
Child’s Environment?”; Bruer, Myth; Suomi, “Early Determinants of Behavior”;
Robert Plomin and Denise Daniels, “Why Are Children in the Same Family So
Different from One Another?,” Behavioral and Brain Sciences 10 (1987), 1–16;
David C. Rowe, The Limits of Family Influence: Genes, Experience, and Behavior
(New York: Guilford, 1994); Harris, The Nurture Assumption (1998); David B.
Cohen, Stranger in the Nest: Do Parents Really Shape Their Child’s Personality,
Intelligence, or Character? (New York: John Wiley & Sons, 1999); Michael Rutter
and B. Maughan, “Psychosocial Adversities in Childhood and Adult Psychopathol-
ogy,” Journal of Personality Disorders 11 (1997), 4–18.

p. 421 Child’s thinking alters impact: Kruger and Tomasello, Education and Human
Development; Kagan, The Nature of the Child.

p. 421 McGraw study: Myrtle McGraw, Growth: A Study of Johnny and Jimmy (New York:
Appleton-Century, 1935).

p. 421 Brain-imaging frontier advancing: J. K. Foster, “Memory, Imaging, and the Mind-
Brain: In Conclusion,” Memory 7 (1999), 733–740; B. Horwitz, M. A. Tagamets,



the tangled wing

and A. R. McIntosh, “Neural Modeling, Functional Brain Imaging, and Cogni-
tion,” Trends in Cognitive Science 3 (1999), 91–98.

p. 422 Role of glia in learning: Frank W. Pfrieger and Barbara A. Barres, “Synaptic Efficacy
Enhanced by Glial Cells In Vitro,” Science 277 (1997), 1684–1688.

p. 422 Sea slug Aplysia: R. D. Hawkins and Eric R. Kandel, “Is There a Cell-Biological
Alphabet for Simple Forms of Learning?,” Psychological Review 91 (1984), 375–391;
Kelsey C. Martin, Dusan Bartsch, Craig H. Bailey, and Eric R. Kandel, “Molecular
Mechanisms Underlying Learning-Related Long-Lasting Synaptic Plasticity,” in
Gazzaniga et al., New Cognitive Neurosciences, 121; Carolyn M. Sherff and Thomas
J. Carew, “Coincident Induction of Long-Term Facilitation in Aplysia: Cooperativity
Between Cell Bodies and Remote Synapses,” Science 285 (1999), 1911–1914.

p. 422 Temporal lobe circuits long known: Larry R. Squire and Barbara J. Knowlton, “The
Medial Temporal Lobe, the Hippocampus, and the Memory Systems of the Brain,”
in Gazzaniga, New Cognitive Neurosciences, 765–779.

p. 422 H. M.: S. Corkin, “Lasting Consequences of Bilateral Medial Temporal Lobec-
tomy: Clinical Course and Experimental Findings in H. M.,” Seminars in Neurol-
ogy 4 (1984), 249–259.

p. 422 Anterograde amnesia in alcoholic brain damage: Oliver Sacks, The Man Who Mis-
took His Wife for a Hat, and Other Clinical Tales (New York: Summit, 1985).

p. 422 Patients, studies, and brain imaging provide coherent account: Squire and Knowlton,
“Medial Temporal Lobe, Hippocampus, and Memory Systems”; Howard Eichen-
baum, “To Cortex: Thanks for the Memories,” Neuron 19 (1977), 481–484; “How
Does the Brain Organize Memories?,” Science 277 (1977), 330–332; and “Declara-
tive Memory: Insights from Cognitive Neurobiology,” Annual Review of Psychology
48 (1997), 547–572.

p. 422 Convergence, consolidation, and circuiting of brain impulses: Hans J. Markowitsch, “The
Anatomical Bases of Memory,” in Gazzaniga, New Cognitive Neurosciences, 781–795.

p. 422 Functional imaging and electrode implantation: Guillén Fernández, Arndt Effern,
Thomas Grunwald, Nico Pezer, Klaus Lehnertz, Matthias Dümpelmann, Dirk Van
Roost, and Christian E. Elger, “Real-Time Tracking of Memory Formation in the
Human Rhinal Cortex and Hippocampus,” Science 285 (1999), 1582–1585; Daniel L.
Schacter and Anthony D. Wagner, “Remembrance of Things Past,” Science 285 (1999);
G. A. Ojemann and J. Schoenfield-McNeill, “Neurons in Human Temporal Cortex
Active with Verbal Associative Learning,” Brain and Language 64 (1998), 317–327.

p. 422 More passive mental association widely distributed: C. Büchel, J. T. Coull, and K. J.
Friston, “The Predictive Value of Changes in Effective Connectivity for Human
Learning,” Science 283 (1999), 1538–1541.

p. 422 Implicit memories independent: D. L. Schacter, “Implicit Memory: History and
Current Status,” Journal of Experimental Psychology: Learning, Memory, and Cog-
nition 13 (1987), 501–518.

p. 422 Role of outer prefrontal cortex in mental holding patterns: Horwitz, Tagamets, and
McIntosh, “Neural Modeling”; P. S. Goldman-Rakic, “Development of Cortical
Circuitry and Cognitive Function,” Child Development 58 (1987), 601–622; Patricia
S. Goldman-Rakic, Séamas P. Ó. Scalaidhe, and Matthew V. Chafee, “Domain
Specificity in Cognitive Systems,” in Gazzaniga et al., New Cognitive Neuro-
sciences, 733–742.

p. 422 Outer prefrontal cortex dampened by sadness: Helen S. Mayberg, Mario Liotti,
Stephen K. Brannan, Scott McGinnis, Roderick K. Mahurin, Paul A. Jerabek, J.
Arturo Silva, Janet L. Tekell, Charles C. Martin, Jack L. Lancaster, and Peter T.
Fox, “Reciprocal Limbic-Cortical Function and Negative Mood: Converging Pet



notes and references

Findings in Depression and Normal Sadness,” American Journal of Psychiatry 156
(1999), 675–682.

p. 422 Motor-cortex neurons fire sequentially: A. F. Carpenter, A. P. Georgopoulos, and G.
Pellizer, “Motor Cortical Encoding of Serial Order in a Context-Recall Task,” Science
283 (1999), 1752–1754.

p. 422 Cerebellum active during motor and verbal learning: Raymond, Lisberger, and Mauk,
“The Cerebellum”; Richard B. Ivry and Julie A. Fiez, “Cerebellar Contributions to
Cognition and Imagery,” in Gazzaniga et al., New Cognitive Neurosciences, 999.

p. 423 Cerebellar-stroke patient: Julie A. Fiez, S. E. Petersen, M. K. Cheney, and M. E.
Raichle, “Impaired Nonmotor Learning and Error Detection Associated with Cere-
bellar Damage: A Single-Case Study,” Brain (1992), 155–178.

p. 423 Memory retrieval depends on frontal cortex: Isao Hasegawa, Tetsuya Fukushima,
Takeshi Ihara, and Yasushi Miyashita, “Callosal Window Between Prefrontal Cor-
tices: Cognitive Interaction to Retrieve Long-Term Memory,” Science 281 (1998),
814–818; Yang Jiang, James V. Haxby, Alex Martin, Leslie G. Ungerleider, and
Raja Parasuraman, “Complementary Neural Mechanisms for Tracking Items in
Human Working Memory,” Science 287 (1997), 643–646.

p. 423 Long-term potentiation in hippocampus: Robert C. Malenka and Roger A. Nicoll,
“Long-Term Potentiation—A Decade of Progress?,” Science 285 (1999), 1870–1874.

