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Social theorists have long recognized that changes in social order
have cultural consequences but have not been able to provide an
individual-level mechanism of such effects. Explanations of human
behavior have only just begun to explore the different evolution-
ary dynamics of social and cultural inheritance. Here we provide
ethnographic evidence of how cultural evolution, at the level of
individuals, can be influenced by social evolution. Sociocultural
epistasis—association of cultural ideas with the hierarchical struc-
ture of social roles—influences cultural change in unexpected
ways. We document the existence of cultural exaptation, where a
custom’s origin was not due to acceptance of the later associated
ideas. A cultural exaptation can develop in the absence of a cultural
idea favoring it, or even in the presence of a cultural idea against
it. Such associations indicate a potentially larger role for social
evolutionary dynamics in explaining individual human behavior
than previously anticipated.

Taiwan Aborigines � cultural evolution � demographic change �
marriage customs

One of the greatest challenges of social science is to account
for the unintended consequences of human actions (1).

Social theorists (2–6) have long recognized that changes in social
order—for example, from feudalism to capitalism—have con-
sequences for cultural content. However, they have not been able
to provide a mechanism at the level of individual behavior which
can explain how it has such effects. Recently, evolutionary
perspectives have converged on a possible solution: society as an
evolutionary inheritance track distinct from genes, culture, and
the ecological environment (7–10).

Human social order is a series of overlapping, hierarchical
structures of roles (11–13), sometimes referred to broadly as
stratification or power. Such structures are defined by expecta-
tions of behavior for role holders. Epistemologically, a role is the
set of shared expectations of behavior of individuals grouped
under that role’s label. People ordinarily refer to specific role
structures in terms of the character of the ties that connect the
role holders, for example, political ties (such as police–
community relations). Being a competent member of any society
requires understanding the specific expectations associated with
the roles one holds and with the roles one regularly encounters.

Culture is a series of overlapping, nested sets of meaningful
ideas (14), often referred to as symbolic or meaning systems.
Such ideas are expressed and learned behaviorally, yet internal-
ized in individual minds (15–16). Every part of these meaning
systems is in constant flux, and meaning systems do not lead
unambiguously to human behavior. Epistemologically, a cultural
idea is a shared abstraction, represented by a symbol, which
derives from ideas that are similar enough to be considered
versions of one another and that are held by individuals in a
population (17). A specific culture may be referenced in terms
of an idea set shared by its individual members; e.g., American
culture by ‘‘rugged’’ individuals. Being a competent member of
any culture requires understanding the specific cultural ideas
associated with the symbols one regularly uses and encounters.

Culture and social order are group-level properties. Cultural
ideas aggregate to idea sets, and to ‘‘the culture’’ of a population
(Fig. 1), but the important group-level property of culture is the
way that cultural ideas depend on belief and perception of
others’ belief. Cultural ideas are (i) shared by some percentage
of a population and (ii) meaningful because they are either
believed (i.e., considered truth) by some percentage of that
population or else associated with one or more other ideas
believed by some percentage of that population. For example,
spirits of the dead need offerings. Many—but nowhere near
all—people in Taiwan and China believe this cultural idea.
Meaningful ideas have the potential to motivate individuals’
behavior—for example, in ancestor worship—due to an individ-
ual’s belief or perception that a significant number of other
people in the population believe.

By contrast, although role expectations must be shared by
some percentage of a population, their most important group-
level property occurs through aggregation—to roles, role struc-
tures, and ‘‘the social order’’ of a population, sometimes called
‘‘political economy’’ or ‘‘mode of production’’ (Fig. 1) (cf. ref.
18). Role expectations must accurately indicate how an individ-
ual can achieve a specific role or how, as a holder of a specific
role, an individual can maintain that role through appropriate
interactions with others (cf. ref. 19).

