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Foreword: On Culture and Biology

I recently found myself at an interdisciplinary workshop on the topic of
human nature. The only biologist present, I argued strongly that the term
“human nature” was inherently problematical and should be abandoned
(Laland & Brown, in press). Curiously, I was followed by two anthro-
pologists willing to defend the concept. That our presentations should
have gone against the historical tendency for our respective disciplines
says something about how far research has come in the cross-disciplinary
investigation of the biology—culture relationship. It also hints at some of
the challenges ahead. For researchers seeking to understand the interplay
between biology and culture, these are exciting yet tortuous times.

We now live in an age in which attempts to separate “nature” from
“nurture” or “biology” from “culture” are long discredited. Countless
experimental studies show how genes take cues from environments, how
learning relies on gene expression, and how all development is a dynamic
interplay between internal and external factors. Science had taught us that
many of the genes expressed in our body are themselves environmentally
acquired. The human microbiome — a community of bacteria, archaea,
fungi and protozoa that cohabit our body cavities, surfaces and tissues —
are symbionts we inherit from our mothers (but not through transmission
of genes), or else pick up from the external environment. We have around
20,000 genes of our own, but our bodies house more than 3 million genes
belonging to other species, which play important roles in nutrient acquisi-
tion, metabolism, immune function and behavior. Human development is
a multi-species project.

Indeed, characterizing what is human appears to be becoming increas-
ingly difficult. A decade ago we might have found it straightforward to
distinguish our species from other living animals. Today we recognize
that this exercise would have been far more challenging 100,000 years
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ago, before the demise of other hominins. The fission—fusion nature of
biological reality — for instance, the recently detected interbreeding of
humans with Neanderthals and Denisovans (Green et al., 2010; Krause
et al., 2010) — and the associated realization that even today’s human
populations have variant evolutionary histories, both in space and time,
render any attempt to describe the “biological essence” or “defining char-
acteristics” of humanity vulnerable to arbitrary judgments. A few years
ago researchers discovered that the African elephant is actually two sep-
arate non-interbreeding species, now known as the forest and savannah
elephants (Roca, Georgiadis, Pecon-Slattery, & O’Brien, 2001). The prop-
erties that allow species to be distinguished (forest elephants have slightly
thinner tusks and rounder ears than savannah elephants) are typically quite
different from those seem to capture their “biological essence” (their large
size, their trunk, their long lives).

Equally, conceptions of “human nature” or “human biology” as umbrella
terms for a package of universal, evolved human characteristics have long
but increasingly troubled histories within the human evolutionary behav-
ioral sciences. These days, were researchers to document a constellation of
reliably developing human capacities that are more or less ubiquitous, and
whose development seems to be well buffered against broad environmental
fluctuations, we would have difficulty in attributing such traits to “nature”
as opposed to “nurture;” “culture,” or “environment” Experimental findings
are leading to a broadened conception of inheritance and the recognition
that parent—offspring similarity results not solely from the transmission of
genes from one generation to the next but also from the transfer of a wide
variety of other resources, and through a variety of different pathways (epi-
genetic variants such as DNA methylation and small RNAs, antibodies,
hormones, symbionts, ecological resources, and the social transmission
of knowledge and skills). These data undermine the hitherto strict sep-
aration of development and heredity that followed August Weismann’s
famous delineation of germ line and soma.

Phenotypes are not well described as the output of genetic programs;
rather, they self-assemble through a reciprocally caused process that
comprises both “upward” and “downward” causation, and in which genes
are far from being the only informational resource. We don't first develop a
brain and then subsequently use it to perceive, learn and reason; rather, our
perception, learning and reasoning fashion a thinking brain. Organisms
are not passively molded by selection to suit a pre-existing environment:
they part-construct the environments to which they adapt (Odling-Smee,
Laland, & Feldman, 2003). Different developmental upbringings forge
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different brains, and alternative environmental conditions precipitate
variant gene expression. Cultural experiences leave neurobiological
traces, which in turn are expressed in complex behavior that shapes the
cultural experiences of others. The products of such within- and between-
individual interactions are society-specific traditions, which anthropo-
logical, genetic and mathematical analyses now reveal have modified the
natural selection acting on humans (and other species) in richly inter-
woven gene—culture coevolutionary histories (Laland, Odling-Smee, &
Myles, 2010). Whatever level of analysis we choose, organisms are dynam-
ical systems, constantly responding to, and changing, their immediate
surrounds.

In line with this rejection of nature/nurture and biology/culture
dichotomies, behavioral scientists have established that the social trans-
mission of knowledge and skills, traditional behavior, and society-specific
conventions, are no longer the exclusive province of humanity. To the con-
trary, a wide variety of animals, from fruit flies and wood crickets to gorillas
and sperm whales, acquire knowledge and skills through copying the
behavior of others. Paradoxically, biologists have begun to take “culture”
seriously at virtually the same time that many social scientists have aban-
doned the notion. Fortunately, these ostensibly opposing trends have more
in common than is apparent at first sight. Anthropologists’ disquiet with a
monolithic conception of culture has much in common with my own trou-
bles with “human nature” That is because setting “culture” in opposition
to “nature” (which is how culture is conceived by many anthropologists)
inherently suffers from broadly equivalent deficiencies as the reverse. It
is no easier to describe the culture of a population than to describe its
biological nature.

Biology and culture have refused to be pinned down fundamentally
because they are in constant flux. There are no species, genes, cultures,
or natures: these are illusions of “things,” the traces of constancy in a net-
work of dynamical interrelated processes. Yet that fluidity does not render
the processes any less real or amenable to scientific investigation. Far from
drowning in this sea of change and complexity, biology as an academic
field has never been more vibrant, and investigations of the field’s interplay
with culture are imbued with no less vigor than other biological domains.
Technological advances in genomics, epigenetics, neuroscience, and the
computational analysis of big data, lend new resolution to our research.
Oftentimes pragmatic stances and simplifying assumptions are necessary
for progress to be made. A powerful combination of new tools and inno-
vative thinking is opening up exciting new avenues to study.

Xix
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More than anything, integrative methodologies are required that bridge
and synthesize the domains historically separated as social and biologi-
cal science. If reciprocal causation and feedback are organizing themes of
development then effective psychological science demands initiatives that
explore the bidirectional interplay between culture and biology, amalga-
mating theory and methods from fields such as cultural psychology, cog-
nitive neuroscience, and genetics in innovative ways. If gene expression
varies with internal and external environment, then psychological research
needs to explore how cultural practices and beliefs differentially condi-
tion brain epigenetics, and the ramifications of this conditioning for brain
functioning and individual experience, feeding back to culture. We per-
haps need fewer dedicated geneticists, neuroscientists, psychologists, and
anthropologists, and more neuroanthropologists, cultural neuroscientists,
and gene—culture coevolutionists. We require researchers who set out to
unravel the feedbacks between genes, brain, behavior, and culture without
prejudicing the direction of causality. The real action — and some of the
most exciting science — are at the interface.

Dichotomous thinking still pervades the biological and social sciences,
but it is being eroded by sound experimentation and rich interdisciplinary
theory. I heartily commend the articles in this collection as examples of
the innovative science at the nexus of (those processes somewhat inad-
equately labeled) “culture” and (those processes equally unsatisfactorily
called) “biology”

Kevin N. Laland
St Andrews, UK
September, 2016
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Preface: Why Culture and Biology?

This handbook is the product of a series of discoveries, conversations, and
collaborations that started back in 2012. I was tasked with formulating a
novel and significant theoretical contribution as a curricular capstone in
my graduate training at the Institute of Child Development at the Uni-
versity of Minnesota, Twin Cities. I proposed a roadmap for integrating
culture and developmental psychopathology. The outcome of this effort
was an article (Causadias, 2013), and an amazing discovery: three groups
of scientists from different disciplines were making similar arguments to
advance the study of culture and biology. But these groups were segregated
by academic and geographical barriers.

The first group is leading the “St Andrews revolt,” a movement rebelling
against the constraints of the modern evolutionary synthesis (Huxley,
1942; Mayr & Provine, 1998), and advocating an extended evolutionary
synthesis (see Laland et al.,, 2014, 2015). It is led by scientists working
or trained at the University of St Andrews in Scotland, including Kevin
Laland, Andrew Whitten, and Alex Mesoudi. By emphasizing reciprocal
causation and an inclusive view of inheritance that gives greater emphasis
to culture, they have shown how humans and animal are not merely the
product of their environments, but make their environments a product of
themselves by building new niches.

At the other side of the Atlantic, pioneer scholars such as Eva Telzer, Joan
Chiao, Heejung Kim, and Joni Sasaki championed the new field of cultural
neuroscience. Emboldened by advances in theory and methods in neuro-
sciences, they pursued interdisciplinary investigations on the relationship
between cultural, neural, and psychological processes. This new research
illustrates, among other things, the pivotal role of culture in shaping brain
functioning, going beyond the exploration of brain differences across
ethnic groups to advance our understanding of behavior, cognition, and
development.
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The third group is made up of a network of innovative psychologists
working at Arizona State University, who are taking new perspectives on
culture by examining how cultural processes develop over time (e.g., Nancy
Gonzales, Adriana Umana-Taylor), the link between religion and evolution
(e.g., Adam Cohen), and how cultural experiences affect neuroendocrine
functioning (e.g., Leah Doane). This spirit of innovation and discovery has
made Arizona State a unique niche for research on culture and biology, and
it is the main reason I did not hesitate when I had the opportunity to join
its faculty in 2015.

These three groups share a passion for new paradigms that can incorpo-
rate recent advances in theory and methods, emphasize interdisciplinarity
to tackle the complexity of cultural and biological systems, and reconsider
culture in novel and improved ways. But the fact that academic and geo-
graphic barriers facilitated a relative disconnection among them led to the
realization that we needed to integrate them into one metaparadigm: cul-
ture and biology interplay.

The next step in this journey was starting a conversation. I contacted
two of the leading scholars working in these areas: Eva Telzer and Nancy
Gonzales. Together, we organized a symposium on culture and biology
interplay at the 2014 biennial meeting of the Society of Research on Ado-
lescence. We were encouraged by the enthusiastic response we got from
our colleagues. This discussion soon provided us with the insight that we
had more questions than answers, and that we needed to bring scholars
from these three groups into the conversation. In response to these chal-
lenges, we decided to launch the Culture and Biology Initiative, a collective
effort aimed at generating new models, methods, and research questions.
So far, this initiative has produced a special section on culture and biol-
ogy in the journal Cultural Diversity and Ethnic Minority Psychology (see
Causadias, Telzer, & Lee, 2017), roundtables in research conferences, new
courses and teaching seminars, and the formulation of novel collaborative
research projects. This handbook is the pinnacle of this initiative.

The aim of this handbook is ambitious. The tensions between cultural
and biological explanations are at the heart of psychology and, in a way,
of all behavioral sciences. Psychology has been a hybrid discipline since
its inception, oscillating throughout its history between the social and the
biological dimensions (Schwartz, Lilienfeld, Meca, & Sauvigné, 2016). This
bidimensional nature can be best understood by approaching psychology
as a two-headed eagle: one head looks at culture, the social sciences, arts
and humanities, qualitative methods, and nurture, while the other looks at
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biology, the hard sciences, quantitative methods, and nature. Reconciling
these two traditions and balancing these two poles is a major challenge in
our quest of understanding human behavior, cognition, and development.
It is also the major goal of this handbook.

This handbook is not the first attempt at pursuing the theoretical,
methodological, and empirical integration of culture and biology, but is
part of an illustrious tradition and has built upon it (see Kitayama & Uskul,
2011; Li, 2003; Mesoudi, Whiten, & Laland, 2006; Overton, 2010; Super &
Harkness, 1986). Culture and biology are indivisible. That is why this hand-
book centers on culture and biology, not culture or biology. Their insep-
arable nature has been documented repeatedly (see Laland’s foreword to
this volume). But in academia they are often divided. For the most part, the
study of culture and biology has evolved into different disciplines, subdisci-
plines, and even schools within subdisciplines. So rather than reifying this
polarity, the goal of this handbook is to showcase cutting-edge research
that aspires to integrate culture and biology in a meaningful and balanced
way. Hence, this handbook is a true hybrid. It approaches culture and biol-
ogy from multiple perspectives, levels of analysis, theoretical traditions,
and epistemologies. It showcases the work of scholars from diverse disci-
plines, including biology, anthropology, neurosciences, as well as clinical,
cultural, developmental, and social psychology.

We organized this handbook into five parts: an introductory part on gen-
eral issues, and four parts centered on different domains of culture and
biology interplay: animal culture, cultural genomics, cultural neurobiol-
ogy, and cultural neuroscience. Each part is spearheaded by an introduc-
tory chapter that provides a general overview of the theory, research, and
methods of each domain.

First, Part I, on the main issues in culture and biology, is intended as a dis-
cussion of general themes, including an introduction to the field (chapter 1,
Causadias, Telzer, & Gonzales), conceptual clarifications and recommen-
dations (chapter 2, Syed & Kathawalla), and a discussion of religion from
cultural and biological perspectives (chapter 3, Northover & Cohen).

Part II, on animal culture, is devoted to a domain of research that has
generated significant debate and attention in recent years (Laland, 2008;
Laland & Janik, 2006), but has had little impact in psychology: how animals
create, employ, and transmit knowledge from one generation to the next.
Because psychology has benefited greatly from research with animals,
we hope future psychological research on culture will also be informed
by investigations on animal culture. The part includes an introduction
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(chapter 4, Snowdon), an examination of research on primate and cetacean
culture (chapter 5, Botting, van de Waal, & Rendell), and a discussion of
primate communication, parenting, and cognition (chapter 6, Snowdon).

Part III, on cultural genomics, details the multiple ways in which cultural
experiences are influenced by, affect, and covary with the genome and
the environment to shape behavior and cognition at the social, develop-
mental, and evolutionary levels. The interplay of culture and genes has
recently been studied as part of cultural neurosciences (see Chiao, Cheon,
Pornpattananangkul, Mrazek, & Blizinsky, 2013), given the intimate link
between neural and genomic systems. However, we decided to carve a
unique niche for this domain, given (1) the accelerated growth in recent
years of genomic, cultural, and evolutionary research, and (2) the rising
complexity of theory, methods, and evidence in culture and genomics.
This part is composed of an introduction (chapter 7, Causadias & Korous),
an examination of dual-inheritance theory, cultural transmission, and
niche construction (chapter 8, O’'Brien & Bentley), and a discussion of
the relation between religion, culture, and genetics (chapter 9, Lo &
Sasaki).

Part IV, on cultural neurobiology, focuses on the domain of culture and
biology that examines transactions among cultural processes and central
and peripheral stress-sensitive neurobiological systems. This is one of the
most exciting and fast-growing domains of inquiry, and its explosive pro-
gression is well represented in this handbook by several chapters targeting
different ways in which cultural experiences — adverse or normative — get
under the skin. This part includes an introduction (chapter 10, Doane,
Sladek, & Adam), and examinations of the relations between poverty,
stress, and allostatic load (chapter 11, Doan & Evans), the biological con-
sequences of unfair treatment (chapter 12, Ong, Deshpande, & Williams),
the effects of cultural experiences, social ties, and stress on the HPA axis
(chapter 13, Wang & Campos), cultural influences on parasympathetic
activity (chapter 14, Hill & Hoggard), and the neurobiology of stress and
drug use vulnerability (chapter 15, Obasi, Wilborn, Cavanagh, Yan, &
Ewane).

Finally, Part V focuses on cultural neuroscience, perhaps the most robust
and consolidated domain of research on culture and biology interplay. This
part includes an introduction (chapter 16, Lin & Telzer), and discussions
on the causes and consequences of cultural differences in social cognition
(chapter 17, Meyer), culture and self—other overlap (chapter 18, Varnum &
Hampton), and culture, brain, and development (chapter 19, Qu & Telzer).
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I want to acknowledge all the people that made this handbook possible.
First and foremost, I want to thank my co-editors, Eva Telzer and Nancy
Gonzales. This volume would have not been possible without them for
several reasons. Not only have they enriched the content of this hand-
book with their own contributions, but they were critical in identifying,
convincing, and bringing on board authors that ultimately wrote land-
mark chapters. I am also incredibly grateful to Eva and Nancy for their
nuanced and thoughtful support in editing the chapters, providing feed-
back to authors, and navigating the uniquely demanding tasks of providing
coherence across chapters while making them accessible to psychologists
and other behavioral scientists.

I also want to thank Dante Cicchetti, Moin Syed, and Alan Sroufe,
my graduate school advisers, mentors, and friends at the University of
Minnesota, Twin Cities. I am grateful to Dante for putting me in contact
with Wiley, providing guidance in writing the handbook proposal, and sup-
porting me in this project, something most mentors would not encourage a
junior scholar right out of graduate school to pursue, and for good reasons!
I want to acknowledge Dante and Alan’s vision in building developmental
psychopathology as a field of inquiry that encourages meaningful exam-
ination of multiple levels of analysis in the study of development. Their
attention to complexity and dynamic systems is an inspiration for the field
of culture and biology interplay. I also want to thank Moin for introduc-
ing me to the world of multicultural psychology and for agreeing to write
a chapter that lays out critical conceptual and methodological issues that
will require attention in future culture and biology research.

I also want to thank everyone at Wiley that believed in this project, and
worked with us through this process, including Danielle Descoteaux, Amy
Minshul, Emily Corkhill, Darren Reed, and Silvy Achankunju. Their gen-
erous support, feedback, and guidance have cemented the quality of this
volume.

I want to express my deepest gratitude to all the authors for their unique
and thoughtful contributions that made this handbook possible. I am
especially grateful to Kevin Laland for writing the foreword and putting
me in contact with Michael O’Brien, who wrote a superb chapter with
Alexander Bentley. I am thankful to Charles Snowdon for writing two
authoritative chapters that make up the bulk of the animal culture section.
I want to acknowledge the leading role of Leah Doane, who agreed to write
a chapter with Michael Sladek and Emma Adam on a new field, and took
it upon herself to contact the other authors in the cultural neurobiology
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section and read their chapters in advance. Lastly, | want to thank two grad-
uate students working in my lab, Kevin Korous and Annabelle Atkin, for
their meticulous assistance in editing some of the chapters.

José M. Causadias, PhD
Phoenix, AZ
November, 2016
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Introduction to Culture and Biology Interplay

José M. Causadias, Eva H. Telzer, and Nancy A. Gonzales

The relationship between culture and biology, and the issues that arise with
it, have been at the forefront of psychology since its origin. Pioneers in the
field, with different degrees of success, sought to explain human behavior,
cognition, and development using both biological and cultural arguments.
For instance, while Darwin (1872) emphasized the evolutionary signifi-
cance of emotions by connecting animal and human behavior, Freud (1930)
examined the impact of culture in the etiology of neurosis, as well as the
role of hard-wired drives in conditioning human behavior. But perhaps the
strongest evidence of how this relationship has shaped the history of psy-
chology lies in the emergence and persistence of the nature-versus-nurture
debate, introduced by Galton (1869, 1874), which in a way exemplifies the
tension between innate-biological influences and social-cultural processes
(Rutter, 2006). Psychology has often oscillated between these two poles,
emphasizing the role of biological influences in some periods and envi-
ronmental and cultural forces in others (see Schwartz, Lilienfeld, Meca, &
Sauvigné, 2016).

Several scholars have argued that we are witnessing a period in psychol-
ogy of growing emphasis on the role of biological processes (see Eisenberg,
2014; Kitayama & Uskul, 2011). Technical and methodological innova-
tions in biological research in the last decades, as well as the improved
understanding of the brain and the genome they have afforded, have
opened new opportunities to elucidate their role in shaping psychological
processes (Miller, 2010). Importantly, these advances improve our ability
not only to explain behavior, but also to predict it. For example, a recent
study suggests that using a joint clinical and genomic risk assessment can
substantively advance our ability to predict suicidality (Niculescu et al.,
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2015). Furthermore, a new generation of scientists have begun to integrate
biologically informed methods into their psychological research on cul-
ture, offering new insights on how experiences of racial discrimination can
affect diurnal cortisol rhythm among African Americans (Fuller-Rowell,
Doan, & Eccles, 2012) and Mexican Americans (Zeiders, Doane, & Roosa,
2012) and examining how dopamine polymorphisms are related to cul-
tural differences in independent versus interdependent social orientation
(Kitayama et al., 2014) and how cultural processes are associated with dis-
tinct patterns of brain functioning (Chiao & Ambady, 2007; Telzer, Masten,
Berkman, Lieberman, & Fuligni, 2010).

Obstacles to the Integration of Culture and Biology

Despite these recent advances, there are several obstacles to achieving a
more meaningful integration of cultural and biological methods that can
substantially improve our understanding of human nature (Causadias,
Telzer, & Lee, 2017). First, scholars who conduct research on social and cul-
tural processes are well aware of the challenges associated with conveying
the complexity of subjective experiences, so they might be skeptical about
simplistic approaches that can potentially limit rich behavioral and sym-
bolic human expressions to an image reflecting brain activity (see Syed &
Kathawalla, chapter 2 in this volume). There is a growing concern with the
idea that brain- or gene-based processes will ultimately explain everything
and eventually render psychology useless (Lilienfeld, 2007; Satel & Lilien-
feld, 2013; Schwartz et al., 2016). These new arguments echo the pushback
experienced by previous attempts to infuse biology into social sciences
like sociobiology, that were condemned for the use of inappropriate
reductionism (see Wilson, 2000).

Second, some scholars are predisposed against the use of these biological
methods in cultural research, because biologically infused pseudoscience
has in the past been employed to justify social and racial hierarchies
(Hartigan, 2015), to rationalize group differences regarding intelligence
(Sternberg, Grigorenko, & Kidd, 2005), and even to vindicate ethnic cleans-
ing and genocide in the name of social Darwinism and the “survival of the
fittest” (see Allen et al., 1975). Likewise, poorly designed and conducted
studies of genes and culture that rely on incomplete data, deficient statis-
tics, or logical fallacies are especially problematic and have been criticized
from anthropological and biological perspectives (see Creanza & Feldman,
2016; Feldman, 2014; Guedes et al.,, 2013; Rosenberg & Kang, 2015).
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Examples include studies that conclude that lower genetic diversity in the
Americas and greater genetic diversity in Africa both lead to poverty,
while the intermediate level of genetic diversity in Europe is favorable to
economic prosperity (Ashraf & Galor, 2013), and studies that argue for a
genetic basis to racial differences in wealth, intelligence, and social institu-
tions (Wade, 2014). However, racial ideologies preceded scientific attempts
to justify them, or, as Coates (2015) argued, “race is the child of racism, not
the father. And the process of naming ‘the people’ has never been a matter
of genealogy and physiognomy so much as one of hierarchy” (p. 7). Thus,
severe scrutiny is necessary to avoid invalid conclusions that run the risk of
providing pseudoscientific ammunition for those attempting to justify eth-
nic cleansing, the systematic mistreatment of immigrants and minorities,
or the stopping of humanitarian aid (Creanza & Feldman, 2016).

Third, the scientific exploitation of disenfranchised groups by unscrupu-
lous biomedical researchers also has negative repercussions for the field.
Past examples include the experiments conducted with African-American
men in Alabama and with prisoners in Guatemala in which individuals
were purposely infected with syphilis, as well as the diabetes project with
the Havasupai Tribe in which participants’ DNA was used for other studies
without their consent. These cases have contributed to resistance among
some communities to participating in biologically informed studies, and
have diminished trust in scientists (see Freimuth et al., 2001).

Fourth, there are not many conceptual models available to researchers
in psychology that can account for the multiple ways in which these
two processes relate and shape normal and abnormal development,
with some noteworthy exceptions (see Fischer & Boer, 2016; Li, 2003;
Mesoudi, Whiten, & Laland, 2006). Arguably, there are several theories
on culture and biology interplay formulated by evolutionary biologists
and population geneticists, including sociobiology (Wilson, 1975),
gene—culture coevolutionary theory (Cavalli-Sforza & Feldman, 1981) and
dual-inheritance theory (Boyd & Richerson, 1985). However, these models
have had limited impact on current research on culture and biology in psy-
chology, partly because of interdisciplinary barriers. With some possible
exceptions, like molecular anthropology (Goodman, Tashian, & Tashian,
1976), behavioral research in the fields of culture and biology has evolved
into different traditions and veered towards hyper-specialization, resulting
in separate conceptual and methodological niches that favor intellectual
insularity. This is reflected in graduate and postgraduate training. Scien-
tists are socialized through research training into very distinct subgroups,
often concentrating on a limited set of assumptions, values, algorithms,
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and priorities that condition research decisions (Cicchetti & Richters,
1997). Thus, training programs that focus on culture frequently emphasize
models and methods closer to the humanities and social sciences than to
neurosciences, while psychological programs specialized in genetics
traditionally gravitate more towards life and biological sciences, and less
towards cultural issues (Causadias et al., 2016).

In sum, justified skepticism about reductionist approaches, predisposi-
tion against biological explanations of social issues, distrust among ethnic
minority communities of biomedical research, the disconnection between
research fields and diverging training traditions all contribute to a paucity
of research that meaningfully integrates cultural and biological levels of
analysis to help us advance our understanding of behavior, cognition, and
development. The most detrimental consequence of the current lack of
integration of culture and biology is a biased, incomplete, and, most impor-
tantly, bipolar perspective that overemphasizes either the biological or cul-
tural dimensions, thus perpetuating the nature versus nurture dichotomy
and severely limiting our understanding of human nature.

The Field of Culture and Biology Interplay

In order to overcome these obstacles and the resulting schism between
these two dimensions, we introduce the field of culture and biology inter-
play. In this chapter, we define its basic principles, describe the importance
of conducting research using this paradigm, provide an overview of its his-
tory, and examine different types, levels, and domains of research in culture
and biology interplay. We close by presenting some conclusions and future
directions.

Culture and biology interplay is the field of study that centers on how
these two processes have evolved together, how culture, biology, and envi-
ronment influence each other, and how they shape behavior, cognition,
and development among humans and animals across multiple levels, types,
timeframes, and domains of analysis (Causadias et al., 2016). The field of
culture and biology interplay was introduced as a promising avenue to inte-
grate culture into developmental psychopathology, another hybrid field
that emphasizes complex and dynamic relationships among various areas
of functioning (Causadias, 2013). Culture and biology interplay functions
as a meta-paradigm, gathering under the same roof separate domains of
research that have traditionally functioned separately (e.g., animal culture,
cultural neuroscience), and bringing together other lines of research that
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have not been recognized as such (e.g., cultural genomics, cultural neuro-
biology). Rather than reducing cultural processes to biological indicators,
research on culture and biology interplay can advance our understanding
by illuminating how we have evolved to develop complex cultural systems,
such as religions (see Northover & Cohen, chapter 3 in this volume).

We define culture as a shared system of behaviors (and cognitions) that
are transmitted from one generation to the next. This system serves a
function within a group that has a shared history (geographical, social),
which informs traditions, beliefs, conduct, and institutions (Cohen, 2009).
Culture has a wide-ranging impact in a myriad of domains of psychological
functioning, and operates at an individual and social level (Kitayama &
Uskul, 2011). Evidence suggests that humans and animals possess behav-
ioral culture, while symbolic culture is believed to be exclusive to humans
(Whiten, Hinde, Laland, and Stringer, 2011). We also approach biology
from a systems perspective, as living creatures are themselves organized
and composed of different structures, ranging from individual cells to
superorganisms (Holldobler & Wilson, 2009). In the case of humans and
animals, we function as the result of an interconnected network of biologi-
cal systems, such as the nervous, endocrine, and immune systems. Impor-
tantly, culture and biology are the two major systems of inheritance. While
cultural inheritance is composed of the behavioral and symbolic systems,
biological inheritance is constituted by the genetic and epigenetic systems
(see Jablonka & Lamb, 2014). The term “interplay” is very suitable for con-
ceptualizing the relationship between culture and biology for several rea-
sons. According to the arguments formulated by Rutter (2006, 2007, 2013),
“interplay” (or “interdependence”) is less restrictive than terms like “inter-
action” because it conveys a variety of ways in which two processes affect
each other, and is not limited to statistical relations.

Principles for the Study of Culture and Biology

Culture and biology interplay is informed by an interdisciplinary, multiple-
levels-of-analysis perspective (Cicchetti & Dawson, 2002) that incorpo-
rates theory and research from the fields of psychology, anthropology,
evolutionary biology, population genetics, neuroscience, and neurobiology
of stress. Ultimately, behavior and cognition are approached as the result
of the interdependence, codetermination, and simultaneous influence of
multiple processes (Sroufe, 2007). Moreover, cultural and biological pro-
cesses are recognized as equally important and mutually influential. Thus,
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no component, subsystem, or level of analysis has causal privileges over
the other (Cicchetti & Cannon, 1999).

One of the most detailed examinations of principles for the study of
culture and biology was formulated by Overton (2007, 2010). One of the
quintessential examples of fundamental split dichotomies, typical of
Cartesian dualistic epistemologies and false dichotomies, is culture versus
biology (Overton, 2010). However, from a relational epistemology this sep-
aration between culture and biology is only nominal, as both dimensions
are in constant interpenetration, coaction, and reciprocal bidirectionality
or multidirectionality (Overton, 2010). The relational epistemological per-
spective has taken hold of fields like physics (Smolin, 1997), anthropology
(Ingold, 2000), and biology (Robert, 2004). Relationism is a metatheory
that incorporates contextualism and organicism to approach scientific
problems from four major principles (Overton, 2010).

First, the holism principle indicates that the meaning and significance
of any given phenomenon depends on the relational context in which it
is embedded (Overton, 2010). In the cases of culture and biology, holism
invites us to acknowledge that even if we focus on just one component
of each system — a single gene, a single cultural trait — we also need to
recognize that these units must be contextualized because they operate as
part of systems that function as wholes (e.g., genome, brain, cultural self,
organism, community, population).

Second, the identity of opposites principle “establishes the identity
among parts of a whole by casting them not as exclusive contradictions
as in the split epistemology but as differentiated polarities (i.e., coequals)
of a unified (i.e., indissociable), inclusive matrix — as a relation” (Overton,
2010, p. 14, emphasis in original). According to this principle, culture is
biology and biology is culture: they are coequal and inseparable. Both are
part of the matrix of evolution, adaptation, and transformation. Culture
and biology are constantly engaged in a co-constructing feedback loop, in
a reciprocal codetermination (Overton & Reese, 1973), that we are only
beginning to understand. “[T]he fact that a behavior implicates activ-
ity of the biological system does not imply that it does not implicate activity
of the cultural system, and the fact that the behavior implicates activity of
the cultural system does not imply that it does not implicate activity of the
biological system. In other words, the identity of opposites establishes
the metatheoretical rationale for the theoretical position that biology and
culture (like culture and person, biology and person, etc.) operate in a truly
interpenetrating manner” (Overton, 2010, p. 15, emphasis in original).
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Third, the opposites of identity principle aims at establishing a bedrock
for inquiry by moving to a second moment of analysis — after the identity
of opposites — in which the law of contradiction is restated and categories
again exclude each other (Overton, 2010). Hence, next we should consider
that culture is not biology, as each system is given a unique identity that dif-
ferentiates it. This principle provides a platform in which these new oppo-
sites — culture and biology — become standpoints, points of view, lines
of sight (Latour, 1993), or levels of analysis (Overton, 2010). “[A]lthough
explicitly recognizing that any behavior is 100% biology and 100% culture,
alternative points-of-view permit the scientist to analyze the behavior from
a biological or from a cultural standpoint. Biology and culture no longer
constitute competing alternative explanations; rather, they are two points-
of-view on an object of inquiry that has been created by and will be fully
understood only through multiple viewpoints” (Overton, 2010, pp. 15-16).

Finally, the synthesis of wholes principle functions as a third moment
of analysis in the dialectical undertaking of relational epistemology, as it
proposes a resolution to the bipolar tension of the opposites of identity by
moving away from this conflict to formulate a new system that integrates
the two poles (Overton, 2010). For instance, the person can function as
a supra-ordinate system that coordinates, synthesizes, and resolves the
tension between culture and biology by regulating and organizing them
within the self (Magnusson & Stattin, 1998). In this synthesis, a standpoint
provides a stable base for future research (Overton, 2010). From the person
standpoint we can examine how the relation between culture and biology
shapes individual differences in development. From the biology stand-
point, we can investigate the relation between culture and the person by
focusing on correlates of brain functioning. From the cultural standpoint,
we can inquire into the relation between person and biology by centering
on cultural variation in a given domain. In sum, Overton’s (2010) relational
epistemology provides a invaluable set of guiding principles for the study
of culture and biology.

History of Culture and Biology Interplay

The interplay of culture and biology is rooted in evolution, as natural
selection has favored the transmission of a predisposition to cooperate
and participate in cultural communities (Tomasello, 1999). There is a long
tradition of applying evolutionary mechanisms to understand the nature
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and function of cultural change (see Whiten, Hinde, Stringer, & Laland,
2012), beginning with Darwin’s (1859, 1871) observation of the similarities
between language and biological evolution. According to Darwin (1871),
“Iw]e find in distinct languages striking homologies due to community of
descent, and analogies due to a similar process of formation. The manner in
which certain letters or sounds change when others change is very like cor-
related growth. We have in both cases the reduplication of parts, the effects
of long-continued use, and so forth. The frequent presence of rudiments,
both in languages and in species, is still more remarkable” (pp. 59-60).
These notions were further elaborated in the work of Pitt-Rivers (1906),
Steward (1955), White (1959), Huxley (1955), Sahlins and Service (1960),
and Campbell (1965). But research on the interplay of culture and biology
has truly gained momentum in the last decades with the irruption of three
landmark conceptual models: Wilson’s (1975) sociobiology, Cavalli-Sforza
and Feldman’s (1981) gene—culture coevolutionary theory, and Boyd and
Richerson’s (1985) dual-inheritance theory.

E. O. Wilson (1975) formulated sociobiology in an attempt to explain the
role of evolution in the emergence of complex social behaviors in animals
and humans, such as culture, altruism, eusociality, violence, and caregiv-
ing. For instance, using his work with social insects, Wilson (1975, 2000)
discussed the evolutionary implications of slavery in ants (i.e., dulosis),
arguing that it benefits ant colonies, thus maximizing natural selection.
Sociobiology was widely criticized (Wilson, 2000), but the most scathing
diatribe came from those who argued that it justified the oppression of
disadvantaged groups throughout history by explaining social processes
purely on the basis of evolutionary mechanisms (see Allen et al., 1975).

Another important antecedent of research in culture and biology inter-
play is gene—culture coevolutionary theory. Cavalli-Sforza and Feldman
(1981) examined how evolutionary mechanisms (e.g., natural selection,
mutation, migration, and genetic drift) can also explain the process of cul-
tural transmission and evolution. Two of the most compelling innovations
of this model are the delineation of the role of social learning as the main
process of cultural transmission, and the introduction of highly detailed
mathematical models of vertical (e.g., parent—child, teacher—student) and
horizontal (e.g., peer—peer) cultural transmission. Cultural traits play a
crucial role in evolution by increasing adaptive fitness in the popula-
tion, and a parallel role to genetic inheritance (for further discussion, see
O’Brien & Bentley, chapter 8 in this volume).

The third major theoretical antecedent of culture and biology interplay
is dual-inheritance theory. Boyd and Richerson (1985) proposed that the
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evolution of genes and culture as inheritance systems is shaped by natural
selection and that these two systems are engaged in a dynamic competition
to influence the phenotype of individuals. However, these two systems dif-
fer in the way they are transmitted. While culture is continuously transmit-
ted by either genetically related or unrelated individuals, genes are passed
only once by parents. Furthermore, while parents might not contribute
equally in the transmission of culture to their offspring, their genetic con-
tribution is equal (Richerson & Boyd, 1978). One of the most notewor-
thy features of this model is the consideration of cultural processes as a
second inheritance system that operates in dynamic interplay with genes,
the first inheritance system. More recently, Mesoudi and colleagues (2006)
proposed a unified theory of evolution that attempted to synthesize bio-
logical, social, and behavioral sciences, but this formulation was met with
fierce criticism (see Ingold, 2007), and was followed by further disagree-
ments (see Acerbi & Mesoudi, 2015; Morin, 2016).

In psychology, there is also a tradition of research in this field, as scholars
have employed biological metaphors to account for the role of culture
in child development (e.g., developmental niche, Super & Harkness,
1986). In addition, Li (2003) formulated a biocultural model to approach
cognitive and behavioral development across the lifespan. Li (2003) pro-
posed a triarchic perspective that approached culture as ongoing social
processes (e.g., interpersonal interactions, social situations) that operate
in the present time, as relevant for the development (e.g., cognitive) of
individuals throughout their lives, and as socially inherited resources
(e.g., tools, knowledge, values) that have accumulated throughout human
evolution. We delineate different levels of culture and biology interplay by
employing these three perspectives of biocultural analysis formulated by
Li (2003).

Levels of Culture and Biology Interplay

The interplay of cultural and biological processes takes place at the social,
developmental, and evolutionary levels (for other discussions of levels
of analysis in culture and biology, see Causadias & Korous, and Doane,
Sladek, & Adam, chapters 7 and 10 in this volume). First, the social
level of interplay encompasses scenarios in which cultural and biological
processes are influencing each other in social situations in the present
time. For instance, enculturation into individualistic social orientations is
associated with differential activation of the prefrontal cortex, in contrast
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to individuals exposed to collectivistic cultural values (Chiao et al., 2009).
In contrast, some cultural practices can have distinctly positive biological
effects, as research suggests that prenatal behaviors among first-generation
Mexican-American mothers are the healthiest in comparison to other
ethnic groups (Fuller & Garcia Coll, 2010).

Second, the developmental level includes scenarios in which early expe-
riences can set up probabilistic trajectories that shape future outcomes
in the lifespan of an organism (i.e., ontogenetic history). For instance,
repeated negative social experiences can have important biological effects:
research conducted by Chae and colleagues (2014, 2016) has shown that
African Americans subjected to chronic discrimination internalize bias,
and are more likely to later experience telomere erosion, mental illness, and
shortened lifespans. Also, cultural experiences can account for differences
in developmental trajectories of autonomic nervous system functioning
between European Americans and African Americans (Fuller-Rowell et al.,
2013).

Third, the evolutionary level exemplifies scenarios in which culture
and biology have influenced each other over centuries and shaped the
adaptation of populations of organisms (i.e., phylogenetic history). The
role of agriculture in evolution leads to one of the prototypical examples
of how cultural changes increase our evolutionary fitness and shape the
genome, because it led the development of adult lactose tolerance. In most
mammals, the activity of the enzyme lactase, responsible for the digestion
of lactose in milk, is dramatically reduced after weaning. However, among
human populations with traditions of dairy farming there is a high per-
centage of individuals who continue to produce lactase (they are lactose-
tolerant), in contrast with populations without this cultural practice (see
Aoki, 1986; Feldman & Cavalli-Sforza, 1989). The evolutionary level
illustrates one of the unique features of culture—biology interplay, in that
human beings are capable of using their own cultural capital (e.g., science,
technology, medicine) to offset selective environmental pressures (e.g.,
disease survival, life expectancy), thereby shaping their own biological
evolution (Li, 2003). This idea is so revolutionary that it generated a debate
between evolutionary scientists that place natural selection as the pre-
eminent mechanism of population change, and those who argue in favor of
reciprocal causation and the role of alternative mechanisms, such as niche
construction (see Laland et al., 2014). Niche construction is the process by
which some species modify their own environment and act as co-directors
of their own evolution (Laland, Odling-Smee, & Myles, 2010), as is the
case with human agriculture (O’Brien & Laland, 2012). Importantly, niche
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construction builds upon and enhances our traditional views of inheri-
tance, incorporating a third component in addition to genes and culture:
the constructed niche or ecosystem (for a more detailed discussion of niche
construction, see O’Brien & Bentley, chapter 8 in this volume).

Types of Culture and Biology Interplay

In addition to the social, developmental, and evolutionary levels, there
are different types of culture and biology interplay. Using Rutter’s (2006,
2007, 2013) distinction, we can examine different ways in which these two
processes relate. First, culture can affect biological processes (C— B) at the
developmental level, through the effects of sociocultural experiences like
racial discrimination on neurobiological functioning (Zeiders et al., 2012),
and at the evolutionary level, as in the case of the emergence of the lactose-
tolerance genotype among some populations as a result of the invention
of dairy farming (Aoki, 1986; Feldman & Cavalli-Sforza, 1989). Second,
biological processes can shape culture (B—C), as evidence suggests that
individuals with certain dopamine genotypes may be more likely to engage
in reward-seeking behavior and migrate (Chen, Burton, Greenberger, &
Dmitrieva, 1999). Third, there are culture and biology interactions (CxB)
at the developmental level: some studies have found that certain genetic
variations moderate the link between racial discrimination and the
development of conduct problems (Brody et al., 2011) and criminal arrests
(Schwartz & Beaver, 2011). Fourth, culture and biology correlations (rCB)
are similar to B—C, and refer to biological influences on variations of expo-
sure to particular cultural environments (Richerson, Boyd, & Henrich,
2010). rCB can be approached at the evolutionary level to represent
gene—culture covariation. For instance, recent research on the association
between phonemes (i.e., the smallest units of speech capable of being per-
ceived), genes, and geography has shown that both genetic distance and
phonemic distance between populations were significantly correlated with
geographic distance, suggesting historical migration and recent population
contact (Creanza et al,, 2015). In contrast, at the social and developmen-
tal level, research on rCBs has shown how genetic and neighborhood
influences contribute to youth aggressive or non-aggressive antisocial
behavior (Burt, Klump, Gorman-Smith, & Neiderhiser, 2016). Fifth, in
culture—biology—environment interactions (CxBxE) genetic, cultural, and
ecological inheritance work together to produce certain outcomes: studies
have shown how genetics, ethnic heterogeneity, and neighborhoods shape

13
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aggression among adolescents (Hart & Marmorstein, 2009), and how
neighborhood disadvantage and genetics shape antisocial behavior (Burt
et al.,, 2016). For an examination of gene—culture—niche interplay research
(GxCxN), see Causadias and Korous, chapter 7 in this volume. Finally, there
are developmental approaches to culture and biology interplay, including
research on developmental cultural neuroscience (see Qu & Telzer, chapter
19 in this volume) and on the developmental effects of gene—environment
on culture (dcGE; see Causadias & Korous, chapter 17 in this volume).

However, it is critical to acknowledge that these types of culture—biology
interplay illustrate associations in a simplistic way in order to convey their
variety and isolate mechanisms. In reality, many of these interrelations
occur simultaneously. It is also important to approach these types under
Overton’s (2010) relational epistemology principles. Furthermore, cause-
and-effect relationships in biology are not easy to determine for multiple
reasons, including the extreme complexity of highly integrated systems,
the randomness of some events, the uniqueness of biological entities, and
the emergence of new qualities (Mayr, 1961). Therefore, these types of
interplay are suggestive of the influence of one system on another at a given
moment, rather than strict models of cause and effect.

