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Signaling, Solidarity, and the Sacred: The Evolution
of Religious Behavior
RICHARD SOSIS AND CANDACE ALCORTA

Many challenges confront evolu-
tionary scholars of religion. The ori-
gins and adaptive value of religion

and the conditions that selected for its
evolution are difficult to discern. Pat-
terns of religious behavior, like other
areas of human social behavior, have
undergone significant change over
our evolutionary history. Evans-Prit-
chard1 argued that dramatic historical
changes in religious behavior render it
impossible to generalize across cate-
gories of religions such as tribal,
chiefdom, and contemporary world
religions. Evolutionary theories of re-
ligion, however, necessarily assume
that the relevant behaviors can be
generalized across time and space.
Moreover, the multiple roles and com-
plex functions of religion render it dif-
ficult to capture within a single theo-
retical approach. Indeed, examining
the origins of religion, the develop-
ment of religious institutions, the eco-
logical determinants of religious be-
havior, and whether religion is
currently adaptive constitute separate
areas of inquiry requiring different
methodological tools. Even when
analyses are restricted to a specific
time and place, there is an extensive
range of phenomena that fall under
the rubric of religion, including myth,

ritual, taboo, symbolism, morality, al-
tered states of consciousness, and be-
lief in noncorporeal beings. Concom-
itantly, there is enormous cross-
cultural variability within any one of
these phenomena.

Religious behaviors often entail sig-
nificant proximate costs, such as time,
energetic, and material costs, as well
as physical and psychological pain,
that appear to be greater than any de-
rived benefits. Consequently, religious
behavior poses a genuine challenge
for those who employ optimization,
rational choice, or other egoistic-
based models to explain human be-
havioral variation. Researchers have
sought to unravel this dilemma by
positing somatic, reproductive, and
psychological benefits conferred by
religious behaviors on their practitio-
ners that could outweigh these costs.
Realized benefits include improved
health, survivorship, economic oppor-
tunities, sense of community, psycho-
logical well-being, assistance during
crises, mating opportunities, and fer-
tility (see Reynolds and Tanner27 for a
review). Various scholars have inde-
pendently concluded that religious
communities are able to offer many of
these benefits because religions solve
significant communication problems
inherent in human life.28–31 Although
our understanding of how religion
solves such problems is still incom-
plete, recent theoretical and empirical
findings offer intriguing clues to reli-
gion’s evolution and efficacy.

WHAT IS RELIGION?
While there are countless defini-

tions of religion in the anthropologi-
cal literature,6,32,33 belief in the super-
natural (that is, noncorporeal beings)
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Anthropologists have repeatedly noted that there has been little theoretical
progress in the anthropology of religion over the past fifty years.1–7 By the 1960s,
Geertz2 had pronounced the field dead. Recently, however, evolutionary research-
ers have turned their attention toward understanding the selective pressures that
have shaped the human capacity for religious thoughts and behaviors, and appear
to be resurrecting this long-dormant but important area of research.8–19 This work,
which focuses on ultimate evolutionary explanations, is being complemented by
advances in neuropsychology and a growing interest among neuroscientists in
how ritual, trance, meditation, and other altered states affect brain functioning and
development.20–26 This latter research is providing critical insights into the evolu-
tion of the proximate mechanisms responsible for religious behavior. Here we
review these literatures and examine both the proximate mechanisms and ultimate
evolutionary processes essential for developing a comprehensive evolutionary
explanation of religion.
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Abstract