p. 423 1990s research: Peter S. Eriksson, Ekaterina Peerfilieva, Thomas Bjork-Eriksson,
Ann-Marie Alborn, Claes Nordborg, Daniel A. Peterson, and Fred H. Gage, “Neu-
rogenesis in the Adult Human Hippocampus,” Nature Medicine 4 (1998),
1313–1317; 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; “Proliferation of Granule Cell Precursors in the Dentate Gyrus
of Adult Monkeys Is Diminished by Stress,” Proceedings of the National Academy of
Sciences USA 95 (1998), 3168–3171.

p. 423 death of nerve cells: Pasko Rakic, “Limits of Neurogenesis in Primates,” Science 227
(1985), 1054–1056; and “Young Neurons for Old Brains?,” Nature Medicine 4
(1998), 3–5.

p. 424 “pathos of life experience”: Paul I. Yakovlev and André R. Lecours, “The Myeloge-
netic Cycles of Regional Maturation of the Brain,” in Regional Development of the
Brain in Early Life, ed. A. Minkowski (Oxford, Eng.: Blackwell Scientific, 1967).

p. 424 Dawkins model of learning: Richard Dawkins, “Selective Neuron Death as a Possi-
ble Memory Mechanism,” Nature 229 (1971), 118–119.

p. 424 Changeux’s paradox: Jean-Pierre Changeux, Neuronal Man: The Biology of Mind,
2d Ed. (Princeton, N.J.: Princeton University, 1997).

p. 424 Early cells connect and supply nutrients: Dale Purves, Body and Brain: A Trophic
Theory of Neural Connections (Cambridge: Harvard University, 1988).

p. 424 Synapses stabilize: Jean-Pierre Changeux and Antoine Danchin, “Selective Stabili-
sation of Developing Synapses as a Mechanism for the Specification of Neuronal
Networks,” Nature 264 (1976), 705–712.

p. 424 Some connections pruned, some remain: 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.

p. 424 Edelman model of neuronal group selection: Gerald Edelman, Neural Darwinism:
The Theory of Neuronal Group Selection (New York: Basic Books, 1987); and Topo-
biology: An Introduction to Molecular Embryology (New York: Basic Books, 1988).



the tangled wing

p. 424 Final structure of cortical regions: Mark H. Johnson, Developmental Cognitive Neu-
roscience (Oxford, Eng.: Blackwell, 1997).

p. 424 Ferret brains can be rewired: Jitendra Sharma, Alessandra Angelucci, and Mriganka
Sur, “Induction of Visual Orientation Modules in Auditory Cortex,” Nature 404
(2000), 841–847; Laurie von Melchner, Sarah L. Pallas, and Mriganka Sur, “Visual
Behaviour Mediated by Retinal Projections Directed to the Auditory Pathway,”
Nature 404 (2000), 871–876; Sandra Blakeslee, “‘Rewired’ Ferrets Overturn Theo-
ries of Brain Growth,” The New York Times (April 25, 2000), D1, 6.

p. 424 Chaos and complexity models help explain brain growth: Brian Goodwin, “Devel-
opment 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; “Developmental Complexity and Evolutionary
Order,” in Complexity: Metaphors, Models, and Reality, eds. G. A. Cowan, D.
Pines, and D. Meltzer (Reading, Mass.: Addison-Wesley, 1994), 205–222; and How
the Leopard Changed Its Spots (New York: Scribner’s, 1994); Stuart A. Kauffman,
The Origins of Order: Self-Organization and Selection in Evolution (New York:
Oxford University, 1993).

p. 424 Chaotic and emergent effects in development: C. S. Goodman, “Mechanisms and
Molecules That Control Growth Cone Guidance,” Annual Review of Neuroscience
19 (1996), 341–377; Michael P. Stryker, “Precise Development from Imprecise
Rules,” Science 263 (1994), 1244–1245.

p. 425 Depth perception in monkeys: Hubel, Wiesel, and LeVay, “Plasticity of Ocular
Dominance Columns”; and “Development of Ocular Dominance Columns.”

p. 425 Whiskers and cortical barrels in mice: T. A. Woolsey and J. R. Wann, “Areal
Changes in Mouse Cortical Barrels Following Vibrissal Damage at Different Post-
natal 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.

p. 425 Genes make whiskers; whiskers make cortical barrels: H. van der Loos, E. Welker, 
J. Dörfl, and G. Rumo, “Selective Breeding for Patterns of Mystacial Vibrissae of
Mice,” Journal of Heredity 77 (1986), 66–82.

p. 425 Patterns of whisker length and density: M. Brecht, B. Preilowski, and M. Merzenich,
“Functional Architecture of the Mystacial Vibrissae,” Behavioral Brain Research
(1997), 81–97.

p. 425 Star-nosed mole cortex: 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; and “Somatosensory Fovea in the Star-Nosed Mole: Behav-
ioral Use of the Star in Relation to Innervation Patterns and Cortical Representa-
tion,” Journal of Comparative Neurology 387 (1997), 215–223.

p. 425 Adult brain changes in response to experience: Jon H. Kaas, “The Reorganization of
Sensory and Motor Maps After Injury in Adult Mammals,” in Gazzaniga et al., New
Cognitive Neurosciences; Eric Kandel, Thomas Jessell, and Joshua R. Sanes, “Sen-
sory Experience and the Fine-Tuning of Synaptic Connections,” in Principles of
Neural Science, eds. Eric Kandel, James Schwartz, and Thomas Jessell (New York:
McGraw-Hill, 2000), 1115.

p. 425 Merzenich experiments: 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.



notes and references

p. 425 Finger stimulation changes cortex: William M. Jenkins, Michael M. Merzenich,
Marlene T. Ochs, Terry Allard, and Eliana Guic-Robles, “Functional Reorganiza-
tion of Primary Somatosensory Cortex in Adult Owl Monkeys After Behaviorally
Controlled Tactile Stimulation,” Journal of Neurophysiology 63 (1990), 82–104.

p. 425 Changes guided by nucleus basalis: M. P. Kilgard and Michael M. Merzenich,
“Cortical Map Reorganization Enabled by Nucleus Basalis Activity,” Science 279
(1998), 1714–1718.

p. 425 Phantom limb pain in amputees: Herta Flor, T. Elbert, S. Knecht, C. Wienbruch et
al., “Phantom-Limb Pain as a Perceptual Correlate of Cortical Reorganization Fol-
lowing Arm Amputation,” Nature 375 (1995), 482–484; Stefan Knecht, H. Hen-
ningsen, C. Hoehling, T. Elbert, H. Flor, C. Pantev, and E. Taub, “Plasticity of
Plasticity? Changes in the Pattern of Perceptual Correlates of Reorganization After
Amputation,” Brain 121 (1998), 717–724.

p. 425 Study of string players: Thomas Elbert, Christo Pantev, Christian Wienbruch,
Brigitte Rockstro, and Edward Taub, “Increased Cortical Representation of the Fin-
gers of the Left Hand in String Players,” Science 270 (1995), 305–307.

p. 425 Expanded visual cortex in deaf people: Helen J. Neville, “Neurobiology of Cognitive
and Language Processing: Effects of Early Experience,” in Brain Maturation and
Cognitive Development: Comparative and Cross-Cultural Perspectives, eds. K. R.
Gibson and A. C. Petersen (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 et al., New Cognitive Neurosciences.

p. 425 New neurons in songbirds: Fernando Nottebohm, “Reassessing the Mechanisms and
Origins of Vocal Learning in Birds,” Trends in Neurosciences 14 (1991), 206–211;
Masakazu Konishi, “An Outline of Recent Advances in Birdsong Neurobiology,”
Brain, Behavior and Evolution 44 (1994), 279–285.