Domains of Culture and Biology Interplay Research

The study of culture and biology interplay can be organized into differ-
ent domains that focus on the relationship between cultural processes
and one particular biological level of analysis, including animal culture,
cultural genomics, cultural neurobiology and cultural neuroscience (see
Figure 1.1). These domains provide the structure for this handbook.

Animal Culture

Research on animal culture has grown exponentially in the last decades,
advancing our understanding of variation in social learning and traditions,
as well as the crucial role culture plays in animal communities (Whiten
etal., 2011). Evidence of animal culture can be seen in the documented abil-
ity of different populations of chimpanzees (Pan troglodytes) in Africa to
use small stones as hammers and large stones as anvils to extract nuts from
their shells, as well as in the training involved in teaching their offspring
how to use these tools so the skill can be passed on to the next generation
(for an introduction, see Snowdon, chapter 4 in this volume). Comparative
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Figure 1.1 Domains of research in culture and biology interplay

research on animal culture can also improve our understanding of evolu-
tion and adaptation, for instance by comparing and contrasting primate
and cetacean culture (see Botting, van de Waal, & Rendell, chapter 5 in
this volume). Primate communication and the biological basis of caregiv-
ing constitute another key line of animal culture research, which explores
the multiple ways in which cultural processes and natural selection influ-
ence each other (see Snowdon, chapter 6 in this volume).

The notion that animals create and re-create culture is truly revolution-
ary in two ways. First, it dignifies the animal kingdom because it allows
us to further appreciate the enormous complexity, sophistication, and
meaning of non-human behavior and social systems. Second, it keeps us
from claiming that culture is exclusively human, while at the same time it
allows us to see connections with other social creatures. New research has
shown that animals also have culture, although debate exists over its pre-
cise nature. Whereas there is wide consensus that animals are incapable
of creating rich symbolic systems similar to human innovations (Laland &
Janik, 2006), of radically shaping their environment to the degree humans
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have (Laland, Atton, & Webster, 2011), or of transmitting and accumulat-
ing cultural capital (see O’Brien & Bentley, chapter 8 in this volume), recent
evidence calls into question the notion that animals are incapable of sym-
bolic culture. A recent study, for example, documented that in chimpanzee
behavior there may be evidence of primitive rituals unconnected to food
or status (Kiihl et al., 2016).

Nevertheless, we recognize the existence of culture in animals when it is
approached not with a rigid anthropocentric bias but as the transmission
of skills and knowledge from one generation to the next (Laland, 2008),
and when we recognize that these behaviors are learned and not merely
explained by genetic inheritance, that they are restricted to specific com-
munities, and that there are important variations between animal commu-
nities of the same species. Perhaps one way of settling the animal culture
debate is by reframing the question. Instead of forcing the debate to be
about whether culture is or is not exclusively human, which is possibly
a false dichotomy, we can approach it as a non-hierarchical, horizontal
continuum that ranges from behavioral to symbolic culture. We could
place fish and insects at one end of the spectrum, great apes and cetaceans
further down the line, and humans at the other end.

Cultural Genomics

Cultural genomics studies the interplay of genes, cultures, and environ-
ments, or the multiple ways in which cultural experiences affect, are
influenced by and covary with the genome and the environment to shape
behavior and cognition at the social, developmental, and evolutionary lev-
els (see Causadias & Korous, chapter 7 in this volume). Cultural genomics
also approaches the interplay of genes, culture and environment at three
levels: the social, developmental, and evolutionary levels (for a more
detailed discussion of the evolutionary level of gene—culture interplay, see
O’Brien & Bentley, chapter 8 in this volume). The social level of gene—
culture interplay represents day-to-day scenarios in which these processes
affect each other. For example, some individuals with certain genetic vari-
ants might be more susceptible to particular cultural experiences, such as
racial discrimination and prejudice (Brody et al., 2011; Sales et al., 2015).
At the developmental level of analysis, the study of gene—culture interplay
examines how genes, or culture, or both, trigger probabilistic trajectories
that lead to adaptive or maladaptive outcomes. For instance, evidence
suggests that continuity in cultural development is related to decreases
in depressive symptoms in individuals who carry specific genetic variants
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(Dressler, Balieiro, Ribeiro, & Santos, 2009). At the evolutionary level, cul-
tural genomics examines the cumulative effect of gene—culture interplay
in natural selection and adaptation of humans over centuries. Agriculture,
for instance, epitomizes how we not only adapt to our environment, but
build new niches to fit our needs. In turn, cultural innovations in agricul-
ture have eventually led to changes in the human genome (see O’Brien &
Laland, 2012).

Researchers in cultural genomics can inform our comprehension of
the importance of studying the joint influence of nature and nurture, for
instance by investigating religion, culture, and genetics (see Lo & Sasaki,
chapter 9 in this volume). Cultural genomics is one of the least studied
domains of culture and biology interplay in psychology, and most of the
studies employ a CxB approach by examining gene-by-culture interactions.
Also, while most research on this domain of culture and biology interplay
focuses on single genetic variants, such as 5-HTTLPR, there is an increased
awareness of the importance of using alternative approaches that can
provide a more compelling picture, including polygenic models, genome-
wide association analyses, and twin, family and adoption studies (see
Causadias & Korous, chapter 7 in this volume).

Cultural Neurobiology

Cultural neurobiology, or the neurobiology of cultural experiences
(Causadias et al., 2016), encompasses moment-to-moment, day-to-day,
year-to-year or ontological transactions among cultural processes and
central and peripheral stress-sensitive neurobiological systems, including
the autonomic nervous system (ANS), the hypothalamic-pituitary adrenal
(HPA) axis, and immune mechanisms (for an introduction, see Doane,
Sladek, & Adam, chapter 10 in this volume). For instance, stereotype threat
has been associated with increases in blood pressure and cardiovascu-
lar reactivity, sympathetic activation, and cortisol levels (John-Henderson,
Rheinschmidt, Mendoza-Denton, & Francis, 2014), while lifelong subjec-
tion to racial discrimination, as well as discrimination in the form of threats
or actual aggression, has been found to inversely predict heart rate variabil-
ity (Hill et al., 2017).

Cultural neurobiology is one of the domains of culture and biology
interplay that have received most recent attention: a growing number of
lines of study have examined the relationship between poverty, stress, and
allostatic load (see Doan & Evans, chapter 11 in this volume), the biolog-
ical consequences of unfair treatment (see Ong, Deshpande, & Williams,
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chapter 12 in this volume), the effects of cultural experiences, social ties
and stress on the HPA axis (see Wang & Campos, chapter 13 in this vol-
ume), cultural influences on parasympathetic activity (see Hill & Hoggard,
chapter 14 in this volume), and stress reactivity and drug use vulnerability
in culturally diverse communities (see Obasi, Wilborn, Cavanagh, Yan, &
Ewane, chapter 15 in this volume). Importantly, most of the literature
in cultural neurobiology focuses on C—B effects. Similarly to cultural
genomics, research on this domain of culture and biology interplay often
employs a single marker of the neurobiological effects of stress, such as
measures of cortisol. There is an increasing awareness of the need to
utilize comprehensive indexes that provide a most comprehensive picture
of the affected systems, such as allostatic load (for a discussion, see Doan &
Evans, chapter 11 in this volume).

Cultural Neuroscience

Cultural neuroscience is an emerging interdisciplinary field that integrates
theories and methods from cultural and social psychology, anthropology,
and social and cognitive neuroscience to investigate the interactions
between culture and the brain at different timescales (for an introduction,
see Lin & Telzer, chapter 16 in this volume). Cultural neuroscience studies
sociocultural variations in cognitive and social processes and how they are
represented in the brain. It aims to uncover how repeated engagement in
different sociocultural environments might have influences on the brain
(Kitayama & Uskul, 2011). Cultural neuroscience does not necessarily
look at neural similarities and differences between races and nationalities
but rather between and within cultures (Chiao & Ambady, 2007; Chiao
et al., 2010). Studies in this field have shown that Latino adolescents who
reported greater family obligation values showed decreased activation in
reward regions during risk taking and increased activation in cognitive
control regions during behavioral inhibition (Telzer, Fuligni, Lieberman, &
Gdlvan, 2013), underscoring how cultural values can shape the brain.
Importantly, these neural systems predict long-term adjustment (Telzer,
Fuligni, Lieberman, & Galvan, 2014), further highlighting that culture
shapes neural processing, which impacts behaviors over time.

Cultural neuroscience is perhaps the most established domain of
research in culture and biology interplay, with an emerging literature on
the causes and consequences of cultural differences in social cognition
(see Meyer, chapter 17 in this volume), culture and self—other overlap (see
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Varnum & Hampton, chapter 18 in this volume), and culture, brain, and
development (see Qu & Telzer, chapter 19 in this volume). As a testa-
ment to this growth, the last decade has seen special issues and handbooks
devoted to cultural neuroscience, and even a new journal (Culture and
Brain). Notably, most of the literature in cultural neuroscience focuses on
C—B effects.

Conclusions and Future Directions

There are possible aids to overcoming obstacles in future culture and
biology research (see Table 1.1). First, we should avoid reductionism and
determinism in the employment of increasingly sophisticated biological
methods in behavioral science in order to overcome well-founded skepti-
cism (Schwartz et al., 2016). To do so, we should aspire to develop models
and methods that reflect the complexity of human and animal culture, as
well as conducting research on the intersection of multiple types, levels,
and domains of culture and biology. Following Overton’s (2010) principles
will be key in this endeavor. They provide a stable base for inquiry — not an
absolute fixity or absolute relativity, but a relative relativity (Latour, 1993).
Admittedly, creating a grand theory of the field might not be attainable in
the short term, so in the meanwhile we can focus on “patchy reductions” in
which sections of a causal network are elucidated, progressively leading to
a better understanding of the whole system (see Kendler, 2005; Schaffner,
1994).

Second, instead of using biomedical and genetic methods to justify social
and racial hierarchies, we should employ these methods to document the
effects of social injustice and inequality. For instance, we can use novel

Table 1.1 Obstacles and solutions in culture and biology interplay research

Obstacles Solutions

Reductionism and determinism Complexity and “patchy reductions”

Justification of social hierarchies Documenting the effects of injustice and
inequality

Unethical biomedical research Community participatory research

Disconnection between fields Interdisciplinary research approaches
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biologically informed methods to provide further evidence of the delete-
rious effects of racial discrimination and unfair treatment on the nervous
system (see Hill & Hoggard, and Ong, Deshpande, & Williams, chapter 12
in this volume) and on genes (Chae et al., 2014, 2016). Similarly, by appreci-
ating the complexity of animal culture we might be persuaded to promote
conservation efforts for endangered species of apes and other mammals,
which are rapidly losing their cultural heritage through poaching and habi-
tat loss (see Yong, 2015).

Third, to overcome the legacy of unethical biomedical research with
underprivileged communities, and the mistrust that it has engendered, we
should develop community participatory research approaches that make
individuals and groups active partners in research designs, and incorpo-
rate their needs and legitimate demands into the proposed outcomes (see
Minkler & Wallerstein, 2008). This would not only help advance science,
but hopefully generate interventions and applied solutions to community
challenges that arise from the intersection of culture and biology.

Fourth, in order to address the disconnection between scientific fields
and avoid intellectual insularity, it is necessary to promote new hybrid
training programs, interdisciplinary research groups, grant opportunities,
and peer-reviewed journals that can truly carve a new niche for this emerg-
ing discipline. Along these lines, we have created the Culture and Biology
Initiative, an effort aimed at generating innovative models, studies, and
questions. This initiative includes this handbook, which showcases some
of the most ground-breaking thinking and research in this field, a special
section on culture and biology in the journal Cultural Diversity and Ethnic
Minority Psychology (see Causadias et al., 2016), symposiums in research
conferences, new courses and teaching seminars, and the formulation of
novel collaborative research projects.

In this chapter, we began by examining some obstacles preventing the
integration of culture and biology in behavioral sciences. To overcome
these obstacles and their consequences, we introduced the field of cul-
ture and biology interplay, defining its basic principles and providing an
overview of its history. We examined different types, levels, and domains
of research in culture and biology interplay. The chapters that follow offer
varied examples that illustrate the breadth of the disciplines and methods
that are giving shape to this emerging field. We hope this collection will
illustrate how insights that cut across disciplines, across biological systems
and conceptualizations of culture, and even across species, may facilitate a
better understanding of what it means to have culture, and the evolution-
ary significance of culture and biology as integrated systems of adaptation.
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Integrating Culture and Biology in Psychological Research:
Conceptual Clarifications and Recommendations

Moin Syed and Ummul-Kiram Kathawalla

Psychological research that integrates cultural and biological perspec-
tives has become increasingly prevalent in the last decade (see reviews by
Causadias, 2013; Han et al., 2013; Kim & Sasaki, 2014; Mrazek, Harada, &
Chiao, 2015). Despite the apparent impressiveness of the scope and meth-
ods of this work, psychological research integrating cultural and biological
processes remains very much in its infancy. This fledgling status leads to
great excitement about the new questions that can be asked and answered;
very little has been addressed empirically, and thus the sky is seemingly
the limit for the future of the field. At the same time, its nascence demands
that we take stock of how the field approaches conceptualization and mea-
surement, before we get too deep, too rooted in one way of doing things.

The purpose of this chapter is to provide such a reflection. The primary
goal of our chapter is to raise what we view as some of the most sub-
stantial conceptual and methodological issues of which researchers in the
field should be aware. This chapter is by no means intended to serve as an
exhaustive review of the field, nor is it intended to address all critical issues
in this area of research. Rather, it is meant to provide a broad introduction
to the types of thinking that we feel researchers interested in culture and
biology interplay would benefit from engaging in.

To facilitate our goals, the chapter is organized into two broad sections.
In the first section we address the question, what is cultural psychology?
Within this discussion we highlight the critical need for researchers study-
ing culture and biology to carefully conceptualize the nature of cultural
groups, and pay special attention to the supposed biological basis of race.
We adopt a broad view of culture that involves shared meanings, values,
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and practices within and among groups (Cohen, 2009; Rogoff, 2003;
Shweder, 2000). We do not offer a companion section on what is biological
psychology? The conceptualization of biological psychology is not nearly
as diffuse and contested as is that of cultural psychology. “Biological psy-
chology” generally refers to linking genetics or activities of the nervous
system to behavior and mental process. Numerous specific approaches
are subsumed under this broad header, including behavior genetics, cog-
nitive/affective/social neuroscience, and physiological psychology. We do
not treat these separately in this chapter, as the issues we raise are broadly
applicable across different levels of analysis. It is also important to note
that, although we use the phrasing “culture and biology” throughout this
chapter, and often discuss them as independent levels of analysis, we do so
with full recognition that the two are not so easily separable.

In the second broad section of this chapter we provide some specific
recommendations for future researchers who wish to pursue a rigorous
scientific approach to understanding the interplay of culture and biology.
The ultimate goal of this chapter is to encourage researchers to engage in
deeper thinking about conceptual and methodological issues that have the
potential to compromise their work.

What Is Cultural Psychology?
The term “cultural psychology” refers to a broad family of approaches
dedicated to understanding human diversity in psychological processes.
Understanding that cultural psychology is broad, subsuming many differ-
ent approaches, is critical in the context of this chapter, as there may be dif-
ferent concerns associated with each of the different cultural approaches.

Shweder (2000) articulated the nature and relations of the “three psy-
chologies”: cultural psychology, cross-cultural psychology, and indigenous
psychology. Each of these represents an approach to conducting research
on the cultural nature of behavior and mental processes. Cultural psychol-
ogy assumes psychological pluralism — that cultures and societies around
the world exhibit different mentalities that define their psychological
experience (see also Hammack, 2008; Rogoft, 2003). The emphasis of
cultural psychology tends to be on the meanings that people make of their
existence, from their own perspective. Importantly, cultural psychology
does not reject the idea that there are universal or common processes
among groups of people. Indeed, most cultural psychologists subscribe
to the idea that while general psychological processes might be universal
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(e.g., developing a sense of identity), the specific instantiations of those
processes (e.g., the content of the identity) will vary by culture. Indige-
nous psychology, according to Shweder (2000), is more or less the same as
cultural psychology in its emphasis on local psychological meanings. How-
ever, indigenous psychology often originates from within the culture that is
being studied (rather than from an outside researcher studying a different
cultural community), makes greater use of culture-specific folk concepts,
and may be less concerned than cultural psychology with the implications
of the findings outside of the context in which they were generated. In
contrast, cross-cultural psychology is largely an extension of “mainstream”
or non-cultural psychological research (Segall, Lonner, & Berry, 1998).
Cross-cultural psychologists are generally more concerned with estab-
lishing human universals in psychological processes and contents, and
thus are oriented towards testing the generalizability of existing findings
or establishing cross-cultural measurement invariance of established con-
structs (Matsumoto, 2003). This orientation towards generalization is a
very different focus from that of cultural psychology and its focus on local
meanings that may or may not generalize.

Shweder’s (2000) description of these three psychologies is clear and
important, yet also incomplete in two primary ways. The first is that
his analysis does not fully articulate the diversity of approaches within
the cultural psychology framework. There are three general approaches
we will expand on here. First, there is the cultural-developmental work
falling under the umbrella of sociocultural theory, which is largely based
on the writings of Vygotsky (1978) and Leontev (1978). This approach
places a strong emphasis on development as culturally situated and medi-
ated through tool usage (e.g., language and communication), and thus fre-
quently consists of analyses of psychological phenomena embedded in
activities (Rogoff, 2003). A somewhat similar approach, most clearly linked
to the cognitive approach of Bruner (1990), Harré (2015), and others,
focuses heavily on culture as meaning, as discussed by Shweder (2000), but
places greater emphasis on meaning constructions in naturally occurring
conversations. This discursive approach to psychology takes a stronger
stance on power dynamics than sociocultural theory, seeking to under-
stand how contexts can constrain cultural expressions (Durrheim & Dixon,
2010). Finally, a third approach to cultural psychology, found mostly in
social psychology, may be most recognizable to readers. This work is
strongly based in Hofstede’s (1980) cultural dimension of individualistic
versus collectivistic values and Markus and Kitayama'’s (1991) correspond-
ing theory of independent versus interdependent self-construals. This very
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large body of research is a good example of comparative cultural psychol-
ogy (see the handbook by Kitayama & Cohen, 2010); that is, although group
comparisons are foundational to this approach, the goal is not generaliza-
tion of psychological processes across cultures. In fact, the goal is often the
opposite: to demonstrate that cultures are quite different in some funda-
mental psychological process (what they value, how they understand the
self), and that these differences have major ramifications for how people
think about and behave in the world. Thus, cultural psychology itself, even
within Shweder’s (2000) restricted definition, is quite diverse.

In a related vein, the second aspect lacking in Shweder’s (2000) presen-
tation is ethnic minority psychology (Cauce, Coronado, & Watson, 1998).
Ethnic minority psychology is concerned with the psychological expe-
riences of ethnic minorities within a specific nation, and can focus on a
single ethnic group or examine the similarities and differences among var-
ious ethnic groups (Cauce et al., 1998). The critical component of ethnic
minority psychology is the focus on the minority. Ethnic minority research
is always situated within the context of power differentials and access
to societal resources, and seeks to understand individuals’ psychological
experiences by examining the barriers minorities face and the strengths
they draw upon to overcome them (Garcia Coll et al., 1996; Cooper, 2011).
This is clearly a different project from cultural or cross-cultural psychol-
ogy, as defined by Shweder (2000). Because of the ethnic diversity in the
United States and Canada, the vast majority of ethnic minority research is
conducted in these two countries, although significant research also comes
out of the Netherlands (Verkuyten, 2005), the United Kingdom (Gaines
et al. 2010), Sweden (Gyberg, Syed, Frisén, Wingqvist, & Svensson, 2016)
and Israel (Seginer & Mahajna, 2004), among many other countries.

When we think about research on culture and biology, we find many
different broad approaches to culture in which the investigation may be
situated. It is important to be aware of these different approaches and to
be explicit about which one guides the study. Existing research on culture
and biology is not evenly distributed across these different forms; there is
more research within the social-psychological approach to cross-cultural
psychology (e.g., Chiao & Blizinsky, 2010), and essentially none within the
culture-as-meaning approach. Moreover, given the historical factors and
power dynamics, research on culture and biology may be received differ-
ently within these different approaches, both by researchers and by the
communities they study. For example, studying the genetic factors under-
lying mental health among African Americans may call for different con-
ceptualizations and safeguards than studying the same topic among White
Americans (see Snowden, 2012). The need to think about how research
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might be differentially executed with different groups raises the vexing
issue of how to conceptualize groups, an issue to which we now turn.

On Terminology Used in Cultural Psychology

The need to think about how to conceptualize groups may be one of the
most pressing issues for the future of culture and biology research. More-
over, as we will discuss, taking the nature of group definition seriously
poses a major threat to the validity of past research, as well as to its abil-
ity to serve as the necessary cumulative foundation. Conceptualization of
groups is critical to culture and biology because groups represent the start-
ing point in any conceptual model: whether a study is focused on one spe-
cific group or compares multiple groups, some boundaries for inclusion
or exclusion from each group have been set a priori. What processes do
researchers use to set these boundary conditions? What criteria are used
to determine the nature of the group definition?

The answer to these questions is, essentially, none. Rather than using
specific processes or criteria, the great majority of research in culture and
biology relies on colloquial understandings of groups, many of which are
potentially misleading. To be fair, this problem is by no means limited to
the domain of culture and biology. The challenge of defining and concep-
tualizing groups has a long history in psychology that continues to this day
(Anastasi, 1937; Garcia Coll, Akerman, & Cicchetti, 2000; Gjerde, 2004).

The terms race, ethnicity, culture and nation are difficult to define. Each
has a separate meaning, although there is ongoing debate about what
those meanings are. Moreover, there is considerable overlap among the
terms, which renders it nearly impossible to conceptualize them as orthog-
onal. Nevertheless, any inquiry situated within the phenomena captured by
these terms should be clear as to the meaning that will be used. We briefly
do that here.

The terms race and ethnicity may have the most contentious definitions
and may be the most difficult to disentangle. Despite this, there is growing
consensus among social scientists about how best to understand and use
these terms (see Umaiia-Taylor et al., 2014). Race is considered a socially
constructed system of power and dominance. Although debate continues,
most researchers agree that there is little evidence of a biological basis for
race (more on this issue below). Thus, rather than being considered a char-
acteristic of the individual, race is conceptualized as a system of power
that confers and sustains dominance upon those with access to social
and cultural power and marginalization upon those who do not enjoy
such access.
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Ethnicity is also a historically and socially informed construct but tends
to have a closer conceptual connection to culture than does race (Syed &
Mitchell, 2013). Ethnicity generally corresponds to the history, beliefs,
and practices of a relatively homogeneous group. If this definition sounds
similar to what a definition of culture might look like, that’s because it is.
There are, however, important distinctions between the two. Culture is a
system of shared beliefs, practices, and ways of living. Ethnic groups share
a cultural background, but cultural groups may or may not share an ethnic
background (e.g., American culture comprises many ethnic groups). In this
way, culture can be thought of as a broader, higher-order construct that
encompasses ethnicity.

Nations can encompass many races, ethnicities, and cultures, and thus
may be the least specific of the terms. Some nations comprise highly
diverse races, ethnicities, and cultures, particularly in the context of colo-
nialism and imperial nation-building (e.g., Iraq) and large-scale immigra-
tion (e.g., the United States). “Nation” does, of course, have meaning, but it
does not often have the meaning that many believe it does in psychological
research; that is, nation is not the same thing as culture (see Matsumoto,
1999). There can be a “national culture” that has psychological relevance,
but it must be understood that the national culture overlies many distinct
cultures that may or may not resemble the national one (McLean & Syed,
2015). For this reason, cross-national studies are often difficult to interpret
because it is unclear which culture is represented in the data.

To put the different definitions in the simplest possible terms, race per-
tains to social groups formed within a system of power, ethnicity pertains
to social groups who share a cultural background, culture itself is a system
of beliefs, practices, and behaviors, and nation refers to the country
in which individuals live. Shared characteristics contribute to ongoing
deliberations about the distinctiveness of the terms within psychological
research (Cokley, 2007; Helms, Jernigan, & Mascher, 2005). Moreover,
race and ethnicity can be particularly difficult to separate in the context
of actual research practice. For this reason, many have adopted a hybrid
term, “race/ethnicity;” to acknowledge that the terms are distinct but that
it is not really possible to separate race and ethnicity (Syed & Mitchell,
2013; Umana-Taylor et al., 2014).

On the Supposed Biological Basis of Race and the Justified Skepticism of Culture
and Biology Research

There are many reasons for cultural psychologists to be concerned, and
even skeptical, about the increasing integration of biological factors in
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cultural research. Indeed, there is a long history of biological arguments
being used to advance racial superiority (Graves, 2001). In-depth analyses
of biological theories of race through history are available elsewhere, and
the interested reader is encouraged to consult those texts (e.g., Graves,
2001; Smedley & Smedley, 2005). The genetic basis of intelligence is
the substantive domain that has certainly been the focus of the most
controversy and scholarly dispute, and thus serves as a good example. To
be clear, there is certainly strong evidence for the heritability of intelli-
gence, indicating a clear genetic contribution (Neisser et al., 1996). At the
same time, there is strong evidence for environmental contributions to
intelligence (e.g., Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman,
2003). The genetic basis of intelligence is an unsurprisingly sensitive topic
for many, given that race and racial differences have been at the center of
the discussion. From the eugenics movement in the late nineteenth and
early twentieth centuries, to Rushton’s research on race, brain size, and
intelligence (Rushton & Jensen, 2005; but see Cain & Vanderwolf, 1990), to
the publication of The Bell Curve (Herrnstein & Murray, 1994), genetics,
race, and intelligence have been the subject of academic and popular
debate.

A central question vis-a-vis the context of this chapter is the nature of
the groups being compared. A snapshot of American history highlights the
tenuous and shifting nature of race. Around the beginning of the twentieth
century, European immigrants from Irish, Italian, and Jewish backgrounds
were not considered White, but of a different “race” of their own
(Hochschild, 2005). Over time, with the changing economic and immi-
grant contexts, these groups have been absorbed into the broader White
“racial” group, although vestiges of their recent minority status remain
(Lipsitz, 1998). More recently, in the wake of the September 11th attacks
on the US, Muslims have become racialized. That is, a single historical
event created a racial group from a highly diverse group of approximately
1.6 billion people (in 2010) who live all around the world (Lipka, 2015).
The process is best described as racialization because a power structure
has been enacted in the US and other countries around the world that
enables racial profiling, hate crimes, and restrictions on religious freedoms
(Meer & Modood, 2009). Latinos in the US also present a curious case.
According to the federal government, Latinos (or Hispanics!) are not a
race but an ethnicity (Humes, Jones, & Ramirez, 2010). However, Latinos
have also been racialized, particularly in the context of immigration and
bilingual education (Solis, 2003). This historical dynamism of race makes
it difficult to derive a single definition, and is one of the arguments for a
social constructivist versus a biological view on race (Helms et al., 2005).
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The belief in racial taxonomies as “natural” is evident all around in psy-
chological research. In response to the media’s discussion and portrayal of
The Bell Curve, a group of 52 researchers contributed to a Wall Street Jour-
nal editorial, “Mainstream science on intelligence” (see Gottfredson, 1997
for the editorial and some background). The statement consisted of 25
brief points that cover general issues of what intelligence is, how it can be
measured, its genetic basis, and racial variation. On this latter issue, point
7 reads, in part, “Members of all racial-ethnic groups can be found at every
IQ level ... but groups often differ in where their members tend to cluster
along the IQ line” (Gottfredson, 1997, p. 14). On the basis of this state-
ment, they took as fact that the particular racial groups identified could be
reliably and meaningfully classified. It is not until point 24 that they write,
“Because research on intelligence relies on self-classification into distinct
racial categories ... its findings likewise relate to some unclear mixture of
social and biological distinctions among groups (no one claims otherwise)”
(Gottfredson, 1997, p. 15). Thus, appropriately, they cast doubt on the
accuracy and meaningfulness of the categories, the same categories that, in
several earlier points in the list, they made reference to in regard to reliable
and valid group differences in intelligence. Rather than putting it at the end
of the list, it would have been more appropriate to begin with the prob-
lems of racial categorization and highlight how such problems render all
subsequent points regarding race tenuous. Indeed, there is currently great
consensus across numerous disciplines that the evidence for a biological
basis of race is severely lacking (Bonham, Warshauer-Baker, & Collins,
2005; Caulfield et al., 2009; Teo, 2009; but see Risch, Burchard, Ziv, & Tang,
2002). Indeed, there is agreement that any racial variations in genetic
patterns can be attributed to geographic regional origins, and not to race
(for example, sickle-cell anemia, often considered a “Black disease,” is an
adaptive genetic mutation found in malaria-prevalent areas, including
India, the Caribbean, and sub-Saharan Africa; Rees, Williams, & Gladwin,
2010; Serre & Paabo, 2004).

A great deal of ink has been devoted to discussing the challenges and
perils of racial classification and the definition of groups (Bhopal, 2004;
Gjerde, 2004; Hochschild, 2005). One way to think about all of this is that
a supposed, but incorrect, biological model of groups serves as the foun-
dation for how we think about groups. We then examine how these groups
differ in biological functions. However, this tautological approach rests on
a false premise. Indeed, there is great irony in lauding their rigorous “scien-
tific” approach to their research when they take racial groups as givens, not
seriously questioning the origins of how the groups were constructed (see
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Lipsitz, 1998 for a fascinating account of the creation of “Whites” in the
US, and Teo, 2009, on the origins and problems of the term “Caucasian”).
The following section provides some suggestions for what a scientific study
of culture and biology ought to be.

The Path Forward: Recommendations for a Sensible Science
of Culture and Biology

Despite the emphasis heretofore on questions and criticisms associated
with culture and biology research, the integration of these two broad levels
of analysis is important for the future of psychology. Indeed, there are many
exciting programs of research that have struck a proper balance between
innovation and rigor (e.g., Neblett & Roberts, 2013; Obasi et al., 2015), and
building upon these exemplars will be important in the development of
a credible knowledge base. In this section, we provide recommendations
and considerations for scholars engaging in culture and biology research.

Assess the Psychological Process Underlying Group Differences

It is essential that studies conceptualize, measure, and analyze the psycho-
logical processes that underlie any purported group-based phenomenon.
This is especially important for cultural comparative work, in which two
or more cultural groups are compared on some process. At this point
in our knowledge of cultural processes, methodologies, and interpretive
pitfalls, there is little justifiable reason to compare groups analytically and
leave interpretation up to speculation. For example, if “Asians” and “West-
erners” are compared on some outcome, interpretation will often rely on
differences in interdependent versus independent self-construals, respec-
tively (see Matsumoto, 1999). That people from such cultural groups
align with these self-construals, however, is a point of serious contention
in the literature (Gjerde, 2004; Matsumoto, 1999; Oyserman, Coon, &
Kemmelmeier, 2002; Syed & Mitchell, 2013; Takano & Osaka, 1999).
Ilustrating this approach, Kitayama and colleagues (2015) compared the
association between expressions of anger and biological health risk (a
composite of four inflammation and cardiovascular malfunction biomark-
ers) among a sample of Japanese and American adults. They purported
to assess how “culture” moderated the association between expressions
of anger and biological health risk, but they did not actually include any
measure of culture. Rather, they used national origin of the participants
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as a proxy for culture, and then interpreted the findings in the context of
cultural differences in independent and interdependent self-construals
(which were not assessed in the study). Again, this analytic approach has
been roundly criticized for what should be obvious reasons (Gjerde, 2004;
Matsumoto, 1999; Tamis-LeMonda et al., 2008).

Rather than relying on contested cultural stereotypes, researchers must
test the putative psychological mechanism underlying group differences
(Helms et al., 2005). This may lead to surprises. Chiao and colleagues
(2009) conducted a study that examined whether activation in the medial
prefrontal cortex (MPFC) during a self-relevant judgment task was asso-
ciated with participant ratings of individualism and collectivism among
a sample of White Americans and Japanese. The primary finding was
that MPFC activation was greater when participants identifying as indi-
vidualistic described themselves in general terms and when participants
identifying as collectivistic described themselves in contextual terms. The
importance of actually assessing the cultural values is clear: Using a cate-
gorical procedure,? they found that the Japanese participants were more
likely than Americans to be classified as individualistic (58% versus 25%)
and thus conversely the Americans were more likely than the Japanese to
be classified as collectivistic (75% versus 42%). Thus, consistently with past
research (e.g., Takano & Osaka, 1999), self-construal did not map onto
national origin as is repeatedly asserted in the literature (e.g., Kitayama
et al., 2015). Importantly, this study relied on a very small sample (N = 24),
so any findings should either be considered tenuous or be regarded with
extreme skepticism. Indeed, as will be discussed next, there are many crit-
ical methodological issues that must be attended to in research on culture
and biology.

Clue in to the Myriad Discussions of Methods Reforms in the Wake of the
“Reproducibility Crisis”

For the most part, cultural psychologists have been noticeably absent from
the conversations about reforming the science of psychology (see John,
Loewenstein, & Prelec, 2012; Open Science Collaboration, 2015). This
could be, in part, because many of the issues arose out of experimental
social psychology, an approach used by only a small slice of cultural psy-
chologists. Researchers in biological psychology, in contrast, have been
very involved in the debate, particularly those in behavior and molecular
genetics and social cognitive neuroscience. It is worth considering these
areas in some detail.
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Much of the existing research on cultural genetics takes a candidate
gene approach, often in the context of a genetic x environmental (GxE)
design (Beach et al., 2014; Obasi et al., 2015; see Kim & Sasaki, 2014, for
a review). GXE models examine how the association between an environ-
mental factor and a given outcome depends on the presence of particular
genetic polymorphism (Duncan, Pollastri, & Smoller, 2014). Arguably the
most well-known of these types of analyses is Caspi and colleagues’ (2003)
study of stressful life events and depression, in which they found that the
presence of the short allele on the 5-HTT serotonin transporter resulted
in a stronger association between stress and depression. In other words,
the genetic polymorphism moderated the association between stress and
depression, providing clues about why some people are more impacted by
life stress than others.

Despite the prevalence and apparent appeal of the candidate gene
GxE designs, they have several major limitations. First, there is ongoing
debate about the replicability of the findings. For example, Caspi and
colleagues’ (2003) study of 5-HTT and depression has been subject to
numerous replications and meta-analyses that have left the verisimilitude
of the finding unresolved (e.g., Clarke, Flint, Attwood, & Munafo, 2010;
Risch et al., 2009). Similarly, a major challenge to interpreting this line
of research is that, like many areas of psychology, it likely suffers from
extreme publication bias (Ferguson & Heene, 2012). Not finding that a
genetic polymorphism moderates a psychological association may be very
difficult to publish — especially if it has not previously been identified in the
literature. Moreover, the candidate gene approach isolates a single genetic
variant as responsible for the observed psychological outcomes, when in
nearly all instances multiple genes operate in conjunction to contribute
to such a result (e.g., the multifactorial polygenic model; Gottesman &
Shields, 1982). Finally, analysis of a candidate gene requires researchers
to identify and develop hypotheses about that specific gene, leading to a
strong likelihood that other important genetic variants will be overlooked
(Hirschhorn & Daly, 2005). For these reasons and more, some researchers
in behavior genetics have increasingly made use of genome-wide associ-
ation studies (GWAS), which involve genotyping a large portion of the
genome using very large samples (> 100,000) to identify common genetic
variants (Hirschhorn & Daly, 2005; but see Visscher, Brown, McCarthy, &
Yang, 2012, for some criticisms of the GWAS approach).

When taking these developments into consideration, consumers of cul-
tural genetics research should be skeptical of existing genetic studies. It is
critical to investigate the replicability of the association and properly assess
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the potential of publication bias toward statistically significant associations
before taking such findings seriously. As discussed in more detail below,
these cautions are not limited to research on cultural genetics, but, given
the historical context and interpretive affordances of this work, extra care
may be called for.

The field of cultural neuroscience has enjoyed tremendous growth in
recent years (Kim & Sasaki, 2014), riding the broader wave of neuro-
science perspectives that are permeating all areas of psychology (Schwartz,
Lilienfeld, Meca, & Sauvigné, 2016). In social cognitive neuroscience, how-
ever, arguably the biggest threat to reproducibility is underpowered studies
(Yarkoni, 2009). In part because of the resources involved (time and cost),
social neuroscience studies tend to have very small samples. Conventional
wisdom held that it was impressive to detect an effect with a small sample,
suggesting that the effect is “large” One of the most important revelations
in recent years is that rather than detecting an effect in spite of a small
sample, it is much more likely that the effect was detected because of the
small sample. The unreliability associated with the small sample, the bias
introduced by questionable research practices (e.g., optional stopping in
data collection, selective use of covariates) and the analytic procedures
that inflate Type 1 errors work together to seriously bring into question
the reproducibility of the original findings (John et al., 2012; Simmons,
Nelson, & Simonsohn, 2011).

Again, these issues dovetail with prior assertions that we use extra care
in our theory and conceptualization when doing work at the interface of
culture and biology. Many studies rely on very small samples — much too
small — and results from such studies should at best be interpreted with
extreme skepticism and at worst be disregarded altogether. Finally, it is
important to note that behavioral neuroscience researchers are working
on solutions to the problem of small samples due to resource constraints
(see Mar, Spreng, & DeYoung, 2013, for an excellent example).

Be Especially Attentive to Effect Sizes versus p-Values

By now it seems so redundant as to be trite, but it is imperative that
researchers put stronger interpretive weight on the observed effect sizes
to understand the nature of any effect or association, rather than the
binary interpretive framework enabled by p-values (at least within the
context of null hypothesis significance testing). Effect sizes give greater
interpretive information to the strength of the association, rather than the
mere presence of an association afforded by p-values (Cumming, 2013). In
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cross-national, cross-cultural, or race-comparative designs this is espe-
cially critical, because “statistically significant” differences between
groups can be interpreted as “completely non-overlapping” Unfortunately,
researchers will, at times, provide interpretations that facilitate this way of
thinking. Matsumoto, Grissom, and Dinnel’s (2001) analysis of effect sizes
in cultural research, which they called “cultural effect sizes,” poignantly
illustrated how the lack of effect size reporting can lead to faulty interpre-
tations. And yet, despite such pleas, some researchers continue to omit
effect sizes in their reports (e.g., Kitayama et al., 2015). Fortunately, effect
sizes can be calculated ex post facto provided that sufficient information
is included in the report: Cohen’s d and Pearson’s r can be calculated
from the ¢-statistic and associated degrees of freedom (df). Calculation
of effect sizes for the Kitayama et al. (2015) study indicates that they are
quite small (for simple effects all ds < .14 and all s < .09). These data are
not consistent with their conclusion (effect sizes added by us) that “[t]his
pattern was quite robust for the expressive facet of anger [ds = .13-.15,
rs = .06—.08], but weak for anger suppression [ds = .06—.11, rs = .03—-.06]
and negligible for trait anger and anger control” (p. 216). To be clear, we
are certainly not picking on this one paper: the lack of reporting of effect
sizes is widespread in cultural psychology, both biological and otherwise
(e.g., Mathur, Harada, & Chiao, 2012; Meisel, Ning, Campbell, & Goodie,
2015). This practice must stop.

Be Skeptical of “Established” Measures of Culture

Another major issue in this line of research is the conceptualization and
measurement of culture itself, a point that has been made by researchers in
cultural and biological psychology (Caspi, Hariri, Holmes, Uher, & Moffitt,
2010; Causadias, 2013; Matsumoto, 1999). The Hofstede (1980) index of
individualism—collectivism is arguably the most widely recognized and
used measure of cultural values. We have found that few researchers
actually know how the Hofstede indexes were generated, this despite their
ubiquity in the field. The original work was based on pre-existing data
collected from over 100,000 employees of the large multinational corpo-
ration International Business Machines (IBM) from 66 countries between
1968 and 1973. This brief description should raise several red flags and
causes for concern. Moreover, despite the large sample, the sample sizes
were not evenly distributed across the different countries (e.g., there were
only 107 respondents in Pakistan). These were the data that were used to
generate the index scores that are so widely used and taken as fact in some
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cultural-biological research (e.g., Chiao & Blizinksy, 2010; Fincher,
Thornhill, Murray, & Schaller, 2008). We recommend McSweeney’s (2002)
critical review of the Hofstede indexes as required reading for any produc-
ers or consumers of cultural research, as it highlights a number of threats
to the validity of a large body of research. Moreover, Hofstede’s approach
treats individualism—collectivism as a single continuum and a static aspect
of culture (Chiao & Blizinksy, 2010; Fincher et al., 2008). Tamis-LeMonda
etal’s (2008) explication of a “dynamic” way to implement these constructs
as contextualized processes linked to developmental goals is also required
reading. In short, studying cultural processes is messy, and researchers
should be highly skeptical of overly parsimonious approaches.

These Issues Are Not Limited to Culture and Biology

Many of the issues raised in this chapter are, of course, not limited to
culture and biology research. Issues of group definition and the need to
examine underlying psychological process are just as relevant to cultural
psychology on its own as they are to culture and biology research (see
Helms et al., 2005; Matsumoto, 1999; Syed & Mitchell, 2013). Similar
issues are at play for research on gender and biology (Fine & Fidler, 2015;
Rippon, Jordan-Young, Kaiser, & Fine, 2014) and for educational neuro-
science (Bowers, 2016). One of the reasons that we highlight group con-
ceptualization in this chapter is that, in the context of biological processes,
the stakes are much higher. Evidence for biological processes can be inter-
preted as though the evidence is natural and immutable (Gould & Heine,
2012). At the same time, the current zeitgeist of valuing biological pro-
cesses in psychological research means that cultural work that includes a
biological component may have a greater chance of receiving grant fund-
ing and getting published in high-visibility journals (Schwartz et al., 2016).
This confluence of factors suggests that great care must be taken with con-
ceptualization issues when doing research on culture and biology.

Check Assumptions, Break Barriers, and Seek Collaboration

Rigorous research on culture and biology requires expertise in both cul-
tural and biological processes. This is a relatively rare, although not impos-
sible, combination of expertise for an individual investigator, and there
are few training programs that would adequately prepare researchers to
go it alone. A fruitful path forward is to develop collaborations among
researchers with differing perspectives. One barrier to doing this is simply
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getting these researchers in the same room. Psychology is such a fractured
field, in which subdisciplines effectively operate as separate disciplines.
Moreover, there needs to be greater understanding of the fact that many
researchers may be interested in integrating cultural and biological per-
spectives, but assumptions about the interests of other researchers get in
the way. In conclusion, we are all interested in human psychological func-
tioning, and all levels of human functioning are linked to some degree, so
we should pursue collaborations that can expand our understandings.