Social and cultural units relate to different informational
categories (roles versus beliefs); they are learned in different
ways (experience versus interpretation), and have different
accuracy and consistency requirements (necessary versus un-
necessary). Cultural units may also masquerade as social units.
For example, the cultural idea of supernatural forces is distinct
from role expectations of a religious specialist and a believer’s
expectations of a deity. Christians and non-Christians alike can
comprehend the idea of Jesus as God and expect that a priest will
know how to serve communion. However, believers’ expecta-
tions of a deity are cultural, even though they mimic the form of
social units. Non-Christians do not share believers’ expectations
about Jesus’ involvement in people’s lives. Such distinctions can
also be made outside the realm of religion. Elderly Han women
who once had their feet bound, their unbound descendants, and
outside observers can all comprehend the cultural idea that girls
ought to have bound feet and expect that Han mothers knew how
to bind feet. However, whether the expectation that footbinding
would improve a girl’s marital opportunities was a true role
expectation or a cultural idea masquerading as a role expectation
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requires empirical evidence that most footbound girls did marry
‘‘better’’ than girls who never bound feet.

Social order and culture are intertwined in daily life, but they
have different dynamics of transmission and influence on human
behavior. Cultural transmission occurs not merely when indi-
viduals learn of a cultural idea from another person but when
they internalize the idea as meaningful (they believe it or think
others generally believe it). Cultural transmission thus has three
aspects: broadcasting, reception, and internalization (7, 9; cf.
refs. 15, 20–21). Any of these transmission aspects can be
affected by natural selection (of the individuals who carry
cultural ideas) or cultural selection, where the ideas that an
individual already has internalized influence his/her broadcast-
ing, reception, or internalization of subsequent ideas to which
she/he is exposed (Fig. 1) (7, 21–24; cf. refs. 4–6). There is a
feedback from individuals to the larger culture—cultural niche
construction—via the back-influence of belief (or disbelief) on
whether particular ideas are accepted as meaningful in a pop-
ulation (8, 24; cf. ref. 25). It benefits individuals to pass on
cultural ideas that they hold because it maintains their cultural
competence and ensures that their behavior remains culturally
approved.

Social transmission occurs when individuals internalize expec-
tations that they abstracted from observation (or reports) of the
negotiated outcomes of social interactions. Individuals bring to
each specific interaction expectations about the behavior of
others, and the expectations people already have will influence
the behavior(s) that they accept from others. What behavior
actually ensues depends on a negotiation process via speech and
actions (26); this process constitutes social selection. Individuals
benefit by perpetuating existing expectations because it main-
tains their social competence and may improve or defend their
social rank. Thus, people resist unexpected behavior. Ease, cost,
and degree of resistance are based on the relative rank of the
interacting individuals. Nevertheless, individuals can success-
fully negotiate an unexpected ability to achieve a role or
unexpected behavior for a role holder. For example, some Han
Chinese virilocal brides successfully negotiated having fewer
children and getting more help with child care than their
mothers-in-law initially wanted (27). Social precedents consti-
tute social niche construction because they feedback to change
shared expectations of roles (Fig. 1). They can potentially
influence the entire social order via the behavior of a few
individuals positioned at pivotal points in the hierarchy or via the
aggregated behavior of many individuals.

Social dynamics and cultural dynamics refer to processes—
e.g., transmission and selection—that result in persistence or
change in the role-related expectations held by a population over
time (an expectation pool) and the content or frequency of

cultural ideas held by a population over time (an ideational
pool), respectively (Fig. 1). However, such changes can also
result from association, which occurs within each track and also
across tracks. Associations can be seen quantitatively. For ex-
ample, as discussed in Results, the shift in marriage form for
plains Aborigines in early 20th-century Taiwan was strongly
associated with enforcement of a ban on footbinding among the
Han, which the Japanese colonial government began in 1915.
Between 1906 and 1915, 33 of the 95 marriages recorded by the
Japanese police for all plains Aborigines in Danei Township were
uxorilocal (where a man married to his wife’s natal home). (See
refs. 28 and 29 for a description of these records.) However, after
footbinding was banned, only 37 of 269 plains Aborigine mar-
riages during the remainder of the colonial period, 1916–1945,
were uxorilocal. In other words, there is a statistically very
significant association (P � 0.001 using �1

2) between the fre-
quency of uxorilocal marriages among Aborigines and the pres-
ence or absence of footbinding among the Han.