This paper lays out an evolutionary theory for the cognitive foundations and cultural emergence of the extravagant displays (e.g., ritual
mutilation, animal sacrifice and martyrdom) that have so tantalized social scientists, as well as more mundane actions that influence cultural
learning and historical processes. In Part I, I use the logic of natural selection to build a theory for how and why seemingly costly displays
influence the cognitive processes associated with cultural learning — why do “actions speak louder than words?” The core idea is that
cultural learners can both avoid being manipulated by their models (those they are inclined to learn from) and more accurately assess their
belief commitment by attending to displays or actions by the model that would seem costly to the model if he held beliefs different from those
he expresses verbally. Part II examines the implications for cultural evolution of this learning bias in a simple evolutionary model. The model
reveals the conditions under which this evolved bias can create stable sets of interlocking beliefs and practices, including quite costly
practices. Part III explores how cultural evolution, driven by competition among groups or institutions stabilized at alternative sets of these
interlocking belief-practice combinations, has led to the association of costly acts, often in the form of rituals, with deeper commitments to
group beneficial ideologies, higher levels of cooperation within groups, and greater success in competition with other groups or institutions.
I close by discussing the broader implications of these ideas for understanding various aspects of religious phenomena.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Researchers from across the behavioral sciences have
long proposed a connection between apparently costly
displays — often in various ritualized forms such as
firewalking, ritual scarification, animal sacrifice and sub-
incision — and deep levels of commitment to group
ideologies, religious beliefs and shared values that promote
solidarity and in-group cooperation (Atran & Norenzayan,
2004; Cronk, 1994; Durkheim, 1995; Irons, 1996; Rappa-
port, 1999; Sosis & Alcorta, 2003). This paper provides a
novel approach to understanding these observations by
considering how natural selection might have shaped our
cognitive processes for cultural learning so as to give
salience to certain kinds of displays or actions, and what

the implications of such cognitive processes are for cultural
evolution. Since my goal is merely to get this approach on
the table, where it can compete with alternatives, I aim to
provide a prima facie case for considering these ideas, and
not a set of conclusive tests.

The argument proceeds in three parts. Part I lays out a
theory for the evolution of one particular component in the
suite of cognitive adaptations that make up the human
capacity for cultural learning. The core idea is that, with the
evolution of substantial communicative capacities in the
human lineage, cultural learners are potentially exploitable
by manipulators who can convey one mental representation
but actually believe something else, or at least misrepresent
their depth of commitment to a particular belief. To address
this adaptive challenge, I propose that learners have evolved
to attend to credibility enhancing displays (CREDs) along-
side the verbal expressions of their models (i.e., those
individuals from whom people learn). These displays
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The Ties That Bind Us
Ritual, Fusion, and Identification

by Harvey Whitehouse and Jonathan A. Lanman

Most social scientists endorse some version of the claim that participating in collective rituals promotes social
cohesion. The systematic testing and evaluation of this claim, however, has been prevented by a lack of precision
regarding the nature of both “ritual” and “social cohesion” as well as a lack of integration between the theories and
findings of the social and evolutionary sciences. By directly addressing these challenges, we argue that a systematic
investigation and evaluation of the claim that ritual promotes social cohesion is achievable. We present a general
and testable theory of the relationship between ritual, cohesion, and cooperation that more precisely connects
particular elements of “ritual,” such as causal opacity and emotional arousal, to two particular forms of “social
cohesion”: group identification and identity fusion. Further, we ground this theory in an evolutionary account of
why particular modes of ritual practice would be adaptive for societies with particular resource-acquisition strategies.
In setting out our conceptual framework, we report numerous ongoing investigations that test our hypotheses against
data from controlled psychological experiments as well as from the ethnographic, archaeological, and historical
records.

Social scientists have long appreciated that collective rituals
serve to bind groups together. The fourteenth-century scholar
Ibn Khaldūn referred to this as ‘as!abı̄yah, which, roughly
translated from the Arabic, means “social cohesion” or “sol-
idarity” (Ibn Khaldūn 1958; Turchin 2006). Khaldūn believed
that ‘as!abı̄yah was rooted in kinship but could be extended
to tribes and nations through the sharing of ritual and ide-
ology, a view that anticipates at a general level some of the
key arguments developed here. Pioneers of social theory in
the nineteenth century similarly accorded to ritual a pride of
place among the various cultural practices that promote ca-
maraderie and coalition formation (e.g., Durkheim 1995
[1912]; Frazer 1922; Fustel de Coulanges 1980; Robertson-
Smith 1889). This theme runs through the most important
works in social and cultural anthropology of the twentieth
century, amply illustrating the view that rituals bolster the
social order. A particularly influential idea was that it is the
social function of rituals to rejuvenate commitment to col-
lective goals and to ensure acquiescence to the will of the
group and deference to figures of authority (Kertzer 1988).
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This theme lay at the heart of not only the many varieties of
functionalist thinking (e.g., Malinowski 1944; Radcliffe-
Brown 1952) but also various forms of structuralism (e.g.,
Douglas 1970; Leach 1954), Marxism, and neo-Marxism (e.g.,
Bloch 2004; Sahlins 1974) and is even detectable in many
post-structuralist analyses of colonialism, alterity, and identity
(Comaroff and Comaroff 1993; Foucault 1975).

