
In the terraced rice paddies
and the hilly forests of Bali,
Indonesia, a history is being
unveiled. It’s the story of
migrations, love and marriage,
and of toiling to feed families.
In short, it’s the history of a
people on an island. But this is
told not by archaeological
artifacts as is often the case.
Instead it’s written in the DNA
of its characters, in the chains
of genes that make up their
physical bodies.

This is only one of a number of sto-
ries being uncovered at SFI as part of
its Behavioral Sciences Initiative, an ini-
tiative that brings together researchers from many
fields to help understand behavior. In this case, scien-
tists are looking at various ways that genetics, the sci-
ence pioneered by Gregor Mendel, can separate inher-
ited factors from environmental ones, thereby helping
to understand behavior’s many facets. The studies are,
as SFI founder George Cowan notes, “bringing the
rigor of more measurable sciences to the study of
social sciences,” which was one of SFI’s initial goals.

SFI Researcher and Professor of
Anthropology at the University of
Arizona Stephen Lansing is in the fore-
front of the research. Building on 30
years of study in Indonesia, Lansing and
his colleagues are now embarking on a
quest to “build a new microscope and
aim it at the emergence of patterns of
social structure through time.” To begin
with, they’re comparing the genetic
relatedness among farmers in rice-grow-
ing areas (where cooperation is an engi-
neering necessity) with those who farm
the highland forests (who tend to be
much more independent). By doing so,
they hope to track how “ecological
feedback can influence social structure,

and note how these processes leave recoverable traces
in population genetic structure.”

Zero in on a single village in Bali where, uncharac-
teristically, half the residents live by means of irrigated
farming, while the other half live by farming open
patches in the surrounding forest highlands. Lansing
has already noted different marriage practices in the
people within this village. “There are quite different
patterns,” he says. The relatedness among community
members in the irrigated farmers is tighter. That’s
because they marry each other and stay put. They
have to cooperate, whereas those growing rice in the
forests are less permanent and less cooperative.
Through the passage of time, such differences in
behavior may leave traces in the non-coding regions of
the farmers’ DNA. 

Gregor Mendel, Meet Florence Nightingale, and
Other Wonders of the Nature-Nurture Debate

By Lesley S. King
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Demi Nini, the rice Goddess and Her Consort formed from

the first cuttings of rice at the upstream edge of each

farmer’s field, Bali
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But patterns of relatedness within communities can
be affected by many factors, including marriage rules,
migration, language drift, and historical changes in the
modes of production. Is it possible to disentangle these
processes? In true SFI form, Lansing is using computer
modeling to aid in the research. Utilizing SAIL
(Simulated Agents In Love), he can create a population
of agents, give them marriage rules and DNA, let them
mate, and see how the patterns of relatedness change
over time. “We can look at marriage rules, migration
patterns, and population size and see what effect those
have on relatedness,” he says. “We can simulate what
might have led up to the patterns we see in the data.”

This project brings together specialists in many
areas: geneticists Michael Hammer, Tatiana Karafet,
and Herawati Sudoyo; linguists Sergei Starostin, Ilia
Peiros, and Joel Kuipers, and theoreticians Joseph
Watkins and David Krakauer. The team has already
obtained samples of dialectical variation from nearly

200 villages in the islands of eastern Indonesia. The
next step is to work with a team of Indonesian geneti-
cists and medical doctors to obtain DNA samples from
communities in the region. The data will also be used
for medical research on diseases such as malaria and
thalassemia. 

The outcome of such research may have broad
implications. Indonesia is an ideal microcosm within
which to look at the way behavioral elements such as
language, cultural rules, and modes of living affect pat-
terns of relatedness because each island encodes a dif-
ferent history. The archipelago was colonized by
Austronesian-speaking farmers and fishermen about
5,000 years ago. Since then, the island cultures have
developed in different ways. It may be possible to
reconstruct not only the broad outlines of their histo-
ries, but also the ways their communities and lan-
guages changed over time, and whether these changes
had different effects on women and men. If the project
turns up clear patterns of association, they can be test-
ed in other regions of the world. 