Conclusions and Future Directions

We conclude with a cautionary tale. Increasingly, cultural psychologists
are looking to move beyond the traditional focus on understanding vari-
ation in self, identity, and corresponding outcomes, and towards “larger”
perspectives that signal evolutionary or otherwise biological significance.
In 2014, a study published in Science linking self-construals to agricultural
practices received quite a bit of media and scholarly attention (Talhelm
et al., 2014). The authors argued that the labor and cooperation required
for rice farming lead to greater levels of interdependent self-construals
than wheat farming, which can be carried out relatively autonomously
and is thus associated with greater independent self-construals. This move
is consistent with other large-scale theories, namely the modernization
hypothesis (Inglehart & Baker, 2000) and the pathogen prevalence theory
(Fincher et al., 2008), that seek to understand population-level causes for
cultural variation in psychological processes. In general, this is a very good
thing for the field, and if you read Talhelm and colleagues’ paper, it appears
rather convincing.

Despite the appeal and apparent rigor of Talhelm and colleagues’ (2014)
study, several published critiques very quickly surfaced, focusing on a
range of conceptual and methodological issues, some of which are quite
substantial (Hu & Yuan, 2015; Roberts, 2015; Ruan, Xie, & Zhang, 2014).
Whether or not rice and wheat production are related to psychological
phenomena remains an open question: there are simply not enough avail-
able data from which to draw conclusions with any certainty. It is worth
reading these articles, and the others on this topic, as there are many gen-
eral lessons to learn from them. One lesson in particular serves well as a
parting thought. As we all seek to expand the scope and significance of our
research, including greater linkage between cultural and biological pro-
cesses, we must be careful and measured in our studies and conclusions,
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and how we disseminate them. In other words, by all means let us integrate
cultural and biological perspectives when we seek to understand psycho-
logical phenomena, but let us also demonstrate the appropriate caution as
we do so.

Notes

1 The term ‘Hispanic’ itself is an interesting case story in race. The term was pop-
ularized by Richard Nixon’s administration as a way to classify a group of diverse
people for social and political purposes. Because of this, and because of the link
to their Spanish colonizers, many prefer the term Latino, which is what we use in
this chapter. However, there is wide geographical variation in what is considered an
acceptable term, with Hispanic being much more acceptable on the US East Coast
than on the West Coast.

2 This approach, it should be noted, is not advised, as individualism and collectivism
are more properly conceptualized as two continuous value orientations than as the
ends of a single continuum (Tamis-LeMonda et al., 2008).
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Understanding Religion from Cultural and
Biological Perspectives

Stefanie B. Northover and Adam B. Cohen

We present a synthesized cultural and biological explanation of the ori-
gin of religious beliefs and behaviors. Any phenomenon is the effect of
multiple causes (Mayr, 1961), but we will pay special attention to cultural
and biological causes. Specifically, we will propose that religious beliefs
first appeared as byproducts of evolved cognitive adaptations, that these
byproducts may be adaptive or functional, and that cultural learning largely
determines the details of one’s religious beliefs and behaviors and partly
determines the degree of one’s religiosity. In all we discuss religion as a
product of a complex interplay of culture and biology.

First, we note that it is not easy to discuss what features religions do and
do not have in common, or even what a religion is. As Cohen (2009) noted,
religion is a fuzzy set, comprised of religious traditions with very different
features. Nonetheless, all religions involve moral codes, rituals, commu-
nity, and beliefs about supernatural agents (Atran & Norenzayan, 2004;
Saroglou, 2011). While these commonalities are important, some liber-
ties must be taken in considering certain features to be common across
religions (for example, considering both Buddha and the Jewish God to be
supernatural agents), while also acknowledging the unique cultural instan-
tiations of religions.

Where Religions Come From

There is no way of knowing exactly when religion emerged, but certain
behaviors among non-human primates, such as chimpanzee accumula-
tive stone throwing, share features with human rituals (Kihl et al., 2016).
The Handbook of Culture and Biology, First Edition. Edited by José M. Causadias, Eva H. Telzer
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Precursors of religious beliefs and behaviors might, therefore, have
emerged in our pre-human ancestors. Humans are equipped with evolved
psychological mechanisms for solving problems of survival and repro-
duction that recurred over evolutionary history. Many religious repre-
sentations have been explained as byproducts of these adaptive cognitive
systems. Religious concepts may flow naturally from intuitive mental sys-
tems such as teleology (Kelemen, 2004), person permanence (Bering,
2011), dualism (Bloom, 2005), agency detection, anthropomorphism, and
theory of mind. We will focus on the last three.

Supernatural Agents

Supernatural agents play a large role in religion (Atran & Norenzayan,
2004; Barrett, 2000; Boyer, 2003; Guthrie, 1993). An agent is an animal,
person, or other being that reacts to others and can move of its own accord
(Barrett, 2004; Boyer, 2001, 2003). Belief in supernatural agents, including
gods, spirits, ancestors, ghosts, demons, angels, and jinn, is culturally uni-
versal (Pyysidinen, 2009; Whitehouse, 2004).

Humans possess a cognitive mechanism for detecting agency. This ability
to recognize agents goes beyond mere object recognition, as demonstrated
by New, Cosmides, and Tooby (2007). Participants were shown images of
scenes, such as an African savannah or a desk, and then, a moment later,
shown the images again with an object, person, or animal missing. Partici-
pants more quickly and accurately detected changes in people and animals
(i.e., agents) than in inanimate objects. For example, participants did a bet-
ter job of spotting a distant gray elephant on a fairly gray background than
they did of spotting a red van on a green background, even though the
image of the van was larger than that of the elephant.

We can be reasonably certain that agency detection has always been
adaptive. Throughout human evolutionary history, people and animals
have afforded opportunities and imposed costs (New et al., 2007). Agency
detection allows adaptive responding, for example avoiding or defending
against threatening agents (such as predatory animals and human enemies)
and approaching beneficial agents (such as food animals and caretakers).

Our agency detection mechanism is highly sensitive, frequently over-
inferring the presence of agents (Atran & Norenzayan, 2004; Barrett, 2000;
Guthrie, 1993). Agency detection may be triggered by non-agentic stim-
uli such as rustling grass or simple geometric shapes moving on a screen
(Bloom & Veres, 1999; Heider & Simmel, 1944). The threshold may be set
low because failing to notice a dangerous agent can be deadly.
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Many have hypothesized that belief in supernatural agents is a byprod-
uct of our adaptation for detecting agents (Atran & Norenzayan, 2004;
Barrett, 2000). Empirical evidence is somewhat lacking, however. Tests
of this hypothesis have revealed no correlation between religious belief
and illusory agent detection (van Elk, 2013) and no effect of supernatural
agent primes on agency detection (van Elk, Rutjens, van der Pligt, & van
Harreveld, 2016).

Anthropomorphism

Supernatural agents are often conceptualized as humanlike (Boyer, 2001).
Anthropomorphism, the interpretation of non-human beings or traits
as humanlike (Guthrie, 1980), is found in every culture (Brown, 1991;
Guthrie, 1996) and can be understood as an adaptation for group living.
Humans are highly social animals who depend on each other for survival
(by providing each other with mating opportunities, protection, resources,
and so on) but also impose costs on each other. Therefore, humans pos-
sess evolved cognitive mechanisms for perceiving other humans, mecha-
nisms that allow the recognition of other humans, human behavior, and
the consequences of human behavior (Guthrie, 1993). These mechanisms
may err on the side of perceiving ambiguous stimuli as human or caused by
humans. For instance, people often see humanlike faces in clouds, smoke,
and geological features, or hear voices in the wind (Atran & Norenzayan,
2004; Schick & Vaughn, 2005).

Theologies often contain ideas about superhuman supernatural agents;
however, people often think of supernatural agents in simpler and intu-
itive — humanlike — ways (Barrett, 2000; Barrett & Keil, 1996; Boyer, 2001;
Gervais, 2013b). In one classic study, participants heard or read stories
about God and then answered questions about or paraphrased the content
of the stories. Participants who endorsed a theologically correct descrip-
tion of God (as omnipotent, omniscient, omnipresent, etc.) on a separate
questionnaire nonetheless frequently projected human limitations on God
when recalling the stories, even though the stories left God’s abilities open
to interpretation. For example, the following line comes from a story about
a boy who gets his leg stuck between two rocks in a river and prays to God
to save him from drowning: “Though God was answering another prayer
in another part of the world when the boy started praying, before long
God responded by pushing one of the rocks so the boy could get his leg
out” (Barret & Keil, 1996, p. 224). Participants often indicated that God
answered the prayer in another part of the world before answering the
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boy’s prayer — doing one task after another, as a human would — rather
than answering two prayers at the same time. Hindus in India responded
similarly (Barrett, 1998). This study is often cited as an example of a cog-
nitive constraint on religious concepts. This interpretation has received
criticism, however. Westh (2014) argued that participants anthropomor-
phized God at least in part because the language of the stories strongly
implied an anthropomorphic version of God. Westh (2014) also suggested
that the universality of religious anthropomorphic concepts is due to the
universality of story-telling.

Further evidence for a link between anthropomorphism and religion
comes from a study in which religious believers perceived more faces in
images of scenery than skeptics did (Riekki, Lindeman, Aleneff, Halme,
& Nuortimo, 2013). On the other hand, Norenzayan, Hansen, and Cady
(2008) found no relationship between participants’ belief in religious
supernatural agents and their tendency to anthropomorphize a tree and
a volcano.

Theory of Mind

Supernatural beings are often endowed with humanlike minds; in fact,
Boyer (2001) claims that the mind is the only humanlike trait supernatu-
ral agents are always believed to possess. Perceiving the minds of others is
referred to as mentalizing, and someone with the ability to mentalize pos-
sesses a theory of mind. Individuals with a theory of mind understand that
other people have thoughts, desires, intentions, memories, and knowledge,
and that these may differ from their own (Premack & Woodruft, 1978).

Theory of mind is critical for a species as socially sophisticated as
humans; it allows individuals to interpret and predict the behavior of oth-
ers, to accurately determine what other people know (or what they think
they know, as their representations may be incorrect), and to read between
the lines (for example, sometimes “I'll call you” means “Get lost”). Humans
often err on the side of mind over-perception. Both adults and children
have attributed mental states to stimuli as varied as robots, action figures,
blobs, and animated shapes on screens (Abell, Happé, & Frith, 2000; Csi-
bra, Gergely, Bird, Koods, & Brockbank, 1999; Gergely, Nadasdy, Csibra, &
Biro6, 1995; Morewedge, Preston, & Wegner, 2007).

Some support for the idea that belief in supernatural agents is a byprod-
uct of theory of mind comes from a comparison of men and women. On
average, women are more religious than men, and they also perform bet-
ter on theory of mind tasks than men do (Baron-Cohen, Knickmeyer, &
Belmonte, 2005; Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001;
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Stiller & Dunbar, 2007). This gender difference is apparently driven to some
extent by women’s greater mentalizing abilities (Norenzayan, Gervais, &
Trzesniewski, 2012; Rosenkranz & Charlton, 2013). Furthermore, individ-
uals diagnosed with autism, a developmental disorder characterized by a
deficit in mentalizing abilities, tend to report less belief in God than neuro-
typical individuals, and the relationship between autism and belief is medi-
ated by mentalizing (Norenzayan, Gervais and Trzesniewski, 2012). Finally,
functional magnetic resonance imaging (fMRI) studies have found that the
brain regions associated with theory of mind activate when religious par-
ticipants pray to or think about God (Kapogiannis et al., 2009; Schjoedt,
Stedkilde-Jorgensen, Geertz, & Roepstorft, 2009).

Evidence and Conclusions

We have described three cognitive biases: agency detection, anthropomor-
phism, and theory of mind. All of these are intuitive mental systems, and
there is evidence that religious belief is related to intuitive thinking gen-
erally. Participants who favor intuitive thinking or have been put into an
intuitive state of mind report stronger belief in God than participants who
favor analytical thinking or have been put into an analytical state of mind
(Gervais & Norenzayan, 2012; Pennycook, Cheyne, Seli, Koehler, & Fugel-
sang, 2012; Shenhav, Rand, & Greene, 2012).

According to one point of view, religious representations are byproducts
of evolved cognitive mechanisms for adaptively detecting and understand-
ing animals and people. This may help to explain the ubiquity of religion
across cultures. Furthermore, it seems that anthropomorphism, mental-
izing abilities, and intuitive thinking can explain some of the variance in
religious belief. In our view there is less empirical support for agency detec-
tion as underpinning religion. Some researchers have argued that intuitive
cognitive biases are not a cause of religious beliefs, but account for which
features of religious beliefs are easy to mentally represent (Gervais & Najle,
2015). From this perspective, anthropomorphism, for example, does not
cause belief in supernatural agents, but explains why supernatural agents
tend to be anthropomorphic.

From Byproducts to Adaptive Religion
Some scholars have promoted the view that religion can be adaptive.

Rather than seeing religion as either a byproduct or an adaptation, we think
it is possible that religious beliefs and behaviors began as byproducts, and
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some of these then provided useful functions. Thus, some religious beliefs
and behaviors may be exaptations — useful features not developed by nat-
ural selection for their current function (Gould & Vrba, 1982).
Researchers have long noted a connection between religion and cooper-
ation, and religion may be an adaptation (or exaptation) to promote intra-
group cooperation (e.g., Irons, 2001; Wilson, 2002; Xygalatas et al., 2013).
Evolutionary theories of kin selection, reciprocal altruism, and indirect
reciprocity are inadequate to explain the high level of cooperation demon-
strated by humans, particularly in the context of interactions between
genetically unrelated people, because individuals are tempted to free-ride
on the efforts of others (Dawkins, 1976). Here we discuss two theories
of how religious behaviors and beliefs have served to promote intragroup
cooperation: supernatural punishment and commitment signaling.

Supernatural Punishment

One prominent theory is that people cooperate because they fear punish-
ment from supernatural agents or impersonal cosmic forces (e.g., karma)
for violating norms and moral codes (Bering & Johnson, 2005; D. Johnson,
2015; D. Johnson & Kriiger, 2004; Norenzayan, 2013). Misfortunes, such as
illness, death, or scarcity, are frequently interpreted as punishment from
supernatural agents (Bering, 2011; Boehm, 2008; Froese & Bader, 2010;
Hartberg, Cox, & Villamayor-Tomas, 2014; Hartland, 1924; Murdock,
1980; Swanson, 1960). Furthermore, many cultures believe that supernatu-
ral punishment extends to the transgressor’s family and friends (Aten et al.,
2008; Bering & Johnson, 2005; Hartberg et al., 2014) and to the afterlife.
World Values Survey data collected from 2010 to 2014 revealed that about
60% of people worldwide believe in Hell (D. Johnson, 2016, p. 63).

Fear of supernatural punishment is possibly a multilevel adaptation.
First, individuals who are caught cheating others suffer negative conse-
quences such as loss of reputation and punishment from group members.
With the emergence of language came greater risk of discovery, as those
who bore witness to transgressive behavior could spread the word. Indi-
viduals who feared supernatural punishment were probably less likely to
violate cooperative norms and, therefore, less likely to get caught violating
cooperative norms. Fear of supernatural punishment profited individual
believers by sparing them from the costs (e.g., punishment, revenge)
group members imposed on those caught breaking rules. Second, within a
group, widespread fear of supernatural punishment for cheating and other
antisocial behaviors that erode trust may increase intragroup cooperation
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(D. Johnson & Kriiger, 2004) and reduce the amount of costly sanctioning
that must be carried out (D. Johnson, 2016). Thus, fear of supernatural
punishment might have conferred fitness benefits on individuals as well as
groups (D. Johnson, 2015, 2016; D. Johnson & Bering, 2006; D. Johnson &
Kriiger, 2004).

Evidence for Supernatural Punishment

Two experiments found that belief in the presence of supernatural agents
deterred cheating among children (Piazza, Bering, & Ingram, 2011) and
adults (Bering, McLeod, & Shackelford, 2005). It is unclear, however,
whether the participants anticipated punishment from the supernatural
agents (an invisible princess in the former and a ghost in the latter).
People do intuitively attribute morally relevant knowledge to God, how-
ever. Participants in a study conducted by Purzycki and colleagues (2012)
responded more quickly to questions about God’s knowledge of moral
transgressions (e.g., “Does God know that Adam cheats on his taxes?”)
than to those about morally irrelevant information (“Does God know how
many pickles Stefanie has in her refrigerator?”) even though people explic-
itly claim that God’s omniscience means he knows absolutely everything.
The results were the same when God was replaced with a fictional omni-
scient agent, as long as the agent punished moral transgressions. Further-
more, in Burkina Faso, entrepreneurs had a greater tendency to play an
economic game fairly when they were first reminded of supernatural pun-
ishment (Hadnes & Schumacher, 2012).

As its name implies, the supernatural punishment hypothesis focuses
on punishment rather than reward. Research suggests that punishment is
more conducive than reward to cooperation (Giirerk, Irlenbusch, & Rock-
enbach, 2006; D. Johnson, 2016). An investigation of 67 societies revealed
a negative correlation between crime rate and belief in Hell, but a positive
correlation between crime rate and belief in Heaven (Shariff & Rhemtulla,
2012). In a lab study, participants who reported that God was vengeful and
punishing cheated less on a task than participants who reported that God
was forgiving and compassionate (Shariff & Norenzayan, 2011). Finally,ina
series of economic games, participants more frequently believed that peo-
ple, rather than computers or chance, caused negative outcomes, but not
positive outcomes. That is, unfavorable events were more likely to be seen
as caused by agents than favorable events were (Morewedge, 2009).

The studies discussed so far put forth substantial, though not com-
pletely unambiguous, evidence that belief in supernatural punishment
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reduces antisocial behavior. Two experimental studies suggest that fear of
supernatural punishment can also increase prosocial behavior (Hadnes &
Schumacher, 2012; Yilmaz & Bahgekapili, 2016). Furthermore, supernat-
ural punishment is frequently involved in the cooperative management
of shared natural resources such as water, forests, and fisheries (Hartberg
et al,, 2014; Snarey, 1996). Currently, there is indirect evidence to support
the hypothesis that belief in supernatural punishment increases intragroup
cooperation.

It should be noted that belief in supernatural punishment is not a perfect
mechanism for good. Belief in supernatural punishment increases compli-
ance with group norms but these norms may not be good for every individ-
ual, and may even be considered morally repugnant by other groups. For
example, various misfortunes have been explained as divine punishment
for homosexuality (Tashman, 2011), feminism (Goodstein, 2001), weaving
on the wrong day of the week (Boehm, 2008), and failure to practice the
“correct” religion (USA Today, 2012; Tashman, 2016; Wood, 2010). Belief
in supernatural punishment is associated with aggression (K. Johnson, Li,
Cohen, & Okun, 2013), victim blaming (Stromwall, Alfredsson, & Land-
strom, 2013), and justification of inequality (Cotterill, Sidanius, Bhardwaj,
& Kumar, 2014). All that said, societal coordination and cooperation often
depend on people being able to send and receive signals of their intentions
and trustworthiness. For that reason, we next discuss theories about reli-
gious signals of cooperative intent.

Costly Signals

Animals sometimes display phenotypic traits or behaviors that are difficult
to understand from an evolutionary perspective, because they are costly.
Perhaps the best-known example is the extravagant train of a peacock. Pea-
cock trains are metabolically costly and should hinder escape from danger.
Springboks and gazelles provide another example (Sosis & Alcorta, 2003).
These animals may vigorously jump into the air, or stot, when predators are
nearby, drawing the attention of predators and expending precious energy
moments before they may have to run for their lives. According to costly
signaling theory, costly physiological traits and behaviors are designed to
signal some underlying, unobservable trait (Sosis, 2003). An extravagant
train may be a reliable signal of a peacock’s genetic quality and health.
This costly signal may attract mates or scare off rivals and predators. For
a gazelle, stotting may be a reliable signal of swiftness. A stotting gazelle
may benefit by signaling to predators that she is not worth chasing, as she
will probably escape. The costliness of these signals is what makes them
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reliable; only healthy, fit individuals can bear the cost of stotting or grow-
ing an extravagant train.

Strange as it may seem, such ideas have been applied to religion. Previ-
ously, we discussed the difficulty of achieving cooperation within groups.
Individuals often stand to gain the most by free-riding on the coopera-
tive efforts of others (Sosis, 2003). Costly signaling is perhaps a method of
solving the problem of free-riding. Group members wish to discriminate
between those who will cooperate and those who will attempt to free-ride;
individuals who are committed to the group’s values signal that commit-
ment with costly religious behaviors (Sosis, 2003). Religious behaviors may
cost time (e.g., time spent praying and attending services) and resources
(e.g., tithing, sacrificing animals). The true cost of religious behaviors may
be the same for those who are committed to the values of a group and
those who are not. However, those who are committed to religious values
perceive fewer costs and greater benefits than those who are not commit-
ted, because they believe religious ideas about supernatural rewards (e.g.,
Heaven) for religious behaviors and punishments (e.g., Hell) for breaking
religious rules (Bulbulia, 2004; Sosis, 2003). Therefore, individuals who are
not committed to the values of the group are less likely to participate in
costly religious behaviors and can thus be identified and avoided. Costly
signaling theory proposes that the tendency to display costly signals is an
evolved adaptation; costly signalers gain the trust and acceptance of group
members and therefore benefit from group membership (Bulbulia, 2004;
Irons, 2001; Wilson, 2002). Moreover, because costly signaling promotes
cooperation within groups, it may be adaptive at the group level.

Hard-to-Fake Signals and CREDs

Some researchers argue that signals of commitment do not have to be
costly. Emotions elicited by religious situations may reliably signal group
commitment because they are hard to fake (Bulbulia, 2008; Schloss, 2008).
Religious emotional behavior includes speaking in tongues, crying, laugh-
ing, singing, fainting, trembling, going into a trance, and spontaneous
bleeding (Schloss, 2008). An individual expressing hard-to-fake religious
emotion is probably committed to his or her religion.

Another signaling theory is that of credibility-enhancing displays, or
CREDs (Henrich, 2009). This theory proposes that humans have an
evolved cognitive mechanism for evaluating the degree of others’ com-
mitments to the values, beliefs, and ideologies they say they are com-
mitted to. Talk is cheap, so cultural learners seek credibility-enhancing
displays — reliable signals of sincerity and commitment. A model’s religious
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behaviors, which may or may not be costly, are displays that enhance the
credibility of the model’s claims of commitment to the shared values and
beliefs of the religious in-group.

Evidence for Signals

In an analysis of nineteenth-century American communes, Sosis (2000)
found that religious communes lasted longer than secular communes.
Assuming that commune longevity is a reliable index of cooperation, this
suggests religious beliefs promote intragroup cooperation. On average,
religious communes imposed more than twice as many costly require-
ments on their members as secular communes (Sosis & Bressler, 2003).
Furthermore, among religious communes, there was a positive correlation
between the number of costly constraints and commune longevity. Experi-
mental studies have also found a relationship between costly signaling and
in-group cooperation. In one such study, members of Israeli kibbutzim
played an economic game with other members of their kibbutz (Sosis &
Rufile, 2003, 2004). When several factors were controlled for, such as the
degree to which participants predicted their game partners would coop-
erate, men who attended synagogue daily (i.e., costly signalers) were more
cooperative than other participants.

A similar study was conducted by Orbell, Goldman, Mulford, and
Dawes (1992), who compared cooperation among residents of Logan, Utah
with cooperation among residents of Eugene-Springfield, Oregon. Church
attendance was positively correlated with cooperation, but only for Mor-
mons in Logan, where over 75% of the population are members of the
Church of Latter-Day Saints. These data suggest that church attendance
increases cooperation among in-group members, but perhaps not cooper-
ation generally (i.e., parochially but not universally).

Finally, Christian undergraduates rated costly signaling religious individ-
uals as more trustworthy than their non-signaling counterparts, even when
the costly signals were performed by people from a different religion (Hall,
Cohen, Meyer, Varley, & Brewer, 2015). If we make the reasonable assump-
tion that trust facilitates cooperation (Acedo-Carmona & Gomila, 2014),
these results are consistent with the hypothesis that costly signaling fosters
cooperation.

Evidence and Conclusions

It is important to note that traits that were adaptive in the past are not
always adaptive today. Religious beliefs and behaviors might have been
adaptive to our ancestors long ago without necessarily providing adaptive
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value now. Even if religion is or ever was adaptive, it did not necessarily
emerge or evolve because of its functional nature (Gould & Lewontin,
1979). Religion most likely emerged as a byproduct of evolved cognitive
adaptations for navigating an environment teeming with agents. Still,
we do think that religious beliefs and behaviors can increase intragroup
cooperation today. However, there are secular routes to cooperation as
well. Some of the most cooperative, trusting, and peaceful countries in the
world are also the least religious (Norenzayan, 2013; Zuckerman, 2008).
Less than one-third of Danes and Swedes believe in God (Gervais, 2013a),
yet Denmark and Sweden have some of the lowest rates of violent crime
and corruption in the world, and have strong economies and high-quality
educational systems (Zuckerman, 2008). Perhaps these nations have
developed intragroup cooperation in part because of highly trusted
secular institutions such as police force and courts of law (Norenzayan,
2013). Consistently with this, secular law-enforcement primes seemingly
increase prosocial behavior to a similar extent as religious primes do
(Shariftf & Norenzayan, 2007).

We have discussed how religious beliefs and behaviors may foster intra-
group cooperation. The other side of the coin is that religiosity can pro-
mote intergroup conflict. A strong religious identity can be associated with
racism (Hall, Matz, & Wood, 2010); religious service attendance is related
to support for religious martyrdom attacks (e.g., suicide bombing) and hos-
tility toward out-group members (Ginges, Hansen, & Norenzayan, 2009);
and greater religious infusion predicts prejudice, discrimination, and vio-
lence between groups (Neuberg et al., 2014).

Culture

Humans are not just biological beings. We dually inherit a biological
endowment (shaped by biological evolution) and a cultural endowment
(shaped by cultural evolution; Richerson & Boyd, 2005). Although there is
evidence of some features of culture in a few non-human animals (Whiten
et al., 1999), human cultures are exceptionally rich and diverse. Cultural
learning mechanisms apparently evolved to allow humans to obtain ideas,
beliefs, values, preferences, and practices from other humans (Henrich,
2009; Mesoudi, 2016). Such cultural learning is particularly adaptive when
it allows people to obtain knowledge or skills they are incapable of obtain-
ing on their own (Mesoudi, 2016). Cultural learning allows for learned
improvements to pass on to future generations, resulting in substantial
improvement in tools and information over generations (Richerson &
Boyd, 2005).
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Cultural learning is partly responsible for the existence of religious
beliefs. A study of more than 50 cultures spread around the world (Ger-
vais & Najle, 2015) found that whether someone was raised to be reli-
gious had a large impact on their likelihood of believing in a god (or gods).
Above and beyond the effect of religious upbringing, the likelihood that
someone believed in gods was strongly influenced by the frequency of reli-
gious attendance by other people in the society. Cultural learning is also
largely responsible for the details of religious beliefs (e.g., what supernat-
ural agents people from a specific cultural group believe in) and practices
(e.g., what rituals they perform). Indeed, because of cultural learning, it
seems religious beliefs and practices may outlive the original ecological
features that gave rise to them. For example, many Ultra-Orthodox Jew-
ish men, whose ancestors dealt with long, cold winters in eastern Europe,
wear thick fur hats today in the hot Jerusalem desert (Sosis, 2006).

Cultural evolution deals with how cultures change over time. As in any
evolutionary process, some cultural beliefs and practices spread while oth-
ers disappear. One process by which this may happen is intergroup com-
petition. When groups compete for resources, more competitive groups
replace less competitive groups. The members of the defeated group may
be killed, but they may also disperse or be assimilated into the winning
group. Beliefs and practices may also spread through emulation of mem-
bers of successful groups (Henrich & Gil-White, 2001; Richerson & Boyd,
2005). It has been proposed that beliefs and practices that foster intragroup
cooperation, such as fear of supernatural punishment and commitment
signaling, have spread and multiplied via these mechanisms (Henrich,
2004; Richerson & Boyd, 2005). Beliefs and behaviors may also propagate
because the group that sustains them increases in number. Two methods
by which a religious group may grow are the production and indoctrination
of children, and proselytism. Despite sharing a common religious origin,
Jews, members of a religion that does not proselytize, make up about
0.2% of the world population, whereas Christians and Muslims, members
of proselytizing religions, make up 31% and 23% of the population,
respectively (Pew Research Center, 2015).

Conclusions and Future Directions

Previously, we described religion as the result of the interplay of culture and
biology. At the risk of oversimplifying, one might think of biology as form-
ing the framework of religion and culture as filling in the details. Religious
beliefs and behaviors vary from one culture to another, but that variation
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is constrained by biology. For example, individuals from different religious
traditions share a belief in supernatural agents, and this belief is likely a
byproduct of biological mental systems for adaptively navigating a social
world. The specific characteristics of supernatural agents vary from one
religious tradition to another, however, and individuals learn about these
characteristics from their culture. In addition to the details of religion, cul-
tural learning affects the degree and even the likelihood of religiosity.

Not only is religion a product of biology and culture, but biology and cul-
ture are in turn products of religion. Religious traditions may affect biol-
ogy, for instance by promoting a high-fertility lifestyle (McQuillan, 2004;
Weeden, Cohen, & Kenrick, 2008; Westoff & Jones, 1979; Zhang, 2008) or,
alternatively, a low-fertility lifestyle (Cosgel, 2000; Hoodfar & Assadpour,
2000; Skirbekk et al., 2015). The relationship between religion and health
provides another example: although we can’t be certain of a cause-and-
effect relationship, people who are high in religious involvement live longer
than people who are low in religious involvement (McCullough, Hoyt,
Larson, Koenig, & Thoresen, 2000).

Protestant individualism in the United States provides an example of reli-
gious influence on culture. Protestant Christianity views each individual
as having a direct relationship with God. Thus, religion is more individ-
ualistic for Protestants than it is for Catholics and Jews, and it has been
hypothesized that Protestant individualism is at least partially responsible
for the individualistic nature of American culture (Cohen & Hill, 2007).
Veiling practices in Turkey provide another instance of a religious influ-
ence on culture. In the last few decades, it has become increasingly popu-
lar for Turkish women to cover their hair and most of their bodies in a way
that is encouraged by certain traditions within Islam. This growing trend
has resulted in a veiling fashion industry (Sandikci & Ger, 2010).

If religion is so robustly a byproduct of universal psychological mod-
ules, and religion might help promote cooperation, why are some soci-
eties and people more religious than others? And why does religion take
so many different forms? The capacity for different behaviors, including
religious repertoires of behaviors, could all be in our genes, and faculta-
tively elicited by different environments (Cosmides & Tooby, 1992; Kenrick
et al., 2002). Therefore, religions may depend to some extent on selection
pressures in the environment. For example, in places with a lot of disease,
religions might be concerned with purity and contagion, with what you
eat, and with whom you are allowed to have sex (K. Johnson, Li, & Cohen,
2015; K. Johnson, White, Boyd, & Cohen, 2011). All of these religious stric-
tures could help to contain the spread of disease. In environments with
unpredictable or inconsistent resources, cultures may evolve harsher, more
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punishing concepts of gods, as such gods would punish people for taking
more than their fair share of resources (Snarey, 1996). While surely not
all of religion’s complexities can be explained by features of the ecology,
the effect of ecological variables on religious features is a promising area
for future research, one which has received very little attention to date.
The study of religion would also benefit from more empirical testing of the
theories described in this chapter.

We have discussed how religious beliefs may be byproducts of evolved
psychological mechanisms for detecting and understanding animals and
people, how religious commitment signaling and fear of supernatural pun-
ishment may be functional, and how these processes are further shaped by
cultural factors. Culture and biology interact to produce the multifaceted
phenomenon we think of as religion.

References

Abell, E, Happé, F.,, & Frith, U. (2000). Do triangles play tricks? Attribution of
mental states to animated shapes in normal and abnormal development.
Cognitive Development, 15, 1-16. doi:10.1016/S0885-2014(00)00014-9

Acedo-Carmona, C., & Gomila, A. (2014). Personal trust increases
cooperation beyond general trust. PLoS One, 9, €105559. doi:10.1371/
journal.pone.0105559

Aten, J., Moore, M., Denney, R., Bayne, T., Stagg, A., Owens, S, ... Jones, C.
(2008). God images following hurricane Katrina in south Mississippi: An
exploratory study. Journal of Psychology and Theology, 36, 249-257.

Atran, S., & Norenzayan, A. (2004). Religion’s evolutionary landscape:
Counterintuition, commitment, compassion, communion. Behavioral and
Brain Sciences, 27, 713-770. doi:10.1017/S0140525X04000172

Baron-Cohen, S., Knickmeyer, R., & Belmonte, M. (2005). Sex differences in
the brain: Implications for explaining autism. Science, 310, 819-823.
doi:10.1126/science.1115455

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The
“reading the mind in the eyes” test revised version: A study with normal
adults, and adults with Asperger syndrome or high-functioning autism.
Journal of Child Psychology and Psychiatry, 42, 241-252. d0i:10.1017/
$0021963001006643

Barrett, J. (1998). Cognitive constraints on Hindu concepts of the divine.
Journal for the Scientific Study of Religion, 37, 608—619. d0i:10.2307/
1388144



3 Religion: Cultural and Biological Perspectives

Barrett, J. (2000). Exploring the natural foundations of religion. Trends in
Cognitive Science, 4, 29—34. d0i:10.1016/S1364-6613(99)01419-9

Barrett, J. (2004). Why would anyone believe in God? Oxford: AltaMira Press.

Barrett, J., & Keil, . (1996). Conceptualizing a non-natural entity:
Anthropomorphism in god concepts. Cognitive Psychology, 31, 219-247.
doi:10.1006/cogp.1996.0017

Bering, J. (2011). The belief instinct: The psychology of souls, destiny, and the
meaning of life (1st American ed.). New York: W.W. Norton.

Bering, J., & Johnson, D. (2005). “O Lord ... you perceive my thoughts from
afar”: Recursiveness and the evolution of supernatural agency. Journal of
Cognition and Culture, 5, 118—142. doi:10.1163/1568537054068679

Bering, J., McLeod, K., & Shackelford, T. (2005). Reasoning about dead
agents reveals possible adaptive trends. Human Nature, 16, 360—381.
doi:10.1007/s12110-005-1015-2

Bloom, P. (2005). Descartes’ baby: How the science of child development
explains what makes us human. New York: Basic Books.

Bloom, P, & Veres, C. (1999). The perceived intentionality of groups.
Cognition, 71, B1-B9. d0i:10.1016/S0010-0277(99)00014-1

Boehm, C. (2008). A biocultural evolutionary exploration of supernatural
sanctioning. In J. Bulbulia, R. Sosis, E. Harris, R. Genet, C. Genet, & K.
Wyman (Eds.), The evolution of religion: Studies, theories, and critiques
(pp. 143-152). Santa Margarita, CA: Collins Foundation Press.

Boyer, P. (2001). Religion explained. New York: Basic Books.

Boyer, P. (2003). Religious thought and behaviour as by-products of brain
function. Trends in Cognitive Sciences, 7, 119-124. d0i:10.1016/
S$1364-6613(03)00031-7

Brown, D. (1991). Human universals. Philadelphia, PA: Temple University
Press.

Bulbulia, J. (2004). Religious costs as adaptations that signal altruistic
intention. Evolution and Cognition, 10, 19-42. Retrieved from
http://www.kli.ac.at/evolution-and-cognition (accessed April 1, 2017).

Bulbulia, J. (2008). Free love: Religious solidarity on the cheap. In J. Bulbulia,
R. Sosis, E. Harris, R. Genet, C. Genet, & K. Wyman (Eds.), The evolution
of religion: Studies, theories, and critiques (pp. 153—160). Santa Margarita,
CA: Collins Foundation Press.

Cohen, A. (2009). Many forms of culture. American Psychologist, 64,
194204 d0i:10.1037/a0015308

Cohen, A., & Hill, P. (2007). Religion as culture: Religious individualism and
collectivism among American Catholics, Jews, and Protestants. Journal of
Personality, 75, 709-742. doi:10.1111/j.1467-6494.2007.00454.x

69


let &hbox {char '046}http://www.kli.ac.at/evolution-and-cognition
http://www.kli.ac.at/evolution-and-cognition

70

The Handbook of Culture and Biology

Cosgel, M. (2000). The family in Utopia: Celibacy, communal child rearing,
and continuity in a religious commune. Journal of Family History, 25,
491-503. doi:10.1177/036319900002500403

Cosmides, L., & Tooby, J. (1992). Cognitive adaptations for social exchange.
InJ. H. Barkow, L. Cosmides, & J. Tooby (Eds.), The adapted mind
(pp- 163—228). New York: Oxford University Press.

Cotterill, S., Sidanius, J., Bhardwaj, A., & Kumar, V. (2014). Ideological
support for the Indian caste system: Social dominance orientation,
right-wing authoritarianism and karma. Journal of Social and Political
Psychology, 2, 98-116. doi: 10.5964/jspp.v2il.171

Csibra, G., Gergely, G., Biro, S., Kods, O., & Brockbank, M. (1999). Goal
attribution without agency cues: The perception of “pure reason” in
infancy. Cognition, 72, 237-267. doi:10.1016/S0010-0277(99)00039-6

Dawkins, R. (1976). The selfish gene. Oxford: Oxford University Press.

Froese, P., & Bader, C. (2010). America’s four gods: What we say about God —
& what that says about us. New York: Oxford University Press.

Gergely, G., Nddasdy, Z., Csibra, G., & Bir6, S. (1995). Taking the intentional
stance at 12 months of age. Cognition, 56, 165-193. doi:10.1016/
0010-0277(95)00661-H

Gervais, W. (2013a). In godlessness we distrust: Using social psychology to
solve the puzzle of anti-atheist prejudice. Social and Personality Psychology
Compass, 7, 366—377. doi:10.1111/spc3.12035

Gervais, W. (2013b). Perceiving minds and gods: How mind perception
enables, constrains, and is triggered by belief in gods. Perspectives on
Psychological Science, 8, 380—394. d0i:10.1177/1745691613489836

Gervais, W., & Najle, M. (2015). Learned faith: The influences of evolved
cultural learning mechanisms on belief in gods. Psychology of Religion and
Spirituality, 7, 327-335. doi:10.1037/rel0000044

Gervais, W., & Norenzayan, A. (2012). Analytic thinking promotes religious
disbelief. Science, 336, 493—496. doi:10.1126/science.1215647

Ginges, J., Hansen, 1., & Norenzayan, A. (2009). Religion and support for
suicide attacks. Psychological Science, 20, 224—-230. doi:10.1111/
j.1467-9280.2009.02270.x

Goodstein, L. (2001, September 15). After the attacks: Finding fault; Falwell’s
finger-pointing inappropriate, Bush says. New York Times. Retrieved from
http://www.nytimes.com/2001/09/15/us/after-attacks-finding-fault-
falwell-s-finger-pointing-inappropriate-bush-says.html (accessed April 1,
2017).

Gould, S., & Lewontin, R. (1979). The spandrels of San Marco and the
Panglossian paradigm: A critique of the adaptationist programme.


let &hbox {char '046}http://www.nytimes.com/2001/09/15/us/after-attacks-finding-fault-falwell-s-finger-pointing-inappropriate-bush-says.html
let &hbox {char '046}http://www.nytimes.com/2001/09/15/us/after-attacks-finding-fault-falwell-s-finger-pointing-inappropriate-bush-says.html
http://www.nytimes.com/2001/09/15/us/after-attacks-finding-fault-falwell-s-finger-pointing-inappropriate-bush-says.html
http://www.nytimes.com/2001/09/15/us/after-attacks-finding-fault-falwell-s-finger-pointing-inappropriate-bush-says.html

3 Religion: Cultural and Biological Perspectives

Proceedings of the Royal Society B, 205, 581-598. doi: 10.1098/
rspb.1979.0086

Gould, S., & Vrba, E. (1982). Exaptation — a missing term in the science of
form. Paleobiology, 8, 4—15. d0i:10.1017/s0094837300004310

Giirerk, O., Irlenbusch, B., & Rockenbach, B. (2006). The competitive
advantage of sanctioning institutions. Science, 312, 108—111. doi: 10.1126/
science.1123633

Guthrie, S. (1980). A cognitive theory of religion. Current Anthropology, 21,
181-203. doi:10.1086/202429

Guthrie, S. (1993). Faces in the clouds: A new theory of religion. New York:
Oxford University Press.

Guthrie, S. (1996). Religion: What is it? Journal for the Scientific Study of
Religion, 35, 412—419. doi:10.2307/1386417

Hadnes, M., & Schumacher, H. (2012). The gods are watching: An
experimental study of religion and traditional belief in Burkina Faso.
Journal for the Scientific Study of Religion, 51, 689-704. d0i:10.1111/
j.1468-5906.2012.01676.x

Hall, D., Cohen, A., Meyer, K., Varley, A., & Brewer, G. (2015). Costly
signaling increases trust, even across religious affiliations. Psychological
Science, 26, 1368—1376. d0i:10.1177/0956797615576473

Hall, D., Matz, D., & Wood, W. (2010). Why don’t we practice what we
preach? A meta-analytic review of religious racism. Personality and Social
Psychology Review, 14, 126—139. doi:10.1177/1088868309352179

Hartberg, Y., Cox, M., & Villamayor-Tomas, S. (2014). Supernatural
monitoring and sanctioning in community-based resource management.
Religion, Brain and Behavior. d0i:10.1080/2153599X.2014.959547

Hartland, E. (1924). Primitive law. London: Methuen.

Heider, F., & Simmel, M. (1944). An experimental study of apparent behavior.
American Journal of Psychology, 57, 243—-259. d0i:10.2307/1416950

Henrich, J. (2004). Cultural group selection, coevolutionary processes and
large-scale cooperation. Journal of Economic Behavior and Organization,
53, 3-35. d0i:10.1016/S0167-2681(03)00094-5

Henrich, J. (2009). The evolution of costly displays, cooperation and religion:
Credibility enhancing displays and their implications for cultural
evolution. Evolution and Human Behavior, 30, 244—260. d0i:10.1016/
j.evolhumbehav.2009.03.005

Henrich, J., & Gil-White, F. (2001). The evolution of prestige: Freely
conferred deference as a mechanism for enhancing the benefits of cultural
transmission. Evolution and Human Behavior, 22, 165-196. d0i:10.1016/
$1090-5138(00)00071-4

Al



72

The Handbook of Culture and Biology

Hoodfar, H., & Assadpour, S. (2000). The politics of population policy in the
Islamic Republic of Iran. Studies in Family Planning, 31, 19-34.
doi:10.1111/j.1728-4465.2000.00019.x

Irons, W. (2001). Religion as a hard-to-fake sign of commitment. In R. Nesse
(Ed.), Evolution and the capacity for commitment (pp. 292—309). New York:
Russell Sage Foundation.