Arguably the most important legacy of this work is the
wealth of ethnographic description it has inspired, rather than
its contribution to scientific theory. As a consequence, we
now have a vast corpus of detailed accounts of rituals in
different cultural environments and of the patterns of group
formation and competition with which these rituals are as-
sociated. Unfortunately, such descriptions do not furnish us
with many precise and testable hypotheses concerning the
mechanisms allegedly connecting ritual participation with
particular forms and intensities of group cohesion and co-
operation, and for decades there was no systematic effort to
formulate and test hypotheses of this kind.

The situation, however, is beginning to improve. Progress
has recently been made on understanding ritual and coop-
eration by focusing on the effects of synchronized movement
(a common feature in collective rituals), costly signaling (rit-
uals often incur heavy costs in terms of material resources,
time, and physical effort or suffering), and displays of com-
mitment to particular belief systems (such as religious
traditions). Efforts to investigate the effects of synchrony on
in-group affiliation and commitment to communal goals have
focused on such behaviors as synchronous marching (Wil-
termuth and Heath 2009), rowing (Cohen et al. 2006), and
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Abstract: We develop a cultural evolutionary theory of the origins of prosocial religions and apply it to resolve two puzzles in human
psychology and cultural history: (1) the rise of large-scale cooperation among strangers and, simultaneously, (2) the spread of
prosocial religions in the last 10–12 millennia. We argue that these two developments were importantly linked and mutually
energizing. We explain how a package of culturally evolved religious beliefs and practices characterized by increasingly potent,
moralizing, supernatural agents, credible displays of faith, and other psychologically active elements conducive to social solidarity
promoted high fertility rates and large-scale cooperation with co-religionists, often contributing to success in intergroup competition
and conflict. In turn, prosocial religious beliefs and practices spread and aggregated as these successful groups expanded, or were
copied by less successful groups. This synthesis is grounded in the idea that although religious beliefs and practices originally arose as
nonadaptive by-products of innate cognitive functions, particular cultural variants were then selected for their prosocial effects in a
long-term, cultural evolutionary process. This framework (1) reconciles key aspects of the adaptationist and by-product approaches to
the origins of religion, (2) explains a variety of empirical observations that have not received adequate attention, and (3) generates
novel predictions. Converging lines of evidence drawn from diverse disciplines provide empirical support while at the same time
encouraging new research directions and opening up new questions for exploration and debate.
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Community Formation Structural Outcomes

Communication Cooperation



Azhagapuram Network, Spinglass Community
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• Hardworking
• Physically strong
• Influential
• Good advice
• Generous
• Good character
• Devout
• Ritual knowledge

Reputation

Hardworking: 4
Generous: 2
Influential: 1



• Emotional support & companionship
– Close friends, conversation partners

• Behavioral assistance
– Borrow items, run errands, help watching children

• Financial assistance
– Borrowing petty cash, bigger loans

• Guidance
– Important matters, advice

• Vouched support
– Help finding work, people in ‘high positions,’ aid if there is a problem

Social Support



Support Network
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4430 nodes - 23,089 edges
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Zero Count Zero Count Zero Count Fest Boost
Devout 0.721 1.409 2.208 1.842 0.086 0.067 0.028
Has Ritual Knowledge 0.939 0.611 0.278 1.279 0.054 0.042 0.015
Influential 0.851 0.469 0.236 -2.762 0.025 0.090 -0.011
Strong 0.359 -0.167 0.090 0.534 0.064 -0.008 0.027
Hardworking 0.697 0.132 -1.155 0.215 0.136 0.012 0.017
Gives Good Advice 0.908 0.792 -0.620 0.196 0.040 0.051 0.017
Generous 0.606 0.482 0.478 0.541 0.043 0.012 0.012
Has Good Character 0.634 0.470 0.526 0.104 0.025 0.021 0.017

Worship Possession Ritual

Are those who invest more in the religious life of the village seen 
as more devout? As more prosocial?

