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be complemented by evolutionary neuroscience. As shown below, 
far from reducing embodiment to neural processes, a neurological 
and evolutionary perspective on embodiment open up new vistas 
for neuroanthropologists to explore in studying cultural variation 
in human experience.

EMBODIMENT
As defi ned by anthropologists, embodiment is the subjective experi-
ence of the body, but not the physiological body (Csordas, 1990). As 
such, embodiment is generally considered to represent a culturally 
generated experience of the body and has been approached ethno-
graphically (Csordas, 1990, 1994), including its expression in ritual 
(Strathen and Stewart, 2008). However, because ethnography relies 
largely on verbal description, the term embodiment has  traditionally 
been limited to philosophical and/or ethnographic discourse, and 
carries post-modern connotations for many neuroscientists.

From the perspective of the neurosciences, the subjective 
 experience of the body must logically be instantiated in the brain. 
The neural questions underlying embodiment are clear: where is the 
subjective representation of body located and functionally  processed 
in the brain? And is such a representation highly integrative? A 
highly integrative representation of subjective somatic experience 
would make the neurological contribution to  embodiment more 
compelling, yet still require environmentally-specifi c  explanation 
in terms of variable expression.

Understanding embodiment in terms of its neurological 
 correlates allows for more holistic investigation into both inter-
nal psychological and external socio-cultural factors. Thus, 
neuroanthropology becomes a truly consilient perspective by 
which to tackle the cultural context of our evolved human 
brain. The infusion of evolutionary principles into areas of 

INTRODUCTION
The past few years have seen a call for interdisciplinary research on 
the brain, including Decade of the Mind (DOM), an international 
initiative for basic neuroscience research on the mind including 
mental health, high-level cognitive function, education, and intel-
ligent machines (Albus et al., 2007). Despite DOM’s interest in 
moving brain research beyond the clinic, to date anthropological 
research has not been well represented in such interdisciplinary 
discussions. At the same time, however, there has been growing 
interest in incorporating neuroscience perspectives into anthropol-
ogy, as exemplifi ed by the Encultured Brain Conference, Oct 8th 
2009 at Notre Dame University.

Biological anthropology, with its concern for human brain 
evolution (Falk, 2004; Holloway, 2008), has embraced the insights 
of neuroscience into the origins of human cultural capacities 
(Deacon, 1998; Rilling, 2008). Social anthropology, on the other 
hand, with its focus on cultural variation in human experience, has 
been a philosophical holdout against “reductionist” neuroscience. 
However, recent research has made it clear that these three fi elds 
have much to offer one another in creating a holistic conception 
of the role of the evolved brain in human culture – welcome the 
heading of neuroanthropology.

Here we suggest that evolutionary neuroscience can be used to 
bridge knowledge obtained by social scientists with that obtained 
in the neurosciences for a more complete appreciation of the 
mind. More specifi cally, neuroscience can bring information about 
 neurological mechanisms, evolutionary processes and primate 
context to enrich more traditional anthropological perspectives 
on human experience. To demonstrate this point, we provide an 
example of how our understanding of embodiment, a term used by 
anthropologists to denote the subjective experience of the body, can 
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The anterior cingulate and insula have been implicated in other 
ritual healing practices as well. Ayahausca, a South American psy-
choactive plant tea, is known to have dramatic effects on bodily 
and emotional perceptions (Riba et al., 2001). Riba et al. (2006) 
report that the ingestion of ayahausca is associated with increased 
brain activity in the right anterior insula and the anterior cingulate 
cortex, consistent with previous fi ndings on the neural correlates 
of emotional embodiment, and empathy. Thus the ingestion of 
ayahausca by traditional shaman may be important in generating 
an empathetic state that allows them to experience the feelings of 
affl icted individuals during their spirit journey and facilitate  healing 
(Dobkin de Rios, 1984).