Johnson, D. (2015). Big gods, small wonder: Supernatural punishment strikes
back. Religion, Brain and Behavior, 5, 290-298. doi:10.1080/
2153599X.2014.928356

Johnson, D. (2016). God is watching you: How the fear of God makes us
human. New York: Oxford University Press.

Johnson, D., & Bering, J. (2006). Hand of God, mind of man: Punishment and
cognition in the evolution of cooperation. Evolutionary Psychology, 4,
219-233. do0i:10.1177/147470490600400119

Johnson, D., & Kriiger, O. (2004). The good of wrath: Supernatural
punishment and the evolution of cooperation. Political Theology, 5,
159-176. d0i:10.1558/poth.2004.5.2.159

Johnson, K., Li, Y., & Cohen, A. (2015). Fundamental motives and the
varieties of religious experience. Religion, Brain and Behavior, 5, 197-231.
do0i:10.1080/2153599x.2014.918684

Johnson, K., Li, Y., Cohen, A., & Okun, M. (2013). Friends in high places: The
influence of authoritarian and benevolent god-concepts on social attitudes
and behaviors. Psychology of Religion and Spirituality, 5, 15-22.
doi:10.1037/a0030138

Johnson, K., White, A., Boyd, B., & Cohen, A. (2011). Matzo, meat, milk, and
mana: A psychological analysis of religious cultural food practices. Journal
of Cross-Cultural Psychology, 42, 1421-1436. d0i:10.1177/
0022022111412528

Kapogiannis, D., Barbey, A., Su, M., Zamboni, G., Krueger, F., & Grafman, J.
(2009). Cognitive and neural foundations of religious belief. Proceedings of
the National Academy of Sciences, 106, 4876—4881. d0i:10.1073/
pnas.0811717106

Kelemen, D. (2004). Are children “intuitive theists”? Reasoning about
purpose and design in nature. Psychological Science, 15, 295-301.
do0i:10.1111/j.0956-7976.2004.00672.x

Kenrick, D., Maner, J., Butner, J., Li, N., Becker, D., & Schaller, M. (2002).
Dynamic evolutionary psychology: Mapping the domains of the new
interactionist paradigm. Personality and Social Psychology Review, 6,
347-356. d0i:10.1207/s15327957pspr0604_09



3 Religion: Cultural and Biological Perspectives

Kiihl, H., Kalan, A., Arandjelovic, M., Aubert, F.,, D’Auvergne, L.,
Goedmakers, A., ... & Boesch, C. (2016). Chimpanzee accumulative stone
throwing. Scientific Reports, 6:22219. d0i:10.1038/srep22219

Mayr, E. (1961). Cause and effect in biology: Kinds of causes, predictability,
and teleology are viewed by a practicing biologist. Science, 134(3489),
1501-1506. doi:10.1126/science.134.3489.1501

McCullough, M., Hoyt, W., Larson, D., Koenig, H., & Thoresen, C. (2000).
Religious involvement and mortality: A meta-analytic review. Health
Psychology, 19, 211-222. d0i:10.1037/0278-6133.19.3.211

McQuillan, K. (2004). When does religion influence fertility? Population
and Development Review, 30, 25—56. d0i:10.1111/j.1728-4457.2004.
00002.x

Mesoudi, A. (2016). Cultural evolution: Integrating psychology, evolution
and culture. Current Opinion in Psychology, 7, 17-22. d0i:10.1016/
j.copsyc.2015.07.001

Morewedge, C. (2009). Negativity bias in attribution of external agency.
Journal of Experimental Psychology: General, 138, 535-545. d0i:10.1037/
a0016796

Morewedge, C., Preston, J., & Wegner, D. (2007). Timescale bias in the
attribution of mind. Journal of Personality and Social Psychology, 93, 1-11.
doi:10.1037/0022-3514.93.1.1

Murdock, G. (1980). Theories of illness: A world survey. Pittsburgh, PA:
University of Pittsburgh Press.

Neuberg, S., Warner, C., Mistler, S., Berlin, A., Hill, E., Johnson, J., ... &
Schober, J. (2014). Religion and intergroup conflict: Findings from the
Global Group Relations Project. Psychological Science, 25, 198—206.
doi:10.1177/0956797613504303

New, J., Cosmides, L., & Tooby, J. (2007). Category-specific attention for
animals reflects ancestral priorities, not expertise. Proceedings of the
National Academy of Sciences, 104, 16598—16603. d0i:10.1073/
pnas.0703913104

Norenzayan, A. (2013). Big gods: How religion transformed cooperation and
conflict. Princeton, NJ: Princeton University Press.

Norenzayan, A., Gervais, W., & Trzesniewski, K. (2012). Mentalizing deficits
constrain belief in a personal god. PLoS One, 7, e36880. doi:10.1371/
journal.pone.0036880

Norenzayan, A., Hansen, L., & Cady, J. (2008). An angry volcano? Reminders
of death and anthropomorphizing nature. Social Cognition, 26, 190—197.
doi:10.1521/50c0.2008.26.2.190

73



74

The Handbook of Culture and Biology

Orbell, J., Goldman, M., Mulford, M., & Dawes, R. (1992). Religion, context,
and constraint toward strangers. Rationality and Society, 4, 291-307.
do0i:10.1177/1043463192004003004

Pennycook, G., Cheyne, ], Seli, P, Koehler, D., & Fugelsang, J. (2012).
Analytic cognitive style predicts religious and paranormal belief.
Cognition, 123, 335-346. d0i:10.1016/j.cognition.2012.03.003

Pew Research Center (2015). The future of world religions: Population
growth projections, 2010-2050. Religion and Public Life, 2 April.
Washington, DC: Author. Retrieved from http://www.pewforum.org/2015/
04/02/religious-projections-2010-2050/ (accessed April 1, 2017).

Piazza, J., Bering, J., & Ingram, G. (2011). “Princess Alice is watching you”:
Children’s belief in an invisible person inhibits cheating. Journal of
Experimental Child Psychology, 109, 311-320. doi:10.1016/
j.jecp.2011.02.003

Premack, D., & Woodruff, G. (1978). Does the chimpanzee have a theory of
mind? Behavioral and Brain Sciences, 1, 515-526. d0i:10.1017/
S0140525X00076512

Purzycki, B., Finkel, D., Shaver, J., Wales, N., Cohen, A., & Sosis, R. (2012).
What does God know? Supernatural agents’ access to socially strategic and
non-strategic information. Cognitive Science, 36, 846—869. doi:10.1111/
j-1551-6709.2012.01242.x

Pyysidinen, 1. (2009). Supernatural agents: Why we believe in souls, gods, and
buddhas. New York: Oxford University Press.

Richerson, P, & Boyd, R. (2005). Not by genes alone: How culture transformed
human evolution. Chicago, IL: University of Chicago Press.

Riekki, T., Lindeman, M., Aleneff, M., Halme, A., & Nuortimo, A. (2013).
Paranormal and religious believers are more prone to illusory face
perception than skeptics and non-believers. Applied Cognitive Psychology,
27,150-155. doi:10.1002/acp.2874

Rosenkranz, P.,, & Charlton, B. (2013). Individual differences in existential
orientation: Empathizing and systemizing explain the sex difference in
religious orientation and science acceptance. Archive for the Psychology of
Religion, 35, 119-146. doi:10.1163/15736121-12341255

Sandikci, O, & Ger, G. (2010). Veiling in style: How does a stigmatized
practice become fashionable? Journal of Consumer Research, 37, 15-36.
do0i:10.1086/649910

Saroglou, V. (2011). Believing, bonding, behaving, and belonging: The big
four religious dimensions and cultural variation. Journal of Cross-Cultural
Psychology, 42, 1320-1340. d0i:10.1177/0022022111412267


http://www.pewforum.org/2015/04/02/religious-projections-2010-2050/
http://www.pewforum.org/2015/04/02/religious-projections-2010-2050/

3 Religion: Cultural and Biological Perspectives

Schick, T., Jr., & Vaughn, L. (2005). How to think about weird things. New
York: McGraw-Hill.

Schjoedt, U, Stedkilde-Jorgensen, H., Geertz, A., & Roepstorft, A. (2009).
Highly religious participants recruit areas of social cognition in personal
prayer. Social Cognitive and Affective Neuroscience, 4, 199—-207.
doi:10.1093/scan/nsn050

Schloss, J. (2008). He who laughs best: Involuntary religious affect as a
solution to recursive cooperative defection. In J. Bulbulia, R. Sosis, E.
Harris, R. Genet, C. Genet, & K. Wyman (Eds.), The evolution of religion:
Studies, theories, and critiques (pp. 197—-207). Santa Margarita, CA: Collins
Foundation Press.

Shariff, A., & Norenzayan, A. (2007). God is watching you: Priming god
concepts increases prosocial behavior in an anonymous economic game.
Psychological Science, 18, 803—809. doi:10.1111/j.1467-9280.2007.

01983.x

Shariff, A., & Norenzayan, A. (2011). Mean gods make good people: Different
views of God predict cheating behavior. International Journal for the
Psychology of Religion, 21, 85—96. d0i:10.1080/10508619.2011.556990

Shariff, A., & Rhemtulla, M. (2012). Divergent effects of beliefs in heaven and
hell on national crime rates. PLoS One, 7, €39048.
doi:10.1371/journal.pone.0039048

Shenhav, A., Rand, D., & Greene, J. (2012). Divine intuition: Cognitive style
influences belief in God. Journal of Experimental Psychology: General, 141,
423-428. doi:10.1037/a0025391

Skirbekk, V., Stonawski, M., Fukuda, S., Spoorenberg, T., Hackett, C., &
Muttarak, R. (2015). Is Buddhism the low fertility religion of Asia?
Demographic Research, 32, 1-28. d0i:10.4054/demres.2015.32.1

Snarey, J. (1996). The natural environment’s impact upon religious ethics: A
cross-cultural study. Journal for the Scientific Study of Religion, 35, 85—96.
doi:10.2307/1387077

Sosis, R. (2000). Religion and intragroup cooperation: Preliminary results of a
comparative analysis of utopian communities. Cross-Cultural Research, 34,
70-87. doi:10.1177/106939710003400105

Sosis, R. (2003). Why aren’t we all Hutterites? Costly signaling theory and
religious behavior. Human Nature, 14, 91-127. d0i:10.1007/
512110-003-1000-6

Sosis, R. (2006). Religious behaviors, badges, and bans: Signaling theory and
the evolution of religion. In P. McNamara (Ed.), Where God and science
meet: How brain and evolutionary studies alter our understanding of

75



76

The Handbook of Culture and Biology

religion. Volume 1: Evolution, genes, and the religious brain (pp. 61-86).
Westport, CT: Praeger.

Sosis, R., & Alcorta, C. (2003). Signaling, solidarity, and the sacred: The
evolution of religious behavior. Evolutionary Anthropology, 12, 264—274.
doi:10.1002/evan.10120

Sosis, R., & Bressler, E. (2003). Cooperation and commune longevity: A test
of the costly signaling theory of religion. Cross-Cultural Research, 37,
211-239. d0i:10.1177/1069397103037002003

Sosis, R., & Ruffle, B. (2003). Religious ritual and cooperation: Testing for a
relationship on Israeli religious and secular kibbutzim. Current
Anthropology, 44, 713—722. doi:10.1086/379260

Sosis, R., & Ruffle, B. (2004). Ideology, religion, and the evolution of
cooperation: Field experiments on Israeli kibbutzim. Research in Economic
Anthropology, 23, 89-117. doi:10.1016/s0190-1281(04)23004-9

Stiller, J., & Dunbar, R. (2007). Perspective-taking and memory capacity
predict social network size. Social Networks, 29, 93—104. doi:10.1016/
j.socnet.2006.04.001

Stromwall, L., Alfredsson, H., & Landstrom, S. (2013). Blame attributions
and rape: Effects of belief in a just world and relationship level. Legal and
Criminological Psychology, 18, 254—261. doi:10.1111/
j.2044-8333.2012.02044.x

Swanson, G. (1960). The birth of the gods: The origin of primitive beliefs. Ann
Arbor: University of Michigan Press.

Tashman, B. (2011). Joyner: Hurricane Katrina was God’s judgment for
homosexuality. Right Wing Watch, June 29. Retrieved from http://www.
rightwingwatch.org/content/joyner-hurricane-katrina-was-gods
-judgment-homosexuality (accessed July 13, 2017).

Tashman, B. (2016, February 12). Rick Wiles: Zika virus God’s punishment
for “worshiping death” Right Wing Watch. Retrieved from http://www.
rightwingwatch.org/post/rick-wiles-zika-virus-gods-punishment-for-
worshiping-death/

USA Today (2012, 2 November). Some Muslim clerics say Sandy is God’s
punishment. Retrieved from http://www.usatoday.com/story/news/world/
2012/11/02/america-hurricane-sandy-muslim/1676683/ (accessed April 1,
2017).

van Elk, M. (2013). Paranormal believers are more prone to illusory agency
detection than skeptics. Consciousness and Cognition, 22, 1041-1046.
doi:10.1016/j.concog.2013.07.004

van Elk, M., Rutjens, B., van der Pligt, J., & van Harreveld, F. (2016). Priming
of supernatural agent concepts and agency detection. Religion, Brain and
Behavior, 6,4-33, doi:10.1080/2153599X.2014.933444


http://www.rightwingwatch.org/content/joyner-hurricane-katrina-was-gods-judgment-homosexuality
http://www.rightwingwatch.org/content/joyner-hurricane-katrina-was-gods-judgment-homosexuality
http://www.rightwingwatch.org/content/joyner-hurricane-katrina-was-gods-judgment-homosexuality
http://www.rightwingwatch.org/post/rick-wiles-zika-virus-gods-punishment-for-worshiping-death/
http://www.rightwingwatch.org/post/rick-wiles-zika-virus-gods-punishment-for-worshiping-death/
http://www.rightwingwatch.org/post/rick-wiles-zika-virus-gods-punishment-for-worshiping-death/
http://www.usatoday.com/story/news/world/2012/11/02/america-hurricane-sandy-muslim/1676683/
http://www.usatoday.com/story/news/world/2012/11/02/america-hurricane-sandy-muslim/1676683/

3 Religion: Cultural and Biological Perspectives

Weeden, J., Cohen, A., & Kenrick, D. (2008). Religious attendance as
reproductive support. Evolution and Human Behavior, 29, 327-334.
doi:10.1016/j.evolhumbehav.2008.03.004

Westh, P. (2014). Anthropomorphism in god concepts: The role of narrative.
In A. Geertz (Ed.), Origins of religion, cognition and culture (pp. 396—414).
Abingdon, UK: Routledge.

Westoff, C., & Jones, E. (1979). The end of “Catholic” fertility. Demography,
16, 209-217. d0i:10.2307/2061139

Whitehouse, H. (2004). Modes of religiosity: A cognitive theory of religious
transmission. Walnut Creek, CA: AltaMira Press.

Whiten, A., Goodall, ]., McGrew, W., Nishida, T., Reynolds, V., Sugiyama,
Y., ... & Boesch, C. (1999). Cultures in chimpanzees. Nature, 399, 682—685.
doi:10.1038/21415

Wilson, D. (2002). Darwin’s cathedral: Evolution, religion, and the nature of
society. Chicago, IL: University of Chicago Press.

Wood, J. (2010). Between God and a hard place. New York Times, 23 January.
Retrieved from http://www.nytimes.com/2010/01/24/opinion/24wood.
html (accessed April 1, 2017).

Xygalatas, D., Mitkidis, P, Fischer, R., Reddish, P, Skewes, J., Geertz, A., ... &
Bulbulia, J. (2013). Extreme rituals promote prosociality. Psychological
Science, 24, 1602—-1605. doi: 10.1177/0956797612472910

Yilmaz, O., & Bahgekapili, H. G. (2016). Supernatural and secular monitors
promote human cooperation only if they remind of punishment. Evolution
and Human Behavior, 37, 79—84. d0i:10.1016/j.evolhumbehav.2015.09.005

Zhang, L. (2008). Religious affiliation, religiosity, and male and female
fertility. Demographic Research, 18, 233—262. doi:10.4054/
DemRes.2008.18.8

Zuckerman, P. (2008). Society without God: What the least religious nations
can tell us about contentment. New York: New York University Press.

77


http://www.nytimes.com/2010/01/24/opinion/24wood.html
http://www.nytimes.com/2010/01/24/opinion/24wood.html

Part Il

Animal Culture






4

Introduction to Animal Culture: Is Culture Uniquely Human?

Charles T. Snowdon

Consider whether the following are examples of culture:

1)

2)

3)

4)

Archaeologists can identify clear assemblages of tools at various sites,
and by dating the tools and examining the skills needed to create
the tools they can identify specific ancient cultures and distinguish
between different hominid species according to the typicality of the
tools used. These cultural artifacts are important clues to understand-
ing our ancestors as well as understanding the evolution of our own
species.

Different populations in Africa feed on nuts from palm or panda trees.
However, not all populations feed on the same species of nuts and some
populations do not eat these nuts at all, even though they are very abun-
dant. Extracting the edible portions of these nuts takes considerable
skill, and youngsters may take several years to master the techniques
to open these nuts. In some parts of Africa a large stone serves as an
anvil and a smaller stone as a hammer.

In South America also there are populations that use stone tools to crack
open nuts, but there are also several other populations where nuts are
not eaten and stone tool use has not been observed.

In parts of Australia and New Guinea, males can attract mates by con-
structing large artistic-seeming works made of wood, stone, feathers,
and moss and other vegetation. These constructions vary in different
locations, with different shapes and styles, different building materi-
als and different colors of materials. Males tend these structures care-
fully, cleaning up debris, and the structures persist across generations.
However, within a given population there is consistency in style among
neighbors.
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5) In the United States there are different regional dialects, with clearly
different patterns in North Carolina, Texas, Indiana and South Dakota.
Studies indicate that females tend to prefer as mates males who share
the same dialect. However, especially attentive males from other regions
can use subtle feedback from females to change their dialects to match
the preferences of females and thus become successful suitors.

In each of the above cases we have evidence of culture defined thus:
“Culture is a shared system of behaviors (and cognitions) that are trans-
mitted from one generation to the next. This shared system of behavior
serves a function within the group and applies to a group that has a shared
history (geographical, social)” (see Causadias, Telzer, & Gonzales, chap-
ter 1 in this volume). In each case the behavior patterns described (1) are
limited to specific groups or populations, (2) show some evidence of con-
tinuity across generations, (3) vary across different groups or populations
but are consistent within each group, (4) show evidence of being to at least
some degree learned; that is, the behaviors cannot be explained purely by
genetic inheritance. I think most of us could accept these vignettes as evi-
dence of culture.

Now what will you think if I tell you that only example 1 is from human
beings, that example 2 is from chimpanzees (Pan troglodytes), that exam-
ple 3 is from brown capuchin monkeys (Cebus libidinosis), that example
4 is from bowerbirds (family Ptilonorhynchidae) and that example 5 is
from cowbirds (Molothrus ater)? Will you still accept these as examples
of culture? If you are skeptical about these examples, what is the difference
between human animals and non-human animals that leads you to reject
the idea of culture? Many definitions of culture include language, but this
automatically leads to the exclusion from consideration of any non-human,
and any non-linguistic human. A good operational definition should be
able to produce testable hypotheses through experiments or careful obser-
vational data of actual behavior. A good operational definition cannot be
“speciesist,” that is, only applicable to our own species. Our editors’ defini-
tion allows us to at least consider the idea of culture in non-human species,
and indeed this part of the book will provide several intriguing examples
of culture (or tradition) in non-human species.

However, even among researchers on animal behavior there is consider-
able controversy over whether to assert that animals have culture or not
(see reviews in Laland & Janik, 2006; Laland & Galef, 2009). Researchers
trained in anthropology and some trained in psychology see an impor-
tant difference between human culture and traditions that may appear



4 Animal Culture: Is Culture Uniquely Human?

in non-human animals. In their views human culture is cumulative: one
innovation builds on another (consider the development of long-distance
communication from Pony Express and telegraph to airmail and the tele-
phone and to cell phones and the internet). Cultural traits have symbolic
aspects that help identify a population and define it as separate from oth-
ers. Although some species of non-human animals have group norms, they
do not appear to have the identifying symbolism that team colors or a cer-
tain dress style or preferred musical style have for humans. Finally, skeptics
argue that it is only through true imitation learning that a cultural pat-
tern can be transmitted with fidelity. Only recently have these researchers
accepted that imitation has been shown in some non-human species.

At the other end of the spectrum of the animal culture debates are
the enthusiasts, often trained in biology, who see value in documenting
evolutionary continuity, rather than finding human uniqueness. These
researchers vary in the criteria they use for culture, but some argue that
any behavioral pattern that is transmitted by social learning could qualify
as culture. This criterion brings a wide array of behaviors and non-human
species into the picture, as illustrated by the examples that began this
chapter.

In the rest of this chapter, I will first consider the several criteria that are
considered necessary for culture, excluding language and symbolic con-
structs, and how these can be applied to non-human animals. It might be
interesting to reflect on how many of these criteria can be met for patterns
considered cultural in humans. Then I will consider potential mechanisms
for cultural transmission from one generation to another, specifically social
learning and teaching and the social climate that promotes these behav-
iors. Finally, I will discuss gene—cultural evolution, including some recent
work on epigenetics that addresses how culture can change genes and gene
expression. All of these points have relevance to making the case for cul-
ture in non-human species.

Criteria for Culture

Primatologist William McGrew (1992) developed a set of criteria for evalu-
ating the presence of culture in wild chimpanzees that was based on writing
by the cultural anthropologist Alfred Kroeber (1928) about his observa-
tions of captive chimpanzees. Kroeber developed six operational criteria
for recognizing culture in other species; McGrew added two others, and
I will add two more (see Table 4.1). Let me consider each of these in turn.
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Table 4.1 Criteria for culture (in humans and other animals)

Characteristic Criterion

Innovation A new behavioral pattern must appear

Dissemination The pattern cannot be unique to the innovator but
must be seen in others

Standardization The pattern should be consistent across individuals

Durability The pattern should appear without the presence of the
demonstrator

Diffusion The pattern should transfer to other social groups

Tradition The pattern should occur over generations and outlive
the innovator

Independence of The pattern should not be directly related to

subsistence subsistence, though it can relate to ways of processing

subsistence resources

Naturalness The pattern should arise within the species without
human influence

Independence of Differences in behavior must be independent of genetic
ecology and genetics or ecological differences between populations
Social learning The pattern should be transmitted through some social

interaction with the demonstrator rather than by
trial-and-error learning

Source: Adapted and modified from McGrew, 1992
Innovation

A novel behavioral pattern must be observed. This is perhaps the most
difficult criterion to meet, since it is likely to be rare for an observer to
see an innovation develop and persist across generations. In a review of
innovation in non-human primates Reader and Laland (2001) noted that
older males were the most likely to show novel behaviors, but they were
rarely followed by others and thus their innovations rarely spread to other
group members. Innovations often arise in times of scarcity of food or
other resources and are more common among low-ranking animals with
less access to resources, supporting the adage that “necessity is the mother
of invention” (Reader & Laland, 2003). An innovation that is not adopted
by others has no future as culture. Innovation might be inferred when one
observes a problem which has multiple possible solutions being solved in
different ways by different populations or groups. Innovation may also be
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promoted in captive animals by providing a novel task which has different
possible solutions.

An example from captive common marmosets (Callithrix jacchus) is that
one individual learned to use its mouth to remove the lid on a film can-
ister to obtain food and other marmosets imitated the innovator (Voelkl
& Huber, 2000). A second example of experimenter-induced innovation
is by Aplin and colleagues (2015), who created an automated puzzle box,
with two alternative solutions, for use by wild great tits (Parus major). Two
males in each of five sub-populations were trained in one solution, and
within 20 days 75% of the birds in these sub-populations were solving the
puzzle, the majority of solutions matching those of the trained males.

There are a few examples from natural populations with minimal human
influence. The first is of stone play in Japanese macaques (Macaca fus-
cata); Huffman (1984) first observed this in a single individual in 1979
at Arashiyama near Kyoto and has subsequently tracked the spread of
stone play to the entire population, and to multiple populations throughout
Japan (Leca, Gunst, & Huffman, 2007). Another example, described by Van
Leeuwen, Cronin, and Haun (2014), concerns chimpanzees at a sanctuary
in Zambia: an innovation of placing a blade of grass in the ear developed
and spread throughout one group, but not to any of the other groups at the
sanctuary. Sapolsky and Share (2004) describe the emergence of a pacific
culture among wild olive baboons (Papio anubis) that developed after the
deaths of the most aggressive males in the group. The non-aggressive cul-
ture persisted even after the death or migration of all the males present at
the time of the innovation. Incoming males are shaped by resident females
to be less aggressive. It is rare to directly observe innovation in natu-
ral populations, and yet culture differences must at some level be due to
innovation.

Dissemination

An innovation cannot become a cultural trait unless others pick up and
adopt the same behavior. Novel behavior must spread throughout a group
or population and be adapted by most individuals. As with innovation,
the process of dissemination is also rarely and fortuitously observed, but
dissemination can be inferred if most, or all, members of a group show
the behavior. McGrew (1992) distinguishes between dissemination — the
transmission of a novel behavior within a population — and “diffusion” — the
transmission of behaviors between populations, but more recent papers
have used “diffusion” synonymously with “dissemination” I will discuss
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McGrew’s (1992) idea of diffusion later. Whiten, Caldwell, and Mesoudi
(2016) provide a current review of dissemination.

There are some observations of dissemination. Observations of potato
washing and stone play in Japanese macaques have shown that the behav-
ior spreads horizontally to peers and then vertically to mothers. The inno-
vators of potato washing and stone play were juvenile females, and the
behaviors spread first to other juveniles and then to their mothers. In this
matriarchal species, adult males were the last to acquire the behavior,
and generally only those males who engaged in the behavior as juveniles
acquired the behavior. Males who were adult at the time of the innovation
failed to acquire the task (Kawai, 1965).

In an experimental study van de Waal, Borheaud, and Whiten (2013) pro-
vided several groups of vervet monkeys (Chlorocebus aethiops) with maize
kernels that were artificially colored; one color had been made noxious
through a bitter taste, the other had not. Four to six months after the initial
training the same-colored kernels were again presented, but with no bit-
ter taste to either. Monkeys continued to eat the kernels whose color was
associated with palatable taste. All of the infants born into a group ingested
kernels of the color ingested by their mothers, and males migrating into a
group from groups where the alternative color had been palatable adapted
to the color preference of their new group.

The actual mechanisms of acquisition are difficult to discern in a
wild population, but newly developed methods of network-based diffu-
sion analysis have been used with lobtail feeding in humpback whales
(Megaptera novaeangliae) (Allen, Weinrich, Hoppitt, & Rendell, 2013),
transmission of a novel foraging task in great tits (Aplin et al., 2015) and
transmission of a novel tool use method in chimpanzees (Hobaiter, Poisot,
Zuberbiihler, Hoppitt, & Gruber, 2014). In all three studies a model that
includes some form of social transmission accounted for a much higher
proportion of dissemination than models based on individual learning.
Although these studies demonstrate that social transmission is involved,
they beg the question of exactly how the social transmission occurs. This
will be discussed in the section on mechanisms later in the chapter.

Standardization

If a behavior is to be identified as cultural, there must be some sort of
standardization or conformity among group members. An individually
idiosyncratic behavior cannot be considered an example of culture. On
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the other hand, a behavior that is similar in all groups and populations
of a species is unlikely to be considered as culture. Thus there must be
some differentiation between populations but standardization or confor-
mity within a population. Through observations, one can assess the degree
to which all members of a group share the same behavior, and one can
observe whether newcomers to a group, be they immigrants or infants,
acquire the behavior. In the study on vervet monkeys, both newly immi-
grant males and newborn infants showed the group preference for the
color of kernels, suggesting clear mechanisms for conformity (van de Waal
et al., 2013; Botting, van de Waal, & Rendell, chapter 5 in this volume). In
chimpanzees, where females migrate to new groups after puberty, Luncz
and Boesch (2014) reported that different communities within their pop-
ulation at Tai Forest in Ivory Coast had different preferences for the mate-
rial and size of hammers used for nut cracking. Observations of females
transferring from one community to another over a 35-year period found
that immigrant females adopted the material and hammer size of their
new community, rather than using the materials of their natal community.
Detailed observations of one immigrant female found that, although her
behavior differed from that of the new community during her first year of
residence, she had conformed to the group behavior by her second year of
residence. In another example, Gunhold, Massen, Schiel, Souto, and Bugn-
yar (2014) trained groups of wild common marmosets to solve a foraging
task in one of two ways and then retested the groups three years later. They
found that infants and juveniles that had been born into the group since the
initial training, as well as new immigrants to the group, maintained the
group-specific method of solving the task. Kendal and colleagues (2015)
found that chimpanzees copied the behavior of dominant and knowledge-
able individuals, a pattern that leads to greater conformity or standardiza-
tion but also decreases innovation. Thus, there is considerable evidence for
standardization and conformity.

Durability

Cultural traits must persist beyond the presence of the innovator and
beyond the presence of the demonstrator for an individual learner. Cul-
tural behavior should not be something that occurs idiosyncratically but
should instead be stable over a considerable period of time relative to the
lifespan of the individuals showing it. Several studies have demonstrated
durability. Aplin and colleagues (2015) tested great tits a year after initial
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training and after the removal of the foraging devices, and found that the
birds showed the same degree of fidelity to the originally trained solution
as they had in the first weeks after training. Gunhold and Bugnyar (2014)
found that common marmosets tested three years after initial exposure to
a specific mode of performing a foraging task persisted in using the same
solution. Luncz and Boesch (2014) reported that over a 25-year period the
community-specific preferences for material and size of hammers for nut
cracking remained consistent, and Sapolsky and Share (2004) reported the
persistence of pacific behavior among male baboons even after the death
or dispersal of all of the original males.

Perhaps the most impressive evidence for durability comes from archae-
ological excavations in Ivory Coast, where behaviorally modified anvil
stones have been dated to 4,300 years ago (Mercader et al., 2007). Many
of these stones contain residues of starch, which suggests that they were
actually used for opening nuts. Furthermore, the age of these stones pre-
dates any settled human habitations in the area, making it highly likely that
these stones were used by ancient chimpanzees in much the same way as
modern chimpanzees in the same area. (Stone tool use may have been rein-
vented at a later time, but it is more parsimonious to assume continuity.)
Across a range of species and time, there is clear evidence for durability of
cultural behavior.

Diffusion

As noted earlier, McGrew (1992) defined diffusion as a spread of behav-
ior from one community or population to another, whereas contempo-
rary authors have used the term “diffusion” synonymously with McGrew’s
term of “dissemination” There is a logical problem in seeking diffusion
across populations or communities if at the same time cultural behav-
iors are defined as population-specific with a long duration. McGrew cites
an example of diffusion of the use of termite fishing from one commu-
nity to another in the Mahale Mountain population in Tanzania (Takahata,
1982). However, other studies suggest a resistance to acquiring a behavior
from outside the community: immigrants generally acquire the behavior
of the resident community. This has been shown in chimpanzees (Luncz &
Boesch, 2014), vervet monkeys (van de Waal et al., 2013), baboons (Sapol-
sky & Share, 2004) and common marmosets (Gunhold et al., 2014). Thus,
diffusion (sensu McGrew) appears to be relatively rare, and yet examples
of diffusion from one group to another can also serve as a marker of inno-
vation for the group that does not yet show the behavior.
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Tradition

Given that chimpanzees in Ivory Coast have been using the same hammer
and anvil methods to crack nuts for more than four millennia it is clear that
some transmission across generations has occurred, leading to a tradition.
Other recent studies have found that infants born after training on a novel
foraging device acquire the behavior demonstrated to the group (chim-
panzees, Luncz & Boesch, 2014; vervet monkeys, van de Waal et al., 2013;
savannah baboons, Sapolsky & Share, 2004; common marmosets, Gunhold
et al., 2014). The potato-washing behavior initially shown by one Japanese
macaque has continued after her death, and most of the early innovators
of stone play as documented by Huffman (1984) are unlikely to be alive.
Thus, we have both direct evidence through experimental manipulation
and indirect evidence through naturalistic observation that tradition is a
component of cultural behavior in non-human animals.

Non-Subsistence

This criterion and the next were added by McGrew (1992) to the initial list
from Kroeber (1928). Both are important criteria for evaluating the natural
history of cultural behavior. The early and famous work on potato washing
and tossing wheat kernels into water (where sand sinks and wheat floats) in
Japanese macaques (Kawai, 1965) has been criticized, since these monkeys
were provisioned by humans who may have shaped their behavior through
selective reinforcement of behavioral tendencies already seen in Japanese
macaques (Galef, 1992). Supporting this idea is that population-specific
food calls in Japanese macaques were likely to have been reinforced by
humans provisioning the monkeys (Green, 1975; Masataka, 1992). These
critiques can be answered in the case of Japanese macaques by the dis-
covery of stone play in the same species (Huffman, 1984), which behavior
cannot be explained in terms of provisioning by humans.

The majority of the studies described so far, both experimental and
observational, have involved food of some sort. The majority of cultural
behaviors described for chimpanzees (Whiten et al., 1999) are subsistence-
related. In fact, necessity has been named the mother of animal innova-
tion and tradition (Reader & Laland, 2003). However, there are some cases
of non-subsistence behaviors in non-human animals. Chimpanzees in the
Mahale Mountains in Tanzania have a grooming handclasp behavior, in
which each animal holds on to the hand or arm of its partner with one
hand while they groom each other with the other hand (McGrew & Tutin,
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1978). In the same population males tear up leaves in front of females as
part of a courtship display. Van Leeuwen and colleagues (2014) describe
other non-subsistence behaviors in sanctuary-housed chimpanzees, and
Perry and colleagues (2003) have described several non-subsistence behav-
jors in capuchin monkeys (Cebus apella).

Naturalness

Naturalness is important, since cultural behavior should have developed
in the absence of intervention by human experimenters or observers. In
the majority of chimpanzee field sites, early researchers used food provi-
sioning as a way to rapidly habituate animals to observation. Thus we do
not know to what degree culture-like behaviors were shaped inadvertently
by provisioning or are natural. Although many of the criteria for cultural
patterns cannot be observed directly and experimental interventions are
required to demonstrate them, a true cultural behavior in non-human ani-
mals must be something that is independent of human intervention. At the
time McGrew (1992) was writing, only the chimpanzee site at Tai Forest
in Ivory Coast had never had any provisioning, and thus all behaviors seen
in that population could be considered natural. Fortunately, this is one of
the sites that have shown impressive tool use to open palm and panda nuts
(Boesch & Boesch-Achermann, 2000), is the location of the archaeological
material suggesting this type of tool use has been going on for millennia
and pre-dates human settlement in the area (Mercader et al., 2007), and
is the site that demonstrates variation between adjacent communities and
best demonstrates standardization, durability and transmission (Luncz &
Boesch, 2014).

Independence of Ecology and Genetics

There are two additional criteria that I think are quite important. First,
if nut-cracking chimpanzees were only found in areas where stones and
hard-to-open palm nuts were found, it would be difficult to advance culture
as an explanation of behavioral variation when ecological variation would
be a more parsimonious explanation. Fortunately, for the case of stone tools
and nut cracking (and many other cultural behaviors in chimpanzees) there
is clear evidence that stones and palm nuts are abundant in areas where
chimpanzees have not been observed to use stone tools or to crack nuts.
Nonetheless, it is wise to rule out ecological explanations before conclud-
ing that a behavior is cultural. Mitani, Hasegawa, Gros-Louis, Marler, and
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Byrne (1992) have demonstrated variation in the structure of chimpanzee
pant-hoots (a conspicuous long-distance vocalization at different sites in
East Africa). While it is tempting to conclude that differing vocal struc-
tures are cultural, alternative explanations could include genetic drift due
to long separations of populations or variations in habitat structure that
might constrain call structure (Mitani, Hunley, & Murdoch, 1999). Habi-
tat differences may constrain the distance over which a call can travel or
may lead to degradation of some components of a call and thus shape call
variation. The same concerns can be applied to the variation that exists
between different populations of various bird species. However, for migrat-
ing birds who may not return to the same breeding location each year and
change their song to match other males in the new breeding area in which
they settle (e.g. Payne & Payne, 1997), genetic drift can be ruled out as a
mechanism, and the habitats in which birds of a given species are likely to
breed successfully are unlikely to differ enough to impose change on song
structure (but this latter point is a speculation).

One of the major arguments for culture in chimpanzees has been
ant-dipping behavior, in which chimpanzees in East Africa use long sticks
to collect biting ants and collect ants on their hand to ingest them, whereas
at Tai Forest in West Africa chimpanzees use short sticks and pass the
ants directly to their mouth. However, Humle and Matsuzawa (2002)
found both techniques being used in another West African population;
here, chimpanzees used longer sticks with a more aggressive species of
ant and shorter sticks with a less aggressive species, which shows the
difficulty of completely controlling for potential ecological differences.
This study is often used to disparage notions of cultural behavior in
chimpanzees. Nonetheless, some sort of cultural behavior could still be
present (with many of the criteria listed above being met), but the behavior
would simply be more complex and differentiated by micro-ecological
variation.

Social Learning

Almost all researchers agree that behavior indicative of culture requires
some sort of social transmission. If each organism discovered the behav-
ioral pattern on its own with no influence from other group members, we
would be unlikely to consider it cultural. Both skeptics and enthusiasts of
animal culture agree that social learning is critical, although they may differ
on the type of social learning that is necessary and sufficient, and skeptics
would say that although social learning is necessary, it is not sufficient to
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establish culture. The types of social learning and how it relates to culture
will be discussed in greater detail below.

Mechanisms of Cultural Transmission

The preceding section described several criteria that can be used to deter-
mine whether cultural behavior can be inferred in a non-human species. In
this section I want to describe some of the social mechanisms for cultural
transmission. Novel behaviors might appear and become stable within a
population if somehow the environment provides a means for each individ-
ual to acquire a behavior on its own through trial-and-error learning. How-
ever, such a mechanism would be inefficient and would be likely to lead
to several alternative behaviors within the same population. An impor-
tant component of culture is social transmission among individuals. Social
transmission is highly efficient and assures a great deal of behavioral con-
formity that would be unlikely to occur with individual trial-and-error
learning. First I will discuss social tolerance as a basis for social learning.
Then I will discuss different types of social learning, including teaching.

Social Tolerance

A key component that encourages social learning is social tolerance and
a relative lack of hierarchy. Coussi-Korbel and Fragaszy (1995) provided a
theoretical argument for the conditions under which social learning would
be optimized. To be successful a naive individual must be able to closely
observe the behavior of a knowledgeable individual and the knowledgeable
individual must tolerate the close presence and attention of the naive indi-
vidual. Species vary widely in the degree to which organisms tolerate the
close presence of others, and across different breeding systems the individ-
uals who can be close to others may vary. Thus, in hierarchical societies of
macaques, baboons and chimpanzees, mothers and offspring will tolerate
each other and allow the close observation needed to acquire a behavioral
skill more than, say, a dominant male and subordinate females. Thus
in hierarchical species, social transmission might be maximized among
mother—offspring pairs and among peers with similar social status. In
cooperatively breeding species such as marmosets and tamarins, in which
behavioral hierarchies are minimal, social learning might be expected to
occur more readily and among almost all group members. Coussi-Korbel
and Fragaszy (1995) would predict faster social learning among relatively
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egalitarian species, and these species might be a better place to look
for cultural transmission than among more hierarchical species such as
chimpanzees.

However, there is considerable within-species variation in social toler-
ance. Cronin, van Leeuven, Vreeman, and Haun (2014) have described
variation in what they call “social climate” in groups of sanctuary-housed
chimpanzees living in identical feeding and ecological conditions, some
groups being more willing to share resources as well as showing greater
social tolerance. The groups with greater social tolerance would be pre-
dicted to show more rapid social learning and thus a more rapid spread of
any innovation.

Types of Social Learning and Teaching

Whiten and Ham (1992) compiled a taxonomy of mechanisms by which
behavior can be altered through social processes. They distinguish
between social influence, in which animal B’s behavior is influenced by the
behavior of A but B does not learn directly from A, and social learning,
where B is learning some aspect of behavior directly from its interaction
with A. Whiten and Ham (1992) consider the following: social contagion,
whereby an action by A stimulates a similar action by B; exposure, where,
by virtue of being close to A, B is exposed to a similar learning environ-
ment; social support, where the presence of A has an effect on B’s motiva-
tion and thus its ability to learn; and matched dependent learning, where
B uses an act of A that is similar to its own as a stimulus for making similar
responses.

However, direct social learning is of more interest for cultural trans-
mission. Whiten and Ham (1992) described four categories. The first is
stimulus or local enhancement. An observer’s attention is drawn to some-
thing produced by a demonstrator and by trial-and-error learning acquires
the same solution as the demonstrator, although without mimicking the
actions involved. The second is observational conditioning: an animal
learns not only about attention to something in the environment but also
about its significance. For example, Mineka, Davidson, Cook, and Keir
(1984) showed that captive-born monkeys rapidly acquired a fear of snakes
by watching a caught wild monkey reach fearfully toward the snake. The
third category is imitation. This takes place when B is learning some form
of behavior by its observations of A. Thus a young male songbird listening
to the songs of adult birds in a given location will produce the exact form
of the song when it becomes an adult, or an ape will copy the exact form
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of the behavior that a demonstrator uses to solve a task. Initially this was
considered to be the epitome of social learning as it appeared to require
from the observer a deep understanding of the intentions of the demon-
strator, something perhaps only a human being could do (Tomasello, 1990).
However, the discovery of mirror neurons in macaques (Di Pellegrino,
Fadiga, Fogassi, Gallese, & Rizzolatti, 1992) and subsequently in other
species showed that imitation did not require complex cognition as orig-
inally thought, and in recent years imitation has been demonstrated in a
variety of species. The final mechanism is goal emulation, which occurs
when organism B learns which goal A is pursuing and pursues the same
goal, without necessarily imitating the actions of A. Because emulation
does not require precise following of actions, it has been thought to be of
less value to culture than imitation, but recent work by Whiten, McGuigan,
Marshall-Pescini, and Hopper (2009) shows the involvement of both imi-
tation and emulation in the acquisition of novel skills in children and chim-
panzees, with children engaging in over-imitation (and thus not finding the
most efficient solution to a problem). However, chimpanzees are in general
more conservative and conforming, whereas children showed cumulative
learning ability.