However, because most available quantitative data are about
practices and because the frequency of practices do not reliably
predict the frequency of related ideas (28), understanding the
association of the underlying cultural or social units requires
further qualitative interpretation. Within the cultural track,
cultural linkage occurs when two ideas transmit together (Fig.
S1). For example, the idea of Jesus as God and the idea that
humans are sinners generally transmit together, as do the ideas
of counting and whole numbers. In cultural epistasis, the content
of one idea is a logical consequence of the content of the
associated idea(s) (Fig. S1). For example, the idea of presenting
offerings to the dead logically requires the idea that people have
spirits which continue to exist after death. Just as physical
proximity on a chromosome can lead to genetic association
during the transmission process (which can affect evolution), the
semiotic overlap of one idea necessarily implying subsequent
ideas leads to cultural epistasis. Within the social track, role
expectations related to a single role are associated by definition,
but the association of two roles can lead to unexpected associ-
ations between specific role expectations. Social linkage occurs
when expectations for two (or more) roles are ‘‘transmitted’’
together—because they share at least one role expectation
explicitly linking them (Fig 2). For example, the roles can be
simultaneously recruited and filled, as in the roles of bride and
groom. In social epistasis, expectations for two or more roles
overlap for the structural reason that one individual holds
multiple roles (Fig. 2). For example, a young woman who is both
a bride and a spirit medium is subject to expectations for both
roles.

Two important associations occur across the social and cul-
tural inheritance tracks. An institution is the integration of an

Fig. 1. Cultural inheritance track and social inheritance track with cross-track associations. Cultural epistasis and social epistasis are not shown here but occur
within the ideational pool and the expectation pool, respectively.
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idea set into a social role structure, such that the cultural ideas
and role expectations reinforce each other (cf. refs. 11, 16).
Institutional associations exemplify sociocultural linkage (Fig.
1), because ideas and role expectations are transmitted together.
This linkage confers moral weight on role expectations—the
movement from ‘‘is’’ to ‘‘ought’’ against which Hume warned.
Sociocultural epistasis is an association between cultural ideas
and role expectations due to structural overlap, as when one
individual is associated with multiple sets of role expectations
(by holding multiple roles or the same role in multiple role
structures) or the same individual holds multiple cultural ideas
(Fig. 1). Strings of epistatic association are possible, as in the
example of marriage and footbinding (discussed in Analysis).

One consequence of cross-track associations is cultural exap-
tation, a practice that is currently cultural (in other words,
currently associated with a cultural idea assumed to be motiva-
tional) but was not associated with that cultural idea when the
practice was adopted (Fig. S2).* Each practice has a specific
history: If, after its origin, a practice becomes associated with a
cultural idea, then the idea is historically extrinsic to that
practice’s origin and the practice is a cultural exaptation. The
practice may have been social upon adoption or it may have been
associated with a different cultural idea than the one currently
associated with it. Another way to conceptualize it is that a
cultural exaptation is a practice in a population in the absence
of a cultural idea directly motivating the practice or even in the
presence of a cultural idea against such a practice; the practice
later comes to have an association with a cultural idea, which may
post hoc be assumed to motivate it (31; cf. ref. 32). The later
association with the cultural idea can occur through a string of
associations between ideas and role expectations. For example,
a Taiwanese spirit medium is connected both to the religious
practices she/he conducts but can also be connected to marriage
practices as a bride or groom.