p. 425 New granule cells in rats: Joseph Altman, Robert L. Brunner, and Shirley A. Bayer,
“The Hippocampus and Behavioral Maturation,” Behavioral Biology 8 (1973),
557–596.

p. 425 New cells were harder to find in primates: Rakic, “Limits of Neurogenesis.”
p. 425 Gould’s proof of neurogenesis: Gould et al., “Proliferation of Granule Cell Precursors.”
p. 425 Rate of new-neuron production in male rats and tree shrews: Gould et al., “Neuroge-

nesis in the Dentate Gyrus”; and “Proliferation of Granule Cell Precursors.”
p. 426 New neurons in human brain: Eriksson, “Neurogenesis.”
p. 426 Human neurogenesis accepted: Rakic, “Young Neurons for Old Brains?”
p. 426 Positive brain change routine in adulthood: Rosensweig, Bennett, and Diamond,

“Brain Changes”; Diamond et al., “Plasticity.”
p. 426 Jewel fish change: Coss and Globus, “Tectal Interneurons in Jewel Fish.”
p. 427 Dobzhansky experiment: Richard C. Lewontin, “Genetic Aspects of Intelligence,”

Annual Review of Genetics 9 (1975), 387–405; Theodosius Dobzhansky and 
B. Spassky, “Genetics of Natural Populations: XI. Manifestation of Genetic Variants
in Drosophila Pseudoobscura in Different Environments,” Genetics 29 (1944),
270–290.

p. 427 Jensen paper: Arthur R. Jensen, “How Much Can We Boost IQ and Scholastic
Achievement?,” Harvard Educational Review 39 (1969), 1–123.

p. 428 Persuasive refutations: Claude S. Fischer, Ann Swidler, and Samuel R. Lucas,
Inequality by Design: Cracking the Bell Curve Myth (Princeton, N.J.: Princeton
University, 1996).

p. 428 Bonner classic: John Tyler Bonner, The Evolution of Culture in Animals (Princeton,
N.J.: Princeton University, 1980).



the tangled wing

p. 428 Studies considering cultural transmission: W. C. McGrew, Chimpanzee Material
Culture: Implications for Human Evolution (Cambridge: Cambridge University,
1992), 221; Alicia Mathis, Douglas P. Chivers, and R. Jan F. Smith, “Cultural
Transmission of Predator Recognition in Fishes: Intraspecific and Interspecific
Learning,” Animal Behavior (1996), 185–201; Adrian L. O’Loghlen and Stephen I.
Rothstein, “Culturally Correct Song Dialects Are Correlated with Male Age and
Female Song Preferences in Wild Populations of Brown-Headed Cowbirds,” Behav-
ioral Ecology and Sociobiology 36 (1995), 251–259; eds. Richard W. Wrangham,
W. C. McGrew, Frans B. M. de Waal, Paul Heltne, Chimpanzee Cultures (Cam-
bridge: Harvard University/Chicago Academy of Sciences, 1994); eds. Cecilia M.
Heyes and Bennett G. Galef, Jr., Social Learning in Animals: The Roots of Culture
(San Diego, Calif.: Academic, 1996); Lee Alan Dugatkin, The Imitation Factor:
Evolution Beyond the Gene (New York: Free Press, 2001).

p. 428 Variations in chimp protoculture: A. Whiten, J. Goodall, W. C. McGrew, T. Nishida,
V. Reynolds, Y. Sugiyama, C. E. G. Tutin, R. W. Wrangham, and C. Boesch, “Cul-
tures in Chimpanzees,” Nature 399 (1999), 682–685; Andrew Whiten and Christo-
pher Boesch, “The Cultures of Chimpanzees,” Scientific American (January 2001),
61–67.

p. 428 Local variety in birdsong dialects: O’Loghlen and Rothstein, “Culturally Correct
Song Dialects”; Luis F. Baptista and Lewis Petrinovich, “Song Development in the
White-Crowned Sparrow: Social Factors and Sex Differences,” Animal Behavior 34
(1986), 1359–1371; M. D. Beecher, S. E. Campbell, and J. C. Nordby, “Bird Song
Learning as an Adaptive Strategy,” CIBA Foundation Symposium 208 (1997),
269–279; A. L. Lang and J. C. Barlow, “Cultural Evolution in the Eurasian Tree
Sparrow: Divergence Between Introduced and Ancestral Populations,” The Condor
99 (1997), 413–423.

p. 428 Denenberg’s classic study: Victor H. Denenberg and Kenneth M. Rosenberg, “Non-
genetic Transmission of Information,” Nature 216 (1967), 549–550; Victor H.
Denenberg and Arthur E. Whimbey, “Behavior of Rats Is Modified by the Experi-
ences Their Mothers Had as Infants,” Science 142 (1963), 1192–1193; N. Skolnick,
S. Ackerman, M. Hofer, and H. Weiner, “Vertical Transmission of Acquired Ulcer
Susceptibility in the Rat,” Science 208 (1980), 1161–1163.

p. 428 Grandmother effect confirmed: Darlene D. Francis, Christian Caldji, Frances
Champagne, Paul M. Plotsky, and Michael J. Meaney, “The Role of Corticotropin-
Releasing Factor—Norepinephrine Systems in Mediating the Effects of Early Expe-
rience on the Development of Behavioral and Endocrine Responses to Stress,” Bio-
logical Psychiatry 46 (1999), 1153–1166.

p. 428 Protoculture in monkeys: Frans de Waal, The Ape and the Sushi Master: Cultural
Reflections of a Primatologist (New York: Basic Books, 2001).

p. 429 Kanzi’s toolmaking: 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 panis-
cus),” Journal of Archaeological Science 20 (1993), 81–91; Sue Savage-Rumbaugh
and Roger Lewin, Kanzi: The Ape at the Brink of the Human Mind (New York:
John Wiley & Sons, 1994).

p. 429 Kruger theory of cultural learning: Kruger and Tomasello, Education and Human
Development.

p. 429 Homo docens: S. A. Barnett, “The Instinct to Teach,” Nature 220 (1968), 747–749;
S. A. Barnett, “Humanity and Natural Selection,” Ethology & Sociobiology 4
(1983), 35–51.



notes and references

p. 429 Dawkins’s meme concept: Richard Dawkins, “Replicator Selection and the
Extended Phenotype,” Zeitschrift für Tierpsychologie 47 (1978), 61–76; and The
Selfish Gene, New Ed. (New York: Oxford University, 1989).

p. 429 The new field of memetics: ed. Robert Aunger, Darwinizing Culture: The Status of
Memetics as a Science (New York: Oxford University, 2001).

p. 429 Boyd and Richerson theory: Robert Boyd and Peter J. Richerson, Culture and the
Evolutionary Process (Chicago: University of Chicago, 1985).

p. 429 Lumsden and Wilson theory: Charles J. Lumsden and Edward O. Wilson, Genes, Mind,
and Culture: The Coevolutionary Process (Cambridge: Harvard University, 1981).

p. 429 Durham classic: William H. Durham, Coevolution: Genes, Culture, and Human
Diversity (Stanford, Calif.: Stanford University, 1991).

p. 430 Coherent response to environmental challenge: Harris, Culture, People, Nature; Marvin
Harris, Cultural Materialism: The Struggle for a Science of Culture (New York: Random
House, 1979); and “Theoretical Principles of Cultural Materialism,” in High Points in
Anthropology, eds. B. Paul and M. Glazer (New York: Alfred A. Knopf, 1988), 379–403;
Eric R. Wolf, Peasant Wars of the Twentieth Century (New York: Harper & Row, 1969).