Interestingly, the involvement of the anterior cingulate cor-
tex and insula in meditation, yoga, and shamanic practices 
appears to be mirrored by the activation of both structures in 
long-term romantic relationships. This investigation is consist-
ent with Jankowiak and Fischer’s landmark study showing that 
romantic love, although culturally and idiosyncratically variable, 
is a cross-cultural and human universal (Jankowiak and Fischer, 
1992). Among individuals who reported being romantically in 
love, the anterior cingulate cortex and insula cortex were not very 
active during the fi rst 8 months (Aron et al., 2005), but become 
more active from 8 to 17 months (Aron et al., 2005; Fisher et al., 
2005). Further, Bartels and Zeki (2000) found that activation of 
the anterior cingulate and insula cortex were clearly involved in 
feelings of romantic love among individuals who reported being in 
love for an average of over 2 years. Alcorte and Sosis (2005) argue 
that one defi ning  experience of ritual is a feeling of intense joy 
(ritual can also invoke powerful negative feelings as well), a fea-
ture they associate with dopaminergic neurotransmission. Given 
activation of insula and anterior cingulate cortex in meditation, 
yoga, ingestion of ayahausca, as well as romantic love, spiritual 
healing practices may, in fact, as many of them claim, draw on the 
positive neurological experience of love.

EVOLUTION, SOCIALITY, AND THE PRIMATE BRAIN
Rilling (2008) has suggested that anthropologists might make 
their best contribution to a deeper understanding of the human 
brain by concentrating on the neural basis of behaviors uniquely 
developed in humans and critical to the evolution of the human 
brain, including language (Deacon, 1998), tool making (Stout and 
Chaminade, 2007; Stout et al., 2008), mental perspective-taking 
(Amodio and Frith, 2006), and altruism (Moll et al., 2006). We sug-
gest that emotional embodiment, that is the global representation 
of bodily status as somatic mood, is also critical to the evolution of 
the human brain and deserves special focus from neuroscientists 
and anthropologists alike.

Bodily awareness has been argued by numerous philosophers 
and neuroscientists, including William James and Antonio 
Damasio, as the basis of human consciousness (see Prinz, 2004 
for a more recent example). The insula and anterior cortex is 
not only central to elements of somatic awareness, such as pain 
(Singer et al., 2004; Jackson et al., 2006) but also to empathy 
(Lamm et al., 2009), racial group identity (Xu et al., 2009), social 
norm violation (King-Casas et al., 2008), and moral intuitions 
(Woodward and Allman, 2007), thus linking somatic awareness 
to social emotions.

 neuroscientifi c investigation have spurred intellectually reward-
ing  theoretical and predictive study, as demonstrated by Platek, 
et al. (2007) work on evolutionary cognitive neuroscience as 
a new and  emerging fi eld of inquiry. Similarly, neuroanthro-
pology  combines input from evolutionary biology, behavioral 
neuroscience, and cultural anthropology, to attempt a deeper 
appreciation of how the cultural context of the evolved brain 
can infl uence individual experience.

To begin to appreciate the physiology of embodiment, Craig 
refers to embodiment in terms of recent fi ndings demonstrating 
the integration of somatosensory, homeostatic, and emotional 
information within the insula – suggesting a specifi c location for 
a global somatic representation (Craig, 2002, 2009). The insula 
cortex is part of the cerebral cortex and lies deep within the lat-
eral sulcus, overlain by the opercula. The insula is at the base of 
the parietal lobe with important inputs from other sub-cortical 
structures including the thalamus, anterior cingulate cortex, and 
amygdala (Craig, 2002).

Such bodily representation is not to be confused with Penfi eld’s 
famous homunculus map of the body represented in the cortex. 
Rather, embodiment may be best thought of as somatic mood, 
a feeling that is not closely tied to language, perhaps helping to 
account for the subjective and elusive nature of its linguistic descrip-
tion. In its positive form, it may be thought of as well-being. We 
will use the term emotional embodiment to distinguish the insular 
representation from the use of embodiment in conjunction with 
language and cognition (see for instance Clark, 2006).