The cultural adaptiveness of particular ideas is the degree to
which those ideas motivate practices by individuals holding them
(i.e., they are ‘‘functional’’ strictly within the cultural environ-
ment of ideas). In other words, cultural adaptiveness requires
both a regularly practiced behavior (which occurs with a rea-
sonable frequency across the population) and an association of
that behavior with a ‘‘motivationally charged idea’’ (16) resulting
in that practice. Cultural exaptation, then, is a cultural practice
whose origin does not derive from the success of the associated
idea via cultural transmission and cultural selection.†

It is much easier to identify and model the frequency of
behaviors than to identify or model the association of behaviors
with specific ideas (but see refs. 16, 28, 31, and 33–35). Indeed,
although it is commonly known, and occasionally documented,
that what people say is often different from what they do
(36–37), there are very few empirical data across individuals in
any population about the association of presumptive motiva-
tional ideas with cultural practices. It is a question for further
investigation how empirically common cultural exaptations are,
but their presence suggests that some aspects of culture will have
a different evolutionary dynamic from any previously explored.

Results
Footbinding and Religious Practices. Here we present an ethno-
graphic case study showing sociocultural epistasis and cultural
exaptation via the unexpected association of footbinding with
two kinds of religious practices—Thai Tsoo worship and grave-
site rituals—in early 20th-century Taiwan (7, 9, 38–39). These
associations occur via the connection of each practice to mar-
riage, an institution that structures recruitment for kinship roles,
which are among the most fundamental roles in any society (40).

Footbinding was associated with marriage because footbind-
ing identified the ethnic border between Han and plains Ab-
origines, an endogamous boundary.‡ By 1900, three Aborigine
communities in southwestern Taiwan had already adopted Han
Chinese language and many Han social and cultural practices,
but they had not adopted the locally common practice of binding
their daughters’ feet. This absence marked them as Aborigine.
Neighboring Han would not marry their daughters into these
communities (as first-time brides), nor would they accept Ab-
origine brides for their sons in the preferred virilocal form of
marriage (where women marry to their husband’s household).
Some poor Han men, who could not get a bride any other way,
did marry into the Aborigine villages uxorilocally (to their wife’s
home), a form of marriage Han generally consider shameful (29,
41, cf. ref. 18).

Footbinding’s structural connections are most readily seen by
its removal. After the 1915 ban on footbinding, the ethnic
identity and marriage patterns of these (formerly) Aborigine
communities changed. Nearby Han communities began to ex-
change brides in virilocal marriages with them. It took three
years to negotiate one prominent virilocal marriage of a first-
time Han bride into one of these plains Aborigine communities.
The groom’s father—a Han man who had himself married
uxorilocally into the plains Aborigine community—wanted a
Han daughter-in-law. Bride exchange became frequent, as more
parents in the (formerly) Aborigine villages arranged virilocal
marriages for their children. (Some plains Aborigine parents
wanted to keep daughters nearby by having them marry local
Han, a very different motivational idea for virilocal marriages

*Gould and Vrba (30) originally defined exaptation broadly as a morphological trait whose
(genetic) evolutionary origin is distinct from its current, adaptive function. Currently in
population genetics, exaptation has a more focused definition: when a change in fitness
of one trait in one set of environments (caused externally to the organism) leads to the
sudden importance to fitness of another (possibly genetic) trait previously present in the
organism but not relevant or functional. In defining cultural exaptation, we follow Gould
and Vrba’s broader approach.

†There may also be social exaptations: practices that are currently social—i.e., currently
associated with a role expectation assumed to be motivational— that were not associated
with that social role expectation when the practice was adopted. We do not address them
here.

‡Han is the Chinese term for those most Westerners think of as ethnic Chinese. Aborigines
are the indigenous Austronesian peoples of Taiwan.

Fig. 2. Social linkage and social epistasis. (Left) Linkage occurs because Role
1 and Role 2 may be held by the same person or different people. They are
linked by a shared role expectation that explicitly associates them. (Right)
Epistasis entails that Role 1 and Role 2 are structurally associated because they
are both held by Person A.