p. 430 Lévi-Strauss: Claude Lévi-Strauss, Totemism (Boston: Beacon, 1963); and The Sav-
age Mind (London: Weidenfeld & Nicholson, 1962).

p. 430 Whitings’ view on culture: eds. Beatrice B. Whiting and John W. M. Whiting, Chil-
dren of Six Cultures: A Psychocultural Analysis (Cambridge: Harvard University,
1975); Beatrice B. Whiting and Carolyn Pope Edwards, Children of Different
Worlds: The Formation of Social Behavior (Cambridge: Harvard University, 1988).

p. 430 Turner’s “forest of symbols”: Victor Turner, The Forest of Symbols: Aspects of
Ndembu Ritual (Ithaca, N.Y.: Cornell University, 1967); “Body, Brain, and Cul-
ture,” Zygon 18 (1983), 221–245.

p. 430 Durham’s gating process: Durham, Coevolution.
p. 430 Shore theory: B. Shore, Culture in Mind: Cognition, Culture, and the Problem of

Meaning (New York: Oxford University, 1996).
p. 430 Sperber theory: Dan Sperber, Explaining Culture: A Naturalistic Approach (Oxford,

Eng.: Blackwell, 1996).
p. 430 Fischer’s telephone study: Claude S. Fischer, America Calling: A Social History of

the Telephone to 1940 (Berkeley: University of California, 1994).
p. 432 Family size and population growth: Gretchen Daily, Partha Dasgupta, Bert Bolin,

Pierre Crosson, Jacques du Guerny, Paul Ehrlich, Carl Folke, Ann Mari Jansson,
Bengt-Owe Jansson, Nils Kautsky, Ann Kinzig, Simon Levin, Karl-Göran Mäler,
Per Pinstrup-Andersen, Domenico Siniscalco, and Brian Walker, “Food Produc-
tion, Population Growth, and the Environment,” Science 281 (1998), 1291–1292;
eds. Joel Swerdlow and Bill Allen, “Special Issue: Population,” National Geo-
graphic (October 1998), 2–74; Garrett Hardin, The Ostrich Factor: Our Population
Myopia (New York: Oxford University, 1998).

p. 433 Reproductive success and improvement of environmental conditions: Vining, “Social
Versus Reproduction Success.”

p. 433 Lancaster and Kaplan study: Kaplan, Lancaster, and Anderson, “Human Parental
Investment.”

Chapter 17: The Invisible Galaxy
It is difficult to recommend books about the genome, they go out of date so fast. My turn-
of-the-century favorite is John Avise’s The Genetic Gods (Cambridge: Harvard University,
1998), although Matt Ridley’s Genome (New York: HarperCollins, 1999) is also excellent.



the tangled wing

A fine textbook of genetics is Anthony Griffiths et al., An Introduction to Genetic Analysis,
7th Ed. (New York: W. H. Freeman, 2000). Up-to-the-minute information about the
genome is on the Web at www.nhgri.gov.

There are many graceful, intelligent books about the fate of the earth and its inhabi-
tants, but my favorites are Edward O. Wilson’s Biophilia (Cambridge: Harvard University,
1986), James Gustafson and Frederick Blumer’s A Sense of the Divine: The Natural Envi-
ronment from a Theocentric Perspective (Cleveland: Pilgrim, 1994), and Ursula Goode-
nough’s The Sacred Depths of Nature (New York: Oxford University, 1998). An Essay on
Population, by Thomas Malthus (New York: Penguin, 1985, orig. 1798), remains a com-
pelling read more than two centuries after its publication, easily justifying Darwin’s admi-
ration. Paul Ehrlich’s Human Natures (Washington, D.C./Covelo, Calif.: Island Press,
2000) and Ed Ayres’s God’s Last Offer: Negotiating for a Sustainable Future (New York:
Four Walls Eight Windows, 1999) are good antidotes to twenty-first-century population
complacency. The science of the biosphere is gracefully explained in Vaclav Smil’s Cycles
of Life: Civilization and the Biosphere (New York: Scientific American Library, 2001).

For a recent assessment of worldwide poverty, see the World Bank’s World Develop-
ment Report 2000/2001, or visit www.world-bank.org/poverty/wdrpoverty. To join a forum
on worldwide poverty, go to www.world-bank.org/devforum/forum_qog.html.

p. 434 Mayr quotation: Ernst Mayr, This Is Biology (Cambridge: Belknap/Harvard Univer-
sity, 1997), 269.

p. 434 Life must appear in many thousands of places: I. I. Shlovskii and Carl Sagan, Intel-
ligent Life in the Universe (San Francisco: Holden-Day, 1966).

p. 434 Planets began to multiply: John Noble Wilford, “Planet Is Found Orbiting Neigh-
bor of Sun,” The New York Times (June 26, 1998), A1, A22.

p. 435 Gould’s claim about evolution: Stephen Jay Gould, Wonderful Life: The Burgess
Shale and the Nature of History (New York: W.W. Norton, 1989).

p. 435 Where there is life there will be larger, more complex forms: J. Z. Young, The Life of
Vertebrates, 3d Ed. (Oxford: Clarendon/Oxford University, 1981); Simon Conway
Morris, The Crucible of Creation: The Burgess Shale and the Rise of Animals
(Oxford: Oxford University, 1998).

p. 435 “aperiodic crystals”: Erwin Schrödinger, What Is Life? (Cambridge: Cambridge
University, 1967, orig. 1944).

p. 435. Kauffman’s emergence model: Stuart A. Kauffman, The Origins of Order: Self-Orga-
nization and Selection in Evolution (New York: Oxford University, 1993).

p. 436 “Urge and urge and urge . . .”: Walt Whitman, The Essential Whitman: Selected by
Galway Kinnell (New York: Galahad Books/Ecco Press, 1987), 159.

p. 437 Cuvier quotation: Yvette Gayrard-Valy, Fossils: Evidence of Vanished Worlds (New
York: Harry N. Abrams, 1994), 142.

p. 437 Newsweek headline “Scientists Estimate . . .”: Anonymous, in Newsweek, Special
Issue on Childhood, summer 1997.

p. 437 “Are Genes Everything?”: Sandra Blakeslee, “Some Biologists Ask ‘Are Genes Every-
thing?’ ,” The New York Times (September 2, 1997), B7, B13.

p. 438 Sapolsky Newsweek article: Robert Sapolsky, “It’s Not ‘All in the Genes,’” Newsweek
(April 10, 2000).

p. 438 Lowell quotation: Robert Lowell, Near the Ocean (New York: Farrar, Straus &
Giroux, 1967), 24.

p. 440 Different meanings of universal: Melvin Konner, “Anthropology and Psychiatry,” in
Comprehensive Textbook of Psychiatry, 6th Ed., eds. H. Kaplan and B. Sadock (Bal-
timore: Williams & Wilkins, 1995), 283–299.



notes and references

p. 440 Eibl-Eibesfeldt’s constants of communication: Irenäus Eibl-Eibesfeldt, Human
Ethology (New York: Aldine de Gruyter, 1988).

p. 440 Ekman’s facial expressions: Paul Ekman et al., “Universals and Cultural Differences
in the Judgements of Facial Expressions of Emotion,” Journal of Personality and
Social Psychology 53 (1987), 712–717; eds. Paul Ekman and E. L. Rosenberg, What
the Face Reveals: Basic and Applied Studies of Spontaneous Expression Using the
Facial Action Coding System (FACS) (New York: Oxford University, 1997).

p. 440 Brown’s universals: Donald E. Brown, Human Universals (Philadelphia: Temple
University, 1991).