In December, Lansing gave a lecture in Jakarta
about the first results from this project, which focused
on Bali. The story merited a full page of coverage in
Indonesia’s leading newspaper, and led to offers of
assistance from Indonesian geneticists, archaeologists,
and linguists. 

Gold Mines and Giving

It seems odd that the subject of “giving” would be
controversial, but it is. It wreaks havoc in our nation
and in our hearts. How much of our tax dollars should
go to poor or struggling nations, to support war, to
keep peace? How much time or energy should we give
to our jobs, our families? How much money to chari-
ties? And how much should we get in return? On the
dusty rural landscapes of South Africa, a network of
giving and receiving has formed among people with
difficult lives. The network tells a story of duty, chari-
ty, and love, helping explain the nature of “giving.”

From an evolutionary perspective, the notion of
“fitness” provides insight into understanding this activi-
ty. When animals feed their offspring, they perpetuate
their genetic makeup, enhancing what biologists call
their “inclusive fitness.” Does inclusive fitness explain
giving among household members? SFI Researcher
Samuel Bowles and his colleague, Dorrit Posel,

Professor of Economics at the University of KwaZulu-
Natal, believe it does, but only in degree. They are
studying migrant workers in South Africa, mostly
those who spend long periods of time away from their
families while toiling in gold mines. The migrants send
substantial amounts—called remittances—home to
their families, typically amounting to about half of
their urban wage. 

Bowles and Posel wanted to know: Do they send
more if they are more closely related genetically to
their household of origin? Their households are large
and genetically heterogeneous and thus a good study
group. Some of them contain no blood relatives of the
migrant (his wife, and her siblings, for example) while
others are closely related (his children, his parents, or
his siblings). 

Through the use of mathematical modeling and sta-
tistical testing, the researchers have found that genes do
influence the way people give, but they provide only
part of the explanation. Referring to the hypothesis that
people favor close kin, Bowles and Posel write in a
paper appearing in Nature, “Data on remittances sent by
South African migrant workers to their rural households
of origin allow an explicit test, the first of its kind for
humans.” The researchers employed a number of fac-
tors in their model. They used estimates of the fitness
benefits and costs associated with the remittance; they
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THROUGH THE PASSAGE OF TIME, SUCH DIFFERENCES IN BEHAVIOR MAY
LEAVE TRACES IN THE NON-CODING REGIONS OF THE FARMERS’ DNA. 



took into account the genetic relatedness of the migrant
to the beneficiaries of the transfer; and they factored in
the beneficiaries likelihood of contributing to future
gene pools based on their age and gender. Thus they
were able to estimate the level of remittance that maxi-
mizes the migrant’s inclusive fitness. 

They’ve shown that, “Yes, the migrant worker will

give more at a cost to himself if that giving will benefit
his own genes,” says Bowles. “But the effect is mod-
est,” they write. “Less than a third of the observed level
of remittances can be explained by our kin-altruism
model.” In fact, the migrants give much more than
they’d give considering only genetic relatedness.

“Nobody thinks that people are trying to spread
their genes here,” says Bowles. “The motives for giving
include love, obligation, and investing in future family
ties.” But these motives induce people to behave as if
they cared about spreading their genes. 

Other factors come into play here, such as the pres-
ence of a wife. A wife is not genetic kin, but, Bowles
and Posel write, the wife’s presence in the household
may increase remit-
tances both for
inclusive-fitness rea-
sons (she cares for
the migrant’s chil-
dren and may bear
more children) and
due to altruistic
motives toward
non-kin. But Bowles
notes that while the
wife’s contribution
to inclusive fitness
helps explain remit-
tances, most of the
“wife present” effect cannot be explained this way.
“Maybe they simply love their wives,” says Bowles.
Maybe so, but this raises the question: Why are we so
nice to people who are not our kin?

The study dovetails nicely with recent experimental
work done by Bowles and by SFI Vice President for
Academic Affairs John Miller and SFI External Faculty
member Ernst Fehr. These experiments—done anony-
mously and with real money—have been carried out
not only on psychology majors and other students, but

also (by Bowles and his colleagues) on hunters and
gatherers and in other “small scale societies” around
the world. The experiments show that people are often
generous to total strangers, and are willing to pay to
punish those who treat others unfairly. 