EMBODIMENT AND RITUAL PRACTICES
The insula and anterior cingulate cortex have been implicated in 
recent studies of ritual spiritual practices, including meditation 
(Lazar et al., 2005; Lutz et al., 2009), yoga (Kakigi et al., 2005), and 
shamanism (Riba et al., 2006). Thus the neural correlates of emo-
tional embodiment not only refl ect our evolutionary heritage, but 
have become an object of cultural practice. In fact, fi ndings showing 
that individuals who are more aware of their own heart beat exhibit 
greater activation in the insula and experience stronger emotions 
(Critchley et al., 2004), suggest that some individuals may be more 
intrinsically skilled at such practices than others.

Recent fi ndings indicate that the relationship between  emotion, 
the insula, anterior cingulate cortex, and autonomic nervous  system 
function is central to meditation. For instance, experienced com-
passion meditators showed greater activation of the insula to nega-
tive sounds (Lutz et al., 2008) and such activation was more strongly 
tied to heartbeat relative to novices (Lutz et al., 2009). Lazar et al. 
(2005) report increased thickness of the insula among meditators 
who focused on internal awareness, suggesting long-term inter-
nal awareness can lead to increased development of the neural 
 structures of embodiment.

In a more exotic example, Kakigi et al. (2005) investigated brain 
activity in a Japanese yoga master who claimed to be impervious 
to pain while meditating. They report decreased activity in the 
insula and anterior cingulate cortex during meditation relative to 
a non-meditative state, regions already mentioned to be central to 
the emotional aspects of pain (Singer et al., 2004; Jackson et al., 
2006). More such studies are needed to see if such fi ndings are 
common among yogis who claim similar powers.
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 fairness may seem a long step from bodily awareness, it represents 
a  logical extension of threats to bodily awareness into the social 
sphere, or “social embodiment” (Singer, 2007). To the extent that 
others’ actions threaten bodily survival they are unlikely to be 
experienced as “fair”. Activation of the ACC under laboratory 
conditions of social exclusion (Eisenberger et al., 2003) suggests 
that fairness may be linked to survival because group exclusion 
is perceived as potentially threatening to survival.

The salience of the neural correlates of emotional embodiment 
extends to vocalization, language, and music, all important ele-
ments in ritual. Recent studies indicate that the insula is active 
in the response to the prosody or emotional content of language 
(Dietrich et al., 2008; Quadfl ieg et al., 2008; Ethofer et al., 2009), 
laughing and crying (Sander and Scheich, 2005), and music listen-
ing (Brown et al., 2004). In fact, music and speech perception over-
lap in the insula (Brown et al. 2006), and the dorsal anterior insula 
may be specifi c for processing language and auditory information 
(Mutschler et al., 2009). While language may facilitate social com-
munication among larger human groups, its role in social cohesion 
is linked to emotional elements of vocalization clearly expressed in 
laughing, crying, and music.

EMBODIMENT AND BRAIN DEVELOPMENT
Biological anthropologists are particularly attuned to substantial 
population variation in somatic growth based on energy balance 
(the difference between consumption and output) related to sub-
sistence patterns and cultural consumption practices (Stinson, 
2000). However, much less attention has been given to the poten-
tial impact of energetics for population variation specifi cally in 
terms of brain development. This refl ects an assumption that 
the brain is prioritized for energy (Fehm et al., 2006) and hence 
should suffer little from variation in energy supply (Campbell, 
in press).

However, given that the development of the prefrontal cortex 
during the fi rst 15 years of life is directly related to glucose utiliza-
tion (Chugani, 1998), and that cortical development is a sequential 
hierarchical process (Gogtay et al., 2004; Shaw et al., 2008), brain 
development may be more sensitive to fl uctuations in energy avail-
ability than currently considered (Vaynman and Gomez-Pinilla, 
2006). More specifi cally, given that the insula and ACC exhibit 
elevated glucose utilization relative to the prefrontal cortex from 
the age of 6 years into the 20’s (Van Bogaert et al., 1998), food 
availability may have important implications for the development 
of emotional embodiment and hence empathy, notions of fairness, 
and artistic development.