Brown and Feldman PNAS � December 29, 2009 � vol. 106 � no. 52 � 22141

EV
O

LU
TI

O
N

A
N

TH
RO

PO
LO

G
Y

http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF2


than those expressed by Han.) Whereas both virilocal and
uxorilocal marriage forms had once been common (and neither
had been stigmatized) in these villages, after 1930 or so, virilocal
marriage became close to universal. Between 1936 and 1945, 81
of 85 marriages recorded for (former) Aborigines in Danei
Township were virilocal.

These structural changes in marriage yielded immediate con-
sequences for women and subsequent consequences in one
village for the religious practices dedicated to the Aborigine
deity Thai Tsoo (Fig. S3). Because of competition between the
traditionally female religious specialist role of Thai Tsoo spirit
medium and the new recruitment of most women as virilocal
brides, this spirit-medium role passed from women to men.
Changing bridal recruitment, which can also be thought of as
changing frequencies of marriage form, overcame widespread
agreement among villagers that the role ought to be held by a
woman.

In the 1930s, ‘‘Tan A-lien’’ (the last female spirit medium)
sought to train as her successor ‘‘Lim Mui-moe’’ (a younger
village woman). Lim reported that she had refused Tan because
she was unmarried at the time and expected to marry virilocally
out of her natal village. This refusal was based on a structural
consideration: Lim expected the new virilocal recruitment pro-
cess for becoming a bride to preclude her from being able to
fulfill the role expectations of spirit medium. Lim did marry
virilocally but within the village (to the son of the woman who
assisted Tan in rituals). Nevertheless, Lim still refused to train as
a spirit medium because she would have small children that
would prevent her from traveling to perform the healing rites
expected of the Thai Tsoo spirit medium. This second refusal
reflects Lim’s expectations regarding childcare in an extended
household. Women in a virilocal household included not only the
bride herself and her mother-in-law but potentially also sisters-
in-law—women who had also married virilocally into the house-
hold. Lim’s refusal reflected her assessment—which ethno-
graphic data on virilocal Han brides in Taiwan (42) supports as
accurate—of the low probability that her sisters-in-law would
care for her young children while she traveled to perform rituals.
(Lim’s mother-in-law was not available to provide childcare
because, as Tan’s assistant, she too would be leaving the house
to attend rituals.) Had Lim married uxorilocally, within her natal
household, the outcome might have been different because she
could have asked her own mother or sisters to care for her
children. Expectations were different for an uxorilocal bride and
a virilocal bride.

The change in marriage recruitment, to nearly universal
virilocal bride exchanges, necessitated a shift in recruitment for
the role of Thai Tsoo spirit medium. Tan could not find a woman
to train, even though many villagers reported community agree-
ment that the role should have passed to a woman (born in the
village). Finally, she trained her son. Passing this influential
community role to men (no woman has held it since) had
consequences. Male spirit mediums appointed male ritual assis-
tants (changing recruitment for yet another role) and made
changes in the practices of Thai Tsoo worship. They added
incense in the temples, raised altars from floor to chest level,
increased the number of vases representing the deity, introduced
a written banner, and modified temple architecture (Fig. S3).
Many of the new practices were drawn from Han folk religion.
By the 1990s, most villagers spoke of these Han-derived practices
as neighboring Han did. Adoption of Han practices strengthened
the association of males with the Thai Tsoo spirit-medium role
because Han spirit mediums are usually men.

Increasing virilocal bridal recruitment also affected grave-site
rituals (Fig. S4). Before these marital exchanges, the plains
Aborigine communities had not practiced Han tombsweeping
rituals common among Han in Taiwan. Some plains Aborigines
did not even mark burial sites, thereby precluding later grave-site

rituals. After virilocal bridal recruitment became common,
grave-site rituals jumped from rare to annual for the three years
after the kinds of events that brought households into increased
contact with their Han in-laws: funerals, marriages, and the birth
of a son. The ability to perform such annual rites required the
foresight of marking graves sufficiently to locate the grave site
after a year’s plant growth (Fig. S4 and Fig. S5). By the 1990s,
the cultural idea that families ought to provide annual grave-site
rituals had become widespread.