p. 440 Pre-Brown lists of universals: George Peter Murdock, “The Common Denominator
of Cultures,” in The Science of Man in the World Crisis, ed. R. Linton (New York:
Columbia University, 1945), 123–142; George Peter Murdock, Ethnographic Atlas:
A Summary (Pittsburgh: University of Pittsburgh, 1967); Charles F. Hockett, Man’s
Place in Nature (New York: McGraw-Hill, 1973).

p. 440 Universal symbol systems of Lévi-Strauss and Turner: Claude Lévi-Strauss, The Ele-
mentary Structures of Kinship (Boston: Beacon, 1969); Structural Anthropology (New
York: Basic Books, 1963); and The Savage Mind (London: Weidenfeld & Nicholson,
1962); Victor W. Turner, “Body, Brain, and Culture,” Zygon 18 (1983), 221–245.

p. 440 Sperber and Shore theories: Bradd Shore, Culture in Mind: Cognition, Culture, and
the Problem of Meaning (New York: Oxford University, 1996); Dan Sperber, in Map-
ping the Mind: Domain Specificity in Cognition and Culture, eds. L. A. Hirschfeld
and S. A. Gelman (Cambridge: Cambridge University, 1994), 39; Dan Sperber,
Explaining Culture: A Naturalistic Approach (Oxford, Eng.: Blackwell, 1996).

p. 440 Current theory in evolutionary psychology: eds. Jerome H. Barkow, Leda Cosmides,
and John Tooby, The Adapted Mind: Evolutionary Psychology and the Generation of
Culture (Oxford: Oxford University, 1992); John Tooby and Leda Cosmides,
“Toward Mapping the Evolved Functional Organization of Mind and Brain,” and
“The Cognitive Neuroscience of Social Reasoning,” in The New Cognitive Neuro-
sciences, 2d Ed., ed. Michael S. Gazzaniga et al. (Cambridge: MIT, 2000).

p. 441 Pheromones in recognition: Les Greenberg, “Genetic Component of Bee Odor in
Kin Recognition,” Science 206 (1979), 1095–1097; C. Jo Manning, Edward K.
Wakeland, and Wayne K. Potts, “Communal Nesting Patterns in Mice Implicate
MHC Genes in Kin Recognition,” Nature 360 (1992), 581–583.

p. 441 Learning during development in ground squirrels: Warren G. Holmes and Paul W.
Sherman, “The Ontogeny of Kin Recognition in Two Species of Ground Squir-
rels,” American Zoologist 22 (1982), 491–517; D. W. Pfennig and Paul Sherman,
“Kin Recognition,” Scientific American 272 (1995), 98–103.

p. 441 Wolf’s mechanism: Arthur P. Wolf, Sexual Attraction and Childhood Association: A
Chinese Brief for Westermarck (Stanford, Calif.: Stanford University, 1995); and
“Westermarck Redidivus,” Annual Review of Anthropology 22 (1993), 157–175.

p. 441 Marriage rates among kibbutz age mates: Joseph Shepher, “Mate Selection Among
Second Generation Kibbutz Adolescents and Adults: Incest Avoidance and Nega-
tive Imprinting,” Archives of Sexual Behavior 1 (1971), 293–307.

p. 441 Familiarity breeds contempt in Wilson’s understanding: Edward O. Wilson, On
Human Nature (Cambridge: Harvard University, 1978); Charles Lumsden and
Edward O. Wilson, Genes, Mind, and Culture: The Coevolutionary Process (Cam-
bridge: Harvard University, 1981).

p. 442 Sociobiology then and now: John Alcock, The Triumph of Sociobiology (New York:
Oxford University, 2001); Edward O. Wilson, Sociobiology: The New Synthesis
(Cambridge: Belknap/Harvard University, 1975).



the tangled wing

p. 442 Social Darwinists and eugenicists: Stephan L. Chorover, From Genesis to Genocide:
The Meaning of Human Nature and the Power of Behavior Control (Cambridge:
MIT, 1979); Daniel J. Kevles, In the Name of Eugenics: Genetics and the Uses of
Human Heredity (New York: Alfred A. Knopf, 1985).

p. 442 Mouse ranch: Lawrence Osborne, “Fuzzy Little Test Tubes,” The New York Times
Magazine (July 30, 2000), 40–45.

p. 442 Gusella’s work on gene: James F. Gusella, Nancy S. Wexler et al., “A Polymorphic DNA
Marker Genetically Linked to Huntington’s Disease,” Nature 306 (1983), 234–238.

p. 442 Mapping Fate: Alice Wexler, Mapping Fate: A Memoir of Family, Risk, and Genetic
Research (New York: Times/Random House, 1995).

p. 443 Nancy Wexler’s team in Venezuela: Nancy S. Wexler, E. A. Rose, and D. E. Housman,
“Molecular Approaches to Hereditary Diseases of the Nervous System: Huntington’s
Disease as a Paradigm,” Annual Review of Neuroscience 14 (1991), 503–529.

p. 443 IT95: Huntington’s Disease Collaborative Research Group, “A Novel Gene Con-
taining a Nucleotide Repeat That Is Expanded and Unstable on Huntington’s Dis-
ease Chromosome,” Cell (1993), 1–20; Wexler, Mapping Fate, 200.

p. 443 “Huntingtin” actions: Joseph B. Martin, “Molecular Basis of the Neurodegenerative
Disorders,” New England Journal of Medicine 340 (1999), 1970–1980.

p. 443 Orthodox Jews wary: Sheryl Gay Stolberg, “Concern among Jews is Heightened as
Scientists Deepen Gene Studies,” The New York Times (April 22, 1998), A24.

p. 443 Iceland’s gene data bank: Sarah Lyall, “A Country Unveils Its Gene Pool and
Debate Flares,” The New York Times (February 16, 1999), D1, D4; Martin
Enserink, “Physicians Wary of Scheme to Pool Icelanders’ Genetic Data,” Science
(1998), 890–891.

p. 444 Getting beyond diagnosis difficult: Sheryl Gay Stolberg, “The Long Horizon of
Gene Therapy: Five Questions for W. French Anderson,” The New York Times
(December 12, 1999), C4; and “Despite Ferment, Gene Therapy Progresses,” The
New York Times (June 6, 2000), D1, D4.

p. 444 If we can insert genes into mice, why not humans?: W. French Anderson, “The Best
of Times, the Worst of Times,” Science 288 (2000), 627–629.

p. 444 Necker Children’s Hospital follow-up: Stolberg, “Despite Ferment.”
p. 444 Human research now under more stringent scrutiny: Donna Shalala, “Protecting

Research Subjects: What Must Be Done,” New England Journal of Medicine 343
(2000), 808–810.

p. 444 Denver tribute to Jesse Gelsinger: Stolberg, “Despite Ferment.”
p. 444 Test-tube baby statistics: ISLAT Working Group, “ART into Science: Regulation of

Fertility Techniques,” Science 281 (1998), 651–652.
p. 444 U.S. ART statistics: ISLAT, “ART into Science.”
p. 444 Woman gives birth to daughter’s triplets: M. C. Michelow, J. Bernstein, M. J. Jacobson,

J. L. McLoughlin, D. Rubenstein, A. I. Hacking, S. Preddy, and I. J. Van der Wat,
“Mother-Daughter In Vitro Fertilization Triplet Surrogate Pregnancy” (see comments),
Journal of In Vitro Fertilization & Embryo Transfer 5 (1988), 31–34; Associated
Press, “Woman Gives Birth to Daughter’s Triplets,” The New York Times (October
2, 1987), A1.

p. 444 Pushing the envelope of age: M. V. Sauer, R. J. Paulson, and R. A. Lobo, “Pregnancy
in Women 50 or More Years of Age: Outcomes of 22 Consecutively Established
Pregnancies from Oocyte Donation,” Fertility & Sterility 64 (1995), 111–115.