There is relatively little evidence linking chronic undernutri-
tion to specifi c aspects of brain development in humans. However, 
recent fi ndings demonstrate altered insula activity in anorexia 
 nervosa (Nunn et al., 2008; Kaye et al., 2009). Altered insula activity 
is related not only to changes in the taste of food, but also distorted 
self-body perception (Sachdev et al., 2008). In addition, the size 
of the ACC is reduced in AN (Mühlau et al., 2007; McCormick 
et al., 2008), an effect that appears to refl ect the degree of weight 
loss (Mühlau et al., 2007) and is reversible with weight gain 
(McCormick et al., 2008) Importantly, both the ability to indentify 
emotions (Miyake et al., 2009), and impaired cognitive set shifting 
(Zastrow et al., 2009) among individuals with AN have been related 

Based on anatomical evidence, Craig (2002) argues that the 
incorporation of C and Aδ nerve fi bers into the spinothalamic 
lamina I tract provides primates with an integrated representation 
of physiological status not found in other mammals. Such fi bers 
arise from nearly every cell of the body, including some that respond 
to lactic acid in muscle and provide information about peripheral 
metabolism processes. Furthermore, among primates, the termi-
nation of the tract in the posterior ventromedial nucleus with the 
thalamus (VMpo) means that all such information is integrated 
in a single location providing a global emotional representation of 
the body (Craig, 2002).

Compared to anthropoid primates however, the representation 
of somatic status appears to be elaborated in humans. Humans 
exhibit a relatively larger VMPo. While in non-human primates 
some of the spinothalamic lamina I neurons go directly to the 
orbitofrontal cortex, in humans, they all pass through the insula, 
in particular the right anterior insula (Craig, 2002). This allows 
for a fuller representation of somatic status, which is then passed 
on to the orbital frontal cortex where it serves as an hedonic input 
for decision-making (Wallis, 2007).

The social brain hypothesis holds that it is the demands of com-
plex social interactions in groups that have spurred the adaptive 
increase in brain size across the biological order Primates (Dunbar, 
1998, 2009), a relationship not found in other mammalian orders 
(Shultz and Dunbar, 2007). The importance of bonding among 
primates would explain why affi liation through physical touch 
initiates a neurochemical cascade, involving oxytocin and opiates, 
that is positively reinforcing and fundamental to effective social 
cohesion (Dunbar, 2010). While such neuroendocrine mechanisms 
remain important in human social interaction, they do not appear 
suffi cient to explain group cohesion among humans for whom 
language and technology form the foundation for greatly expanded 
spheres of social interaction.

Humans and the great apes (Hominidae), but not other primates, 
exhibit Von Economo neurons (VENs) linking both the fronto-
insular and anterior cingulate cortex (ACC) to other areas of the 
prefrontal cortex (Nimchinsky et al., 1999). The density of VENs 
is related to the degree of sociality exhibited across the four genera 
of great apes – orangutans (Pongo), gorillas (Gorilla), chimpanzees 
(Pan), and humans (Homo). These fi ndings suggest a potentially 
similar role for emotional embodiment in complex social behavior, 
together with similarities in the prefrontal cortex, between humans 
and the other great apes (Semendeferi et al., 2002).

In humans, the neural correlates of emotional embodiment 
appear to be particularly well developed. Along with a large and 
well developed insula (Craig, 2009), humans demonstrate both 
greater density of VEN linking the ACC and insula relative to the 
apes (Nimchinsky et al., 1999) as well as the presence of VEN in 
the dorsolateral prefrontal cortex (Fajardo et al., 2008). Allman 
and colleagues (Allman et al., 2001; Woodward and Allman, 2007) 
suggest that limbic/cortical connections through VENs provide a 
neural pathway for rapid processing of complex social information 
which they argue underlies so-called moral intuition (Woodward 
and Allman, 2007).