Analysis: Institutional Association and Sociocultural Epistasis. A
string of associations connects the practice of footbinding to
bridal role to spirit-medium role to religious practices. Whether
the association between footbinding and marriage for the Han
population is seen as institutional or epistatic divides the current
debate in China studies over footbinding. Analysis of elite views
of footbinding suggests that it was related to cultural ideas about
beauty, sexuality, and gender construction (43) and necessary for
a woman to marry. Thus, this set of cultural ideas was integrated
into the kinship role structure—an institutional association
which conferred moral weight on bridal role expectations of
footbinding. Although this conclusion may hold for the top 5%
or 10% of China’s late-imperial-period Han population (but see
ref. 44), analysis suggests that, for Han commoners, footbinding
was institutionally associated not with marriage but with hand-
craft production (45). Thus, for commoners, footbinding’s as-
sociation with marriage was epistatic because footbound, un-
married girls who constituted the handcraft labor force were also
recruited for the role of (virilocal) bride. The overlap created by
the same category of person—footbound, unmarried girls—
holding crucial roles in both role structures allowed social
epistasis (Table S1).

For plains Aborigines and Han, footbinding was institutionally
associated with the social role of bride because it defined an
ethnic endogamous boundary. Han cultural ideas regarding what
constituted civilization were integrated with the kinship role
structure in a way that restricted the category of woman who
could be recruited as a virilocal (first-time) bride for a Han
groom: The woman had to be Han, as indicated by having bound
feet. Interestingly, footbinding may have remained the final
ethnic marker for epistatic reasons because who held parental
roles influenced whether binding occurred. Han mothers bound
their daughters’ feet, and as a consequence, it was Han women
who held the knowledge of how to enact the practice, but most
intermarriage was between Han men and Aborigine women,
neither of whom knew how to bind feet (7, 39).

The association between the bridal role and Thai Tsoo spirit-
medium role was also social epistasis: Both roles recruited
holders from the same category of person (young women). This
association was influenced by tensions among sisters-in-law,
which were not institutionalized. In fact, they went against
cultural ideas about how sisters-in-law ought to treat each other,
but such tensions were common enough that there must have
been an observationally based role expectation about them
shared by many people. Marriage—which occurred for almost all
rural women (29)—placed young women into a specific, hierar-
chically networked social role (virilocal bride). That placement
affected which other roles young women could hold due to direct
competition between the expectations of different roles. Bridal
role expectations may have won because of either social or
cultural dynamics, but it was a change in the social niche (due to
precedents) that created the competition, because two roles
could not be held at the same time.

The association of the Thai Tsoo spirit-medium role with Han
religious practices is sociocultural epistasis because once men
held the Thai Tsoo spirit-medium role they claimed a spirit-
medium role in the Han folk religious structure. As a first
consequence, these men became subject to role expectations for

22142 � www.pnas.org�cgi�doi�10.1073�pnas.0907520106 Brown and Feldman

http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF3
http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF3
http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF4
http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF4
http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=SF5
http://www.pnas.org/cgi/data/0907520106/DCSupplemental/Supplemental_PDF#nameddest=ST1


Han spirit mediums. For example, they could join pilgrimages to
Han temples but would be expected to behave like Han spirit
mediums, using incense offerings (Fig. S3) and self-f lagellaton.
As a second consequence, they brought these Han religious
practices into Thai Tsoo worship.

A second string of associations occurs in this ethnographic
case: The practice of footbinding to bridal role to grave-site
rituals to grave markers. The first association, between foot-
binding and brides, has been discussed. The second association,
between brides and grave-site rituals, was sociocultural epistasis
because the spread of grave-site rituals in the Aborigine villages
came as a consequence of changes in bridal recruitment. Bring-
ing Han women into the villages as virilocal brides brought
women with different cultural ideas and different role-
expectations from their Aborigine in-laws on many topics,
including grave-site rituals. Han brides—and their natal fami-
lies—would have expected momentous events, such as a son’s
birth, to be presented to the ancestors during annual grave-site
rituals, and noted the absence of such rituals. These role
expectations held by affines apparently led plains Aborigine
families to adopt grave-site rituals (in which they did not
necessarily believe). The third association is cultural epistasis
because grave-site rituals necessitated grave markers. Rituals
could only be performed a year or more after a burial if grave
sites could be found (Fig. S4 and Fig. S5).