p. 444 Sixty-three-year-old mother: R. J. Paulson, M. H. Thornton, M. M. Francis, and H. S.
Salvador, “Successful Pregnancy in a 63-Year-Old Woman” (see comments), Fertility
& Sterility 67 (1997), 949–951. The previous record was held by a 62-year-old in Italy.



notes and references

p. 445 Sex may also be selected: For the evolutionary and anthropological background to
sex selection and the application of amniocentesis for sex-selective abortion, see
Melvin Konner, “The Gender Option,” in Why the Reckless Survive, and Other
Secrets of Human Nature (New York: Viking, 1989), 169–180.

p. 445 Doubling of life span: Daniel Kevles, “Life on the Far Side of 150,” The New York
Times (March 16, 1999), A31.

p. 445 Harris quotation: John Harris, “Intimations of Immortality,” Science 288 (2000), 59.
p. 445 Genetic patents: Anthony Ramirez, “A Case of Letting the Gene Out of the Bottle,”

The New York Times (May 14, 2000), D5; Andrew Pollack, “Biological Products
Raise Genetic Ownership Issues: Governments Are Demanding Share of Profits,”
The New York Times (November 26, 1999), A1, C4.

p. 445 Humanzee: Eliot Marshall, “Legal Fight Over Patents on Life,” Science 284 (June
25, 1999), 2067–2069.

p. 445 Post-Dolly cloning attempts in other species: Gina Kolata, “In Big Advance in
Cloning, Biologists Create 50 Mice,” The New York Times (July 23, 1998), A1, A16.

p. 445 Mice cloned: Elizabeth Pennisi, “Cloned Mice Provide Company for Dolly,” Sci-
ence 281 (1998), 495–497.

p. 445 Calves and cows cloned: Yoko Kato, Tetsuya Tani, Yusuke Sotomaru, Kazuo
Kurokawa, Jun-ya Kato, Hiroschi Doguchi, Hiroshi Yasue, and Yukio Tsunoda,
“Eight Calves Cloned from Somatic Cells of a Single Adult,” Science 282 (1998),
2095–2098; Carol Ezzell, “Age of the Clones,” Scientific American (July 2000), 26.

p. 445 Monkey, Dolly, and other clones: Anonymous, “Japan Scientists Produce Clone of a
Cloned Bull,” The New York Times (January 25, 2000), D6.

p. 445 Gaur cloned: Robert P. Lanza, Betsy L. Dresser, and Philip Damiani, “Cloning
Noah’s Ark,” Scientific American (November 2000), 83–89.

p. 446 Human cloning under way: Margaret Talbot, “The Desire to Duplicate,” The New
York Times Magazine (February 4, 2001), 40–68; Nancy Gibbs, “Baby, It’s You! And
You, and You . . .” Time Magazine (February 19, 2001), 46–57.

p. 446 Cloning of steer Chance: Mark Babineck, “A&M Researchers Clone Docile Bull,”
Associated Press (September 2, 1999), http://www.reporternews.com/1999/texas/
clone0902.html; Christopher Lee, “Seeing Double: Texas A&M Gives Media Look
at Calf Cloned from 21-Year-Old Steer,” Dallas Morning News (September 3, 1999).

p. 446 Couple having dog cloned: Cathy Booth Thomas, “Copydog, Copycat,” Time Mag-
azine (February 19, 2001), 57; Lee, “Seeing Double.”

p. 446 A movement to promote human cloning: Talbot, “The Desire to Duplicate.”
p. 446 Religious, ethical, and policy responses possible: Paul Berg and Maxine Singer,

“Regulating Human Cloning,” Science 282 (1998), 413; John A. Robertson,
“Human Cloning and the Challenge of Regulation,” New England Journal of Med-
icine 339 (1998), 119–121.

p. 446 Religious authorities on cloning: National Bioethics Advisory Commission, Cloning
Human Beings: Report and Recommendations of the National Bioethics Advisory
Commission (Rockville, Md.: NBAC, 1997). See http://bioethics.gov.pubs.html.

p. 446 Completing the work of creation: This paraphrases the traditional Jewish concept of
tikkun olam, repairing the world, which helps explain the exceptional tolerance of
the Orthodox Jewish rabbinate for advanced reproductive technology. Israel has
more fertility clinics and IVF per capita than any other nation. Although the gov-
ernment has banned human cloning until 2003, the rabbinate has not determined
that it is against Jewish law. See Susan Kahn, Reproducing Jews: A Cultural Account
of Assisted Conception in Israel (Body, Commodity, Text) (Durham, N.C.: Duke
University, 2000).



the tangled wing

p. 446 Even in twins individuality is absolute: Susan Reed, “My Sister, My Clone,” Time
Magazine (February 19, 2001), 51.

p. 447 Little identity problem for clones: Richard C. Lewontin, “The Confusion Over
Cloning,” New York Review (October 23, 1997), 18–23.

p. 447 “Unnatural selection”: Lois Wingerson, Unnatural Selection: The Promise and the
Power of Human Gene Research (New York: Bantam, 1998).

p. 448 Quotation from 1998 paper: Anthony G. Comuzzie and David B. Allison, “The
Search for Human Obesity Genes,” Science 280 (1998), 1374–1377.

p. 448 Thirty thousand human genes located by 1998: P. DeLoukas, G. D. Sschuler, 
G. Gyapay, E. M. Beasley, C. Soderlund, P. Rodriguez-Tomé, L. Hui, T. C. Tatise,
K. B. McKusick, J. S. Beckmann, S. Bentolila, M.-T. Bihoreau, B. B. Birren, 
J. Browne, A. Butler, A. B. Castle, N. Chiannilkulchai, C. Clee, P. J. R. Day, 
A. Dehejia, T. Dibling, N. Drouot, S. Duprat, C. Fizames, S. Fox, S. Gelling, 
L. Green, P. Harrison, R. Hocking, E. Holloway, S. Hunt, S. Keil, P. Lijnzaad, 
C. Louis-Dit-Sully, J. Ma, A. Mendis, J. Miller, J. Morissette, D. Muselet, H. C.
Nusbaum, A. Peck, S. Rozen, D. Simon, D. K. Slonim, R. Staples, L. D. Stein, 
E. A. Stewart, M. A. Suchard, T. Thangarajah, N. Vega-Czarny, C. Webber, X. Wu,
J. Hudson, C. Auffray, N. Nomura, J. M. Sikela, M. H. Polyeropoulos, M. R. James,
E. S. Lander, T. J. Hudson, R. M. Myers, D. R. Cox, J. Weissenbach, M. S.
Boguski, and D. R. Bentley, “A Physical Map of 30,000 Human Genes,” Science
282 (1998), 744–746.

p. 448 Government-funded labs and Venter: Kathryn Brown, “The Human Genome Busi-
ness Today,” Scientific American (July 2000), 50–55; Richard Preston, “The
Genome Warrior,” New Yorker (June 12, 2000), 66–77.

p. 448 Proclamations of new era medicine: Nicholas Wade, “Genetic Code of Human Life
Is Cracked by Scientists: A Shared Success,” The New York Times (June 27, 2000),
A1, A21; Natalie Angier, “A Pearl and a Hodgepodge: Human DNA,” The New York
Times (June 27, 2000), A1, A21.

p. 449 1998 preliminary map: P. DeLoukas et al., “A Physical Map.”
p. 449 Quotations from White House press conference: All quotations from Collins, Venter,

and others on June 26, 2000, available at www.nhgri.org.
p. 450 Scientific accounts of the sequence: International Human Genome Sequencing