Many of these definitions of social processes may appear to be fairly arbi-
trary and hair-splitting, and indeed many pages have been devoted to argu-
ing whether a given study of non-human animals has or has not shown one
of these mechanisms. However, I think it is valuable to consider all of these
mechanisms as potential ways in which an innovative behavior might be
passed on to others and become stable within a population. Acquiring a
particular novel skill from others may, in reality, involve aspects of social
contagion, local enhancement, observational learning and emulation. For
example, a young chimpanzee learning to use stone tools to crack open
nuts is attracted to other group members, especially its mother and peers,
becomes interested in the stones used, may scavenge bits of nuts remaining
after another has opened a nut, may emulate the goal of opening a nut and
may finally develop specific motor skills to be as successful as its mother.

There remains one final mechanism that is more rarely discussed than
these others, namely teaching. Teaching is a highly effective method that
humans use to transfer behavioral skills to others. Can we find or even
define teaching in non-human animals? Caro and Hauser (1992) provided
three criteria to demonstrate if teaching exists in non-human animals. A
teacher must behave differently with naive individuals than with experi-
enced individuals. There must be a cost to the teacher and there must be a
change in the behavior of the naive animal as a result. The clearest evidence
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of teaching has been seen in cooperatively breeding mammals; this will be
discussed in greater detail in chapter 6, on culture in cooperatively breed-
ing animals. Teaching has been observed in feeding contexts in meerkats
(Suricata suricatta) (Thornton & McAuliffe, 2006), and in food sharing in
marmoset and tamarin monkeys (Rapaport, 2011). In striking contrast to
the teaching behavior seen in meerkats, marmosets, and tamarins, chim-
panzee mothers feeding on dangerous biting army ants show no evidence
of teaching or any form of assistance to their infants (Humle, Snowdon, &
Matsuzawa, 2009).

Gene-Culture Coevolution and Epigenetics

After arguing that culture should not have a genetic component I now want
to argue that genes and culture may interact closely. I will first present a
brief summary of gene—culture coevolution with some examples and then
explore the relatively new field of epigenetics, which shows that various
types of experience can permanently or transiently alter gene expression,
leading to non-genomic transmission of behavior from one generation to
another.

Gene-Culture Coevolution

In an attempt to synthesize the influences of genetics and of culture several
biologists have attempted modeling that involved both genetics and culture
(e.g. Cavalli-Sforza & Feldman, 1981). Key concepts are that cultural evolu-
tion can be slow and genetic evolution can occur rapidly, and that humans
(and other species) have the capacity to construct their own ecological
niches, which may influence changes in the genome. By constructing nests
or other shelters, and adopting novel food-processing techniques and the
like, organisms can alter the environmental influences that influence natu-
ral selection. Thus, cultural changes might lead to genetic changes. A key
example used to describe this idea is the coincidence of dairy cattle with the
ability of adult humans to break down lactose. The raising of dairy cattle in
Africa is thought to be coincident with areas without the tsetse fly, which
transmits sleeping sickness. Subsequently, in order to utilize dairy prod-
ucts more fully, adults retained the lactase enzyme, which breaks down lac-
tose into simple sugars. Thus, the development of dairy farming has led to
a genetic change in some human populations to allow adults to metabolize
milk sugar (Simoons, 1969, 1976). Since yogurt and some forms of cheese
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contain reduced lactose, the development of these dairy products may
have allowed the gradual adaptation to milk in some human populations.
There are few examples as well developed among non-human animals, but
one can imagine how the construction of a new niche coupled with rapid
genetic change could lead to gene—culture coevolution in other species.
For a general introduction to this topic see Laland and Brown (2011).

Epigenetics

The idea of epigenetics is closely related to gene—culture coevolution and
provides a mechanism for how environmental (or cultural) change can
effect gene expression. The term “epigenetics” was first used by Kuo (1967)
to describe how seemingly innate behaviors in animals might be influenced
through processes occurring in utero or in ovo. Kuo (1967) studied the
behavior of chickens and reported that the pecking response developed in
ovo and was determined by the fetal heartbeat moving the head and neck
in a pattern that essentially trained the chick’s pecking responses before it
hatched. Modern epigenetics has taken a different approach to determin-
ing how environmental factors shape gene expression.

Perhaps the best-known example of epigenetics is research on mater-
nal licking behavior in rodents. Mothers vary in the amount of licking and
grooming they give their pups, and pups that experience a high amount of
maternal licking have lower levels of the stress hormone corticosterone and
are behaviorally more resistant to stress. Daughters groom their infants
in the way their mothers groomed them. Thus daughters of mothers with
high rates of maternal licking will do the same to their infants and so on.
Francis, Diorio, Liu, and Meaney (1999) cross-fostered pups born to high-
licking mothers with low-licking mothers and vice versa, and showed that
this transgenerational effect was not transmitted genetically but as a result
of behavior, since cross-fostered infants acquired the behavior of their fos-
ter mothers. High rates of maternal grooming led to the expression of oxy-
tocin receptors in females and vasopressin receptors in males (Francis,
Young, Meaney, & Insel, 2002). Oxytocin increases feelings of trust and
vasopressin influences positive social behavior in males. Finally, this effect
has been shown to be mediated through methylation of the estrogen recep-
tor (Champagne, 2008). The addition of a methyl group to a strand of DNA
blocks its ability to produce messenger RNA and thus blocks transcription
of the protein encoded by that gene.

In another example of epigenetics, Bester-Meredith and Marler (2001)
cross-fostered two species of deer mice. The California mouse (Peromyscus
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californicus) is strictly monogamous (Ribble, 1991) and territorial, and
paternal care is common. The white-footed mouse (Peromyscus leucopus)
is promiscuous, non-territorial, and non-paternal. Bester-Meredith and
Marler (2001) found an epigenetic transmission of territorial aggression,
paternal care, and vasopressin activity in cross-fostered compared with
in-fostered mice. Paternal behavior, territorial aggression, and immunore-
active staining of vasopressin in the bed nucleus of the stria terminalis were
all reduced in cross-fostered California mice compared with in-fostered
mice. Cross-fostering also led to increased aggression in white-footed mice
compared with in-fostering. Thus, cross-fostering changed behavior and
the expression of vasopressin in the brain. Frazier, Trainor, Cravens, Whit-
ney, and Marler (2006) looked at which variables led to behavioral change.
Male offspring of either species developed the paternal care and territorial
aggression patterns of California mice only if fathers were present in the
families. More specifically, the number of paternal retrievals when infants
left the nest was the main variable that explained variation in paternal
behavior, territorial aggression, and staining of vasopressin neurons in the
brain. Thus, it is the behavior of the fathers before weaning takes place
that shapes the subsequent behavior of the offspring he cares for. In effect,
fathers are creating a cultural pattern of paternal care and territorial
defense through the way in which they interact (or do not interact) with
infants.

Many other examples of epigenetics are emerging. In rats the presence
of estrogen at the neonatal stage of development leads to masculinization
of play and mounting behavior in males. Injections of estrogen into female
neonates also masculinize their behavior, but, remarkably, so do injections
of dopamine into the brain (A. P. Auger, 2001). Since dopamine is associ-
ated with motivation and reward, this suggests that other processes that
increase brain dopamine levels could also influence sex-typical behavior.
However, epigenetic effects do not occur only early in development, but
can also be seen in adults and be reversible. For example, C. A. Auger, Coss,
A.P. Auger, and Forbes-Lorman (2011) found that castrating an adult male
rat led to methylation of the testosterone receptor and demethylation of
the estrogen receptor. Replacing testosterone in castrated males reversed
the process, leading to methylation of the estrogen receptor and demethy-
lation of the testosterone receptor.

One more example comes from non-human primates. Rhesus macaques,
like humans, have two forms of the serotonin transponder gene, and mon-
keys with two long forms of the gene show normal behavior. Some mon-
keys with short alleles demonstrated increased impulsivity and alcohol
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intake and decreased alertness as neonates, but this was dependent on
rearing condition. Monkeys with short alleles and stressful rearing con-
ditions exhibited deficits but monkeys with short alleles reared normally
did not (Barr et al., 2003; Bennett et al., 2002; Champoux et al., 2002).

While the studies to date may not seem to bear directly on the issue
of culture, what emerges is the suggestion that what an individual expe-
riences (as either an infant or an adult) can modify gene expression, which
in turn affects the influence that individual has on others, which leads to
a long-lasting behavioral change. It is not too far-fetched to think that the
socially tolerant groups of chimpanzees studied by Cronin and colleagues
(2014) or the newly pacific baboon groups of Sapolsky and Share (2004)
might continue into the future because a combination of behavioral and
epigenetic effects has created a lasting social culture. It is also tempting
to speculate that many species differences in behavior may be initiated by
seemingly random variations in behavioral development that can produce
lasting effects.

Conclusions and Future Directions

Some forms of culture (or tradition) can develop in non-human species,
and the criteria advanced for evaluating whether culture exists in non-
human animals can provide a rigorous standard for evaluating human cul-
ture as well. It is easy to assume that we know what culture is in humans,
but our assumptions may not always be accurate. The extensive work that
has been done on social transmission of behavior in non-human animals
also provides some rigorous methods for understanding how human cul-
ture is transmitted. Although animal researchers have developed a tax-
onomy of social mechanisms, it is important to recognize that multiple
mechanisms may be involved simultaneously in the transfer of information
from one organism to another. The recent emergence of modern epigenet-
ics suggests a novel mechanism whereby cultural experiences can modify
gene expression, and thus illustrates a close interaction of genes and the
environment.

For psychologists there is value in at least thinking about cultural
phenomena in non-human animals. The culture-in-animals debates have
led to more careful definitions of what might constitute culture, and the
methods of combining rigorous experimentation (common in psychology)
with naturalistic observations (not so common in psychology) might be
very useful in studying the presence and development of cultural traits
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in humans. The putative differences between humans and animals,
such as symbols, group identification, and the presence of cumulative
cultural traits, may lead to new ways of studying such phenomena in both
human and non-human animals. As a biological psychologist, I think it is
important to understand the differences as well as the similarities between
our own and other species. It is especially important to consider a broader
range of species than great apes, since other species may have different
developmental processes and different degrees of social tolerance and
helpfulness that can provide diverse models to researchers on human
culture.

Two areas are of particular importance for future research. The first is
expanding work on the notions of social tolerance and putative teaching.
If social learning is facilitated and predicted by patterns of social tolerance,
then chimpanzees with less social tolerance than some other species may
not be the best models. Studying species with different degrees of social
tolerance should lead to the discovery of different degrees of social learn-
ing and culture-like behavior as a function of social tolerance. However, the
findings that a pacifist culture can develop in baboons (Sapolsky & Share,
2004) and that social climate can vary among different groups of chim-
panzees (Cronin et al., 2014) raise interesting predictions that social trans-
mission (and the emergence of culture-like phenomena) should be more
evident in these groups than in other groups of the same species.

The second is understanding the implications of epigenetics for all forms
of social behavior. The results with rodents suggest that early experiences
(and possibly even adult experiences) may play an important role in reg-
ulating gene expression. The degree to which epigenetics lead to perma-
nent or at least long-lasting behavioral change that can cross generational
boundaries has major implications for understanding not only culture, but
virtually every aspect of human psychology.

The subsequent chapters in this part will go into greater detail about cul-
tural phenomena, and it is hoped that the phenomena they describe will
be convincing. Nonetheless, although strong claims can be made for cul-
ture in non-human species, the cultural phenomena described fall far short
of what we know about human cultures. Any non-human species might
exhibit one or a few culture-like phenomena, but no other species has the
richness of cultural phenomena seen in our species, and there appears to be
no evidence to date of cumulative culture, where one cultural phenomenon
builds upon others. This is perhaps most clearly illustrated by language,
which has provided a grounding upon which many other cultural phenom-
ena can develop.
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Comparing and Contrasting Primate and Cetacean Culture

Jennifer Botting, Erica van de Waal, and Luke Rendell

As humans, culture is an intrinsic part of our lives, evident in our language,
technology and rituals, and has long been viewed as a defining feature of
human uniqueness. However, the last few decades have seen a growing
debate about the role of cultural process in non-humans. When we are
investigating the evolution of human culture, it seems a natural step to look
to our closest relatives, the primates, for evidence of the roots of cultural
capacity. What we have found has surprised many: a plethora of cultural
behaviors and abilities that were previously thought of as uniquely human.
Yet what is arguably more surprising is that another group of animals shows
a remarkable propensity for cultural behaviors: whales and dolphins, col-
lectively known as cetaceans. While separated by millions of years of evo-
lution, it seems that both taxa have evolved forms of culture as an adaptive
response to their vastly different environments. But what form do these
cultures take? How comparable are they to each other? Have they evolved
along similar lines for similar functions? In recent years these questions
have prompted the unearthing of some fascinating data.

Before proceeding, we must define exactly what we mean by culture. Cul-
ture can be a divisive topic, with academics often in disagreement about
what this term actually means. Certainly, it is only in fairly recent history
that the term culture has been used to describe animal behaviors (Kawai,
1965). For us, the best definition is the one that is the most useful from
a scientific point of view. If by definition culture excludes all species but
humans, ipso facto it cannot be a topic of comparative research, which
at the same time excludes a very powerful scientific approach and leads
to a profound rejection of Darwinian continuity in the evolution of cul-
ture. Thus, for the rest of the chapter, when we discuss culture, we use the
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broad definition suggested by Hoppitt and Laland (2013), “group-typical
behavior patterns shared by members of a community that rely on socially
learned and transmitted information” (p. 4). While we argue for an inclu-
sive definition of culture, it is obvious to all that human culture is different
to that in non-humans: the intricacies of our language and customs as well
as our technological advancement are plain to see. Tomasello, Kruger, and
Ratner (1993) suggested that this difference lies in the cumulative prop-
erties of human culture, in the ability to build upon the work of others
and end up with a product that is too complex to be innovated by a single
individual. Tomasello and colleagues (1993) called this cumulative culture.
Researchers have yet to find any convincing evidence for cumulative cul-
ture in a non-human species (Dean, Kendal, Schapiro, Thierry, & Laland,
2012). What is accumulating, however, is a stockpile of evidence of culture
in multiple non-human species.

What can we learn from comparing the cultures of primates and
cetaceans? What does it mean for human cultural evolution to find cul-
turally transmitted behaviors in these distantly related taxa? This chapter
aims to explore how evolution has operated convergently and divergently
in these taxa with respect to culture. We outline the pivotal role that envi-
ronment, physiology and social structure can play in the shaping of culture,
the mechanisms though which culture operates, and the adaptive role that
culture plays in the survival of each taxon. By comparing cultural behav-
iors within functional domains (communication, foraging, and so forth)
we can begin to investigate why these cultural behaviors have emerged in
both taxa.

Social Systems, Ecology, and Culture

Are the capability of acquiring and transmitting culture, and the cultural
content itself, adaptions to specific social and physical environments? As
we know, adaptive explanations cannot necessarily be assumed (Gould &
Lewontin, 1979), and just what evolves when a species (or an individual
for that matter) becomes able to acquire and transmit cultural knowledge
is a matter of considerable topical debate (Enquist, Eriksson, & Ghirlanda,
2007; Heyes, 2012; Heyes & Pearce, 2015; Mesoudi, Chang, Dall, &
Thornton, 2016; Rendell, Fogarty, & Laland, 2010). We obviously do not
propose to definitively answer this question here, but note that it is self-
evident, in the case of human societies, that whatever has allowed us to
generate cumulative cultural processes is both extraordinarily adaptive, at
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least in the geological short term, and capable of producing cultural traits
that are adaptively neutral, or even maladaptive, in specific circumstances
(see e.g. Lindenbaum, 2008). It is also self-evident from human ethnogra-
phy that both social structure and physical environment have major effects
on what forms of culture emerge. If we are to understand the evolution
of culture in any species, these factors must loom large in our thinking.
Obviously cetaceans and primates occupy vastly different habitats, which
impose very different constraints. For example, because of the physical
properties of water, sound appears to play a much more pivotal role in
cetacean communication than in that of primates (Whitehead & Rendell,
2014), and, as a result of their natural environment and foraging chal-
lenges, the physiology of apes may make them more adept at tool use than
cetaceans.

It is not only the physical environment that has formative effects upon
the culture expressed within a species; the social structure of a species
or even a population (a group of organisms, all of the same species, that
live together and reproduce; Gotelli, 1995) is also important. A similarity
between these two taxa is that individuals from both spend extended peri-
ods of their early lives in close proximity to their mothers; several examples
of culture from both taxa seem to be transmitted primarily from mother
to infant, from learning migratory routes in whales (Valenzuela, Sironi,
Rowntree, & Seger, 2009) to nut-cracking in chimpanzees (Matsuzawa,
Biro, Humle, Inoue, & Tonooka, 2001).

Culture is also passed on by “horizontal” transmission through social
learning between group members outside parental relations. Necessar-
ily, then, the group composition and structure will have important influ-
ences on how cultures evolve. For example, field experiments have shown
that immigrating male vervet monkeys show strong conformity towards
their new group’s food color preferences, overriding existing individually
learned preferences (van de Waal, Borgeaud, & Whiten, 2013, see Fig-
ure 5.1). A similar effect was seen in an immigrant female chimpanzee
whose nut-cracking behavior became more like her new group’s behavior
throughout her first year after immigration (Luncz & Boesch, 2014); these
authors suggest that this conformity maintains the distinct between-group
traditions in chimpanzees. Therefore, it follows that the social structure of
the species beyond the mother—infant relationship is important for how
culture evolves and is maintained in each group.

Within these taxa, groups can range from relatively solitarily living
individuals such as blue whales and orangutans to larger groups, such
as oceanic dolphins and baboons, and including species such as killer
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Figure 5.1 Experimental set-up illustrating preferential foraging. A photograph from
the follow-up experiments of van de Waal et al. (2013) showing a group of vervets
crowding around their preferred colour of corn (pink, left) and avoiding the other
(blue, right)

whales and sperm whales who live in hierarchical social structures form-
ing “groups within groups” (Bigg, Olesiuk, Ellis, Ford, & Balcomb, 1990;
Whitehead, 2003). Differences in how time is spent within these groups will
naturally affect cultural transmission. Some species live in fission—fusion
societies in which the group may temporarily divide into subgroups (e.g.
chimpanzees and bottlenose dolphins), whereas others maintain more sta-
ble groupings (e.g. sperm whales and gibbons), leading to variation in the
models and frequencies of behaviors observed. As we will see, these dif-
ferences in social structure are associated with stark differences in cultural
behaviors both between and within taxa. To explore this variation, we will
organize our brief review into three behavioral domains: foraging, vocal
communication, and social and play behaviors.

Culture in Foraging

Foraging is a critical part of any animal’s behavioral activities, and con-
sequently some of the best evidence we have for culture in primates and
cetaceans comes from foraging behaviors (Allen, Weinrich, Hoppitt, &
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Rendell, 2013; Whiten et al. 1999). Indeed, the first documented example of
cultural behavior in primates was a foraging behavior: a Japanese macaque
named Imo began washing pieces of sweet potato in the river before
eating them. Following this, several members of her group copied this
behavior, resulting in the attribution of “pre-culture” to these macaques
(Kawai, 1965). While the evidence for social transmission has since been
questioned in this case (Galef, 1992), it was the spark that ignited the study
of cultural behaviors in non-human primates.

In the decades that followed, several researchers put forth cases for
potential cultural behaviors in chimpanzees (Goodall, 1986; McGrew &
Tutin, 1978). Then, in 1999, Whiten and colleagues published a seminal
paper detailing behavioral traditions in chimpanzees which collated
data from seven long-term field sites. Researchers were asked to list the
frequency with which certain behaviors occurred in chimpanzees at their
field sites, resulting in the identification of 39 behaviors that were custom-
ary or habitual at some sites, while being absent from others. Of these 39,
almost half were related to foraging (Whiten et al. 1999), including nut
hammering and termite fishing. For example, populations in West Africa
used stone hammers and anvils to crack nuts, whereas East African pop-
ulations did not, thus indicating a social spread of behavior (Whiten et al.
1999). Following this, evidence was revealed of cultural behaviors in wild
orangutans, some of which were also in the foraging domain (van Schaik
et al., 2003). Later research lent further support to a cultural hypothesis
for this behavioral variation by examining the roles of genetics and ecology
in the behaviors and finding that while ecology played a significant role,
the analyses pointed at social learning as the likely basis of the behaviors
(Kriitzen, Willems, & van Schaik, 2011). Nut-cracking behaviors are
also seen in wild capuchins, where the patterns of acquisition are again
consistent with a cultural hypothesis (Ottoni & Izar, 2008).

Many of these behaviors in the wild have been examined with the
“method of exclusion” (Kriitzen, van Schaik, & Whiten, 2007). This
requires elimination of potential genetic and direct environmental causes
of the behavioral variation, the assumption being that if these factors could
not explain the presence of a behavior at one site and its absence at another,
the behavior must be transmitted through social learning (Whiten et al.,
1999). While this method has been useful in identifying a number of cul-
tural variants, critics of the method highlight the danger that its uncrit-
ical use will result in both Type I and II errors (Laland & Janik, 2006;
Langergraber et al., 2010). For example, Type I errors could result from
missing subtle ecological differences that might account for behavioral
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variation (Laland & Hoppitt, 2003) and Type II errors from incorrectly
rejecting a cultural hypothesis if the behavioral variation aligns with
genetic population structure (Langergraber et al., 2010). Indeed, research
with primates and cetaceans alike has shown that ecology does play a major
role in shaping culture (Allen et al., 2013; Kriitzen et al., 2011), and it self-
evidently does in humans, if one considers only for a moment the different
lifestyles of indigenous peoples in the Amazon and the Arctic. Thus, the
method of exclusion is not without limitations.

More recently, however, by charting the emergence and spread of two
novel foraging behaviors, moss sponging and leaf-sponge reuse in a wild
group of chimpanzees, and lobtail feeding in a population of humpback
whales, researchers have managed to demonstrate the role of social
learning in the acquisition of foraging behavior via methods other than
exclusion (Allen et al., 2013; Hobaiter, Poisot, Zuberbiihler, Hoppitt, &
Gruber, 2014). In both cases researchers used a statistical technique called
network-based diffusion analysis (NBDA; Franz & Nunn, 2009; Hoppitt,
Boogert, & Laland, 2010), which quantifies the influence of social networks
on behavioral diffusion within a given population. Hobaiter and colleagues
(2014) used NBDA to compare the spread of a behavior through individu-
als in a group with the number of times each individual witnessed another
individual performing the novel behavior. The analysis found that social
learning explained the spread of the behavior significantly better than did
individual learning: the more often the chimpanzees saw the behavior,
the more likely they were to perform it. This is an important finding as it
provides us with direct evidence of social learning in wild chimpanzees,
rather than requiring that alternative explanations be excluded. It also
highlights the difficulties of comparing primate and cetacean culture: the
authors recognize that this level of analysis requires total habituation, con-
stant observation and individual identification, requirements that are all
but impossible with wild cetaceans. Despite these difficulties, we also have
convincing evidence for cultural foraging behaviors in cetaceans.

NBDA was also used to analyze the spread of a unique foraging technique
in humpback whales (Allen et al., 2013; see Figure 5.2). In lobtail feeding
a whale first slaps or agitates the surface of the water with its tail, then
dives below to begin a bubble-net feeding event. It was first seen in just one
whale off the waters of Cape Cod in 1980 (Hain, Carter, Kraus, Mayo, &
Winn, 1982), before spreading to nearly half the observed feeders by the
mid-2000s. The strength of this example rests partly upon the speed with
which the behavior spread through the population: it spread too fast to be
attributed solely to genetics (Whitehead & Rendell, 2014). To analyze this
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Figure 5.2 The spread of lobtail feeding in a humpback whale population. (A) Map of
spatial distribution of lobtail feeding events and sightings data. (B) The proportion of
the known population each year that have also been seen lobtail feeding at least
once in the study and were thus considered to be informed about the behavior.

(C) The social network of whales sighted at least 20 times. White nodes are individuals
observed lobtail feeding, gray nodes are those never observed lobtail feeding. The
network is laid out by spring-embedding. Source: Allen et al. (2013: 485). Reproduced
with permission AAAS

further, NBDA was employed to chart the spread in relation to the social
network of the population, which had been well characterized over several
decades by observers working on whale-watch vessels. This static method
is slightly different from that used by Hobaiter and colleagues (2014) in that
it compares the spread of behavior with social associations rather than with
direct observations of the behavior.

These findings provided strong evidence of a role of social learning:
whales who associated more often with lobtail feeders were much more
likely to exhibit this behavior than those who associated less (Allen et al.,
2013). These analyses show us that the same statistical techniques can be
used for primates and cetaceans to reveal that the diffusion of novel behav-
iors follows similar patterns in both taxa. As has also been shown in captive
studies, the social network of each species appears to be an integral aspect
of cultural transmission: for example, individuals more central to the net-
work acquire information more rapidly (Claidiere, Messer, Hoppitt, &
Whiten, 2013). Importantly, Allen and colleagues (2013) also found that
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use of this distinctive foraging technique (lobtailing) was strongly related
to the abundance of sand lance in the area, thereby displaying the joint
roles that social network and ecology can play in the emergence of cultural
behaviors and the dangers inherent in excluding all candidates for cultural
behaviors that can be partially explained by ecological factors.

Another strong candidate for a cultural foraging behavior also provides
us with one of the few examples of material culture in cetaceans. On the
western coast of Australia in Shark Bay live a population of dolphins, a
small subset of whom can be seen at the surface carrying sponges on their
rostrums. Scientists hypothesize that this is a socially learned behavior
that functions to protect their noses as they grub for fish in the sandy
seabed (Krtitzen et al., 2005), although frustratingly it has never actually
been witnessed because of a lack of visibility at depth. While the majority
of these spongers are members of the same matriline, one sponger is not,
and not all members of the matrilines engage in sponging. This, combined
with evidence from another, genetically distinct, population of spongers
(Ackermann, 2008) in a different area, makes it hard to rule out the role of
culture in this fascinating behavior (although see Laland & Janik, 2007 for
a critique).

As we have seen, social learning appears to be very beneficial to both
taxa when it comes to foraging strategies, and gives rise to foraging tradi-
tions that can persist across generations. However, there is another domain
which provides an equally fascinating insight into the evolution of cultural
capacities in non-humans and especially in cetaceans.

Vocal Communication

Species adapt to the environments that they inhabit, and primates and
cetaceans inhabit very different worlds. The reason we find such strong
evidence of vocal culture in cetaceans is that sound is the most effective
form of underwater communication (Whitehead & Rendell, 2014). Sounds
travel through water around four times faster than through air and are
less attenuated by water, and thus the sounds of marine mammals can
be heard at far greater distances than mammals on land (Tyack & Miller,
2002). This is an excellent example of the environment shaping physiology
and behavior, and thus culture. As we shall see, there are many candidates
for culture within cetacean vocal communication, but we shall start with
the best-known and arguably the most persuasive example: the song of the
humpback whale.
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The songs that humpbacks sing are long, loud, and complex; the songs
are structured hierarchically and are repeated in cycles, traveling at least
15 km under water (Whitehead, 2009; Payne, 2000). It is only the males
who sing and only during their migrations and in the breeding months
(Glockner & Venus, 1983; McSweeney, Chu, Dolphin, & Guinee, 1989).
Females do not sing, strongly suggesting that the songs are involved in
mating, although it is still unclear exactly how (Whitehead & Rendell,
2014). The migrations of these animals can span several hundred kilo-
meters across vast oceans. Yet, despite this vast range, researchers have
found that all male humpbacks in a population sing the same song at the
same time (Payne, 2000). This may not be so remarkable — if song is based
purely on genetics, one might find the same pattern — but there is another
key feature of humpback songs which immediately suggests culture: they
change. Each song evolves over time to include a different arrangement
of its units (Payne, 2000). This change is important because it is not
a generational change but a constant evolution of the song, and, most
importantly, the songs of all members of a population change in the same
way. Indeed, there have been examples of songs changing completely in
less than a year, ostensibly due to some stray whales from a neighboring
population introducing their different, and apparently favored, song to the
existing population (Noad, Cato, Bryden, Jenner, and Jenner, 2000). No
mechanism we know of other than culture could produce the observed
swift, synchronous changes in song.

A key study by Garland and colleagues (2011) examined a decade’s worth
of recordings across the Southern Pacific and found repeated eastbound
“waves” in the evolution of the song. Entire songs spread eastward through
the various discrete breeding populations between Australia and French
Polynesia. The songs sung by the whales off the eastern Australian coast
were heard a year later off the Cook Islands and then a year after that
in French Polynesia, by which time the eastern Australian whales were
singing a new song. As far as we know, there is no comparable phenomenon
in the northern hemisphere. Instead, all populations sing the same song
at the same time across a vast area (Cerchio, Jacobsen, & Norris, 2001).
A plausible reason for this difference is that the northern-hemisphere
whales come closer together to feed in the Arctic than do the southern-
hemisphere whales in the Antarctic, where they may hear each other and
synchronize their songs (Whitehead & Rendell, 2014).

While the song of the blue whale is much simpler and less well known
than that of the humpback, it is equally intriguing. Researchers have doc-
umented 11 song types across the world, which are linked to populations
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(McDonald, Mesnick, & Hildebrand, 2006; Frank & Ferris, 2011). Simi-
larly to humpbacks, all of the whales within a population sing the same
song, with some amount of individual variation. However, in all of the dif-
ferent, widespread populations the songs have been lowering in pitch over
time (McDonald, Hildebrand, & Mesnick, 2009). While the authors failed
to find an explanation that satisfactorily explained these changes, this sit-
uation can perhaps be likened to cultural drive in humans (Whitehead &
Rendell, 2014), whereby trends move, seemingly arbitrarily, in one direc-
tion over time. While we do not currently know what is causing this shift
of frequency, the fact that all blue whales are adjusting their songs at the
same rate strongly indicates social learning and perhaps suggests a role for
conformist transmission.

Researchers have also found evidence of vocal cultures in two other
cetacean species: killer whales and sperm whales. Killer whales live in
matrilines, within pods, within clans, within communities (Bigg et al.,
1990). However, they mate with partners outside of their own pod, or
even clan (an important point to remember when considering non-cultural
explanations for certain behaviors). Amongst other vocalizations, killer
whales emit stereotyped pulsed calls, which can be complex, containing
both low- and high-frequency voicings. Ford (1991) discovered that each
pod has its own distinct repertoire of pulsed calls, and that these calls can
be shared between groups within clans, but never between clans. Addi-
tionally, it has been revealed that, like humpback song, these pulsed calls
change over time, so that a given call can change structure gradually over
time, but all members of the pods using the call conform to the “current”
version (Deecke, Ford, & Spong, 2000). Such changes can only occur if the
animals are updating their calls by listening to each other.

Finally, sperm whales make codas, stereotyped click sequences that
are hypothesized to be used for social bonding (Rendell & Whitehead,
2003; Schulz, Whitehead, Gero, & Rendell, 2008). In the Pacific, sympatric
whales can be grouped into distinct vocal “clans” according to differences
in these codas, and membership of a vocal clan correlates with differences
in feeding success and thus potentially reproduction rates. While we cur-
rently lack data on changes over time, females occasionally move between
clans, and vocal clans do not map onto genetic population structure,
which makes genetic explanation of dialects difficult (Rendell, Mesnick,
Dalebout, Burtenshaw, & Whitehead, 2012).

We have several strong examples of vocal variation that can only,
sensibly, be attributed to cultural transmission, and others for which
culture is the likely explanation, but others cannot be ruled out yet (see
Whitehead & Rendell, 2014, for a full review of these behaviors). It is
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immediately clear that there is far more evidence for vocal cultures in
the cetaceans than in the primates. After initial studies of geographical
variation in chimpanzee pant-hoots, it was thought that evidence of vocal
cultures had been found (Mitani, Hasegawa, Gros-Louis, Marler, & Byrne,
1992). However, researchers revisiting these results later suggested that
genetic and ecological differences might well account for these differences
(Mitani, Hunley, Murdoch, & Arbor, 1999). Nevertheless, there is some
evidence for different “call cultures” in orangutans that are seemingly
not attributable to genetic or ecological differences (Wich et al., 2012).
Researchers found differences in four types of calls made across five differ-
ent field sites. These different call cultures can be compared to the vocal
clans of the sperm whales, in that they consist of different dialects, not
different accents, as was suggested for the chimpanzees.

A study of captive chimpanzees has also provided tentative evidence
for social learning of vocalizations. In 2011, a group of chimpanzees was
moved from the Netherlands to Edinburgh Zoo to be integrated with an
existing group of chimpanzees. Researchers recorded food calls for apples
from both groups at the start of the integration and then yearly as the
integration of the two groups progressed (Watson et al., 2015). Analysis
of the food calls indicated that while the “resident” group of Edinburgh
chimpanzees did not show much change, the calls of the Dutch chimps
gradually became more similar to the Edinburgh chimps. Researchers
suggested this was a form of “vocal conformity”: the Dutch chimps were
conforming to the vocal culture of their new group. This can be compared
to the food color conformity seen in the migrating male vervets and the
case study of tool conformity in a female immigrant chimpanzee (Luncz &
Boesch, 2014; van de Waal et al., 2013). This could be somewhat compa-
rable to signature whistle convergence in bottlenose dolphins. Dolphins
have signature whistles which are unique and appear to be learned (Janik,
1999; King & Janik, 2013). Studies have shown that males within alliances
have more similar whistles than those without (Watwood, Tyack, & Wells,
2004), and that the males converge on a common signature whistle rarely
produced by any of them before the alliance was formed (Smolker &
Pepper, 1999). While this differs from the chimpanzee example in that it
does not involve “immigrants” conforming to their new group’s existing
vocal culture, but rather individuals converging on a new whistle, it still
suggests that these signature whistles are socially learned and therefore
good candidates for vocal culture.

To summarize the data collected so far, it appears that, compared with
that for the vocal culture of cetaceans, the evidence for a vocal culture in
primates is weak. It is perhaps not surprising that we should find such
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plentiful evidence of vocal cultures in cetaceans, given the properties of
sound in water. However, the lack of vocal culture in primates is more sur-
prising given their close phylogenetic relationship to humans. The impor-
tance of vocal learning in humans and cetaceans, as well as in birds and
bats, but not in our closest primate relatives, remains to be adequately
explained.

Social, Play, and “Fad” Behaviors

While the majority of cultural traditions in both cetaceans and primates
have emerged in domains crucial for the animals’ survival, the functions
of some remain unclear. Within both taxa it is these “arbitrary” behav-
iors that provide some of the best examples of cultural transmission,
perhaps because it is harder to invoke ecological variation as an explana-
tion for variation in arbitrary behavior.

Two of the best-known examples of primate cultural behaviors fall into
this rather broad category: hand-clasp grooming (HCG) in chimpanzees
and the finger-poking “games” of the capuchins of Costa Rica. Both appear
to function to strengthen social bonds. In hand-clasp grooming (McGrew
and Tutin, 1978) the two participants clasp hands while grooming each
other. This custom was found in several, but not all, of the studied popu-
lations of wild chimpanzees (Whiten et al., 1999). More in-depth analyses
have revealed that differences in form during HCG predict group mem-
bership, and thus further cement HCG’s place as a cultural behavior (van
Leeuwen, Cronin, Haun, Mundry, & Bodamer, 2012).

In 2003, Perry and colleagues described a number of hand-sniffing and
finger-poking games seen in wild capuchins. Each of a pair of capuchins
in turn poked its fingers into the mouth or up the nose of its partner.
The authors hypothesize that these games could serve a social function,
helping to strengthen bonds between partners. Not all individuals partic-
ipated in these games, and they were present in only some of the studied
groups, suggesting that these behaviors are socially learned and thus could
be described as traditions (Perry et al., 2003).

The emergence of stone-handling behavior in semi-captive Japanese
macaques is another important example, since researchers have been able
to track its spread and diversification (Huffman, 1996). More recently, the
discovery of stone-throwing behaviors in chimpanzees could indicate a
socially learned behavior, given its distribution, which is limited to cer-
tain populations in West Africa (Kiihl et al., 2016). The chimpanzees throw
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stones at or into hollow trees, and although the function of the behavior is
currently unclear, it is probably related to male displays.

One example of ephemeral culture is salmon balancing in killer whales.
A member of the southern resident community off Vancouver Island was
seen carrying a dead salmon on top of her head. Within weeks, this “fad”
had spread to the two other pods within the community, but it died out
quickly, with only a few cases being seen the next year and then no more
(Whitehead, Rendell, Osborne, & Wiirsig, 2004). The speed of transmis-
sion of this behavior rules out genetics, and the ephemeral nature of
the behavior can easily be compared to short-lived human fads (Whiten,
Horner, Litchfield, & Marshall-Pescini, 2004).

Additionally, there is the case of “tail-walking” in a community of bot-
tlenose dolphins. In this case, a wild female dolphin was housed with
trained dolphins at an aquarium during rehabilitation. After the dolphin’s
release, scientists monitoring her progress observed her performing one
of the trained dolphins’ tricks, “tail-walking,” despite her never receiv-
ing any of the training required to produce this behavior (Whitehead &
Rendell, 2014). Furthermore, four other female dolphins began perform-
ing the same trick and several calves appeared to be attempting to replicate
it. This phenomenon is not ephemeral like the salmon balancing — it has
persisted some 25 years so far — and is an excellent example of a spread of
behavior that cannot plausibly be explained by anything other than social
learning.

Social Learning Experiments

Thus far we have detailed from each taxon observations of behaviors in the
wild that either must be, or are very likely to be, reliant on social learning
and shared by a community. To be cultural, these behaviors must rely on
social learning, and a question that has long motivated researchers is how
to understand the learning processes involved. It was initially suggested
that culture could only be transmitted via mechanisms which allowed
high-fidelity copying, namely imitation and teaching (Galef, 1992). There-
fore the last two decades have seen a huge research effort concentrated on
understanding imitative or teaching abilities in non-humans (or the lack
thereof). However, there are a number of other processes through which
an animal may learn from another. One is emulation: whereas imitation
means copying the bodily actions of another, emulation means copying
the end-state of the action; it does not result in such high-fidelity copying

n7



18

The Handbook of Culture and Biology

(Tomasello, Camak, & Bard, 1987). Another comprises the perhaps cogni-
tively simpler processes of stimulus and local enhancement (Heyes, 1994).
Contrary to the arguments originally put forth, we have evidence to suggest
that chimpanzees are capable of both imitation and emulation (Hopper,
Lambeth, Schapiro, & Whiten, 2008; Horner & Whiten, 2005) (which one
they use often depends upon context), and that they avoid the imitation of
causally irrelevant actions. However, the extent to which chimpanzees can
imitate truly novel actions is still under debate (Tennie, Call, & Tomasello,
2012). More recently a field experiment provided information about how
primates learn socially in the wild. Van de Waal, Claidiere, and Whiten
(2015) presented groups of wild vervet monkeys with baited boxes which
could be opened in two different ways using the same door, and trained
a model in each group to demonstrate a particular method. By revealing
that the method shown by the demonstrator was the one used significantly
more in each group, and by virtue of the fact that the opening mechanism
was in the same location on the box for each method, the authors showed
that the monkeys must be using either emulation or imitation.

Here we come to another great divide between the primate and cetacean
literature: it is far easier to conduct captive experiments with primates
than with cetaceans. The logistical, financial and ethical barriers to
keeping a humpback or sperm whale in captivity are likely to remain
insurmountable in our lifetimes. So, as an obvious result of these logistical
differences, our understanding of primate social learning mechanisms,
while far from complete, is at least a lot clearer than it is for the cetaceans.
However, a small number of studies have examined imitative abilities in
dolphins and killer whales, with some striking results. The first anecdotal
report of imitation came from observers of a captive dolphin that appeared
to be copying the actions of a human diver who cleaned the windows in the
tank, and which even used a range of objects to do so (Taylor & Saayman,
1973). Following this came experimental studies of imitation in dolphins.
Researchers separated two dolphins, who had been trained to perform
certain bodily actions, by a partition which allowed them to see each other,
but not each other’s human trainers. The dolphins were then asked via
hand signals to mimic the behavior of the other dolphin, and succeeded in
mimicking behaviors already known in their repertoires after a relatively
small number of trials (Herman, 2002). More impressively, however, they
also had some success when asked to copy a novel behavior performed by
the other, trained dolphin. While they did not successfully copy all of these
behaviors, they still displayed some ability to imitate novel actions. A small
number of additional studies have also shown that dolphins can perform
actions in pairs when told just to perform any behavior that they had not
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performed in that session (Herman, 2002), and that they can copy
humans and other dolphins even when blindfolded (Jaakkola, Guarino, &
Rodriguez, 2010). Killer whales have also demonstrated the ability to
readily generalize a “mimic” concept and use it to copy behaviors which
they had not previously been trained to do or seen being performed,
with impressive apparent ease (Abramson, Hernandez-Lloreda, Call, &
Colmenares, 2013).

While it may be argued, as it has been for primates (Buttelmann,
Carpenter, Call, & Tomasello, 2007), that these skills may be a product
of enculturation, the extraordinary synchronization abilities of cetaceans,
displayed during foraging and also apparently for social purposes
(Connor, 2007; Connor, Smolker, & Bejder, 2006; Hastie, Wilson, Tufft, &
Thompson, 2003), do somewhat refute this suggestion. There is much less
evidence for both taxa when it comes to teaching; there are just two reports
of teaching in wild chimpanzees (Boesch, 1991) and they have failed to
show evidence for teaching in captivity (Dean et al. 2012). However, there
is some tentative evidence that killer whale mothers may assist their young
to learn the foraging technique of “beaching,” by pushing them on and off
the beach and towards prey (Guinet & Bouvier, 1995). While we cannot,
from this evidence alone, claim that cetaceans are capable of teaching, it is
an intriguing report.

Conclusions and Future Direction

Using a broad definition of culture, we find that there are many behaviors
that meet the criteria of this definition in primates and cetaceans. While
some behaviors, such as hand-clasp grooming in chimpanzees and hump-
back whale song, provide extremely strong evidence for culture, the role
of cultural transmission in other behaviors remains more contested. How-
ever, social transmission is not an easy thing to demonstrate outside of
controlled laboratory conditions. As a result there is inevitably a suite of
additional behaviors that many researchers think are culturally transmit-
ted, but for which transmission they cannot yet provide direct evidence.
Future research directions should focus on new techniques such as
NBDA and on observing technologies such as animal-borne telemetry log-
gers (Krause et al., 2013), which offer the hope of overcoming this impasse
more readily in the future. In addition, field experiments have given us
valuable data while removing some of the problems of ecological validity
incurred with captive work, and are likely to continue to do so in the future.
Of course, these advances will not be confined to cetaceans and primates
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(Aplin et al., 2015; Aplin, Farine, Morand-Ferron, & Sheldon, 2012; Farine,
Aplin, Sheldon, & Hoppitt, 2015), and as long as a broad concept of culture
is considered useful we must cast a wide taxonomic net if we are to fully
realize the power of the comparative method to explain the evolutionary
roots of human culture. By examining these non-human species, we
can hope to elucidate both the selection pressures and the transmission
mechanisms that have led to their cultural repertoires. In turn, we can
more fully understand the emergence of human culture and the mecha-
nisms that have led to the gulf we see between our own complex cultures
and those of non-human animals.