Cynics like to say that we are born selfish. Recent
empirical research – the South African migrants, the

experiments on students, hunters and gatherers, and
others—suggests a quite different picture. Even though
people differ a lot across cultures and situations, and
can be influenced by self-interest, they are nonetheless
often civic minded even towards non-kin. Says
Bowles, “We should think of designing public policies
and shaping organizations to bring out the best in peo-
ple while guarding against the selfish types, rather than
just assuming the worst about everyone.”

Sickle-Cell Disease and Unity

Another exploration of the nature–nurture debate
spans across regions as disparate as Africa and the
Mediterranean and explores not how behavior affects

genes or genes affect
behavior, but how
best to behave
toward genetic pat-
terns. SFI Science
Board member and
Stanford geneticist
Marcus Feldman and
colleagues are help-
ing penetrate the
mystery of unity in
human genetic
makeup. They’ve
shown that in terms
of racial categories,

humans are more similar than was suspected.
In a study of the genetic structure of human popu-

lations, Feldman, working with colleagues Noah
Rosenberg and Jonathan Pritchard, both alumni of the
SFI Summer School, looked at the genetic makeup of
1,056 individuals from 52 populations and found that
people are less different than one would think.
Generally, race has been defined by phenotypes such
as skin color, facial features, and hair type, but these
data show that “the within-population component of

THE RESEARCHERS HAVE FOUND THAT GENES DO INFLUENCE THE WAY
PEOPLE GIVE, BUT THEY PROVIDE ONLY PART OF THE EXPLANATION.
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genetic variation, estimated in the study as 93 to 95
percent, accounts for most of human genetic diversity.
Thus most genetic diversity occurs within groups, and
very little is found between them.” So for the vast
majority of their DNA, an African or Asian person is as
similar genetically to a Caucasian, as a Caucasian is to
his Caucasian neighbor. Of course, the picture is more
complex than saying we’re all one, but their point is,
that particularly for medical purposes, racial categories
are not the best means of grouping people.

Writing about this finding in Nature, Feldman and
colleagues Richard Lewontin and Mary Claire King state
that ancestral genetic data are far more useful. They cite
sickle-cell disease as an example. Often thought to be an
African disease, tendency toward it is actually tied to
ancient ancestry in a geographic region where malaria
was endemic. Africa is one region, but so are the
Mediterranean and southern India. Thus people whose
ancestors come from those areas might be more prone

toward the disease. “To use genotype effectively in mak-
ing diagnostic and therapeutic decisions, it is not race
that is relevant, but both intra- and trans-continental
contributions to a person’s ancestry,” they write.

The findings have many ramifications. “The assign-
ment of a racial classification to an individual hides the
biological information that is needed for intelligent
therapeutic and diagnostic decisions,” the group writes.
They note that a person classified as “black” or
“Hispanic” could have a mixture of ancestors when
looking at his or her continent of origin. “Confusing
race and ancestry could be potentially devastating for
medical practice,” they say. They hope that, when
treating diseases with genetic influences, their findings
will lead to an understanding that all contributions to a
patient’s ancestry might be relevant.

Feldman also hopes that the findings affect the way
disease is studied as well. He explains that today many
research dollars are funneled into understanding dis-

6 Santa Fe Inst i tute  Bul let in S P R I N G  2 0 0 5

Equality and the
Lack of It

By Lesley S. King

In recent months, SFI Researcher

Samuel Bowles has been causing a

stir. He’s appeared on National

Public Radio and his research has

been cited in The New York Times.

The attention is because of ideas he

and colleagues are presenting in a

new book titled Unequal Chances –

Family Background and Economic

Success (Princeton University Press,

2005), which presents the results of

a workshop held at SFI. The findings

ought not to surprise anyone, but

somehow they tear into the very

heart of America’s self-love: Bowles’

research is revealing that America

isn’t the land of equal opportunity

after all. 

He delivers this message not in

tones of antagonistic fervor, as some

politicians and activists tend to do.