Consortium, “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; Tyra G. Wolfsberg, Johanna McEntyre,
and Gregory D. Schuler, “Guide to the Draft Human Genome,” Nature 409
(2001), 824–826; David J. Galas, “Sequence Interpretation: Making Sense of the
Sequence,” Science 291 (2001), 1257–1260; 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. 450 A lesson in humility: Jean-Michel Claverie, “What If There Are Only 30,000
Human Genes?,” Science 291 (2001), 1255–1257; Svante Pääbo, “The Human
Genome and Our View of Ourselves,” Science 291 (2001), 1219–1220.

p. 451 Most of it is junk: Henry Gee, “Junk Science,” Nature Science Update (February 12,
2001).

p. 451 DeVore on extinction: “I personally cannot discern a shred of evidence for [intelli-
gent] design. . . . If 97% of all creatures have gone extinct, some plan isn’t working
very well.” From a Smithsonian Institution conference on “Cosmic Questions,”
quoted in Science (April 30, 1999), 737. Within the genome as among species, only



notes and references

Darwinian theory with its intrinsic overproduction and competition can explain
such waste.

p. 451 Y chromosome “repetitive and non-functional”: John Whitfield, “The Y Chromo-
some: Goldmine and Junkyard,” Nature Science Update (February 12, 2001).

p. 452 With hype quieted, hard work begins: Tabitha M. Powledge, “Genome Scientists’
To-Do List,” Scientific American (September 2000), 18; and “Genomics Annota-
tion: Beyond the First Draft,” Scientific American (September 2000), 16–18;
Nicholas Wade, “Now the Hard Part: Putting the Genome to Work,” The New York
Times (June 27, 2000), D1, D4.

p. 452 Gene annotation: Powledge, “Genomics Annotation.”
p. 452 Then comes proteomics: Stanley Fields, “Proteomics in Genomeland,” Science 291

(2001), 1221–1224.
p. 452 1112 disease genes identified: Leena Peltonen and Victor A. McKusick, “Dissecting

Human Disease in the Postgenomic Era,” Science 291 (2001), 1224–1229.
p. 452 Annotation will take most of this century: Powledge, “To-Do List.”
p. 453 “Now we have to learn . . .”: Galas, “Sequence Interpretation.”
p. 453 Darwin quote: J. Craig Venter, “The Sequence of the Human Genome: Remarks by

J. Craig Venter, Celera Genomics,” Science Press Release, February 12, 2001.
p. 454 PCR Soup recipe: Shawn Carlson, “Gene Machine: PCR at Home,” Scientific

American (July 2000), 102–103.
p. 455 China’s eugenics policies: Elisabeth Rosenthal, “Scientists Debate China’s Law on Ster-

ilizing the Carriers of Genetic Defects,” The New York Times (August 16, 1998), 10.
p. 456 Malthus essay: Thomas Malthus, An Essay on the Principle of Population (New

York: Penguin, 1985, orig. 1798).
p. 456 “Ozymandias” verse: Percy Bysshe Shelley, The Poems of Percy Bysshe Shelley,

Selected, Edited, and Introduced by Stephen Spender (New York: Heritage, 1974),
255.

p. 456 Disasters were species-wide: Ed Ayres, God’s Last Offer: Negotiating for a Sustain-
able Future (New York: Four Walls Eight Windows, 1999), 125–131.

p. 457 McKibben quotation: Bill McKibben, “Reaching the Limit,” New York Review (May
29, 1997), 32–35.

p. 457 Fish-catch statistics: Lester R. Brown, Christopher Flavin, and Hillary French, State
of the World 2000: A Worldwatch Institute Report on Progress Toward a Sustainable
Society, ed. L. R. Brown (New York: W. W. Norton, 2000).

p. 457 “Environmental capital” depletion: Gretchen Daily, Partha Dasgupta, Bert Bolin,
Pierre Crosson, Jacques du Guerny, Paul Ehrlich, Carl Folke, Ann Mari Jansson,
Bengt-Owe Jansson, Nils Kautsky, Ann Kinzig, Simon Levin, Karl-Göran Mäler,
Per Pinstrup-Andersen, Domenico Siniscalco, and Brian Walker, “Food Produc-
tion, Population Growth, and the Environment,” Science 281 (1998), 1291–1292;
Vinod Thomas, “Why Quality Matters: Economics Focus,” Economist (October 17,
2000), 118; “World Development Report 2000/2001: Attacking Poverty,” World
Bank (2000).

p. 458 Transformation of major rivers: Mikhail Gorbachev, “The Face of the Waters: Spe-
cial Section Edited by Mikhail Gorbachev,” Civilization: The Magazine of the
Library of Congress (October/November 2000), 81–96.

p. 458 Aspirations would have to stay the same: Joel Swerdlow and editor, “Special Issue:
Population,” National Geographic 4 (1998), 2–74.

p. 459 Five-year follow-up: William K. Stevens, “5 Years After Environmental Summit in
Rio, Little Progress,” The New York Times (June 17, 1997), B14.

p. 459 “The only bright spot . . . “: Stevens, “5 Years After,” B14.



the tangled wing

p. 459 Gorbachev quotation: Gorbachev, “Face of the Waters,” 81.
p. 459 “help humanity confront the threat . . . “: Kofi Annan, “Wet and Dry Lands,” Civi-

lization: The Magazine of the Library of Congress (2000), 82–83.
p. 459 “More than two billion people . . .”: Madeleine Albright, “Out of Water: To-Do

List,” Civilization: The Magazine of the Library of Congress (2000), 83–86.
p. 459 “Unprecedented” rate of habitat destruction: Stevens, “5 Years After,” B14.
p. 459 Most massive extinction in world history: Edward O. Wilson, Biophilia (Cambridge:

Harvard University, 1986); eds. Stephen R. Kellert and Edward O. Wilson, The Bio-
philia Hypothesis (Washington, D.C./Covelo, Calif.: Island Press, 1993); Ayres,
God’s Last Offer, 34; Niles Eldredge, Life in the Balance: Humanity and the Biodi-
versity Crisis (Princeton, N.J.: Princeton University, 1998).

p. 459 Five-year follow-up on 1992 climate treaty: Stevens, “5 Years After.”
p. 460 “Disputes festered” at Hague conference: Andrew C. Revkin, “Effort to Cut Warm-

ing Lacks Time and Unity,” The New York Times (November 24, 2000), A13.
p. 460 No proven way to slow global warming: Karen Schmidt, “Coming to Grips with the

World’s Greenhouse Gases,” Science 281 (1998), 504–506.
p. 460 Richard A Kerr, “Rising Global Temperature, Rising Uncertainty,” Science 292

(2001), 192–194; Sydney Levitus, John I. Antonov, Julian Wang, Thomas L. Delworth,
Keith W. Dixon, and Anthony J. Broccoli, “Anthropogenic Warming of Earth’s Cli-
mate System,” Science 292 (2001), 267–270; Tim P. Barnett, David W. Pierce, and
Reiner Schnur, “Detection of Anthropogenic Climate Change in the World’s
Oceans,” Science 292 (2001), 270–274.

p. 460 “a task force of leading climate scientists . . .”: Ayres, God’s Last Offer, 12–13.
p. 460 Kyoto treaty requirements: Ayres, God’s Last Offer, 13.
p. 460 New Delhi riots: Celia Dugger, “A Cruel Choice in New Delhi: Jobs vs. a Safer

Environment,” The New York Times (November 24, 2000), A1, A10.
p. 460 Indian factory owners: Dugger, “A Cruel Choice,” A10.
p. 461 “If these factories are relocated . . .”: Dugger, “A Cruel Choice,” A10.
p. 461 Keyfitz warning: Nathan Keyfitz, “World Resources and the World Middle Class,”

Scientific American 235 (1976), 28–35.
p. 461 “The projected rise in energy consumption . . .”: Vaclav Smil, Cycles of Life: Civiliza-

tion and the Biosphere (New York: W. H. Freeman, 1997, 2001), 195.
p. 461 Johannesburg meeting on POPs: Hannah Fairfield, “Negotiators Focus on ‘Dirty

Dozen’ Pollutants,” The New York Times (November 28, 2000), D3.
p. 461 Production of and hope for controlling POPs: Anne Platt McGinn, “Phasing out Per-

sistent Organic Pollutants,” in State of the World 2000, ed. L. R. Brown (New York:
W. W. Norton, 2000).

p. 461 First success of global environmental governance: Hillary French, “Coping with Eco-
logical Globalization,” in Brown, State of the World 2000, 200.

p. 461 Accumulated gases removing ozone: Ayres, God’s Last Offer, 133.
p. 461 NASA report: Anonymous, “The Hole in the Sky over Antarctica Grows,” in U.S.