Importantly, both the insula and ACC are active in response to 
the perception of fairness in social interactions (Hsu et al., 2008; 
Tabibnia et al., 2008; Chiao et al., 2009). While the notion of 
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much more diffi cult, because of a lack of brain  imaging techniques 
that can be used in the fi eld. Thus much of the investigation of 
emotional embodiment in traditional  societies will have to rely 
on indirect methods, including questionnaires, neuropsychological 
tests, genetic and hormonal markers, and inferences from labora-
tory based brain imaging studies.

For instance, among male Arrial pastoralists from northern 
Kenya, self-reported quality of life, which may be thought of as a 
measure of well-being, is predicted by the number of male sup-
porters as well as amount of body fat (Campbell unpublished 
data). Other fi ndings demonstrate that DRD4 7R+ is positively 
related to BMI among nomadic Ariaal males (Eisenberg et al. 2008) 
while salivary T is positively related to measures of body fat in 
the same men (Campbell et al., 2007). Whether such biomarkers 
are also related to quality of life through their association with 
somatic status deserves more a detailed investigation of health, 
well-being and subjective mood among Ariaal men based on 
genetic variation in  neurotransmitters and salivary steroids, as 
well as cultural ideals.

SUMMARY
There is growing excitement among neuroscientists and social sci-
entists alike about the possibility of investigating the brain proc-
esses underlying those capacities for culture that seem uniquely 
human. We suggest here that an evolutionary framework for such 
a neurological perspective on the human brain highlights a pre-
existing primate neural system of emotional embodiment as a key 
element in human sociality. The phylogenetic elaboration of bodily 
awareness helps to suggest the elaboration of human romantic love 
into a wider set of positive social emotions and moral sentiments 
that act to maintain the cohesion of larger groups. In addition, it 
suggests that practices such as meditation, yoga, and shamanism 
are based on activating the neurological mechanisms associated 
with such positive social emotions.

The investigation of cultural variation’s infl uence on neu-
roplasticity is in its infancy. An evolutionary approach sug-
gests that the role of culture in human neuroplasticity is not 
a recent event, but extends throughout human brain evolution 
(Deacon, 1998). Hence the role of metabolic constraints (Fehm 
et al., 2006) is crucial to an evolutionary understanding of the 
way in which empathy and other social emotions are linked to 
somatic states. Thus the investigation of traditional cultures with 
deeply engrained cultural practices, high levels of habitual physi-
cal activity, and low caloric intake, has a critical role to play in 
neuroanthropology. However, the lack of suitable brain imaging 
methods for the fi eld means that such investigations, for now, 
will have to rely on indirect methods and courageous attempts 
at interdisciplinarity.

ACKNOWLEDGMENTS
The authors thank Leslie Heywood for supportive discussion and 
comments, along with Paul Brodwin and two anonymous review-
ers for helpful comments on an earlier draft of this article. We also 
thank our Neuroanthropology colleagues for valuable discussion 
(see http://neuroanthropology.net/).

to alteration in the ACC, among other structures. Together these 
fi ndings implicate the ACC and insula in body perception, emotion, 
and intellectual performance, a combination of traits suggestive of 
emotional embodiment.

AN is a chronic pathological condition and hence represents 
an extreme case for the potential malleability of the insula and 
ACC in brain development. However, Kar et al. (2008) recently 
reported that a small sample of chronically unnourished children 
aged 5 to 10 years from India show reduced cognitive function. 
Defi cits included attention, working memory, learning and mem-
ory, and visuospatial ability but not motor speed and coordination. 
Furthermore, while attention scores increased with age among the 
malnourished children, those of design fl uency, working memory, 
visual construction, learning and memory did not. The authors 
conclude that chronic malnutrition specifi cally underlies defi cits 
in higher cognitive functions.

These results are especially important because the ages of 5 to 
10 years coincide with middle childhood, a time of elevated glu-
cose utilization and overall brain plasticity (Chugani, 1998), as well 
as important changes in social, emotional, and intellectual skills 
(Piaget, 1963), including the development of reason and respon-
sibility (White, 1996). Thus given the hierarchical and sequential 
nature of cortical maturation (Gogtay et al., 2004; Shaw et al., 
2008), alterations in brain development during this stage may have 
important consequences for the long-term maturation of emotion, 
social emotion, and morality.