In both of these strings, structurally induced changes occurred
because there was a newly recruited category of person in crucial
roles: Han as affinal kin and men as Thai Tsoo spirit medium.
Evolution of specific practices, and (as we discuss in Analysis:
Cultural Exaptation) of cultural ideas, occurred because their
association with role expectations changed due to a renegotia-
tion of role-holder recruitment.

Analysis: Cultural Exaptation. This ethnographic case provides
three examples of two different kinds of cultural exaptation.
First, practices spread in the absence of a supporting idea. The
adoption of grave markers and the performance of grave-site
annual rituals spread based on the expectations of a newly
recruited category of person—Han—in the role of affinal kin.
Han cultural ideas about ancestor worship may have motivated
Han in-laws’ own practice of grave-site rituals and their expec-
tations of its practice by their new kin. However, the former
plains Aborigines appear to have adopted the practice without
themselves believing. It could be that they were motivated by
structural concerns—maintaining the good opinion of their Han
affines—or it could be the former plains Aborigines’ referent
population shifted to include their Han affines, who did believe.
In the latter case, the ideas would have become meaningful and
so cultural, even without the former plains Aborigines them-
selves believing in them.

In the second kind of cultural exaptation, a practice appeared
in the presence of an antithetical cultural idea. The fact that
elderly villagers decades later clearly and uniformly remembered
the belief that a woman ought to be Thai Tsoo spirit medium
suggests that cultural selection pressure against a man taking
over the role must have been strong. Thus, a male as spirit
medium did not merely have no cultural adaptiveness in the
1930s; it was culturally maladaptive (likely to be eliminated
because of competing cultural ideas). However, men took over
the role of Thai Tsoo spirit medium. The change in social
recruitment is a cultural exaptation because it was driven not by
the idea that men ought to hold the role but by changes in
marriage.

The third example, which shows both types of cultural exap-
tation, occurred once men held the role of Thai Tsoo spirit
medium. In the first type, men instituted changes in daily
religious practices, which spread without being driven—or even
accompanied—by the later associated idea. In the second type,

some practices may have even spread in the presence of a cultural
idea opposing the practice. A few elderly residents in 1991
criticized the introduction of incense and the multiplication of
vases as an inappropriate borrowing of Han practices, even
though most of the community had long since accepted these
practices (Fig. S3). Most villagers regularly provided incense
offerings and viewed these offerings as meaningful and appro-
priate (7, 9, 38–39).

These practices all represent cultural exaptations because
their origins were not due to acceptance of the later associated
ideas. Rather, they owe their origins to sociocultural or social
epistasis: The practices were linked to specific social roles
embedded in one of the hierarchical yet dynamic role structures
that constitutes society. When forces shifted the categories of
individuals regularly recruited to those roles, it had unintended
consequences for at least some of the practices associated with
those roles. With time, the associated ideas spread in the
population. However, these ideas followed—rather than preced-
ed—the practices, because in 1991 and 1992 the frequency of
the ideas was still unexpectedly lower than the frequency of
the practice (31). Such ideational variation in relation to an
accepted cultural practice may be a general indicator of cultural
exaptation.

Discussion: Evolutionary Cultural and Social Dynamics. No one would
have predicted that changes in footbinding in southwestern
Taiwan would lead to changes in religious and grave-site rituals.
One reason these unintended consequences seem unintuitive is
that people are unaware of how associations across distinct social
and cultural inheritance tracks—which have different evolution-
ary dynamics—affect behavior.