News & World Report (October 30, 2000), 14.
p. 462 Ayres quotations: Ayres, God’s Last Offer, 123.
p. 462 Malthus himself: Malthus, Essay.
p. 462 War and terror and genocide: For an informed account of the future that should be

unsettling to anyone, see Robert D. Kaplan, The Coming Anarchy: Shattering the
Dreams of the Post Cold War (New York: Random House, 2000). Kaplan’s predictions
are consonant with what would be expected from accounts of modernization crises in
past peasant societies, e.g. Barrington Moore, Jr., Social Origins of Dictatorship and
Democracy: Lord and Peasant in the Making of the Modern World (Boston: Beacon,



notes and references

1966). His predictions also complement other recent accounts, such as Daniel Patrick
Moynihan, Pandaemonium: Ethnicity in International Politics (Oxford and New York:
Oxford University, 1993) and Samuel P. Huntington, The Clash of Civilizations and
the Remaking of World Order (New York: Simon & Schuster, 1996). For an insider’s
account of the risk of future war, including great power conflict, ethnic or communal
killing, and nuclear catastrophe, see Robert S. McNamara and James G. Blight,
Wilson’s Ghost: Reducing the Risk of Conflict, Killing, and Catastrophe in the 21st
Century (New York: Public Affairs/Perseus Books, 2001), 103ff.

p. 463 Einstein letter: Alice Calaprice, The Expanded Quotable Einstein (Princeton, N.J.:
Princeton University, 2000), 297. “This was a message to posterity written on parch-
ment and placed in an airtight metal box in the cornerstone of the Schuster pub-
lishing house (today Simon and Schuster), New York. . . . The document is dated
May 4, 1936.” Personal communication from Alice Calaprice, Princeton University
Press, April 23, 2001.

p. 463 Biophilia: Wilson, Biophilia; Kellert and Wilson, Biophilia Hypothesis.
p. 463 Wilson quotation: Wilson, Biophilia, 140.
p. 463 Gustafson’s “sense of the divine”: James M. Gustafson and Frederick Blumer, A

Sense of the Divine: The Natural Environment from a Theocentric Perspective
(Cleveland: Pilgrim, 1994).

p. 464 Armstrong lyrics: George David Weiss and Bob Thiele, “Hello Brother,” on the
album Louis Armstrong: What a Wonderful World, produced by Bob Thiele for
MCA Records as MCAD-25204 in 1988, MCA Studios, Glendale, California.
Recorded in New York and Los Angeles in 1968, for original release as ABC
Records LP ABCS-650, 1968. Weiss and Thiele also wrote the superb title song.

Chapter 18: The Prospect
p. 470 Gates ridicules notion of computing being brought to world’s billions: S. H. 

Verhovek, “Bill Gates Turns Skeptical On Digital Solutions’ Scope,” The New York
Times (November 23, 2000), A16. The Gates quotations are from this article.

p. 471 Flaubert letter: Gustave Flaubert, The Letters of Gustave Flaubert, ed. Francis
Steegmuller (Cambridge: Harvard University, 1979), 79.

p. 472 Group selection plays small role in grand evolutionary scheme: D. S. Wilson, in Evo-
lutionary Social Psychology, eds. J. A. Simpson and D. T. Kenrick (Mahwah, N.J.:
Lawrence Erlbaum, 1997), 345–386; George C. Williams, Natural Selection:
Domains, Levels, and Challenges (New York: Oxford University, 1992).

p. 473 “Tired with all these . . .”: William Shakespeare, Sonnets, ed. G. L. Kittredge
(Waltham, Mass.: Blaisdell, 1966).

p. 473 “Life is, in fact, a battle . . .”: Henry James, The Portable Henry James, ed. M. D.
Zabel (New York: Viking, 1951), 27.

p. 474 “All the learned schoolmasters . . .”: Johann Wolfgang von Goethe, The Sufferings of
Young Werther, ed. H. Steinhauer (New York: Bantam, 1962), 42–45.

p. 474 “grownups do not exist”: André Malraux, Antimémoires (Paris: Gallimard, 1967), 1.
p. 475 Nazi physicians and scientists: Robert N. Proctor, Racial Hygiene: Medicine Under

the Nazis (Cambridge: Harvard University, 1988); Michael H. Kater, Doctors
Under Hitler (Chapel Hill and London: University of North Carolina, 1989);
Robert Jay Lifton, The Nazi Doctors: Medicalized Killing and the Psychology of
Genocide (New York: Basic Books, 1986).

p. 475 Cases of genocide and mass murder: Leo Kuper, Genocide: Its Political Use in the
Twentieth Century (New Haven: Yale University, 1981); Ervin Staub, The Roots of



the tangled wing

Evil: The Origins of Genocide and Other Group Violence (Cambridge: Cambridge
University, 1989); Frank Robert Chalk, Kurt Jonassohn, and Institut Montréalais
des Études sur le Génocide, The History and Sociology of Genocide: Analyses and
Case Studies (New Haven, Conn.: Yale University, 1990).

p. 476 Cambodia’s mass extermination: Yale Center for International and Area Studies,
“The Cambodian Genocide Program, 1994–1997” (New Haven, Conn.: Yale Uni-
versity, 1998).

p. 476 Hutu-Tutsi genocide: Gérard Prunier, The Rwanda Crisis: History of a Genocide
(New York: Columbia University, 1997).

p. 478 “ideas may be fevers that pass”: Joan Didion, “Without Regret or Hope,” review of
V. S. Naipaul’s The Return of Eva Perón with The Killings in Trinidad, in New York
Review of Books, June 12, 1980.

p. 478 “As soon as man applies his intelligence”: Henri Troyat, Tolstoy (New York: Double-
day, 1967), 297.

p. 478 “The purpose of science”: Bertolt Brecht, Collected Plays, eds. R. Manheim and J.
Willett (New York: Pantheon, 1972), 64.

p. 479 “Man is by nature metaphysical and proud”: Claude Bernard, An Introduction to
the Study of Experimental Medicine (New York: Macmillan, 1927), 27.

p. 481 “This is the way the world ends”: T. S. Eliot, “The Hollow Men,” in The Complete
Poems and Plays (1909–1950) (New York: Harcourt, Brace & World, 1962).

p. 481 “Man is evil from birth”: Chaim Grade, The Yeshiva (New York: Bobbs-Merrill,
1976), 12.

p. 481 “that the choice of an ethical system”: Conrad H. Waddington, Biology, Purpose and
Ethics (Worcester, Mass.: Clark University, 1971), 42.