There are some obvious differences between the taxa in the examples
of culture that we have set forth here, related to environment, physiology
and social structure. Vocal cultures appear far more prevalent in cetaceans,
whereas traditions involving tool use and manipulation of objects in the
environment occur much more often in the primate family. However,
there are also some similarities. The occurrence of social and play-based
traditions in both taxa might suggest that traditions are important for
strengthening social bonds between group members. Evidence from wild
chimpanzees, captive monkeys and humpback whales has also shown the
importance of the social network, as well as the mother—infant bond, in
the spread of behavior.

To conclude, it is clear from a comparison of the cultural behav-
iors of cetaceans and primates that each species has a repertoire of
cultural behaviors adapted to suit its physiology, social structure and
physical environment, all three of these being intrinsically linked to culture
and to the others. However, one final comparison must be made between
these two taxa, namely the impact of our own culture upon them both.
Both cetaceans and primates are experiencing massive habitat pollution
and destruction at the hands of humans. If this destruction continues, we
will lose not only these remarkable animals, but also their distinct cultural
repertoires and the ability to study these in the hope of unveiling the pro-
cesses by which they have emerged. If we are to gain any further under-
standing of the evolution of culture, we must take action to ensure that
these animals are permitted to continue exhibiting their fascinating and
captivating cultural behaviors in the wild.
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Cultural Phenomena in Cooperatively Breeding Primates

Charles T. Snowdon

This chapter reviews culture-like phenomena in cooperatively breeding
species, mainly in marmoset and tamarin monkeys. The anthropologist
Sarah Blaffer Hrdy (2009) has argued that humans are cooperative breed-
ers, meaning that human mothers, unlike other ape mothers, cannot
rear infants without help. For humans and other cooperative breeders,
assistance from individuals other than the mother is critical for successful
infant rearing. Most human cultures are organized around families as the
basic social unit, as are cooperatively breeding monkeys. Cooperatively
breeding species share a family-like breeding system similar to that of
humans that requires a high degree of social tolerance, clear communica-
tion to allow multiple caregivers to coordinate infant care, and cooperative
social interactions, which are not as readily seen in more closely related
non-human primates, such as chimpanzees (Pan sp.), baboons (Papio
sp.) and macaques (Macaca sp.). Because of their evolutionary distance
from humans (the separation was approximately 35 million years ago),
marmosets and tamarins are often thought to be of little relevance to
understanding human behavior in comparison with more closely related
primates such as apes and Old World primates. However, given the simi-
larities of social organization and family life between humans and cooper-
atively breeding monkeys, these monkeys may be of interest because they
contribute to our understanding of convergent evolutionary processes.
Several authors have pointed to the differences between humans and
other apes — tailless primates such as chimpanzees (Pan troglodytes), bono-
bos (Pan paniscus), orangutans (Pongo sp.) and gorillas (Gorilla sp.) —
with respect to cooperation and prosocial behavior, which are likely to be
precursors of culture. For example, Wilson (2012) sees parallels between
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human social organization and eusocial insects, and regards this social
structure as what has allowed humans to be so dominant. Tomasello (2009)
finds few parallels in cooperation and prosocial behavior between humans
and chimpanzees, and attributes this lack to cognitive differences. Humans
display better social coordination and communication skills, engaging in
joint attention, and humans also have higher levels of mutual tolerance and
trust than do chimpanzees. Tomasello (2009) sees these factors as critical
for the development of culture. De Waal and colleagues (Brosnan, Schiff, &
de Waal, 2005; de Waal & Suchak, 2010), in contrast, have proposed that
variation in social relationships can predict prosocial behavior: individuals
that have close social relationships with each other are more likely to share
food and tolerate inequity than those that have distant relationships.

As will be shown, cooperatively breeding marmosets and tamarins have
close social relationships within groups, exhibit great tolerance and trust,
and in sharing food with, and teaching, their young show many of the
features that Tomasello (2009) sees as unique to humans. There is more
evidence of rapid social learning, imitation, and active teaching in these
species than in our closest ape relatives and in other monkeys. Evidence of
culturally transmitted phenomena is seen in the long-term maintenance
and intergenerational transmission of novel foraging methods and of
directed teaching behavior with scaffolding as a naive learner becomes
more skillful, and, possibly, in the transmission of population-specific vocal
dialects. Experimental laboratory studies and field observations suggest
that food preferences and aversions can be transmitted socially and have
long-lasting effects, and that there may be a cultural component to paternal
care skills.

As illustrated in the introductory chapter to this part on animal culture
(see chapter 4 in this volume), the mechanisms of cultural transmission
are thought to include social learning, imitation and direct teaching, and
for these mechanisms to be effective several things are necessary. Coussi-
Korbel and Fragaszy (1995) have outlined the relationship between social
dynamics and social learning, and the characteristics that they describe are
seen most clearly in cooperative breeders. First, Coussi-Korbel and Fra-
gaszy note that there must be a stimulus that attracts the attention of the
learner and that this may be an affective, a physical or an action stimulus.
Second, coordination in space and time is needed between the demon-
strator and the learner, and this may be complementary, as in the case
of teacher and learner or parent and child, or dominant and subordinate,
or isomorphic, as when the behavior of one individual channels that of
another to act on the same stimulus in the same way. This coordination is
critical if imitation is to occur. Third, the identity of the demonstrator may
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be important: a learner is more likely to direct attention to influential
individuals than to others. Directed attention may lead to within-group
differentiation of behavior and to increased efficiency of transmission.
Coussi-Korbel and Fragaszy (1995) predict that one will see both more
extensive and more frequent coordination of behavior in groups or species
that have an egalitarian social structure and that have a highly tolerant
style of social dynamics. Furthermore, a greater number of individuals
within an egalitarian group should lead to more individuals being salient
for social learning. They conclude that social learning (including imita-
tion and teaching) and the types of information that can be transmitted
socially are more likely to be functions of social dynamics than of phy-
logeny. According to this logic, cooperatively breeding primates could be
more relevant for our understanding of the social learning processes that
underlie culture than our closest ape relatives.

Recently authors have argued that socially transmitted knowledge should
be more evident in cooperative breeders than in species with other forms
of social organization (Burkart, Hrdy, & van Schaik, 2009; Burkart & van
Schaik, 2010; Snowdon, 2001). Burkart and colleagues (2009) distinguished
between the cognitive preconditions for human mental capacities that can
be seen in great apes and Old World primates and the psychological pre-
conditions that promote the cooperative and prosocial processes that lead
individuals to infer the mental states of others and to the shared intention-
ality that promotes cumulative culture and language. These psychological
processes, they argue, have emerged from the cooperative breeding system
that is uniquely human among apes. Human cognition and culture repre-
sent a melding of the cognitive precursors seen in apes with the cooperative
processes that derive from cooperative breeding. Thus, to truly understand
human social and physical cognition, one needs to study not only our clos-
est relatives, the apes, but also those primate species that share our coop-
erative breeding system, the marmosets and the tamarins.

Tests of the cooperative breeding hypothesis involve the provision of
similar tasks for a range of species that have different breeding systems:
it is predicted that tests of physical cognition will be solved best by species
phylogenetically close to humans, whereas tests of prosocial behavior will
be solved best by cooperatively breeding species. Burkart and van Schaik
(2011) developed a group service paradigm. A tray placed outside a cage
with a handle that could pull the tray close to the cage had two posi-
tions for placing food, one from which the animal pulling the handle could
obtain the food and another from where the one pulling the tray could
not obtain food but other group members could. The initial study com-
pared Japanese macaques (Macaca fuscata), among which mothers do
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most of the infant care, capuchin monkeys (Cebus apella), an intermedi-
ate species, and common marmosets (Callithrix jacchus), which are coop-
erative breeders. Measures of social tolerance (how close animals could
be to each other when food was present) found greater tolerance among
capuchins and marmosets than among macaques, but only the marmosets
readily provided food to other group members.

A subsequent extension of this paradigm to 24 different groups from
15 different species (Burkart et al., 2014) found that successful perfor-
mance in the prosocial task was related to the presence of heterosexual
pair bonds and social tolerance and inversely related to brain size. How-
ever, the greatest amount of variance was explained by the amount of allo-
maternal care (helping by non-mothers). Tamarins (Saguinus oedipus and
Leontopithecus chrysomelas) and humans had the greatest degree of allo-
maternal care and the greatest proportion of prosocial behavior in the
tests. Since monogamy and strong pair bonds are prerequisites for pater-
nal care (Lukas & Clutton-Brock, 2013), and trust and social tolerance
are required for the shared care of infants, it is not surprising that these
variables also show strong correlations with prosocial behavior.

Social tolerance, allomaternal care and prosocial actions that benefit
other group members should also promote the development of culture
or pre-cultural phenomena, since these phenomena depend upon close
observation, social learning and even tutoring, which arise more readily
in socially tolerant, prosocial animals that coordinate behavior with each
other. The other chapters in this part illustrate cultural processes in
vervet monkeys, apes and other primate species, so the characteristics of
cooperative breeding are not necessary for cultural phenomena to appear.
However, cultural processes may be more likely to emerge in cooperative
breeders. The rest of this chapter reviews results from cooperatively breed-
ing primates that show rapid social learning, imitation, and teaching, which
are all mechanisms involved in cultural transmission; it will then review
three areas of potential culture, namely communication, food preferences,
and paternal care.

Rapid Social Learning

Tolerance of other group members and the ability to coordinate actions
in space and time should lead to rapid social learning. Moscovice and
Snowdon (2006) trained one cotton-top tamarin (Saguinus oedipus) in
a mated pair to locate food in an apparatus which contained five food
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locations, obscured by differently colored circular metal doors. The
tamarin had to learn a novel motor task, to rotate the door with one hand
while removing the food with the other. Food was placed behind each of
the five doors so that odor cues would be constant, but four of the doors
were locked so that a tamarin could only obtain food from one container.
The monkeys were allowed to explore the apparatus, and some solved the
problem by trial and error over eight sessions of two trials each. However,
most monkeys needed additional guidance. After all the monkeys reached
criterion, the naive mate of each was introduced at the same time, and the
number of trials the mate needed to solve the problem was recorded. The
naive monkeys closely followed the demonstrator and all learned to open
the container within the first two or three sessions. However, although they
demonstrated learning of the task, the naive animals received few rewards,
since they were usually following behind the demonstrator (which ate the
food after opening the container). In the fourth session (trials 7-8) naive
observers were tested alone; they readily opened the correct location and
obtained food. From this point onwards, both naive and experienced ani-
mals rapidly found food. A control group of mated animals tested together
with the same apparatus over the same number of sessions failed to learn
the correct location and received no food. When demonstrator tamarins
and their social learning companions were tested 17 months later with no
sessions in between, both groups solved the problem with few errors and
a short latency, meeting the durability criterion for a cultural behavior. In
contrast, research with chimpanzees (Pan troglodytes) has shown that they
learn a task much faster under competitive than under cooperative social
conditions (Hare & Tomasello, 2004). Furthermore, whereas the tamarins
nearly always chose the correct location (out of five choices), chimpanzees
in a two-choice apparatus responded only at chance levels under coopera-
tion and at 72% in the competitive regime, a performance well below that of
tamarins, thus showing superior social learning abilities in tamarins com-
pared to chimpanzees.

Although Galef and Giraldeau (2001) showed that birds and many mam-
mals socially learn to avoid noxious foods by observing conspecifics, there
has been little evidence of social learning to avoid noxious foods in non-
human primates. For example, Visalberghi and Addessi (2000) presented
capuchin monkeys (a non-cooperatively breeding species) with a famil-
iar and preferred food, mozzarella cheese, that had been flavored with
white pepper to make it aversive. Capuchin monkeys learned individu-
ally to avoid this food, but failed to learn from observing other monkeys
responding to the food. In contrast, Snowdon and Boe (2003) presented
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cotton-top tamarins with a highly preferred food, tuna fish, also made nox-
ious by the addition of white pepper. Of the 42 monkeys in eight social
groups that were tested, only a third of the animals ever tasted the tuna,
while the other two-thirds avoided it. After three presentations of the tuna
(one each week) no one was sampling the tuna. In the fourth week, tuna was
presented without pepper, and only two-thirds of the animals ate it. Some
of the remaining monkeys failed to eat tuna for up to a year afterwards,
even though they had never tasted the noxious tuna. This is a powerful,
and for some animals a long-lasting, change in diet brought about through
social learning. Why did tamarins show rapid avoidance learning from oth-
ers, whereas capuchin monkeys did not? One important difference was
that tamarins that sampled the pepper-laced tuna gave alarm calls and dis-
played facial reactions of disgust, whereas the capuchin monkeys produced
no communication signals that might have helped naive animals learn.

Imitation

The first convincing demonstrations of imitation were seen in common
marmosets. Bugnyar and Huber (1997) presented marmosets with a sim-
ple two-action feeding device. Food could be obtained by either pushing
a Plexiglas door or lifting it up. A demonstrator in one group was trained
to lift the door and one in another group to push the door, and the rest
of the group members imitated the action of the demonstrator. In another
study Voelkl and Huber (2000) presented food in film canisters. One group
opened the canisters using their hands and the other group had a demon-
strator that used its mouth to open the canister. None of the animals that
observed the hand-opening demonstrator opened lids with their mouths,
whereas those which observed the mouth-opening method used both their
hands and their mouths to open canisters.

Building on the push—pull apparatus of Bugnyar and Huber (1997),
Gunhold, Range, Huber, and Bugnyar (2015) exposed groups of captive
marmosets to either the pull or push method and then tested the same
animals three years later; they found that the marmosets retained the tech-
nique to which they were initially exposed. Animals born into the group
since the initial training and testing acquired the same method of obtain-
ing the food as others in the group. Gunhold, Massen, Schiel, Souto, and
Bugnyar (2014) took the same apparatus into a wild population of mar-
mosets in Brazil and again found long-term memory for the initial solution
within each group; they found as well that new immigrants and animals
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born into the group since the initial training also acquired the group-
typical solution. In a subsequent study Gunhold, Whiten, and Bugnyar
(2014) found that wild common marmosets could also learn to imitate a
task solution merely by watching videotapes of a captive animal solving
the problem. Thus, through imitation, marmosets learned a novel foraging
task that spread throughout the entire group. The behavior persisted over
several years in the absence of further testing, and animals that joined the
group acquired the same behavior as other group members. These studies
clearly meet several of the criteria for culture described in chapter 4 of this
volume, including dissemination, standardization, tradition, naturalness,
and social learning. In addition, the small brain size of marmosets com-
pared to chimpanzees and humans suggests that culture-like behaviors are
possible in the absence of large, complex brains.

Food Preferences

In the previous section I described a study on social learning to avoid
noxious food (tuna laced with white pepper). Unlike many other primate
species, for which there is no evidence of social learning when noxious
foods are involved, cotton-top tamarins rapidly learned to avoid tainted
food without actually tasting it (Snowdon & Boe, 2003). In some cases ani-
mals did not sample the tuna again even several months after normal tuna
was again presented. Thus, many individual tamarins learned to avoid a
previously preferred food for a long time, and since these individuals were
clustered within groups one could speak of group-specific cultural prefer-
ences (or avoidance) of food.

A second example of potential cultural differences in food preferences
comes from pygmy marmosets in five populations in the Ecuadoran Ama-
zon. Pygmy marmosets have specialized teeth for creating holes in the
bark of trees, and the exudate that flows into these holes is a major source
of nutrition. Yepez, de la Torre, and Snowdon (2005) recorded the species
of trees used for exudate by each group of marmosets in each of the five
populations. Each population had a preferred tree species that was used for
exudate feeding, and the preference varied across populations. One expla-
nation for this is that marmosets simply select the tree species that is most
abundant in their environment, since eventually an exudate feeding tree
becomes used up and monkeys need to find a new tree. However, all five
preferred exudate species were found in each of the five populations and in
no case was the preferred exudate tree the most abundant tree within that
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population. Thus marmosets are selecting exudate trees on some basis
other than abundance. Given the rapid social learning to avoid noxious
food in captive tamarins and the extensive food sharing with young ani-
mals, it is not far-fetched to think that the selection of exudate species is

socially transmitted across generations, leading to cultural preferences for
food.

Teaching

Teaching may be the ultimate form of cultural transmission. An experi-
enced instructor provides guidance to a naive learner, and through instruc-
tion the learner acquires new skills more readily than it would on its own
through trial-and-error learning. In the introductory chapter to this part I
reviewed how Caro and Hauser (1992) developed an operational definition
of teaching that could be applied to non-human animals. A teacher must
behave differently with naive individuals than with experienced individu-
als. There must be a cost to the teacher and there must be a change in the
behavior of the naive animal as a result. I would add an additional crite-
rion, that the teacher will change its behavior as the naive animal acquires
skills.

To date the evidence for teaching in our closest ape relatives has been
scant. In one report two chimpanzee mothers were reported to engage one
time each in teaching young to crack nuts using anvils and hammers. In one
case the mother demonstrated the correct positioning of a nut on an anvil
and her son successfully opened the nut. In the second case the mother
slowly and with apparent deliberation rotated the hammer to a position
where it could be used successfully and her daughter subsequently imi-
tated that position and was successful (Boesch, 1991). However, these two
examples were the only examples seen in hundreds of hours of direct obser-
vation and have not been reported by researchers at other sites.

Humle, Snowdon, and Matsuzawa (2009) observed interactions of moth-
ers and infants during ant-dipping. Chimpanzees eat biting ants, and adults
have specific methods of stripping leaves from a stick and adjusting the
length of the stick and the method of collecting ants for ingestion accord-
ing to the aggressiveness of the ants. This would appear to be a prime situa-
tion for teaching to occur, yet no evidence was seen of mothers deliberately
modeling behavior for their young, helping young prepare a stick of appro-
priate length, or showing any other behavior that might help their offspring
learn faster.
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In contrast, the best evidence for teaching comes from cooperatively
breeding animals. In most species of marmosets and tamarins there is
active food sharing between adults and offspring at the time of wean-
ing, which creates opportunities for teaching. In cotton-top tamarins food
sharing is accompanied by a very rapid sequence of food calls given by an
adult who will share food (Joyce & Snowdon, 2007). These are the same syl-
lables as in food calls made between adults, but in food-sharing contexts
many more calls are given at a much more rapid rate than when adults
feed (Joyce & Snowdon, 2007; Roush & Snowdon, 2001). Young tamarins
can usually obtain food only if an adult gives these rapid calls. Thus, there
is an alteration of behavior by adults in the context of food sharing. Since
the adults are calling at a more rapid rate as well as giving up food, there
is a cost to them. Young tamarins acquire the ability to obtain solid food
on their own more quickly, and begin giving adult-like food calls sooner,
if food sharing starts at an earlier age, which suggests that their behavior
has been altered by the interaction. Food sharing begins about the third
month of life and peaks in the fourth month, after which adults reduce the
amount of food sharing (Joyce & Snowdon, 2007), suggesting that adult
teachers are responding to the skills of the learners.

Further evidence of this is seen in a study done with juvenile tamarins
by Humle and Snowdon (2008). By seven months of age tamarins are com-
pletely independent in feeding and never receive food from their parents.
However, Humle and Snowdon (2008) trained each parent of a family in
one of two alternative solutions to a novel foraging task. After the adults
had mastered the methods in which they were trained, one twin juvenile
was tested alone over several weeks with a parent. (Each juvenile in a family
was exposed to a different solution.) Parents began to give food calls again
and to share food with juveniles during tests with the novel apparatus, but
not during sessions when the apparatus was not present. As soon as a juve-
nile solved the novel task once, the parents ceased food calling and sharing.
We also observed times when the adult would deliberately hold open the
foraging apparatus and wait until the juvenile came to take the food. This
suggests that more than coaching is involved and that adults adjust their
behavior to the changes in skill level of their offspring, a behavior known as
“scaffolding” (e.g., Wood, Bruner, & Ross, 1976). Thus, cotton-top tamarins
show all of the criteria for teaching.

Similar results have been obtained in a series of field and captive studies
by Rapaport and colleagues on lion tamarins (Leontopithecus spp.). Lion
tamarins were more likely to share with infants food that was novel or dif-
ficult to extract than food already familiar to them (Rapaport, 1999). In
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field studies, when young tamarins have difficulty in foraging, especially
for insects, adults will continue to share insects with them well into their
adolescence, and show clear evidence of scaffolding behavior as the young
tamarins acquire more skills (Rapaport, 2006; Rapaport & Ruiz Miranda,
2002, 2006). Among several examples observed by Rapaport and Ruiz
Miranda (2002) was a mother who gave food calls that attracted her son to
where she was sitting. She did not offer food to her son; instead, he looked
into a hole in the trunk of a nearby tree and extracted prey.

Stick weaving is a behavior seen in some captive cotton-top tamarins. In
environments in which branches were provided for travel and enrichment
some individual tamarins began spontaneously to pick off pieces of the
branches and weave them into the mesh of the cage. The process involves
breaking off a twig, biting it sufficiently to allow it to be bent but without
breaking it, and then weaving the stick in and out of the enclosing mesh. All
stick weavers were either descendants of two of the 16 founding breeders
in the colony or mates of the descendant. Once we had observed one ani-
mal in a group weaving sticks, we found that others in the group who had
not previously shown the behavior would imitate and begin weaving sticks
as well. In a few cases we observed an adult appearing to deliberately slow
its behavior when a young animal was nearby; eventually the young ani-
mal began to stick-weave (Snowdon & Roskos, 2017). The spread of stick
weaving within a group represents a novel form of cultural transmission
that does not involve any nutritional reward, but it does provide an exam-
ple of innovation in cooperative breeders.

Teaching is not restricted to primates but is seen in other cooperatively
breeding species. Meerkats (Suricata suricatta) are cooperatively breeding
mammals that feed on a variety of insects, including scorpions which have
a neurotoxic venom and large pinchers (Thornton & McAuliffe, 2006).
Helpers typically kill or disable (by removing the stinger) scorpions before
presenting them to pups. Helpers are more likely to kill and disable scorpi-
ons than non-toxic prey. They reduce the proportion of prey killed or dis-
abled with the increasing age of pups, and present more live prey. Helpers
spent more time monitoring young with live prey than with dead or dis-
abled prey, and this monitoring time decreased with increasing pup age.
Helpers nudged rare prey toward pups more often than common prey, and
as pups aged they became more successful in handling live prey on their
own. Thornton and McAuliffe (2006) also played back calls of young pups
to helpers with older pups present and found helpers disabled more prey
than when calls of older pups were presented. Conversely, helpers did less
killing and disabling of prey for young pups when calls from older pups



6 Culture in Cooperatively Breeding Primates

were played back. Thus helpers do not appear to track the skills of individ-
ual pups but used vocal cues of age to determine whether to disable scorpi-
ons or not. Young pups took significantly longer to handle prey than older
pups, but it is unclear whether this is simply due to physical maturation or
to the teaching-like behavior of helpers.

Communication

Several authors have argued that vocal learning does not occur in
non-human primates, in striking contrast to the results from birds (e.g.
Hammerschmidt & Fischer, 2008; Janik & Slater, 1997, 2000). Vocal com-
munication, especially the development of song in birds, is a clear example
of cultural aspects in communication. In passerine birds (most songbirds),
as well as in birds of the parrot family, young must learn song from adult
models, and the song that birds of at least some species are exposed to dur-
ing a sensitive period is the song that bird will sing as an adult (Catchpole &
Slater, 2008). In other species adults may change their song when they
encounter birds with different songs or dialects, as they return from migra-
tion or enter new social groups (e.g. Farabaugh, Linzenbold, & Dooling,
1994; Hausberger, Richard, Henry, Lepage, & Schmidt, 1995; Mundinger,
1970; Nowicki, 1989; Payne & Payne, 1993). Although these birds are not
cooperative breeders, they are biparental: that is, the parents share the care
of the chicks. Thus, many of the pressures that lead to rapid social learning
and proto-cultural behavior apply to birds as well.

However, among cooperatively breeding monkeys there is increasing evi-
dence of group- or pair-specific features of calls, of dialects or population-
level vocal variation, and of parental coaching of vocal development in
young. Two studies of pygmy marmosets (Cebuella pygmaea) found vocal
convergence. The first found convergence among entire groups of mar-
mosets when two colonies were merged: all the marmosets modified the
pitch and band-width of their trill vocalizations to create a common trill
for the merged colonies (Elowson & Snowdon, 1994). The second found it
when individuals were paired and pair members changed their trill struc-
ture as they converged on a common, pair-specific trill. In follow-up stud-
ies three years later, although some trill parameters had changed, the pair
still had similar trills (Snowdon & Elowson, 1999). Similar results were
found in marmosets by Jorgenson and French (1998).

In a study of wild pygmy marmosets, de la Torre and Snowdon (2009)
described population-level differences in trills and J-calls (each a form of
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within-group contact call). The study populations ranged across a 200 km
east—west transect and a 100 km north—south transect in the Ecuadoran
Amazon, and the population-level variation in vocal structure was evident
even though there were also individual and pair differences in trill structure
within each population. There are several possible reasons for population-
level variation. Genetic differences in each population may have led to dif-
ferent vocal structure, or differences in habitat acoustics may have shaped
the structure of vocalizations for maximum clarity in the habitat of each
population. However, playbacks, followed by re-recordings of calls in each
habitat, and measurements of ambient noise suggest that differences in
habitat acoustic structure could not explain the acoustic differences found
(de la Torre & Snowdon, 2009). Genetic explanations have not yet been
ruled out. Nonetheless, the fact that captive adult marmosets can adjust
vocal signatures to accommodate new groups or to match a new mate sug-
gests that some cultural processes may also be involved.

Despite the arguments that vocal learning does not occur in non-human
primates, data from marmosets and tamarins suggest that learning and
possibly teaching do occur. Infant pygmy marmosets engage in much
vocal activity, which has been labeled “babbling” because of its similarities
to human infant babbling (Elowson, Snowdon, & Lazaro-Perea, 1998).
Babbling begins early in life and can go on for long periods. Babbling is
seemingly random: many sounds are repeated in contexts that are not
relevant to adult behavior. Many of the forms of adult calls appear in
babbling, although they are not fully formed. Most importantly, adults
respond to infant babbling behavior with social contact. In research on
the ontogeny of the trill call in pygmy marmosets, Elowson, Snowdon, and
Sweet (1992) reported that trill structure was not innate, since it changed
over development, but the rate of developmental change differed between
twins and other infants, which suggests that changes were not due to
simple maturation. In a follow-up to the original babbling report Snowdon
and Elowson (2001) reported that the development of trill calls was related
to the amount and diversity of babbling shown by an infant: more babbling
and greater diversity of calls in the first month of babbling correlated
with a more adult-like trill structure at five months of age. However,
fully formed adult-like trills did not appear until the marmosets reached
puberty.

A recent study of vocal development in common marmosets shows
the importance in development of parental responsiveness to infant calls.
Takahashi and colleagues (2015) studied the development of the “phee”
call, a frequent call given when marmosets are separated from one another,
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and found that the phee calls of infant marmosets became more stereo-
typed over the first two months: they had increased duration, decreased
central frequency, and decreased entropy. The authors found four dis-
crete clusters of calls in neonatal marmosets, but these had reduced to
one or two clusters by two months of age. At first glance this reduction
may seem to support a simple maturational model of vocal development.
However, changes in phee structure were not correlated with age, body
weight, or the physiological development of the respiratory system. Taka-
hashi and colleagues (2015) recorded infants both when they were alone
and when they were in vocal contact with one of their parents. Parents
generally respond to infant calls with well-formed adult phees. The rates of
parental responsiveness to infants correlated directly with the age at which
infants began producing well-formed phees of their own, suggesting that
parental responsiveness to infant cries directly influences an infant’s tra-
jectory toward an adult call. Although the studies on babbling in infant
pygmy marmosets reported that parents responded to infant babbling with
increased social contact, the results from Takahashi and colleagues (2015)
suggest a direct connection between parental reinforcement (coaching)
and infant vocal competence.

Similar processes influence vocal development in cotton-top tamarins as
well. Adult tamarins produce eight different types of chirp vocalizations in
different contexts (mild alarm, strong alarm, mobbing, response to hear-
ing strangers, social contact and feeding; Cleveland & Snowdon, 1982).
Castro and Snowdon (2000) experimentally created contexts for eliciting
several of these chirp types and showed that adults responded with the
predicted chirp type in each of the contexts. Then, when infants had been
born, Castro and Snowdon (2000) presented the same contexts to family
groups over the first months of infant development. In most tests, infants
gave a sequence of two to three chirp calls that were not differentiated by
context. However, in occasional tests an infant did give a chirp appropriate
to the context, but in no context did all infants give an appropriate chirp,
and no infant gave an appropriate chirp in all contexts. Furthermore, once
an infant gave a chirp in an appropriate context, the likelihood of it giving
the chirp again in a later test was very low. These results also support the
idea that vocal structures are not innate in cotton-top tamarins. However,
in the section on teaching above, it was noted that adults produce rapid
sequences of food chirps when they share food with infants, and the one
context in which the most infants gave an appropriate chirp and had the
highest probability of repeating the call in future tests was feeding. It is
likely that adults, by giving intense food calls and then sharing food, are
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shaping the vocal development of their infants, just as the marmoset par-
ents did in Takahashi and colleagues (2015).

Roush and Snowdon (1994) found that young tamarins gave imperfect
versions of food calls, and produced other types of calls in feeding con-
texts, and that this did not change with age, persisting well past puberty.
In a subsequent study Roush and Snowdon (1999) monitored food calls
when young tamarins were living in a helper role in their family groups,
and then paired them with a novel mate. Soon after pairing, these tamarins
began producing adult-like calls in feeding contexts, with none of the extra-
neous vocalizations seen earlier. This is similar to pygmy marmosets not
producing fully adult trills until after pairing. Since helpers in cooperative
breeding species do not breed and have subordinate status, even though
vocal development is assisted by parents full expression of adult call struc-
ture may be delayed until animals are no longer subordinate helpers but
have become breeding adults.

Paternal Care

In chapter 4 I described how epigenetic factors, some of which might
result from cultural processes, could influence gene expression. One of the
examples was paternal behavior in the California mouse (Peromyscus
californicus) and its close relative, the white-footed mouse (Peromyscus
leucopus). California mice are monogamous and highly territorial, and
males engage in paternal care, whereas white-footed mice are promiscuous
and non-territorial and show no paternal care. When Bester-Meredith and
Marler (2001) cross-fostered pups between species, they found that cross-
fostered pups acquired many of the behaviors of their foster parents and
also showed species-novel brain distribution of arginine vasopressin activ-
ity. This study shows that the early environmental experience an infant
receives can change not only behavior, but also brain function. In a subse-
quent study Frazier, Trainor, Cravens, Whitney, and Marler (2006) showed
that it was the behavior of the father that determined these differences.
Males of either California mice or cross-fostered mice developed patterns
of territorial aggression and paternal care only if fathers were present, most
of the variance in paternal care and aggression being determined by the
rate of paternal retrieval when pups left the nest. Thus, in monogamous
mice, the behavior of males toward pups creates a culture of paternal care.

One of the biggest problems in understanding the evolution of coop-
erative breeding is working out why some animals forgo their own
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reproduction in order to care for infants that are not their own. Many care-
givers are related to the offspring they care for, and kinship can explain
many cases of alloparental care. However, in the wild there are also many
examples of unrelated animals that are involved in infant care. Some
authors have suggested that male parental care has no direct adaptive value
other than to make that male more likely to be able to mate with the mother
when she ovulates again (e.g., Smuts & Gubernick, 1992). However, there
is another reason why serving as a helper can be adaptive: it provides an
opportunity to learn paternal care skills. Surveys of infant survival in mar-
moset and tamarin colonies have shown near-zero survival rates for infants
born to parents that had no previous infant care experience (e.g., Tardif,
Richter, & Carson, 1984). In experimental studies of response to infant
vocal cues, experienced males reacted to and retrieved infants readily, even
unrelated infants, whereas males who had no prior infant care experience
were unresponsive to infant cues (Zahed, Prudom, Snowdon, & Ziegler
(2008). Thus, learning infant care skills by taking care of someone else’s
infants is essential for tamarins and marmosets to be successful parents
themselves. Male cotton-top tamarins which carried infants more in their
family groups also spent more time carrying their own infants when they
became fathers (R; = 0.786, N =7, P = 0.036; Zahed, Kurian, & Snowdon,
2010), although for females there was no relationship between infant car-
rying time in the natal group and subsequent parenting when they were
mothers. Older infants showed extensive interest when new infants were
born, although adults prevented them from carrying infants until the new
infants were at least four weeks old (Achenbach & Snowdon, 1998). At least
for males, infant care is a behavior that develops through experience with
other infants and, given the intense interest in newborns coupled with the
lack of access to infants for several weeks, suggests a possibility of social
learning or imitation of infant care skills.

Conclusions and Future Directions

Cooperative breeding species represent one end of a parental care con-
tinuum that ranges from a mother providing all (or the majority) of the
parental care, as is seen in many other monkeys and apes, to several
group members cooperating in the care of infants. Shared parental care
requires close attention and coordination among group members as well
as social tolerance and prosocial behavior. These characteristics facili-
tate rapid social learning, imitation and teaching behavior. Culture-like
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processes are seen in acquisition of food preferences and aversions, in vocal
communication and in the acquisition of parenting skills. The family life of
cooperative breeders appears to facilitate the behaviors that are crucial for
the development of culture. However, these features are not necessary for
the emergence of culture, since culture is seen in species with other social
systems as well.

However, this review has focused primarily on cooperatively breeding
primates, and there are other cooperatively breeding mammals, such
as wolves, mongooses, and meerkats, as well as cooperatively breeding
birds. At present we know little about rapid social learning, imitation
and teaching ability in these species, other than from the study on
teaching in meerkats (Thornton & McAuliffe, 2006) and a study on
rapid social learning in Florida scrub jays (Aphelocoma coerulescens)
by Midford, Hailman, and Woolfenden (2000). If the theory presented
here is correct — that socially tolerant and cooperative species should
be more likely to show social learning, imitation and teaching — then
one should expect these other species to demonstrate more aspects of
cultural behavior as well. One important future direction would be to look
for rapid social learning, imitation and teaching behavior in these other
species. Comparative research on pairs of related species, of which one is
cooperatively breeding and the other is not, would be very useful, since
phylogenetic status would be controlled. Some good examples would
be comparing wolves (Canis lupus) with dogs (Canis lupus familiaris),
and cooperatively breeding Florida scrub jays with blue jays (Cyanocitta
cristata).

A related direction for future research is that many species engage in
biparental care, in which fathers and mothers, but not other group mem-
bers, take part in infant care. Among these species are songbirds, whose
cultural patterns of song learning and transmission across generations are
well established, and many non-human primate species. These species
have not been well studied with respect to rapid social learning, imitation
and teaching, and we have little knowledge of any culture-like phenom-
ena beyond birdsong. It would be fruitful to expand the range of species
studied to include biparental species.

Finally, no non-human species, not even the chimpanzee, has met all of
the criteria described in the chapter introducing this section (see chapter
4 in this volume), and no non-human species displays the cultural range
and flexibility seen in human primates. A more thorough understanding of
cultural processes is needed to explain what differentiates human culture
from that of other primates, and why. This is an important task for the
future.
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How Are Genes Related to Culture? An Introduction to the
Field of Cultural Genomics

José M. Causadias and Kevin M. Korous

The relation between genetics and culture has the doubtful privilege
of being one of the most widely studied and best-documented cases of
culture and biology interplay in the natural sciences, while being one of the
less understood and scarcely studied cases of culture and biology interplay
in behavioral sciences. For instance, while the first essays by evolutionary
biologists (e.g., Huxley, 1955) and quantitative research by population
geneticists (e.g., Cavalli-Sforza, 1962) on the interplay of genes, cultures,
and environments appeared decades ago, it is only recently that this
association has been examined in essays (Li, 2003) and empirical studies
(Chiao & Blizinsky, 2010) by psychologists. Moreover, since about 2010
there has been a substantial growth in the number of studies on culture
and genes in psychology (e.g., Brody et al., 2011; Chae et al., 2014; Chiao &
Blizinsky, 2010; Schwartz & Beaver, 2011), research in this field remains
scarce and mostly focused on a single candidate gene (for exceptions,
see LeClair, Janusonis, & Kim, 2014; Lei, Simons, Edmond, Simons, &
Cutrona, 2014). The goals of this chapter are to introduce the field of
cultural genomics, examine its levels of analysis, discuss types of studies
and provide some examples of each, elaborate on some of the issues with
current research, and provide some conclusions and future directions.
It is beyond the scope of this chapter to provide a systematic review of
all published research on cultural genomics. Thus, we only discuss some
landmark studies and illustrative examples, mostly using molecular genetic
approaches.
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What Is Cultural Genomics?

Before we define cultural genomics, it is important to disclose what we
mean by culture, genes, genomics, and environment. Culture can be
defined as a system of behaviors (and cognitions) that is shared and trans-
mitted in a community, that is subject to change and evolves over time, that
serves a concrete, adaptive, or symbolic purpose, and that has important
repercussions in multiple domains of functioning (Causadias, Telzer, &
Gonzales, chapter 1 in this volume; Causadias, 2013). Although there is
lack of consensus on the definition of culture among behavioral scientists,
there is a growing agreement about some of its common features, including
the idea that culture originates in and is shared by a community: it is trans-
mitted from one generation to the next and is susceptible to change, shapes
behavior, cognition, and development by promoting and creating values,
ideas, and worldviews, and is located both in the social world and within
individuals (Cohen, 2009). Culture is commonly associated with other con-
cepts — such as ethnicity, race, and nationality — that are frequently used
as proxies of cultural processes.

Environments are all the natural and human-made physical surround-
ings that have important effects on culture and genomes, including houses,
neighborhoods, schools, prisons, and cities. Although environments and
culture share some features (for example, they are transmitted intergen-
erationally and subject to change), they also differ in several ways. First,
while “culture” refers to social-level processes that often define interper-
sonal interactions (e.g., community participation, acculturation, racial dis-
crimination), human-made environments are created through niche con-
struction (see O’Brien & Bentley, chapter 8 in this volume), and are the
physical embodiment of the cultural values, tools and practices of a partic-
ular group. For example, communities create neighborhoods with archi-
tectural features that reflect their cultural values and practices, such as
churches. Second, culture and environments can be consonant but also
dissonant, as illustrated by instances in which displaced or exiled cultural
groups come to inhabit niches that reflect the values of local groups, from
which they differ.

Genes are an ordered sequence of nucleotides located in a certain posi-
tion on a precise chromosome that encode a specific functional product,
such as proteins (Feero, Guttmacher, & Collins, 2010). Genes are impor-
tant in behavioral and biological sciences because they are the essen-
tial physical and functional units of heredity. While a genotype is the
complete collection of genes carried by an individual, a phenotype is the



7 Introduction to Cultural Genomics

recognizable traits of an individual person that are shaped by the genotype
and the environment (Feero et al., 2010). Many psychological studies that
incorporate genes focus on single-nucleotide polymorphisms (SNPs) or on
common variations in the genetic sequence. The genome is the complete
set of genetic instructions found in a cell, consisting of 23 pairs of chromo-
somes in humans (Feero et al., 2010).

Behavioral genetics is a field of research that investigates the envi-
ronmental and genetic influences on behavior. There are several meth-
ods within this field, including twin/family studies, adoption studies, and
molecular genetic studies. For instance, twin/family studies are frequently
employed to establish and pinpoint the strength of a genetic component by
comparing monozygotic and dizygotic twins without necessarily genotyp-
ing them. Adoption studies are similar, as they disentangle environmental
and genetic influences by comparing adoptive families (environment) and
biological parents (genetics). On the other hand, in molecular genetic stud-
ies gene variants are measured and identified. While studies vary in focus,
ranging from analyses of one gene (e.g., the candidate gene approach) or
several genes (e.g., polygenic scores; see Purcell et al., 2009) to examina-
tions of the whole genome (e.g., genome-wide association studies), most of
the literature on cultural genomics uses a single candidate gene approach
in which attention is centered on the role of certain SNPs or common vari-
ations in the genetic sequence that are conceptualized as especially sensi-
tive to the environment (such as 5-HTTLPR, DRD4, MAOA), though there
are some exceptions (see Burt, Klump, Gorman-Smith, & Neiderhiser,
2016). With the advancement of microarrays that allow researchers to
genotype a multitude of DNA variants cheaply and quickly, research is
steering towards genome-wide associations (GWAs) as they are replica-
ble and not limited to specific candidate genes (Plomin, 2013).

Cultural genomics examines the interplay of genes, cultures, and envi-
ronments, and the multiple ways in which cultural experiences are influ-
enced by, affect, and covary with the genome and the environment to
shape behavior and cognition at the social, developmental, and evolution-
ary levels (see Causadias, Telzer, & Lee, 2017; Moya & Henrich, 2016).
Importantly, this field focuses on genomics, not genetics. The difference
is that while genetics centers on the study of heredity and the role of spe-
cific genes, genomics is more complex and focuses on the study of the
entire genome, its functions, and how it is interrelated with the environ-
ment. Cultural genomics is informed by several conceptual frameworks,
including gene—culture coevolution theory, dual inheritance theory, the
extended evolutionary synthesis, and developmental psychopathology (for
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an overview of approaches to the interplay of genes, cultures, and environ-
ments, see Mesoudi, Whiten, & Laland, 2006). Gene—culture coevolution-
ary theory posits that traditional evolutionary mechanisms, such as natural
selection, can also explain the process of cultural transmission and evolu-
tion, and that social learning is the main mechanism of cultural transmis-
sion (Cavalli-Sforza & Feldman, 1981; Mesoudi, 2016). Dual-inheritance
theory argues that genes and culture are constantly competing to shape
individuals’ phenotypes (Boyd & Richerson, 1985; Henrich & McElreath,
2007). The extended evolutionary synthesis underscores reciprocal depic-
tions of causation and the role of constructive mechanisms (e.g., niche
construction) in development and in the direction and range of evolution
(Laland et al., 2015). After all, “the organism influences its own evolution,
by being both the object of natural selection and the creator of the condi-
tions of that selection” (Levins & Lewontin, 1985: 106). Guided by these
three frameworks, cultural genomics understands both genetic and cul-
tural processes as a dual helix, evolving together over time and intimately
embraced.

Influenced by developmental psychopathology theory (Cicchetti &
Cannon, 1999; Sroufe, 2007), cultural genomics approaches behavior and
cognition as the outcomes of the interdependence, codetermination, and
concurrent influence of genes, cultures, and environments. Although they
are equally important, they function under different sets of principles.
For instance, while genetic transmission is usually vertical (parents to
offspring), cultural transmission through teaching and learning can be ver-
tical, horizontal (peer to peer), or oblique (teacher to student; see Cavalli-
Sforza, 2001). Furthermore, while changes in human culture can occur
rapidly in the same generation, changes in the human genome happen over
multiple generations, although there are important exceptions of rapid
genotypic change that leads to speciation (Gavrilets, 2010). It is notewor-
thy that some scholars have criticized the idea that culture and genes are
transmitted somewhat similarly (Claidiere & André, 2012).