Here, we have focused on human practices—actions by indi-
viduals that are similar enough to be considered versions of one
another and that are regularly repeated. Practices can be moti-
vated by beliefs or role expectations, and they have the potential
to feedback on and influence the informational units from which
they come (Fig. S1). Observers may assume that practitioners
believe the associated ideas, thus perceiving these ideas as
meaningful; this is an example of cultural niche construction
(24). Such an effect on perception is implied by neo-Confucian
promotion of orthopraxy (31). Practices can also influence role
expectations—via social niche construction when a social pre-
cedent becomes a practice, and via social epistasis when a
structural overlap leads to the association of practices from one
role with another role.

Cross-track associations add complexity. Institutions integrate
an idea set and a role tructure via the linkage (cotransmission)
of cultural ideas and social role expectations (Fig. 1). This
linkage contributes to persistence because practices that are
simultaneously motivated by both beliefs and role expectations
are more resistant to change. By contrast, sociocultural epistasis
facilitates change by associating practices motivated by one
cultural idea (or idea set) with a new role or with an institution
to which it had not been previously connected (Fig. 1). Such
associations may lead to new logical implications (e.g., 9, 31) and
thus variation in cultural epistasis. Cultural exaptations indicate
that such associated changes have occurred.

We suggest the most important dynamic of social evolution
(evolution in the social inheritance track) may be the recruit-
ment process (40). In other words, changes in expectations about
how to recruit individuals to fill roles (including which category
of individuals may fill a particular role) may be the selection
process that contributes most to the descent with modification of
the social order. Such social selection is often driven by indi-
viduals pursuing their social self-interest—negotiating to im-
prove or maintain their position in the hierarchical networked
structure of roles. Specific successful negotiations introduce
microlevel variation in expectations. For example, the uxorilo-
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cally married Han father-in-law took three years to negotiate a
virilocal bride for his son, a marriage that would have improved
his position with Han and that other villagers would recognize
once enacted. At the community level, the apparent transfor-
mation in marriage form required a change in the recruitment of
many individuals to the same bridal role in different households;
this transformation is an aggregation of negotiations across
individuals. How many individual events of the new recruitment
process were needed to reach a tipping point that sparked a rapid
increase in such negotiations remains an interesting question
(31). We speculate that such tipping points depend on the
relative position and connections of the individual broadcasters
(innovators) and acceptors in the role structure (20).

Social structure is crucial to cultural evolution (evolution in
the cultural inheritance track) (see Table S1). To be transmitted,
ideas must be enacted—put into behavioral form—by individ-
uals who are necessarily embedded in a social role structure.
Role holders simultaneously have multiple connections across
the structure, hierarchical positions relative to other roles,
associated cultural ideas, and practices. Thus, practices are both
associated with—and potentially constrained by—social roles.
Marriage—a recruitment process for certain kin roles—affected
the cultural ideas that could be enacted, both by individuals in
specific roles and, sometimes, by an entire category of people
regularly recruited to a role. Being a daughter-in-law or a
married daughter—basic household-level structure—‘‘changed
everything’’ (as one elderly woman remarked) with respect to
carrying out daily obligations, such as child care, and led to
appointing a male Thai Tsoo spirit medium against the belief of
villagers. Maintenance of men as role holders has threatened the

perpetuation of the belief in the Thai Tsoo spirit medium as a
female role. Change in marriage drove the role takeover, and our
analysis offers an explanation of how and why the takeover
occurred as well as why marriage changed. We consider indi-
viduals’ motivations to analyze the origins of behavioral prac-
tices. Associations among roles, practices, and ideas can create
unexpected consequences due to a change at any of the con-
nection points. These associations deserve further consideration
in the evolutionary assessment of human behavior.

Materials and Methods
M.J.B. collected the ethnographic data presented here (in human-subjects-
approved research) during semistructured interviews in four communities in
southwestern Taiwan from August 1991 to July 1992. These abbreviated life
histories focused on personal and observed practice of marriages, funerals,
burials, worship, and other customs (7, 38). A few interviews focused exclu-
sively on religious traditions and community oral history. Most people inter-
viewed had themselves been considered plains Aborigine (the rest Han).
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