Also in the models: age, age2, gender, caste, count of resident consanguineous kin, household wealth,  years of 
education, ever committee member, village dummy variable

Hurdle models predicting # of nominations

Power 2017, Evolution & Human Behavior
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Zero Count Zero Count Zero Count Fest Boost
Devout 0.721 1.409 2.208 1.842 0.086 0.067 0.028
Has Ritual Knowledge 0.939 0.611 0.278 1.279 0.054 0.042 0.015
Influential 0.851 0.469 0.236 -2.762 0.025 0.090 -0.011
Strong 0.359 -0.167 0.090 0.534 0.064 -0.008 0.027
Hardworking 0.697 0.132 -1.155 0.215 0.136 0.012 0.017
Gives Good Advice 0.908 0.792 -0.620 0.196 0.040 0.051 0.017
Generous 0.606 0.482 0.478 0.541 0.043 0.012 0.012
Has Good Character 0.634 0.470 0.526 0.104 0.025 0.021 0.017

Worship Possession Ritual

Are those who invest more in the religious life of the village seen 
as more devout? As more prosocial?

Also in the models: age, age2, gender, caste, count of resident consanguineous kin, household wealth,  years of 
education, ever committee member, village dummy variable

Hurdle models predicting # of nominations

Power 2017, Evolution & Human Behavior



Religiosity & Social Support



Exponential Random Graph Model (ERG, p*)
Individual - Node

Interpersonal - Dyadic
Structural - Network

Is religious ritual action associated with support relationships?



ERGMs predicting the likelihood of a supportive tie

Also in the model:  node age, gender, caste, household wealth, and past or 
current committee membership; dyad gender homophily, dyad caste 
homophily, dyad kinship, dyad difference in the number of years of education, 
dyad distance between households, and dyad reciprocity (mutuality), GWESP

*** p<.001, ** p<.01, * p<.05, † p<.10

Religiosity
Estimate (SE)

Aḻakāpuram Teṉpaṭṭi

Regular Worship 0.24***
(0.06)

0.12***
(0.04)

Possession –0.07
(0.07)

–0.14*
(0.06)

Weighted Public 
Religious Acts

0.01***
(0.003)

0.01***
(0.004)

Is religious ritual action associated with support relationships?

Power 2017, Nature Human Behaviour



Ego

Possession

Public Ritual Practice

Regular Worship

1.13***1.27***

0.87*
0.93

1.09***

1.04***

Is religious ritual action associated with support relationships?

Power 2017, Nature Human Behaviour



0.84
0.90

Ego

Possession

Public Ritual Practice

Regular Worship

1.32***1.27*

1.11*

1.11***

Is religious ritual action associated with support relationships?

Power 2017, Nature Human Behaviour



Community Formation:
Collective Ritual & “Communitas”
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The Ties That Bind Us
Ritual, Fusion, and Identification

by Harvey Whitehouse and Jonathan A. Lanman

Most social scientists endorse some version of the claim that participating in collective rituals promotes social
cohesion. The systematic testing and evaluation of this claim, however, has been prevented by a lack of precision
regarding the nature of both “ritual” and “social cohesion” as well as a lack of integration between the theories and
findings of the social and evolutionary sciences. By directly addressing these challenges, we argue that a systematic
investigation and evaluation of the claim that ritual promotes social cohesion is achievable. We present a general
and testable theory of the relationship between ritual, cohesion, and cooperation that more precisely connects
particular elements of “ritual,” such as causal opacity and emotional arousal, to two particular forms of “social
cohesion”: group identification and identity fusion. Further, we ground this theory in an evolutionary account of
why particular modes of ritual practice would be adaptive for societies with particular resource-acquisition strategies.
In setting out our conceptual framework, we report numerous ongoing investigations that test our hypotheses against
data from controlled psychological experiments as well as from the ethnographic, archaeological, and historical
records.

Social scientists have long appreciated that collective rituals
serve to bind groups together. The fourteenth-century scholar
Ibn Khaldūn referred to this as ‘as!abı̄yah, which, roughly
translated from the Arabic, means “social cohesion” or “sol-
idarity” (Ibn Khaldūn 1958; Turchin 2006). Khaldūn believed
that ‘as!abı̄yah was rooted in kinship but could be extended
to tribes and nations through the sharing of ritual and ide-
ology, a view that anticipates at a general level some of the
key arguments developed here. Pioneers of social theory in
the nineteenth century similarly accorded to ritual a pride of
place among the various cultural practices that promote ca-
maraderie and coalition formation (e.g., Durkheim 1995
[1912]; Frazer 1922; Fustel de Coulanges 1980; Robertson-
Smith 1889). This theme runs through the most important
works in social and cultural anthropology of the twentieth
century, amply illustrating the view that rituals bolster the
social order. A particularly influential idea was that it is the
social function of rituals to rejuvenate commitment to col-
lective goals and to ensure acquiescence to the will of the
group and deference to figures of authority (Kertzer 1988).