Cultural genomics research is important for the future of behavioral sci-
ences for several reasons. First, it can advance our understanding of indi-
vidual differences in responses towards exposure to cultural experiences
(e.g., racial discrimination) and participation in cultural communities
(e.g., enculturation and acculturation) by, for instance, uncovering how
individuals with certain genotypes might be more susceptible to particular
cultural experiences or interventions, how some genotypes could evoke
certain cultural behaviors (evocative gene—culture correlation), or whether
some cultural behaviors are based more on inherited genotypes (passive
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gene—culture correlation). Second, cultural genomics research can inform
our understanding of the complex processes that shape behavior and cog-
nition, advancing our theoretical knowledge within social, developmental,
and evolutionary paradigms. For example, this research can lead to the for-
mulation of new, or adaptations of current, theoretical models to account
for the intricate nature of human development across the lifespan.

In this chapter, we review some cultural genomics studies that have
employed SNPs associated with sensitivity to social experiences, includ-
ing 5S-HTTLPR, MAOA, and DRD4. We exclude from this review the G
(versus A) allele of the oxytocin receptor gene (OXTR) polymorphism
rs53576, which has been extensively examined in relation to culture (see
Kim, Sherman, Mojaverian et al., 2011; Kim, Sherman, Sasaki et al., 2010;
Luo & Han, 2014), because this research is discussed in detail by Lo and
Sasaki in chapter 9 of this volume. The promoter region of the human
serotonin transporter gene (SLC6A4, also referred to as 5-HTT and 5-
HTTLPR) is the most widely researched genetic variant in psychiatry,
psychology and neuroscience (Caspi, Hariri, Holmes, Uher, & Moffitt,
2010). The significance of this gene lies in the well-documented evidence
that variations in 5-HT'T affect how humans, primates and other animals
respond to stressful events in their environments (Caspi et al., 2010). Most
research on humans focuses on those carrying at least one short allele “s”
related to heightened sensitivity to adverse experiences (Belsky & Pluess,
2009). However, the role of this serotonin transporter gene has been sub-
ject to controversy, with some meta-analyses showing that it has trivial
effects (e.g., Risch et al., 2009), while others have supported its role in the
stress response (van IJzendoorn, Belsky, & Bakermans-Kranenburg, 2012).

The uVNTR variation of the MAOA gene is related to differences in
expression of the monoamine oxidase A (MAOA) enzyme that breaks
down neurotransmitters like serotonin (Way & Lieberman, 2010). The
uVNTR-MAOA has been related to heightened response to social injustice
(Way & Lieberman, 2010), differential susceptibility to the environment
(Belsky & Pluess, 2009), and increased likelihood of developing antisocial
behaviors after experiencing adversity (Schwartz & Beaver, 2011). Finally,
the dopamine receptor D4 gene (DRD4) seven- and second-tandem repeat
alleles affect transmission in the neural pathways that are involved in
numerous important psychological processes, including attention, learn-
ing, motivation, and reward-seeking behavior (Kitayama et al., 2014). Fur-
thermore, DRD4 has also been widely studied in psychiatry, psychology,
and neuroscience, and has been associated with increased sensitivity to
the environment (Belsky & Pluess, 2009).
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Levels of Analysis of Cultural Genomics

Using Li’s (2003) perspectives of biocultural analysis, we can delineate
three levels of the interplay of genes, cultures and environments: the social,
developmental, and evolutionary levels. (For a more detailed discussion
of the evolutionary level of the interplay of genes, cultures, and environ-
ments, see O’Brien and Bentley, chapter 8 in this volume.) These three
levels reflect, to some degree, Tinbergen’s (1963) questions about behav-
ior patterns. The social level of the interplay of genes, cultures, and envi-
ronments is represented by day-to-day scenarios in which these processes
affect each other. For instance, individuals with certain genotypes might be
more sensitive to cultural experiences, such as racial discrimination and
prejudice (Brody et al., 2011; Sales et al., 2015). The developmental level of
analysis represents situations in which genes, or culture, or both, have an
effect in an organism that triggers probabilistic trajectories that lead to the
development, over years and decades, of adaptive or maladaptive outcomes
(i.e., ontogenetic history). For example, evidence suggests that stability in
cultural consonance in family life over two years, the degree to which an
individual perceives their family as corresponding to a cultural model of
the prototypical family, is related to differences in depressive symptoms
for individuals who carry specific SNPs (Dressler et al., 2009). The interplay
of genes, cultures, and environments at the evolutionary level represents
the cumulative effect of this relation in natural selection and adaptation
of humans over centuries (i.e., phylogenetic history). Many organisms not
only adapt to their environment, but change their environment to fit their
needs through niche construction and transmission. The foremost exam-
ple among humans is the link between genes, culture, and agriculture, in
which cultural innovations in agriculture have eventually led to changes in
the human genome (see O’Brien & Laland, 2012).

Types of Gene-Culture-Environment Interplay

Cultural genomics focuses on several forms of the interplay of genes, cul-
tures and environments. The term “interplay” is very suitable for con-
ceptualizing the relation between culture and biology for several reasons
(Causadias, 2013). For instance, Rutter (2006, 2007, 2013) argued that
the concept of interplay — or interdependence — is broader than terms
like “interaction” because it conveys a variety of scenarios in which
two processes affect each other. Furthermore, while interplay represents
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conceptual interrelations that take place at the biological and evolution-
ary levels, interactions are often discussed purely in statistical terms. Some
types of the interplay of genes, cultures and environments include cultural
effects on genes or cultural epigenomics (C—G), genetic effects on culture
(G—C), gene—culture interactions (GxC), gene—culture correlations (rGC),
gene—culture—niche interplay (GxCxN), and developmental effects of
gene—environment on culture (dcGE). Here we describe each type of inter-
play and provide some examples. It is worth noting that a single study can
report different types of the interplay of genes, cultures, and environments.

First, cultural effects on genes (C—G), or cultural epigenomics, centers
on how repeated exposure to cultural experiences and participation in cul-
tural traditions affect the genome at the social, developmental, and evolu-
tionary levels (see Laland, Odling-Smee, & Myles, 2010). For instance, at
the long-term evolutionary level, the invention of agriculture favored the
emergence of lactose-tolerant genotypes (Aoki, 1986; Feldman & Cavalli-
Sforza, 1989). At the developmental level, a growing body of research has
employed the C— G approach to understand how racial bias, prejudice, and
discrimination influence the genome. Chae and colleagues (2014) tested
the impact of racial discrimination and internalized racial bias among
African-American men on leukocyte telomere length (LTL), a marker of
chronic diseases associated with aging, and found that high levels of racial
discrimination were significantly related to shorter LTL among partici-
pants who held stronger implicit anti-Black bias. In a follow-up study, Chae
and colleagues (2016) examined the role of depressive symptoms in the
relation between racial discrimination and telomere length. Shorter LTL
was related to higher levels of racial discrimination in males who reported
fewer depressive symptoms. Altogether, the work of Chae and colleagues
(2014, 2016) shows that cultural experiences may affect the genome, con-
tribute to cellular aging, and explain racial health disparities.

Second, genetic effects on culture (G—C) represent scenarios in which
genotypes can affect cultural behavior (Richerson, Boyd, & Henrich, 2010).
A growing body of evidence suggests that there is an association between
certain dopamine genotypes and cultural outcomes, such as language
learning differences (Wong, Morgan-Short, Ettlinger, & Zheng, 2012), cul-
tural learning (Kitayama et al., 2014), and sensitivity to cultural norms
(Kitayama, King, Hsu, Liberzon, & Yoon, 2016). At the evolutionary level
it has been argued that some dopamine genotypes, like DRD4, might be
involved in long-distance group migration (Chen, Burton, Greenberger, &
Dmitrieva, 1999). For instance, Kitayama and colleagues (2010, 2014)
argued that carriers of the seven-tandem repeat allele (7R) of DRD4,
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because of their genetically increased reward sensitivity, might be encour-
aged to migrate, or have more favorable likelihoods of survival and repro-
duction in challenging frontier environments. This evidence suggests that,
to a certain extent, cultural behavior can be partly explained by individual
differences in genomic variants.

Third, gene—culture interactions (GxC), perhaps the most widely stud-
ied form of the interplay of genes, cultures, and environments, character-
ize instances in which the effects of a cultural experience on a behavioral,
cognitive, or developmental outcome are moderated by a certain SNP, or
vice versa. Importantly, like other forms of gene-by-environment interac-
tions, GxC takes place at the biological and social levels, and should not be
confused with mere statistical terms (see Rutter, 2006). Some studies have
investigated the interaction between racial discrimination and 5-HTTLPR
in predicting behavior problems among African-American adolescents.
One study reported that male African-American adolescents who carried
one or two short alleles of the 5-HTTLPR reported higher rates of conduct
problems when they perceived high levels of racial discrimination than did
male youth who perceived low levels of racial discrimination (Brody et al.,
2011). Another study found that the short allele of 5-HTTLPR moderated
the association between racial discrimination and depressive symptoms
among African-American adolescent females (Sales et al., 2015). Similarly,
Schwartz and Beaver (2011) investigated the effects of perceived prejudice
and MAOA gene on criminal arrests, and reported that a GxC interac-
tion between perceived levels of prejudice and MAOA predicted crimi-
nal arrests, but only among males. Other GxC studies have also examined
the role of genetic variations on developing intergroup biases (see Cheon,
Livingston, Chiao, & Hong, 2015; Cheon, Livingston, Hong, & Chiao,
2013). In sum, these studies illustrate how certain genes moderate the asso-
ciation between experiences of prejudice, discrimination, and bias with
several outcomes, advancing our comprehension of individual differences
in response to adverse cultural experiences.

Fourth, gene—culture correlations (rGC) represent covariation between
genes and cultural processes. However, while most rGC studies conducted
recently focus on the social and developmental levels of analysis, the pio-
neer investigations in cultural genomics focused on rGC at the evolution-
ary level (see O’Brien & Bentley, chapter 8 in this volume). In addition,
cultural genomic researchers use “rGC” with different meanings and theo-
retical implications. For example, while some studies in cultural genomics
use “rGC” to refer to the correlation coefficients of genetic variability esti-
mates and scores in cultural measures, other studies use this term to
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represent more complex developmental processes (see Burt et al., 2016).
This latter approach is informed by behavioral genetics theory, for which
gene—environment correlations reflect differential exposure of genotypes
to environments, including “passive;” “active,” and “evocative” effects
(Plomin, DeFries, & Loehlin, 1977). In passive genotype—environment cor-
relations, parents give their children both genes and environments that are
conducive to the development of a trait, independent of children’s choices
(Plomin et al., 1977). Applied to cultural genomics, these correlations refer
to cases in which parents provide their children with genetic, cultural, and
environmental influences. For instance, first-generation immigrants may
provide their children with genotypes in which certain dopamine poly-
morphisms associate with reward-seeking behavior (Kitayama et al., 2010,
2014), as well as socialize them into their culture of origin (i.e., encultura-
tion), and raise them in a particular environment or niche (e.g., neighbor-
hoods). Active gene—environment correlations reflect the fact that chil-
dren are not passive recipients of their environment, but actively engage
and select environments that fit their genetic predispositions (Plomin
et al.,, 1977). In cultural genomics, these correlations are exemplified in
cases in which individuals pursue environments and cultural experiences
that match their genetic propensities. For instance, some individuals may
actively seek cultural communities aligned with their own political ideol-
ogy by applying for admission to universities with liberal or conservative
orientations. Evocative (or reactive) gene—environment correlations repre-
sent scenarios in which individuals with certain genotypes and phenotypes
elicit different social responses (Plomin et al., 1977). In terms of cultural
genomics, phenotypic traits such as sex and skin color can trigger differ-
ent cultural responses, ranging from privilege to prejudice.

Some studies have employed an rGC approach to examine the inter-
play of genes, cultures, and environments in cultural orientation, partic-
ularly by documenting significant *GC between the 5-HTTLPR variant
and several cultural phenomena, including collectivism (Chiao & Blizinsky,
2010), strong social norms and a low tolerance for deviant behavior
(Mrazek, Chiao, Blizinsky, Lun, & Gelfand, 2013), external threat of inva-
sion, disease prevalence, and expenditure on food (Fisher & Vernes, 2015),
and national neuroticism and long-term orientation, but not individual-
ism or power distance (Minkov, Blagoev, & Bond, 2014). Additional stud-
ies have documented rGC between collectivism and the 5-HTTLPR and
MAOA polymorphisms (Way & Lieberman, 2010). However, other stud-
ies have not replicated these results. Bisso-Machado and colleagues (2013)
examined the 5-HTTPLR allele frequency of individuals of Native South
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Amerindian ancestry and did not find an association between cultural
orientation and the serotonin-transporter polymorphism. Finally, Brown
and colleagues (2013) sampled participants from different Taiwan regions
and found a significant rGC between music and genes, even after control-
ling for the geographical distance between the regions. They suggested
the correlation indicates that genes, and music, a cultural trait, coevolve
through shared ancestry instead of geographical distance. In conclusion,
rGC studies exemplify how covariation of culture and genomes shapes
unique behavioral outcomes. However, most of these studies do not exam-
ine rGC in terms of passive, active, or evocative types.

Fifth, in gene—culture—niche interplay (GxCxN) the three levels of inher-
itance are engaged in shaping behavior and cognition at the social, devel-
opmental, and evolutionary levels. Although often confused, cultural and
niche (or ecological) inheritance are systems that are deeply intertwined,
but nevertheless different (see Odling-Smee & Laland, 2011), as seen when
genes, cultural processes, and neighborhood effects are involved in shap-
ing an outcome (Burt et al., 2016). This pattern of associations can be
approached statistically as three-way interactions, but also by examining
how patterns of GxC differ across environments or niches. Several stud-
ies have used the GxCxN approach to examine the association between
neighborhood characteristics, MAOA, DRD4, and 5-HTTLPR variants,
and antisocial and risky behavior. One study found that the MAOA poly-
morphism interacted with the concentration of children within a neigh-
borhood to predict levels of adolescent aggression among males (Hart &
Marmorstein, 2009). Lei and colleagues (2014) reported that the effect of
disadvantaged neighborhoods and social ties on antisocial behavior among
adult African-American females was moderated by the presence of DRD4
and 5-HTTLPR polymorphisms. Cho and Kogan (2015) investigated the
role of DRD4, parenting, and goals in the effects of community disad-
vantage on African-American adolescents’ risky behavior. Protective par-
enting increased future orientation only for youth with the long (seven
or more tandem repeats) DRD4 allele, shielding against risky behavior,
whereas protective parenting had no effect on youth who did not carry
the variant. In sum, these studies increase our understanding of the myr-
iad of pathways in which genes, culture and environments shape behavior,
cognition, and development.

Sixth, the developmental effects of gene—environment on culture (dcGE)
involve instances in which the genetic or environmental contribution to
a certain cultural trait changes over time. For example, it has been well
documented that heritability of intelligence increases over time (Plomin &
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Spinath, 2004). Applied to cultural genomics, longitudinal studies examin-
ing dcGE can help elucidate how genetic and environmental contributions

to the development of cultural processes like acculturation can increase
or decrease over time. We are not aware of any study that has used this
approach, but we believe it is a promising research direction.

Problems (and Solutions) in Cultural Genomics Research

Problems in cultural genomics research can be divided into two kinds:
issues that arise from outside the field and problems that arise from within
(see Table 7.1). Some issues external to the field are common to culture
and biology research in general (e.g., cultural neurobiology, cultural neu-
roscience), including skepticism towards biological methods, the lasting
effects of the nature versus nurture debate, and institutional and educa-
tional barriers. For another discussion of issues in culture and biology

Table 7.1 Summary of problems (and solutions) in cultural genomic research

Problems

Solutions

Outside of cultural genomics

Skepticism about using genes in cultural
research

Graduate training that emphasizes
genes or culture

Genetic determinism

The persistence of the
nature-versus-nurture debate

Understanding the intimate relation
between culture and genes

Graduate training that emphasizes
genes and culture

Approaching individuals as active
agents in their development

Recognition of the importance of
nature and nurture

Within cultural genomics

Using demographic proxies to infer
culture

Not reporting tests of Hardy—Weinberg
Equilibrium

Use of small samples

Overreliance on single candidate gene
approaches

The internal—external validity paradox

Measuring cultural processes directly

Testing and reporting
Hardy—Weinberg Equilibrium

Use of larger samples
Employing polygenic, twin/family,
and adoption studies

Balancing sample size and
measurement depth
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interplay, see Syed and Kathawalla, chapter 2 in this volume. First, scholars
investigating culture, ethnicity and race are understandably suspicious of
methods that may diminish the richness of cultural processes and reduce
them to biomarkers (see Causadias et al., 2017). Also, the nature-versus-
nurture debate has facilitated a dichotomous understanding of behavior
and cognition, in which some processes are viewed as determined by cul-
ture, while others are regarded as influenced by genes. In reality, genes and
culture are intimately related, and both shape all levels of human behavior
and cognition, although in different ways. Furthermore, graduate train-
ing and research programs can become barriers to the advancement of
the field, as they often promote the accumulation of skills and resources
for conducting research on either culture or genes, but rarely on both
(Causadias et al., 2017).

Additional problems that arise from outside the field are unique to
research on cultural genomics, including genetic determinism and fal-
lacies about inheritance. Many scholars are wary of conceptualizations
that reinforce or subscribe to genetic determinism, the idea that we are
governed by our genomes (Wilson, 2000). There are also widespread
misconceptions about inheritance, particularly the belief that an inherited
trait is not subject to change or sensitive to environmental influences (see
Lilienfeld, Lynn, Ruscio, & Beyerstein, 2011). Most complex behavioral
and psychological traits are influenced by genetic inheritance and social
experiences, intelligence for example (see Plomin & Spinath, 2004). There
are notable exceptions, however, like some single-gene or Mendelian disor-
ders like cystic fibrosis (for a review, see Antonarakis & Beckmann, 2006).
Moreover, it is important to recognize that neither genes nor experiences
are destiny: personal agency plays a major role in development because
individuals actively shape their own cultural and genetic development.

Other problems in cultural genomics research are internal to the field.
They are determined by the methodological and conceptual intricacies of
integrating multiple levels of analysis while safeguarding scientific rigor
without violating conceptual and statistical assumptions. First, there are
several issues with the quality of measurement of culture and genes in
the overviewed research in cultural genomics. For instance, many studies
do not measure cultural processes directly, but make inferences based on
demographic proxies (e.g., nationality, race, ethnicity) or group compar-
isons. Instances of this are country-level analyses of the effects of gene—
culture interplay on the global prevalence of pathogens and mental health
disorders (Chiao & Blizinsky, 2010) and on ecological threat (Mrazek
et al, 2013). However, this approach has been severely criticized (see
Eisenberg & Hayes, 2011). The problem of inferring culture from group
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membership has been addressed extensively and repeatedly in the litera-
ture (see Betancourt & Lopez, 1993; Campbell, 1961; Matsumoto & Yoo,
2006). The employment of demographic characteristics as substitutes for
the careful and validated assessment of culture is concerning, because
these proxies have restricted construct validity and often function as a
black box that reveals little about the underlying mechanisms that account
for different effects (see Priem, Lyon, & Dess, 1999).

On the other hand, rarely do many of the reviewed studies in cultural
genomics report tests of Hardy—Weinberg equilibrium (HWE), the expec-
tation that genotype frequencies at any locus are a function of allele fre-
quencies in large and randomly mating human populations (Hosking et al.,
2004; Wigginton, Cutler, & Abecasis, 2005). HWE is a principle that has
been utilized for more than a century to better appreciate the genetic char-
acteristics of populations (Wittke-Thompson, Pluzhnikov, & Cox, 2005).
HWE is not simply an idea of conceptual relevance, but also a test with
major implications. Deviations or departures from HWE often suggest
problems with genotyping or population structure (Salanti, Amountza,
Ntzani, & Ioannidis, 2005; Wigginton et al., 2005), as violations of HWE
can seriously compromise the central inferences of any genetic study
(Salanti et al., 2005). Not surprisingly, testing for HWE is widely used as
a test of measurement quality, because it is one of the most efficient ways
to detect non-random errors in genotyping unrelated individuals (Wittke-
Thompson et al., 2005). Errors in genetic data originate from a variety of
sources, including sample mishandling and problems with the genotyping
process (Hosking et al., 2004), and evidence supports the notion that sev-
eral molecular genetic studies have substantial deficiencies in design, anal-
ysis, and reporting (Salanti et al., 2005). However, these shortcomings can
be aggravated in cultural genomics research, because many studies are not
subjected to the often more stringent quality tests imposed by molecular
genetic journals. In sum, while measurement error is a recurring issue in
psychological and biological assessment, and any large dataset is expected
to contain some errors, cultural genomic researchers should do everything
in their power to increase the precision and validity of their estimates by
conducting and reporting tests of HWE.

In addition to measurement problems, most cultural genomics research
is faced with other issues that are inherent to GxE designs. For instance,
Gx«E studies frequently rely on small samples that lack the power to detect
interactions (Duncan & Keller, 2011), often employ samples of individuals
of European ancestry while other groups remain understudied (Oquendo,
Canino, Lehner, & Licinio, 2010), and report findings that are subsequently
not replicated (Duncan, Pollastri, & Smoller, 2014; Hewitt, 2012). The high
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false-positive rate is often, but not exclusively, a result of poor transparency
in research procedures, an absence of specification or registration of the
statistical analyses before the study, and, ultimately, a lack of limits to
researchers’ degrees of freedom (Simmons, Nelson, & Simonsohn, 2011).
One strategy to tackle some of these challenges is the use of the new statis-
tics, which emphasizes the preregistration of studies before analyses are
conducted in order to restrict researchers’ degrees of freedom, the com-
plete disclosure of the research procedure (in this case, gene selection strat-
egy), and moving away from null hypothesis significance testing (NHST)
to focus on effect sizes and confidence intervals (Cumming, 2012, 2013).
While these issues affect most GxE studies, cultural genomic research
has additional burdens that are unique to investigations of culture. While
quality GxE research in molecular genetics pursues external validity by
using large samples that provide optimal power to detect effects (Duncan &
Keller, 2011), quality cultural research in psychology pursues internal
validity by relying on careful, time-consuming, multi-trait, multi-method
assessments of cultural processes through ethnographies, observations,
experiments, interviews, and self-reports that convey the complexity of
human cultural experiences (Causadias, 2013). Thus, cultural genomic
researchers that aspired to the highest scientific standard found themselves
between the Scylla of having to recruit large samples to detect genetic
effects and the Charybdis of having to measure culture in depth (see Fig-
ure 7.1). This internal/external validity paradox implies that researchers

High external validity—
low internal validity

Sample size

Low external validity—
high internal validity

Cultural measurement depth

Figure 7.1 The internal/external validity paradox in cultural genomic research
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need to balance sample size and cultural measurement depth. Collectively,
this challenge requires new initiatives, such as the creation of new research
consortiums and special grant programs that recognize the unique chal-
lenges of cultural genomics.

Finally, another problem in the field of cultural genomics is the overre-
liance on molecular genetics methods (e.g., candidate genes) and the lack of
research using other behavioral genetic approaches. More research using
polygenic and genome-wide models, as well as twin and family designs
(e.g., Burt et al,, 2016) and adoption studies, is necessary to understand
how culture and genes are inherited, and to what extent environmental
and genetic influences shape the development of certain cultural traits.

Conclusions and Future Directions

In this chapter, we have introduced the emergent field of cultural genomics,
described the importance of conducting research in this area, examined its
different levels of analysis, outlined several types of interplay of genes, cul-
tures, and environments, illustrated these types with recent studies, and
discussed some of the problems with current research. The field of cultural
genomics has grown rapidly since Chiao and Blizinsky’s (2010) pioneer
study. However, there are several important challenges and future research
directions. Most studies have used a single candidate gene GxE approach,
and those that included multiple genes did not assess how genes interact
with each other (epistasis) to shape culture. Although most GxC research
focuses on individual cultural processes and single candidate genes, at
the biological level GxC involves the interrelations between the whole
genome and all cultural influences. For this reason, future cultural genomic
research should go beyond the use of the candidate gene approach and
explore other methods, including behavioral genetic designs, polygenic
sensitivity scores, gene-by-gene interplay or epistasis, and genome-wide
association analyses (GWAS). Testing and reporting HWE is another cru-
cial safeguard for quality cultural genomic research, as is attention to issues
of power, diversity and replication. Also, quantitative reviews of cultural
genomic research (i.e., meta-analyses) are instrumental in generating a
cumulative discipline and discerning the overall size of these associations.

Researchers should also move away from country-level analysis, group
comparisons, and demographic information as proxies for culture, and
invest in more rigorous and substantial cultural measurement. After
all, GxE effects cannot be detected if the quality of the measures of
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environment is suboptimal (Caspi et al., 2010). Importantly, future cultural
genomic research should pay more attention to theoretical models from
evolutionary biology (e.g., gene—culture coevolution), avoid confounding
statistical effects with conceptual terms (e.g., gene—environment correla-
tions), and apply novel ideas, such as differential susceptibility hypothesis,
to the study of culture (Causadias & Syed, 2015). Because experiments and
interventions are useful tests of genetic theories (Bakermans-Kranenburg,
van IJzendoorn, Pijlman, Mesman, & Juffer, 2008), future cultural genomic
research should employ randomized controlled trials to examine how the
effects of interventions aimed at cultural change are shaped by the genome.

In addition, researchers should purposely seek out different ethnic
groups in their cultural genomics research. This is particularly relevant
because in our review of the research we discovered that many studies
that focused on adverse cultural experiences and environments employed
African-American samples. For example, the studies we identified on genes
and racial discrimination (Brody et al., 2011; Chae et al., 2014, 2016; Sales
et al,, 2015; Schwartz & Beaver, 2011) and neighborhood or community
disadvantage (Cho & Kogan, 2015; Lei et al., 2014; Windle et al., 2015)
focused almost exclusively on African-American samples. In contrast, the
studies we identified on normative cultural processes and genes frequently
employed samples of Asian ancestry. For instance, most studies examining
genes and cultural orientation (Kitayama et al., 2014), self-expression and
cultural norms (LeClair et al., 2014) and social support seeking (Kim et al.,
2010) used Asian or Asian-American samples, or both. It is vital to address
this trend because Asians also experience adversity, and African Ameri-
cans also go through normative developmental processes. Moreover, the
external validity of the field is conditional on the inclusion of representa-
tive samples from all ethnic and national backgrounds.

Finally, future cultural genomic research should examine the role of per-
sonal agency in the interplay of genes, cultures, and environments. Some
findings can give the impression that individuals are passive witnesses of
their cultural experiences and passive heirs of their genomes, when in fact
humans play a crucial role as active agents in their own cultural and genetic
development and evolution (see, e.g., Sameroff, 2009). As illustrated by
active gene—environment correlations, not only are individuals unidirec-
tionally shaped by their environment, but they actively construct their own
niches, choose to participate in cultural communities, move to neighbor-
hoods, and even migrate to specific areas that fit their own cultural pref-
erences. Likewise, individuals make decisions that affect their genomes,
through either diet or exposure to certain environments. Future studies
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should also consider how individuals play a starring role in their own
genetic and cultural development, rather than how they are affected by the
interplay of genes, cultures, and environments.
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Dual Inheritance, Cultural Transmission,
and Niche Construction

Michael J. O'Brien and R. Alexander Bentley

As the behavioral sciences increasingly turn to explanatory models of cul-
tural evolution based on a Darwinian perspective, three topics — dual
inheritance, cultural transmission, and, more recently, niche construc-
tion — have assumed prominent positions on the analytical landscape. Until
the early 1980s, the behavioral sciences in general tended to draw a sharp
distinction between biologically based (innate) behavioral traits and cul-
tural traits, the former being a reflection of one’s genotype and the latter the
result of learning. This is a false dichotomy (Mesoudi, Whiten, & Laland,
2006). “Biological” means living; thus, all human behavior is biological. Fur-
ther, “innate” behaviors typically include cultural components, both innate
and learned. Learning a language, for example — a quintessential cultural
trait — requires transmission, but it also requires the appropriate mental
facilities, which result from the interaction between an individual’s genes
and the environment (Nettle, 2006).

This is in no way meant to imply that before the 1980s behavioral sci-
entists were uninterested in such things as cultural evolution, cultural
transmission, and human niches. Note, for example, what Franz Boas,
often identified as the “father” of American anthropology, pointed out with
respect to cultural transmission: “We must investigate the innumerable
cases of transmission that happen under our very eyes and try to under-
stand how transmission is brought about and what are the conditions that
favor the grouping of certain new elements of an older culture” (Boas,
1911: 809). This was an excellent identification of the problem, but here, as
throughout so much of anthropology, common sense substituted for rig-
orous models of cultural transmission (Lyman & O’Brien, 2003).
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That lack of rigor began to be addressed in the late 1970s through the
mathematical-modeling work of Luca Cavalli-Sforza, a population geneti-
cist, and Marcus Feldman, a theoretical biologist (e.g., Cavalli-Sforza &
Feldman, 1981). The innovative aspect of their approach, which they
labeled “gene—culture coevolutionary theory,” was that they not only mod-
eled the differential transmission of genes between generations but also
incorporated cultural information into the analysis, which allowed the evo-
lution of the two systems to be mutually dependent (Laland & Brown,
2011). Cavalli-Sforza and Feldman’s work was followed by that of Robert
Boyd and Peter Richerson, whose book Culture and the Evolutionary Pro-
cess (Boyd & Richerson, 1985) laid the foundation for what they labeled
“dual-inheritance theory,” which we view as synonymous with Cavalli-
Sforza and Feldman’s “gene—culture coevolutionary theory”

With respect to the role that the human niche played in early anthro-
pological thought, Hardesty’s (1972) review is instructive. As he makes
clear, the concept of the ecological niche was inconsistently used in early
anthropological and ecological studies. Some researchers used it more in
terms of a geographic location or habitat. Barth (1956: 1079), for example,
defined it as “the place of a group in the total environment, its relation to
resources and competitors,” and Flannery (1965) defined it as a microenvi-
ronment in which a species is concentrated. Conversely, Odum (1959: 27)
defined the niche as the functional role of an organism “within its commu-
nity and ecosystem resulting from the organism’s structural adaptations,
physiological responses, and specific behavior” Odum (1959) made the
well-known distinction between habitat and niche, the former being an
organism’s address and the latter its profession, or occupation.

Even today, when there is more of a consensus over what a niche entails,
there is still a conventional perspective that although organisms, humans
included, construct niches and modify environmental states, such behav-
iors are consequences of prior selection and not the causes of evolution-
ary change. This conventional perspective downplays the active role that
organisms play in the evolutionary process as co-causes and co-directors
of their own evolution and that of other species. The conceptual leap that
niche construction theory brings is to regard niche construction as an evo-
lutionary process in its own right — an initiator of evolutionary change
rather than merely the end product of earlier selection. Although this posi-
tion remains controversial even in the biological sciences (see, e.g., Scott-
Phillips, Laland, Shuker, Dickins, & West, 2014), there is an abundance of
evidence that niche construction is evolutionarily consequential (Laland &
O’Brien, 2012; Laland, Odling-Smee, & Myles, 2010; Odling-Smee, Laland,
& Feldman, 2003).
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Here we discuss niche construction, dual inheritance, and cultural trans-
mission as separate processes, more or less as modern biology texts contain
separate chapters on selection, drift, mutation, and Mendelian inheritance.
We cannot overemphasize, however, that all three processes act in tandem
to shape and reshape human behavior in evolutionarily significant ways
(O’Brien & Laland, 2012). Our goal is to provide behavioral scientists with
enough background to make the various issues that emanate from these
processes accessible. We begin with a discussion of dual inheritance and
then turn to cultural transmission and finally to niche construction.

Dual-Inheritance Theory

Dual-inheritance theory is a branch of theoretical population genetics that
incorporates cultural traits into models of the transmission of genes from
one generation to the next (Boyd & Richerson, 1985; Cavalli-Sforza &
Feldman, 1981; Durham, 1991; Richerson & Boyd, 2005). Anthropologists
have long known the power that culture exerts in shaping the human con-
dition, but it is becoming increasingly clear that the interactions of genes
and culture — literally, their coevolution — offer a faster and stronger mode
of human evolution than either by itself (Laland et al., 2010; Richerson &
Boyd, 2005; Richerson, Boyd, & Henrich, 2010). The two inheritance sys-
tems cannot be treated independently, because what an individual learns
may depend on his or her genotype expressed throughout development.
Further, selection acting on the genetic system may be generated or mod-
ified by the spread of a cultural trait. This should not be contentious,
particularly with respect to such things as agriculture, food production,
and dietary habits. There is now strong empirical evidence that genotype
affects acquired behavior (Laland et al., 2010; Richerson et al., 2010). Here,
“culture” is defined as the “ability to acquire valuable knowledge and skills
from other individuals through social learning and teaching, and to build
on this reservoir of shared knowledge, iteratively, generation after gener-
ation, building ever more efficient solutions to life’s challenges” (Laland,
Atton, & Webster, 2011: 958).

Culturally derived selection pressures can be stronger than non-cultural
ones. This means that culture can be just as powerful as nature when it
comes to shaping organisms and their behaviors. There are at least two rea-
sons for this. First, there is highly reliable transmission of cultural informa-
tion between individuals. Although reliability differs among kinds of traits,
culturally modified selective environments can produce unusually strong
natural selection that is directionally consistent over time (Bersaglieri et al.,
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2004). Second, cultural innovations typically spread more quickly than
genetic mutations because social learning operates at a much faster rate
than does biological evolution (Feldman & Laland, 1996). If cultural prac-
tices modify selection on human genes, then the more individuals exhibit
a trait, the greater the intensity of selection will be on a gene (Laland et al.,
2010). The rapid spread of a particular cultural practice often leads to max-
imum intensity of selection on the advantageous genetic variant or vari-
ants. Gene—culture coevolutionary models repeatedly demonstrate more
rapid responses to selection than conventional population-genetic mod-
els. This underscores the fact that culture has accelerated human evolu-
tion (Cochran & Harpending, 2009; Hawks, Wang, Cochran, Harpending,
& Mayzis, 2007; Laland et al., 2010; Richerson et al., 2010).

Those who study gene—culture interactions are not trying to model how
entire cultures change over time, but rather to explore some of the general
properties of gene—culture coevolution and to predict patterns of change
in certain specific traits (Laland & Brown, 2006). Examples include inves-
tigations of the evolution of altruism and cooperation (Gintis, 2003) and
the coevolution of female-biased infanticide and sex-ratio-distorter genes
(Kumm, Laland, & Feldman, 1994). The study of gene—culture coevolu-
tion has associated with it a formal discipline and a progressive theoretical
research program, and we would be among the first to admit that formal
gene—culture models are technical and mathematical and often difficult to
appreciate. The greater concern, however, is not with mathematical mod-
eling but with the degree of fit between expectations derived from dual-
inheritance theory and select aspects of the empirical record. Here, even
those with little knowledge of mathematics can make significant contri-
butions (Laland & O’Brien, 2010, 2012) by developing theory and finding
empirical case studies that appear to substantiate hypotheses that stem
directly from that theory.

Cultural Transmission

If Mayr (1973) is correct that behavior is perhaps the strongest selection
pressure operating in the animal kingdom, then we need to take it all the
more seriously when the animals are humans (O’Brien & Lyman, 2000).
Cultural transmission is a primary determinant of behavior, and there is
little doubt that it is one of the most effective means of evolutionary inher-
itance that nature could ever create. Gene—culture theorists model cultural
transmission as a Darwinian process in which there is selective retention of
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favorable cultural variants, with concomitant effects on biological fitness,
recognizing that other, non-selective processes such as mutation (inven-
tion, innovation), spread (diffusion), and drift (random change) play signif-
icant roles as well (Bentley, Hahn, & Shennan, 2004). Many other animals
exhibit culture (Boesch, 2012; Laland et al., 2011; Whiten, 2011), but it is
the fact that human culture evolves quickly and is cumulative that makes it
an exceptional case. By this we mean that one generation does things in a
certain way, and the next generation, instead of starting from scratch, does
them in more or less the same way, except that perhaps it adds a modi-
fication or improvement. The succeeding generation learns the modified
version, which persists across generations until further changes are made
(Tennie, Call, & Tomasello, 2009). Human cultural transmission is thus
characterized by the so-called “ratchet effect,” in which modifications and
improvements stay in the population until further changes ratchet things
up again (Tomasello, Kruger, & Ratner, 1993), although there is nothing
inevitable about progress and no guarantee that any “improvements” will
be fitness-enhancing.

We can think of the actual units of transmission as cultural traits
(O’Brien, Lyman, Mesoudi, & VanPool, 2010) — more or less what Dawkins
(1989) had in mind with the concept of the meme. These units spread
and create traditions — patterned behaviors that exist in identifiable form
over extended periods of time. As with genes, cultural traits are subject
to recombination, copying error, and the like and thus can serve as the
foundation for the production of new traits. In other words, cultural traits
can be both inventions — new creations — and innovations — inventions
that spread because of some utility, regardless of whether that utility is
immediately perceived or not (Erwin & Krakauer, 2004). To put it in a
slightly different way, innovations are successful inventions, with “success”
measured in terms of their having spread. Because they can exist at var-
ious scales of inclusiveness and can exhibit considerable flexibility, cul-
tural traits have many of the characteristics of Hull’s (1981) “replicators,” or
entities that pass on their structure directly through replication (Williams,
2002). Once transmitted, cultural traits serve as units of replication in that
they can be modified as part of an individual’s cultural repertoire through
processes such as recombination (new associations with other cultural
traits), loss (forgetting), and partial alteration (incomplete learning, per-
sonal experience, or overlooking select components) within an individual’s
mind (Eerkens & Lipo, 2005). In this regard, cultural traits are analogous
to genes in that organisms replicate them, but they are also replicators in
their own right. However, the transmission of these units is behavioral, and
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it uses mutually understandable spoken or written language, physical imi-
tation, or some combination.

No one has ever seen a unit of transmission, either behavioral or genetic,
although we can observe the effects of transmission. Genes and behav-
joral traits become units of transmission only in specific environmental
contexts, meaning that although one can talk abstractly about them, their
definition in analytically useful units depends on environmentally specific
elements. Fortunately, such units are manifest in artifacts, features, and
other components of the ethnographic and archaeological records, and
they serve as proxies for studying the transmission (and modification) of
cultural traits between people in an evolutionary process of descent with
modification (Leonard & Jones, 1987; O’Brien & Holland, 1995).

As it does among animals that exhibit culture, learning drives cultural
transmission. How could it be otherwise? If nothing is learned, nothing
can be transmitted. The key question is, how was a particular behavior
learned? Did an individual learn it on his or her own or from others? If the
latter, from whom did the individual learn it, and how? Through copying?
Through a prolonged apprenticeship? And how did the individual decide
to do one or another? As a starting point for addressing these questions,
we find it useful to do what other behavioral scientists have done and make
a distinction between individual learning and social learning.

Individual Learning

In individual learning, an individual modifies existing behaviors through
trial and error to suit his or her own needs. Perhaps a learner obtains the
basic behavior from a parent or master and then begins to tinker with it
with no influence from other people. He or she then passes the behavior
on to others. Boyd and Richerson (1985) refer to this as “guided variation.”
The guided-variation model shows that, in the absence of selection for a
particular trait, a population will move toward whichever trait is favored
by people’s individual-learning biases. This occurs even when guided vari-
ation is weak (Mesoudi, 2011).

This form of learning is called “unbiased” (Boyd & Richerson, 1985;
Henrich, 2001), because at the population level it approximates the dis-
tribution of behaviors in the previous generation. After acquiring a behav-
ior or a tool, an individual might obtain environmental information about
the relative payoffs of alternative skills or tools. If the difference in pay-
offs is clear, the individual adopts the behavior indicated by the environ-
mental information. If not, the individual sticks with the behavior acquired
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through unbiased cultural transmission (Henrich, 2001). Thus, Boyd and
Richerson’s (1985) “guided variation” has two equally important com-
ponents: unbiased transmission and environmental (individual) learning.
Henrich (2001) uses the term “environmental learning model” to include
both the individual-level learning process, which may occur many times
per generation, and its transgenerational counterpart, guided variation
(unbiased transmission and individual learning).

Social Learning

Many animals use social learning — defined as learning by observing,
or interacting with, others (Heyes, 1994) — for any number of adaptive
purposes (Hoppitt & Laland, 2013), but humans excel at it. If we accept
that large brains evolved through selection for complex social abilities
(Dunbar & Shultz, 2007), it follows that behaviors usually become popular
in human communities by means of social learning. Humans learn their
language, morals, technology, how to behave socially, what foods to eat,
and most ideas, from other people. This process is the basis of human cul-
ture, organizations, and technology (Whiten, Hinde, Laland, & Stringer,
2011). Much of the time, social learning is an effort to replicate another’s
behavior accurately without embellishment. It is a powerful adaptive strat-
egy that allows others to risk failure first (Henrich, 2001): Let others filter
behaviors for you and pass along those that have the highest payoff (Rendell
et al., 2011). The benefits of copying apply equally to inventors and com-
mercial firms interested in maximizing profits and to prehistoric potters
attempting to make functional vessels. Copying others is itself a set of com-
peting strategies, in that one might preferentially copy by identifying skill
level as the main criterion (copy those who are better at something than
you are, copy good social learners, copy those who are successful), whereas
others might base their decisions on social criteria (copy the majority, copy
kin or friends, copy older individuals).

It's Not Always One or the Other

We cannot imagine a situation in which one does only one kind of learn-
ing all one’s life. Rather, humans both experiment and copy, depending on
the circumstances. What is important is the composition of the population
in terms of the number of social learners versus individual (asocial) learn-
ers there are at any given moment. We can think of individual learners
as information producers, and social learners as information scroungers.
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In one important study, Mesoudi (2008) found that populations of flexi-
ble learners outperform both individual learners and mixed populations
of individual learners and social learners. And even if individuals are going
to learn socially, how will they do it? There can be significant differences
in the effects of copying based on selection for knowledge or a skill level
and copying based on random social interaction. An excellent example of
this difference comes from the computer-mediated tournament of learn-
ing algorithms held at St Andrews University in 2009 (Rendell et al., 2011).
Before the tournament, many expected the winning strategy to be a com-
bination of majority individual learning and some social learning. In fact,
the most successful strategies relied almost exclusively on social learning,
even when the environment was changing rapidly. The winning strategy,
labeled “discountmachine,” copied often and was biased in favor of copying
the most recent successful behavior it observed.