Instead he uses statistical data drawn

from studies, some of them includ-

ing genetic data. The group found,

for example, that a son whose par-

ents are in the top tenth of income

earners has more than 20 times the

chance of ending up in the top ten

percent himself compared to the son

born to parents in the poorest tenth.

However, it’s not a doomsday pic-

ture they present, but instead a sci-

entific portrait of equality and the

lack of it, with hopes of one day lev-

eling the playing field so that this

country can move closer to its ideal.

“Genes are apparently part of the

picture,” says Bowles about the

unlevel playing field, “but not a very

large part, and not for the reasons

most people would think.” Bowles,

working with Herbert Gintis, SFI

External Faculty member and

SO FOR THE VAST MAJORITY OF THEIR DNA, AN AFRICAN OR ASIAN PERSON 
IS AS SIMILAR GENETICALLY TO A CAUCASIAN, AS A CAUCASIAN 

IS TO HIS CAUCASIAN NEIGHBOR.



Professor Emeritus of Economics at

the University of Massachusetts,

Amherst, and Melissa Osborne

Groves, Assistant Professor of

Economics at Towson University,

seeks to “uncover the channels

through which parental incomes

influence offspring incomes.” To do

this, they study the income of twins.

Twins provide insights into the

nature-nurture debate because in

most cases they have been reared in

similar environments, thereby hold-

ing “nurture” constant. The

researchers found that identical

twins’ earnings were more similar—

one twin to another—than were the

incomes of fraternal twins. “The

remarkable income similarity of

identical twins compared to fraternal

twins suggests that genetic effects

may be important,” they write. 

But they caution that heritability

can be affected by changing the

environment. And, echoing the work

of Marcus Feldman and his col-

leagues, they stress that estimates of

this kind are sensitive to plausible

alternative assumptions. Surprisingly,

they found that the genetic inheri-

tance of IQ plays a negligible role in

the process. “Other similarities

between parents and children—of

race, personality, looks, and health

status—are likely to provide a better

explanation of the role of genes in

keeping wealth in the family,” con-

cludes Bowles. 

The book tackles subjects far

beyond the twin studies and the

United States. In Unequal Chances,

the team looks at influences such as

personality, race, wealth inheritance,

and even luck as forces affecting the

transmission of economic success

across generations. The study could

impact many areas of public policy,

and, judging from the stir it’s creat-

ing, public opinion as well, especial-

ly since it shines an unwelcome light

on such factors as race and class,

identifying them as helpers or hin-

drances to success—things that the

U.S. “melting pot” has pretended to

transcend. “It hits the funny bone of

America,” says Bowles. “People still

like to say that anyone can get to the

top. I wish it were true. ”

ease on a molecular level, but that DNA
can explain only a tiny percentage of
major behavioral differences or chronic
diseases. “When the focus has been so
much on reducing behavior or chronic
disease to a molecular phenomenon, we
lose sight of the other factors involved in
cultural variation, and the resources do
not go to study these,” he adds.

Many problems exist in attempting
to link behavior and genetics. He cites,
for example, studies in the past that
have attempted to say the reason fewer
women than men pursue science is due
to genetic differences. Feldman says we
first have to discount the importance of
societal issues, such as the fact that
women often balance child-raising and
careers, and even developmental ones.
Girls often lose on the social value
scale by being good on the math scale,
he notes. “We know those sex differ-
ences exist as they do with race, but to
claim that a difference in achievement

is due to genetic differences between
females and males is the same kind
of statement that has continually
been used about races. And until we
know that we have the environmen-
tal and opportunistic issues resolved,
we cannot rely on statistical correla-
tions to claim causation.”

He notes that SFI’s Behavioral
Sciences Initiative is an important
step in looking at such issues. “There
have been a lot of conclusions made
about the role of genetics, but we

really have to look at the whole, be care-
ful not to miss other influences, such as
fine-scale geographic and lifestyle differ-
ences, for instance. So much of the pic-
ture can be there, and can be missed by
assuming that it can all be reduced to
molecular causes.”

Lesley S. King’s articles have appeared in

The New York Times, Audubon, and other

publications.
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