Harvey Whitehouse is Chair of Social Anthropology and Director
of the Institute of Cognitive and Evolutionary Anthropology at the
University of Oxford (64 Banbury Road, Oxford, OX2 6PE, Unit-
ed Kingdom [harvey.whitehouse@anthro.ox.ac.uk]). Jonathan A.
Lanman is Acting Director of the Institute of Cognition and Culture
and Lecturer in Anthropology at Queen’s University Belfast (School
of History and Anthropology, 15 University Square, Belfast, BT7
1NN, United Kingdom). This paper was submitted 26 VIII 13,
accepted 9 XII 13, and electronically published 14 X 14.

This theme lay at the heart of not only the many varieties of
functionalist thinking (e.g., Malinowski 1944; Radcliffe-
Brown 1952) but also various forms of structuralism (e.g.,
Douglas 1970; Leach 1954), Marxism, and neo-Marxism (e.g.,
Bloch 2004; Sahlins 1974) and is even detectable in many
post-structuralist analyses of colonialism, alterity, and identity
(Comaroff and Comaroff 1993; Foucault 1975).

Arguably the most important legacy of this work is the
wealth of ethnographic description it has inspired, rather than
its contribution to scientific theory. As a consequence, we
now have a vast corpus of detailed accounts of rituals in
different cultural environments and of the patterns of group
formation and competition with which these rituals are as-
sociated. Unfortunately, such descriptions do not furnish us
with many precise and testable hypotheses concerning the
mechanisms allegedly connecting ritual participation with
particular forms and intensities of group cohesion and co-
operation, and for decades there was no systematic effort to
formulate and test hypotheses of this kind.

The situation, however, is beginning to improve. Progress
has recently been made on understanding ritual and coop-
eration by focusing on the effects of synchronized movement
(a common feature in collective rituals), costly signaling (rit-
uals often incur heavy costs in terms of material resources,
time, and physical effort or suffering), and displays of com-
mitment to particular belief systems (such as religious
traditions). Efforts to investigate the effects of synchrony on
in-group affiliation and commitment to communal goals have
focused on such behaviors as synchronous marching (Wil-
termuth and Heath 2009), rowing (Cohen et al. 2006), and
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Abstract: We develop a cultural evolutionary theory of the origins of prosocial religions and apply it to resolve two puzzles in human
psychology and cultural history: (1) the rise of large-scale cooperation among strangers and, simultaneously, (2) the spread of
prosocial religions in the last 10–12 millennia. We argue that these two developments were importantly linked and mutually
energizing. We explain how a package of culturally evolved religious beliefs and practices characterized by increasingly potent,
moralizing, supernatural agents, credible displays of faith, and other psychologically active elements conducive to social solidarity
promoted high fertility rates and large-scale cooperation with co-religionists, often contributing to success in intergroup competition
and conflict. In turn, prosocial religious beliefs and practices spread and aggregated as these successful groups expanded, or were
copied by less successful groups. This synthesis is grounded in the idea that although religious beliefs and practices originally arose as
nonadaptive by-products of innate cognitive functions, particular cultural variants were then selected for their prosocial effects in a
long-term, cultural evolutionary process. This framework (1) reconciles key aspects of the adaptationist and by-product approaches to
the origins of religion, (2) explains a variety of empirical observations that have not received adequate attention, and (3) generates
novel predictions. Converging lines of evidence drawn from diverse disciplines provide empirical support while at the same time
encouraging new research directions and opening up new questions for exploration and debate.
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Monthly Worship

Annual Festival: Muḷaippāri Annual Festival: Vow Procession



Also in the model:  node age, gender, caste, and past or current committee membership; dyad gender homophily, dyad caste 
homophily, dyad kinship, dyad difference in the number of years of education, dyad distance between households, and dyad 
reciprocity (mutuality), GWESP, GWDSP

Are co-participants more likely to support one another?

Power, 2018, Proceedings B
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