This is consistent with how we view the world — as a highly intercon-
nected and distributed collection of minds, the power of which for social
transmission is only now becoming apparent (Bentley, O’'Brien, & Brock,
2014). Our view mirrors that of Rendell et al. (2011): Copying confers an
adaptive plasticity on populations, which allows them to draw on deep
knowledge bases in order to respond to changing environments rapidly.
High-fidelity copying leads to an exponential increase in the retention of
cultural knowledge, the “ratcheting effect” mentioned above. There is a
caveat, however: Even in the most successful strategies that came out of
the tournament of learning algorithms held at St Andrews, where copying
predominated, there had to be a source of new variation present, through
either copying error or occasional innovation (Rendell et al., 2011). With-
out any individual learners to constantly sample the environment — to pro-
duce information useful to the group — social learners cannot track envi-
ronmental change. They are simply “buying” whatever happens to be on
the shelf and will eventually copy themselves into stasis.

A Simple Map of Learning

Several years ago we devised a two-dimensional map (Figure 8.1) that plots
not only the kind of learning involved (east—west axis) in a particular con-
text but the degree of transparency in terms of the costs and benefits of the
kind of learning involved (north—south axis) (Bentley et al., 2014). Along
the western edge of the map, agents are purely individual learners: they
use no information from others in making decisions. Along the eastern
edge, agents are purely social learners: their decisions are based solely on
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Informed

Individual

Uninformed

Figure 8.1 A four-quadrant map for understanding different domains of human
decision making, based on whether a decision is made individually or socially
(horizontal axis) and the transparency of options and payoffs that inform a decision
(vertical axis) (from O’Brien et al. 2016). Reproduced with permission of Springer

copying, verbal instruction, imitation, or other, similar, social processes.
In between the extremes is a balance between the two, a flexible measure
of the agents represented. The midpoint could represent, for example, a
population of half social learners and half individual learners, or a number
of individuals giving a 50% weight to their own experience and the same
amount to that of others. Location along the east—west axis may not always
affect the equilibrium towards which each behavior evolves, but it will
undoubtedly affect the dynamics by which that equilibrium is approached.

We can compare the kinds of learning with the costs and benefits related
to that knowledge. The farther north on the map we go, the more attuned
agents’ decisions will be to the potential costs and payoffs of their deci-
sions. A projectile-point manufacturer, for example, might quickly learn
that a certain shape of base makes a point susceptible to catastrophic fail-
ure, and so would probably change the design. Such a decision might be
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made individually, as shown in the northwest quadrant of Figure 8.1, or
there might be socially identified authoritative experts, as shown in the
northeast quadrant. As we move south, the relation between an action
and its impact on performance becomes less clear. At the extreme south-
ern edge of the map are cases that correspond to total indifference, where
choice is based either on randomly guessing among all possible choices
(lower left) or copying from a randomly chosen individual (lower right).
This area of the cost—benefit spectrum represents cases in which agents
are perhaps overwhelmed by decision fatigue, for example when the num-
ber of choices becomes too large to be processed economically.

Here is an example, drawn from some of our previous work (e.g., Caiado,
Brock, Bentley, & O’Brien, 2016). Imagine a human decision-making sce-
nario, modern or ancient, such as a person choosing a watch in a shop or
a prehistoric hunter deciding which location to visit to hunt caribou. We
tend to think of the former as economics and the latter as human ecol-
ogy, but in both cases the decision has many similar options and depends
on three things: the transparency of how good each option is, the intrin-
sic utility of each option, and the social utility of each option (how much
benefit you get from your peers — what sociologists call social capital).

The challenge is to infer these three quantities indirectly by observing
only the proportion of individuals who choose each option. Leaving social
influence aside for a moment, consider just the transparency of the intrin-
sic utility. If the intrinsic utility of each choice is highly transparent, as in
the northwest quadrant of our map, the probability distribution of deci-
sions ought to peak sharply at the highest-utility option. As transparency
decreases — as we move southward on the map — the probability distri-
bution flattens, as utility differences can no longer be discerned among the
different options. At zero visibility, along the southern edge of the map, the
probability distribution approaches a uniform distribution, and we effec-
tively have random choice among indistinguishable options.

Now add social utility, which draws us eastward on the map. For example,
a shopper chooses the brand that she has just seen someone else choose,
or perhaps a novice hunter follows the most experienced hunter to track
caribou. Then aggregate those decisions over time or people, or both. If
social utility is transparent — if, for example, the lead hunter is indeed the
best expert — the group’s choice will probably be the best choice. If social
utility is not transparent, however — for example, you see online that a cer-
tain technology product is popular — herding effects are more likely, and
the most popular option among the aggregated observations need not have
the highest utility. Indeed, if social utility is high and intrinsic transparency
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low, as in the southeast quadrant, the distributions of choice probability
and intrinsic utility among the options could differ significantly.

Here is another example, from Atkisson, O’Brien, & Mesoudi (2012).
Think of a woman who has married into a patrilocal society and her new
community has a different kind of specialization from that of her home
location. In fact, her new community is one of the few in the world where
women rather than men are responsible for making stone arrowheads. This
woman can enhance her new family’s survival prospects by creating arrow-
heads that not only help her husband kill more game but can be traded
to other communities. As she goes about learning the task of arrowhead
making, she has several pathways to success. She could engage exclusively
in individual learning (northwest quadrant of our map), where she tries
to figure out how to make arrowheads entirely on her own. Given that
projectile-point technology evolved culturally over tens of thousands of
years through the efforts of countless generations of innovators, each mak-
ing small improvements on what went before, her chances of reinventing
projectile-point technology from scratch, using purely individual learning,
are slim. Instead, she will probably fare much better through social learn-
ing, either by copying the object itself, if it is simple, or, more likely, copying
how others are making their arrowheads.

In this example, social learning is superior to individual learning because
of the high costs of the latter. One does not become a flint knapper, let
alone an accomplished one, overnight. Instead of trying to reinvent the
wheel, it is more cost-effective to just copy. The question then becomes
what or whom to copy. Our learner could attempt to make arrowheads
the way most women seem to be making them, which would place her in
the southeast quadrant. As she doesn’t yet know those women, conformity
will be a challenging task: she would need to survey the whole group to
determine the most frequently used technique. So although our novice flint
knapper is learning socially, she has no clue as to social utility. It is as if she
took a look around, pointed to another flint knapper, and said, “I'll make
what she’s making” Here her behavior is in the southeast quadrant.

Our novice flint knapper, however, sees another way to gather informa-
tion quickly. The first thing she noticed when she started making arrow-
heads was that whenever someone had difficulty with the steps involved,
that person always sought out a specific woman in the community for
help. Perhaps the master flint knapper was someone older and presumably
more knowledgeable, although our learner could not know this for sure,
having no direct access to the hunting success of this woman’s husband.
All she knows is that everyone in the community pays this woman more
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attention and generally confers upon her more respect than they do upon
other women. From this, our novice decides that she, too, should pay spe-
cial attention to this other woman. Thus she is able to learn the intricacies
of successful arrowhead creation, allowing her husband to kill more game
and herself to receive more in trade for her arrowheads. Here, our agent
is in the northeast quadrant of the map, where intrinsic utility is unclear
to her but, apparently, not to the woman whom she chooses as a model. In
essence, she is using the model as a proxy for decision making.

Niche Construction

Niche construction is the process whereby organisms, through their activ-
ities and choices, modify their own niche as well as those of other organ-
isms. Niche construction theory (NCT) takes this a step further in that it
places emphasis on the capacity of organisms to modify natural selection in
their environment and thereby act as co-directors of their own evolution
as well as that of others. Although it had its origin in population genet-
ics, NCT has become a multidisciplinary movement, involving evolution-
ary biologists, ecologists, psychologists, anthropologists, archaeologists,
computer scientists, philosophers, and others (Kendal, Tehrani, & Odling-
Smee, 2011; Laland & O’Brien, 2012, 2015). This perspective contrasts
with the conventional view of evolution as a straight-line process in which
species, through natural selection, come to exhibit those characteristics
that best enable them to survive and reproduce in their particular envi-
ronments. Although environmental change may trigger bouts of selection,
from the standard evolutionary perspective it is always changes in organ-
isms, rather than changes in environments, that are held responsible for
generating the organism—environment match that is commonly described
as “adaptation” Organisms are generally perceived as being molded by
selection to become better suited to their environments. Under this per-
spective, “adaptation is always asymmetrical; organisms adapt to their
environment, never vice versa” (Williams, 1992: 484).

From the niche-construction perspective, “organisms do not adapt to
their environments; they construct them out of the bits and pieces of the
external world” (Lewontin, 1983: 280). In so doing, organisms co-direct
their own evolution, often but not exclusively in a manner that suits their
genotypes, in the process modifying patterns of selection that affect not
only them but also other species that inhabit their environment. Niche
construction thus provides a second evolutionary route to establishing
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the adaptive fit, or match, between organism and environment. From the
niche-construction perspective, such matches need not be treated as prod-
ucts of a one-way process, exclusively involving the responses of organisms
to environmentally imposed problems. Instead, they should be thought of
as the dynamical products of a two-way process that involves organisms
both responding to “problems” posed by their environments and solving
some of those problems, as well as setting themselves some new problems
by changing their environments through niche construction (Lewontin,
2000).

Numerous mathematical models have been developed to explore the
evolutionary ramifications of niche construction (e.g., Brock, O’Brien, &
Bentley, 2016; Odling-Smee et al., 2003), and all have concluded that
niche construction is evolutionarily consequential. Populations evolving
in response to features of the environment modified by their ancestors
exhibit lag effects, such as continuing to evolve in the same direction
after selection has stopped or reversed or has had a delayed evolutionary
response to selection for a number of generations (Laland & Brown, 2006).
With respect to humans, mathematical models suggest that niche con-
struction resulting from cultural processes is likely to be even more potent
than gene-based niche construction (Odling-Smee et al., 2003). Further-
more, such models establish that cultural niche construction can plausibly
modify selection on human genes and actually drive evolutionary events
(Feldman and Laland, 1996; Gerbault et al., 2011).

In terms of evolution, niche construction modifies selection not only at
the genetic level but at the ontogenetic (developmental) and cultural lev-
els as well. This facilitates learning and mediating cultural traditions, with
consequences that not only feed back to the population engaged in niche
construction but also modify selection for other organisms. For example,
the construction of towns and cities created new health hazards associ-
ated with large-scale human aggregation, such as the rapid and large-scale
spread of disease, resulting in epidemics. Humans may respond to this
novel selection pressure exclusively or in combination, (1) through biolog-
ical evolution, with selection of resistant genotypes, (2) at the ontogenetic
level, for example by developing antibodies that confer some immunity,
or (3) through cultural evolution, perhaps by creating hospitals, medicines
and vaccines. Future research will establish the prevalence of these dif-
ferent types of response and delineate rules specifying when each occurs
(Laland & O’Brien, 2015).

The capacity for technology and culture clearly underlies the potency
of human niche construction: Culture is the human ecological niche
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(Hardesty, 1972). Agriculture, for example, was not independently
invented by each farmer, nor is its presence an unlearned maturational
outcome of human gene expression. A well-researched case of gene—
culture coevolution is the coevolution of the gene for lactose absorption
and dairy farming in prehistory (Durham, 1991; O’Brien & Laland, 2012).
Dairy farming spread before the allele for lactose absorption, generating a
selection pressure favoring this gene in some human pastoralist societies
(Burger, Kirchner, Bramanti, Haak, & Thomas, 2007). Another example is
provided by a population of Kwa-speaking yam cultivators in West Africa
(Durham, 1991), who cut clearings in forests to grow crops, with a cascade
of consequences. The clearings increased the amount of standing water,
which provided better breeding grounds for mosquitoes and increased the
prevalence of malaria. This modified natural selection pressures in favor of
an increase in the frequency of the sickle-cell (HbS) allele because, in the
heterozygous condition, the HbS allele confers protection from malaria.
The fact that other Kwa speakers, whose agricultural practices are differ-
ent, do not show the same increase in the HbS allele frequency supports
the conclusion that cultural practices can drive genetic evolution (Durham,
1991). It is not just yam cultivation that generates this pattern of selection:
Modern Asian tire manufacturing is having the same effect, as mosquitoes
infest pools of rainwater that collect in tires stored outside, and tire export
contributes to the spread of malaria and dengue (Hawley, Reiter, Copeland,
Pumpuni, & Craig, 1987).

These particular examples are familiar to anthropologists and archae-
ologists, but NCT brings the perspective, now well supported with hard
data, that they are manifestations of a wider general pattern (Laland et al.,
2010). Recent analyses of human genetic variation reveal that hundreds of
genes have been subject to recent positive selection, often in response to
human niche-constructing activities. The lactose absorption allele (LCT),
for example, is just one of several genes now thought to have been selected
over recent millennia in response to culturally generated changes in diet.
Another compelling example of a human culture-initiated selective sweep
concerns the evolution of the human amylase gene (Perry et al., 2007).
Starch consumption is a feature of agricultural societies and hunter—
gatherers in arid environments, whereas other hunter—gatherers and some
pastoralists consume much less starch. This behavioral variation raises
the possibility that different selective pressures have acted on amylase,
the enzyme responsible for starch hydrolysis. Perry et al. (2007) found
that the copy number of the salivary amylase gene (AMY1I) is positively
correlated with salivary amylase protein level and that individuals from
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populations with high-starch diets have, on average, more AMYI copies
than those with traditionally low-starch diets. Higher AMY1 copy numbers
and protein levels are thought to improve the digestion of starchy foods and
may buffer against the fitness-reducing effects of intestinal disease.

The important point here is that theoretical frameworks such as NCT
channel thinking, encouraging researchers to embrace certain processes
and explanations and to neglect others. NCT is heuristically valuable pre-
cisely because it draws our attention to a range of phenomena that are
both important and easy to overlook using only standard perspectives, a
point made even by critics of NCT (e.g., Wallach, 2016). Because it extends
and builds on traditional dual-inheritance (genetic and cultural) models
of cultural evolution that, as we pointed out earlier, have provided sig-
nificant insights into human behavior, NCT is sometimes referred to as
“triple-inheritance theory” (genetic, cultural, and ecological inheritance)
(Odling-Smee et al., 2003).

Conclusions and Future Directions

Taken together, the three evolutionary processes discussed here — gene—
culture coevolution, cultural transmission, and niche construction — are
the underpinnings of what it means to be human. Humans are far from
alone in their capacity to learn socially or to modify the environment in sig-
nificant ways, but no animal comes close in its ability to radically change
the world around it. This is what human culture brings to the table. As
Laland etal. (2011: 958) point out, other animals are capable of social learn-
ing and creating behavioral traditions, but “the fact remains that humans
alone have sequenced genomes, built satellites and Large Hadron Collid-
ers, written plays and novels and composed moonlight sonatas, while the
most culturally accomplished non-human animals sit naked in the jungle
cracking nuts”

Not to defame chimpanzees and bonobos, but it is the ability to
learn rapidly from one another, to build and maintain non-kinship-based
alliances and to exert pressure on genes through cultural behaviors that
makes humans the “ultimate niche constructors” (Odling-Smee et al., 2003:
28). For example, 70,000 years ago, humans dispersed from East Africa,
first to Eurasia, then to Southeast Asia and eventually, around 45,000 years
ago, to Australia and Tasmania. In northern latitudes, humans spread east-
ward through Siberia and, around 14,000 years ago, completed the settle-
ment of the globe by spreading into the Americas by way of a land bridge
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that connected eastern Asia and western North America. This success
story was made possible by their ability to modify environments to com-
pensate for different climatic regimes and other challenges — by manufac-
turing clothes and shelters, controlling fire and making complex stone and
bone tools and, later, by devising agricultural practices and domesticating
livestock. The basis for human success as a species is not only an inordi-
nately high capacity for learning but, we suspect, the ability to cooperate
to an extraordinary degree with those to whom one is not closely related,
if at all (Marean, 2015).

What will dual inheritance, cultural transmission, and human niche con-
struction look like in the future? We can make a few educated guesses.
Demographically, fertility is generally declining, median age is increas-
ing, and the majority of the world’s population live in cities (Mace, 2008).
Not coincidentally, more people mean more inventions, innovation and
cumulative cultural evolution (Malakoff, 2013). Indeed, urban population
density shows elegant scaling relationships with numbers of patents, gross
domestic product, income and other measures, which are the results of
efficiencies of communication and transport (Bettencourt & West, 2010).

As communication and transport have become increasingly global and
face-to-face conversation declines in many contexts, population density
may come to matter less than the networks through which social learn-
ing occurs, physically or virtually. As technology changes how knowledge
is stored and retrieved, it is less obvious how social learning is changed as a
general process. For example, in the past, experts in particular skills such as
fishing would be well known (Henrich & Broesch, 2011), and community
leaders would be trusted on a range of topics (Banerjee, Chandrasekhar,
Duflo, & Jackson, 2013). In the online world, by contrast, the competi-
tion for followers or attention involves algorithmic use of global popular-
ity statistics and metadata (number of views, followers, recent purchases)
collected and directed by large organizations. This suggests a shift on the
spectrum toward more social learning and less transparency, as individuals
rely less on their own knowledge and more on remembering where knowl-
edge is stored. True, people have long “stored” knowledge in other people,
but in simpler, kin-based societies, this was guided variation — effectively,
individual learning — in which cultural recipes were passed down over gen-
erations, and modification was slow.

These are fascinating issues that will engage behavioral scientists well
into the future. Keeping the analytical focus squarely on the three core evo-
lutionary processes discussed here — gene—culture coevolutionary theory,
cultural transmission, and niche construction — will allow research into
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such enormous change to stay objective, disciplined, and productive. It will
also allow the behavioral sciences to play an even larger role in what has
come to be known as the “extended evolutionary synthesis,” which, while
retaining the fundamentals of evolutionary theory, differs in its emphasis
both on the role of constructive processes in development and evolution
and on reciprocal portrayals of causation (Laland et al., 2015).
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How the Study of Religion and Culture Informs Genetics
and Vice Versa

Ronda F. Lo and Joni Y. Sasaki

In some places, cultural and religious practices may be considered distinct
parts of life that individuals can choose according to personal preferences.
In others, the boundary between culture and religion may be blurred in
such a way that being a part of a culture may necessarily include affiliating
with a certain religion. Yet what seems shared in many places is the idea
that culture and religion are part of the learned environment. Just as a child
may learn that fireworks signal the start of the new year, she may also learn
that prayer can send messages to a being she cannot see. While laypeople
may generally agree that the study of culture and the study of religion have
some common ground, when they are asked whether culture and religion
have anything to do with genes the answer is likely to be “no”” As part of the
environment, culture and religion are perceived to be socially transmitted
and subject to change. Genes, on the other hand, are rooted in the biologi-
cal makeup of an individual, and are perceived to be fixed and unmalleable.
These two sources of influence are thought to be incompatible with each
other, reflecting a larger assumption that nature is incompatible with nur-
ture. Although long-accumulating scientific evidence suggests that behav-
ior is shaped by both nature and nurture, the idea that culture and religion
are separate and independent from genes is still deeply rooted in lay beliefs
about the origins of human behavior.

These lay beliefs also parallel common practices in academic communi-
ties. How culture and religion influence human behavior has long been
studied within the social science disciplines of anthropology, sociology,
and psychology, and have remained relatively independent of the field
of genetics. Perhaps there is an underlying assumption that the field of
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genetics has nothing to gain from culture and religion research, and vice
versa. Yet, more recently, there has been an emergence of multidisci-
plinary fields, such as cultural neuroscience, that have attempted to piece
together the biological and environmental influences that shape human
behavior and thought. Given the importance of culture and religion for a
complete understanding of the human mind (Baumeister, 2002; Shweder,
1995), it seems crucial to study how these learned environmental influ-
ences, together with genes, jointly shape psychological processes.

In this chapter, our goal is to discuss foundational research on the influ-
ence of culture, religion, and genes on behavior while highlighting recent
advances in this area. We first summarize psychological research on cul-
ture and religion, focusing on how these concepts in psychology can
be studied alongside genetics. Next we explain how existing theoretical
frameworks can be used to integrate research on culture and religion with
genetics, followed by a review of empirical studies in genetics that exam-
ine the heritability of religiosity and genetic correlates of religious beliefs
and behaviors, evidence of gene—culture coevolution in relation to moral-
ity, and gene—environment interaction research on prosocial behavior,
immoral behavior, coping, and well-being. In the final section we provide
suggestions for future research integrating culture, religion, and genes.

The Study of Culture and Religion in Psychology

People are necessarily cultural beings. Herskovits (1948) defined culture
as the human-made part of the environment. Culture is a shared system of
beliefs, ideas, and values passed down over generations that continuously
informs people how to live their lives appropriately and meaningfully. From
a cultural-psychological perspective, culture fundamentally changes how
the mind perceives and manipulates environmental input (Shweder, 1995),
leading to systematic differences in psychological processes across differ-
ent cultures.

Beyond conventional conceptualizations of “culture” as synonymous
with nationality or ethnicity, there are other forms of culture that may
share similar definitional features to these but are not necessarily associ-
ated with a single country or ethnic group. Cohen (2009) states that there
are other forms of culture, such as religion and social class, which can
bind and impact groups of people in psychologically important ways. Reli-
gion, in particular, shares many key characteristics with national or ethnic
culture. Religion and culture! both involve a set of passed-down beliefs
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and ideas about how to live one’s life appropriately, and both function as
resources for making sense of the world. Religion plays a significant role
across many cultures (Bloom, 2012; Manuti, Scardigno, & Mininni, 2016),
and different religious traditions emphasize certain patterns of behavior or
thought, just as culture does. For example, Cohen and Rozin (2001) exam-
ined differences in religious groups and found that Protestant Christians
were more likely than Jews to condemn immoral thoughts. This finding
probably stems from Protestant traditions that emphasize that immoral
thoughts inevitably lead to immoral behavior, whereas Jewish traditions do
not believe the two are equivalent (Cohen & Rozin, 2001). Other research
has included non-Western religious comparisons by examining Buddhists
and Christians in the United States. In one study, Tsai, Miao, and Seppala
(2007) found that American Christians valued high arousal positive states
(e.g., excitement) more than American Buddhists, whereas American
Buddhists valued low arousal positive states (e.g., calm) more than
American Christians. It is clear that religion can be as influential as more
commonly studied forms of culture, such as ethnic and national culture.
Understanding religion as a form of culture requires conceptualizing it as a
mutually constituted part of the human mind, not just as non-shared indi-
vidual difference or as “noise” Religion may fundamentally change how
people conceptualize their world, and thus it may be useful to study reli-
gion as a meaningful form of the sociocultural environment.

Even though the cultural-psychological perspective can be used to study
different forms of culture, each culture has unique features that should be
highlighted. Religion, unlike other forms of culture, is uniquely centered
on the supernatural. Specifically, religion draws from beliefs about sacred
items, rituals, and the divine to derive a fundamental understanding of the
world based in spirituality? (Silberman, 2005). Relatedly, an emphasis on
morality, or beliefs about what is right or wrong, is often central to religion.
For some, religion is an important source of moral guidance, explicitly pre-
scribing appropriate ways to think or behave (Cohen & Rozin, 2001), and
morality seems particularly emphasized in relation to the divine in gen-
eral, via sacred order, sanctity, and purity (Bloom, 2012). This emphasis
on purity is particularly reflected in beliefs and rituals about sex and food
(Johnson, White, Boyd, & Cohen, 2011). Religious teachings often focus on
specific aspects of morality, explicitly claiming to know what is moral and
immoral concerning issues such as abortion and homosexuality (Bloom,
2012). Religion is also unique in that religious membership varies in how
it is perceived to be acquired, from membership by birth (e.g., Judaism) to
personal faith (e.g., Protestant Christianity; Cohen, Siegel, & Rozin, 2003).
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These different aspects of religion may have a unique influence on behav-
ior, above and beyond other forms of culture.

Recent evidence suggests that the effect of religion, as a unique form
of culture, can change depending on the broader national culture. The
same religious affiliation across different cultures may encourage different
strategies to achieve similar goals. Individualistic cultures, such as the
North American, emphasize that the self is unique, relatively stable, and
distinctly separate from others, whereas collectivist cultures, such as the
East Asian, emphasize that the self is inherently connected with close oth-
ers, and maintenance of social obligations and harmony are highly valued
(Markus & Kitayama, 1991). Sasaki and Kim (2011) examined the effects
of religion (mainly Christianity) across American and East Asian cultural
contexts, focusing on the religiously informed strategies used in each
culture to cope with distressing situations. Using multiple methods, they
found that religion within American culture promoted the use of more sec-
ondary control to cope (e.g., adjustment of the self to the situation, personal
spiritual growth), reflecting the focus on the self in individualistic cultures,
whereas religion within East Asian culture promoted more social affiliative
strategies to cope (e.g., seeking support from religious communities, such
as fellowships), reflecting the emphasis on social relationships in collec-
tivist cultures. It is likely that certain teachings born of religion become
valued and emphasized more than others over time, and that culture (at
the ethnic or national level) is a meaning system that can change which
aspects of religion are promoted. Because religion always exists within
a greater cultural context, it is important to consider the interaction of
religion and culture.

Whether or not religion is studied as a unique form of culture, it is clearly
a prominent influence in some people’s social environment. Studying reli-
gion as a systematic, meaningful aspect of the environment may also have
important implications for the integration of research on religion with
approaches perceived as very disparate, such as biology or genetics. In
addition to the crucial influences of culture and religion on psychology,
biological features of the body also need to be considered for a complete
understanding of the human mind.

Integrating Culture and Religion with Genetics

Religion is often assumed to be irrelevant or counter to scientific knowl-
edge (e.g., Rios, Cheng, Totton, & Shariff, 2015). Yet, regardless of whether
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or not religious beliefs are valid, an understanding of human behavior may
be incomplete without studying religion. Although the number of scientific
investigations of religion has grown since around the early 2000s, there are
still many gaps in basic scientific knowledge about religion and its effects
on thoughts and behaviors. Especially when it comes to more “basic” sci-
entific investigations such as biology, relatively few studies use approaches
from, for instance, genetics to understand religion. Even though lay beliefs
may typically keep religion from being studied together with genes, ironi-
cally these are exactly the sorts of investigations that hold the most promise
for answering basic questions about how religion influences people,
and why.

In the next section, we review research on the heritability and genetic
correlates of religious beliefs and behaviors. We then discuss gene—culture
coevolution theory by reviewing research on correlations between genetic
variations and cultural norms at the societal level. Last, we review research
on the interaction of genes with culture and religion, discussing how find-
ings in this area may be relevant for understanding religion as a form of
culture with unique features.

The Heritability of Religiosity and the Behavioral
Correlates of Religion

What leads people to become more or less religious has often been thought
of as a difference of family environment. In other words, religion is per-
ceived to be learned from and socialized by the family at a young age and
then carried throughout the lifetime. However, religiosity, or level of self-
reported religiousness as indicated by factors such as religious values and
attendance, may also be influenced by genes. In addition to providing evi-
dence of the heritability of religiosity, research suggests that genes may also
play a part in the etiology of religiosity over the lifespan and in other related
constructs such as spirituality and meaning in life.

In a study by Koenig, McGue, Krueger, and Bouchard (2007), monozy-
gotic (N = 165) and dizygotic (N = 100) adult male twins filled out a
questionnaire on retrospective religiosity, current religiosity, antisocial
behavior, and prosocial behavior. They found that prosocial behavior was
positively correlated with both retrospective and current religiosity (r =
.24) and antisocial behavior was negatively correlated with both retro-
spective (r = —.15) and current (r = —.23) religiosity. There was also
shared genetic and environmental variability between religiosity and both
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prosocial and antisocial behavior. Prosocial behavior and religiosity shared
most of their genetic variability and about half of their environmental vari-
ability. Antisocial behavior and religiosity, however, shared nearly all of
their genetic variability (indicated with a near-perfect negative multiple
genetic correlation of R = 1.0), with a small, but significant amount of
shared environmental variability). These results suggest a significant, com-
mon genetic component underlying religiosity and prosocial and antisocial
behavior.

To examine how genes may play a role in religious affiliation, behavior,
and attitudes, D’Onofrio, Eaves, Murrelle, Maes, and Spilka (1999)
recruited a large US sample of monozygotic and dizygotic twins (N =
14,781) from the Virginia Twin Registry and the American Association
of Retired People. Participants filled out a questionnaire, including reli-
gious affiliation (65.8% Protestant, 15.5% Catholic, 3.9% Jewish, and 10.3%
unspecified), a church attendance scale, and a 5-item subset from a larger
inventory measuring social attitudes associated with the “Religious Right”
Twin correlations among monozygotic and dizygotic twins on religious
affiliation were not significantly different, suggesting an environmental
influence underlying religious affiliation. In contrast, when it comes to reli-
gious behavior and attitudes, twin correlations were significantly smaller
for dizygotic twins than for monozygotic twins. This reduction suggests
that the factors underlying religious behavior and attitudes may have a
genetic component.

Similarly, there is research that examines whether genetic factors play
a role in how religiosity changes across the lifespan. Button, Stallings,
Rhee, Corley, and Hewitt (2011) investigated genetic and environmental
influences on religious values and attendance in a 5-year, longitudinal twin
study in which they sampled monozygotic (N = 685) and dizygotic twins
(N = 739) at two time points (ages ranged from 12 to 18 at wave 1, and
17 to 29 at wave 2). Religious values and attendance were both measured
using a subset of items from Jessor’s Adolescent Health and Behavior
Questionnaire (Jessor & Jessor, 1977). They found that the heritability, or
variability of phenotypic expression due to genetic variability of a trait in
a population, of religious values and attendance was lower in adolescence
and higher in early adulthood. The heritability of religious values, specif-
ically, increased by only a small amount from adolescence, suggesting that
religious values are relatively stable. However, the heritability of religious
attendance increased significantly from adolescence to early adulthood.
During adolescence, shared family environment between twins influenced
religious attendance more than genetic factors did. This pattern of results is
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consistent with previous research (Koenig, McGue, & Iacono, 2009), and is
expected, because religious attendance while living with the family is often
controlled by parents. Yet in early adulthood, when young adults gain inde-
pendence from their parents, genetic factors are likely to predispose them
to embrace religious values, which then increases the likelihood that they
will attend religious services because of personal religiosity rather than
because of parental control in the environment. These findings on the her-
itability of religious attendance over time are consistent with the findings
of D’Onofrio and colleagues (1999) that religious behavior is more similar
between monozygotic than dizygotic twins, highlighting the role of genes
that underlie religious behaviors.

Button and colleagues (2011) also examined the factors that contribute
to the stability of religious values and attendance over time. Shared envi-
ronmental influences contributed the most to the stability of religious val-
ues and attendance for both younger and older adolescents, but there was
a significant genetic influence for older adolescents as well. This is in line
with the previous finding that the heritability of religiosity increases from
adolescence to young adulthood, as well as with previous research that has
found a decrease in environmental, and an increase in genetic, influence on
religiosity over the lifespan (Kandler & Rieman, 2013; Koenig, McGue, &
Iacono, 2008).

Steger, Hicks, Krueger, and Bouchard (2011) examined the relationship
between religiosity and two other related concepts: meaning in life and
spirituality. The similarity of these three concepts is derived from their
common desire for meaning, but distinctions can be made. Meaning in
life refers to a person’s understanding and realization of the significance
and role of his or her life in the greater world (Steger et al., 2011). Using an
adult twin sample (N = 343), Steger and colleagues collected responses on
the Expressions of Spirituality Inventory (the Religiousness and the Cog-
nitive Orientations Towards Spirituality subscales for the religiosity and
spirituality constructs, respectively) (MacDonald, 2000) and the Meaning
in Life questionnaire (the Presence for Meaning and Search for Meaning
subscales were both included) (Steger, Frazier, Oishi, & Kaler, 2006). They
found, through biometric modeling, that there were moderate genetic
correlations between the Presence of Meaning subscale and the Religious-
ness (r = .38) and Cognitive Orientations Towards Spirituality (r = .42)
subscales. These results seem to suggest that religiosity, spirituality, and
meaning in life share considerable underlying genetic influence. An inter-
esting possibility proposed by Steger and colleagues (2011) is that these
three related concepts may be specific features of a broader function that
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compels humans to seek reasons for their existence, the significance of
their roles in the greater world, and the overall meaning of life itself.
Previous research has also found evidence of genes interacting with
some behavioral correlates of religion, such as cooperation. Schroeder,
McElreath, and Nettle (2013) tested whether the mere possibility of
punishment changes how people with different variants of the serotonin
transporter gene (SLC6A4) and the serotonin 2A receptor gene (HTR2A)
contribute in a cooperative economic game. They examined two variants of
each of these genes within the serotonergic system, because they have been
linked with an increased sensitivity to environmental and social threat
cues and an increased tendency to experience negative affect (Hariri et al.,
2002; Way & Taylor, 2010). In their study, participants (N = 184) played
two versions (with or without punishment) of the Public Goods Game, a
standard game used in experimental economics in which participants are
given a certain amount of money and privately choose how much money to
contribute to a collective pool that multiplies and is later split amongst the
group. The version with no punishment in the current study was always
played before the version with the punishment, and punishment was to be
given by fellow group members. Results showed that SH2 homozygotes of
SLC6A4 (SH2 was classified as having a short allele at 5-HTTLPR and a
10-repeat allele at serotonin transporter intron 2 variable number of tan-
dem repeats (STin2 VNTR)) contributed less money to the pool in every
round than SH1 homozygotes and heterozygotes (SH1 was classified as
having a short allele at 5-HTTLPR and a 12-repeat allele at STin2 VNTR)
in the no-punishment version, but in the presence of punishment they
increased their contribution to about the level of SH1 homozygotes and
heterozygotes. Overall, SH1 homozygotes and heterozygotes consistently
contributed more money to the pool than SH2 homozygotes, which
suggests that SH1 carriers internalized the group’s norms and felt more
social pressure from fellow group members to contribute. However,
the difference in contributions between SH2 homozygotes and SH1
homozygotes and heterozygotes diminished once there was punishment.
Interestingly, HH1 homozygotes and heterozygotes of HTR2A (HH1 was
classified as G and C alleles at reference single nucleotide polymorphism
rs6311 and rs6313) did not differ from HH2 homozygotes (HH2 classified
as A and T alleles at rs6311 and rs313) in amount of contributions when
playing the version with no punishment. However, the mere presence of
punishment was enough to increase the contributions of those with HH1
compared with those homozygous for HH2, suggesting HH1 individuals
were highly sensitive to potential punishment. This research raises the
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question of whether the differences in genotypes that led to smaller group-
level behaviors could have bigger consequences in large populations that
differ in these genotypes, especially in religious communities that create
pressures for punishment avoidance.

Taken together, these results suggest that religiosity and its behavioral
correlates may be at least partially influenced by genes, and a consistent
pattern seems to be that heritability of religious traits increases over time.
While high heritability of traits highlights the importance of genes, it is
also important to understand that genetic influence is not necessarily fixed.
Genes often interact with the surrounding environment to lead to changes
in traits and behaviors over the course of the lifespan. Thus, a possible
explanation for the increase in heritability of religious traits may come
from mutual influences between genes and the environment. Certain genes
may predispose an individual to embrace religious values, which influence
individuals to choose and shape the environment around them to suit and
reinforce their predisposition. In the following sections, we discuss differ-
ent theories and frameworks that have examined this gene—environment
interplay.

Gene-Culture Coevolution

Although a number of studies suggest that there may be genetic pre-
dispositions for stable traits, such as religiosity, or for morally relevant
behaviors, there is no evidence of one-to-one mapping between specific
genes and religiosity. Like many complex social behaviors, “religion” is
unlikely to be reduced to a single gene or set of genes. It is also important
to recognize that most traits and behaviors are influenced by a complex
interplay of genetic and environmental factors. Basing their research on
the idea that cultural norms and genetic predispositions in a population
can influence each other via processes of cultural and genetic selection
(dual-inheritance theory, Boyd & Richerson, 1985; gene—culture coevo-
lution theory, Chiao & Blizinsky, 2010; Feldman & Laland, 1996), Mrazek
and colleagues (2013) examined whether gene—culture coevolution may
account for differences in morality judgments across nations. Using pre-
existing data from 21 countries, researchers in this study found, first, that
the level of historical ecological threats predicted greater tightness (versus
looseness) in a culture, which is characterized by more cautious behavior
or preference for structure (Gelfand et al.,, 2011). It is theorized that nor-
mative behaviors related to tightness may have been adaptive as a response
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to ecological threats, such as the prevalence of disease. Second, cultural
tightness—looseness covaried with the proportion of s allele carriers of 5-
HTTLPR, a polymorphic region on the serotonin transporter gene, which
has been related to harm avoidance in previous findings (Munafo, Clark, &
Flint, 2005). This finding crucially suggests that cultural norms surround-
ing harm avoidance are also reflected in dominant genetic predispositions
in a population, perhaps because of processes of gene—culture coevolution.
Finally, this study showed that the proportion of 5-HTTLPR s alleles in
a population and cultural tightness—looseness predicted whether people
justified a series of morally relevant behaviors from the World Value
Survey, including divorce, prostitution, evading taxes, and avoiding a fare
on public transit. Mediation analyses demonstrated that population-level
s allele frequency predicted a lower likelihood that these morally relevant
behaviors would be justified in a culture, and this association was explained
by the degree to which a culture endorsed tight (versus loose) norms
(Mrazek et al., 2013). In other words, it seems that normative endorsement
of morally relevant beliefs, such as whether it is justifiable to evade taxes,
may be linked to dominant genotypes in a population and culturally shared
beliefs about avoiding harm. Genetic tendencies and cultural norms may
mutually influence each other over time via gene—culture evolutionary
processes, and both genes and culture may be ecologically influenced, for
example by the historical threat of disease. This research is one of only
a few studies that have examined how morality may be influenced by a
complex set of macroevolutionary processes involving genes and culture.

Gene-Environment Interactions

While gene—culture coevolution theory aims to uncover the more macro-
level processes that underlie cultural and genetic influence, the gene—
culture interaction framework (G X C) is a complementary model that
focuses on the more micro-level processes of gene—culture interplay. G X
C is based on the broader framework of gene—environment interactions
(G x E), demonstrating that the same environment may lead to different
outcomes according to differences in genes, and, similarly, that the same
genetic predisposition may lead to different outcomes according to differ-
ences in the environment (Caspi et al., 2003). Some recent research has
used the G X E framework to conceptualize religion and culture as impor-
tant aspects of the environment that may interact with genes. A few studies
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have investigated how genetic predispositions interact specifically with
different aspects of religion, whether it be the salience of the concept of
religion, religious affiliation, or the level of religiosity, to predict different
behavioral outcomes. These different ways of studying religion — as a form
of culture with unique features (Sasaki et al., 2013), as a group identity with
shared norms (Jiang, Bachner-Melman, Chew, & Ebstein, 2015), and as a
level of involvement that can interact with other forms of culture (Sasaki &
Kim, 2011) — can all be incorporated with genetics research in fruitful ways.

Implications for Prosocial Behavior

In one of the first experiments to directly examine a gene—religion inter-
action, Sasaki and colleagues (2013) found that genes may interact with
religious information in the environment to influence prosocial behavior.
In this study (N = 178), participants completed a sentence scramble task
designed to implicitly prime concepts (that is, they were asked to make sen-
tences from a string of words); about half the participants were exposed
to religion-relevant words (e.g., God, spirit, divine, prophet, and sacred)
and the other half were exposed to neutral words that formed no coher-
ent theme (e.g., shoes, sky, holiday, worried; Shariff & Norenzayan, 2007).
After the sentence scramble task was completed, the dependent variable —
prosocial behavior — was measured in an ostensibly unrelated study. Par-
ticipants read about a number of actual organizations which supported the
environment on their college campus (e.g., the Green Campus Program),
and prosocial behavior was measured by asking participants to complete
a checklist to indicate whether they would like to get involved. They could
indicate their wish to get involved by asking for more information about an
organization, asking to be added to an organization’s mailing list, and vol-
unteering to get involved in organizational projects. Higher scores (“yes”
responses) on the checklist indicated greater behavioral intentions to help
society in general by volunteering their time to help these prosocial causes.
This study showed that people with 2- or 7-repeat allele variants of a
dopamine receptor gene (DRD4) were more prosocial when they were
exposed to a religion prime than when exposed to a neutral prime. How-
ever, people without the 2-/7-repeat allele variant were not significantly
influenced by the religion prime. Using an experimental manipulation of
religious salience, this study was able to demonstrate that thinking about
religion may causally influence prosocial behavior but that this effect cru-
cially varies according to genetic predisposition. Given that the 2-/7-repeat
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allele of DRD4 may be linked to reward sensitivity, it is notable that peo-
ple with this DRD4 variant were the most likely to act prosocially when
there seemed to be a compelling reason to behave in this way (that is, when
they were given an implicit reminder of God, which has been shown in
past studies to increase prosocial behavior: Shariff & Norenzayan, 2007;
see Shariff, Willard, Andersen, & Norenzayan, 2016 for meta-analysis), yet
those with this same variant were also the least likely to behave prosocially
when there was no particular motivator present. Importantly, in this study
participants with the 2-/7-repeat allele of DRD4 did not differ from those
without it in baseline religiosity or in self-reported level of religiousness,
yet they changed their level of prosocial behavior if they were reminded of
religion.

A similar gene—religion interaction was found in a correlational study
comparing different religious affiliations (only among men; Jiang et al.,
2015). This study included a sample of 2,288 Han Chinese participants
who identified as Buddhist/Tao, Christian, or without religious affiliation.
Altruism was measured using a resource-allocation task (the Andreoni—
Miller Dictator Game; Andreoni & Miller, 2002) in which participants were
classified according to their sharing behavior in the task. Results showed
that among men with more reward-sensitive variants of DRD4 (i.e., mostly
2-repeat alleles given the East Asian sample), Christians demonstrated
more altruistic giving behavior than non-Christians. Specifically, Chris-
tians with this genotype were more likely to increase fair behavior (splitting
resources equally) and deviate from selfish behavior (keeping all resources
for themselves) than non-Christians with the same genotype. Among men
with less reward-sensitive DRD4 variants (i.e., two 4-repeat alleles), how-
ever, there was no difference in giving behavior between Christians and
non-Christians. Interestingly, this pattern of results seemed to hold only
for Christians versus non-Christians and not Buddhists/Taoists versus
non-Christians. These findings suggest that the content of religious beliefs
may play an important role in promoting prosocial behavior, and that some
behavioral implications of religious (versus non-religious) beliefs may only
emerge among people with particular genetic predispositions. What are
the possible explanations for this G X E effect on prosocial behavior? The
DRD4 2-/7-repeat allele variant may be linked to lower baseline dopa-
mine signaling, which may translate to a greater motivation to increase
dopamine to reach “normal” leve