Surprisingly, the role of physical activity in brain development 
may be particularly relevant in our own society. Recent work point-
ing to the importance of motor activity in the early development of 
the brain (Diamond, 2001) as well as the impact of physical exercise 
on learning in both school age children and adults (Ploughman, 
2008) are consistent with the continued importance of elevated 
levels of physical exercise thought to characterize our hunting and 
gathering ancestors (Vaynman and Gomez-Pinilla, 2006). Thus the 
simple recognition of the importance of physical activity for learn-
ing and the detrimental effects of a sedentary lifestyle as associated 
with video games and heavy use of the internet may do more for 
reviving our education and health care systems than any other 
single brain based pedagogical programs.

FUTURE RESEARCH DIRECTIONS
Cultural neuroscience is already revealing important dichoto-
mies in the activation of brain regions for such basic behaviors as 
response to fear faces (Chaio et al., 2008) as well the valuation of 
dominant and subordinate behaviors (Freeman et al., 2009) based 
on differences between Western and Eastern cultures. Such results 
demonstrate that cultural conditions can lead to discernable differ-
ences in the specifi c cues that activate fundamental brain structures 
such as the amygdala and mesolimbic reward pathways. We expect 
that similar comparisons of Western and Eastern cultures directed 
toward understanding the role of the ACC and insula in such top-
ics, as ritual, group identity, and romantic love will reveal similar 
differences based on habitual experience.

Extending such studies directly to traditional societies in which 
undernutrition, habitual levels of physical exercise, and even para-
sitic infections may represent important inputs in somatic mood, is 

http://neuroanthropology.net/


Frontiers in Evolutionary Neuroscience www.frontiersin.org November 2009 | Volume 1 | Article 4 | 5

Campbell and Garcia Neuroanthropology

 anorexia nervosa. Nat. Rev. Neurosci. 
10, 573–584.

King-Casas, B., Sharp, C., Lomax-
Bream, L., Lohrenz, T., Fonagy, P., 
and Montague, P. R. (2008). The 
rupture and repair of cooperation 
in  borderline personality disorder. 
Science 321, 806–810.

Lamm, C., Meltzoff, A. N., and Decety, J. 
(2009). How do we empathize with 
someone who is not like us? A func-
tional magnetic resonance imaging 
study. J. Cogn. Neurosci. [Epub ahead 
of print].

Lazar, S. W., Kerr, C. E., Wasserman, R. H., 
Gray, J. R., Greve, D. N., Treadway, M. 
T., McGarvey, M., Quinn, B. T., Dusek, J. 
A., Benson, H., Rauch, S. L., Moore, C. I., 
and Fischl, B. (2005). Meditation experi-
ence is associated with increased cortical 
thickness. Neuroreport 16, 1893–1897.

Lutz, A., Brefczynski-Lewis, J., Johnstone, 
T., and Davidson, R. J. (2008). 
Regulation of the neural circuitry of 
emotion by compassion meditation: 
effects of meditative expertise. PLoS 
ONE 3, e1897. doi:10.1371/journal.
pone.0001897.

Lutz, A., Greischar, L. L., Perlman, D. M., 
and Davidson, R. J. (2009). BOLD sig-
nal in insula is differentially related to 
cardiac function during compassion 
meditation in experts vs. novices. 
Neuroimage 47, 1038–1046.

McCormick, L. M., Keel, P. K., Brumm, M. 
C., Bowers, W., Swayze, V., Andersen, 
A., and Andreasen, N. (2008). 
Implications of starvation-induced 
change in right dorsal anterior cin-
gulated volume in anorexia nervosa. 
Int. J. Eat. Disord. 41, 602–610.

Miyake, Y., Okamoto, Y., Onoda, K., 
Shirao, N., Mantani, T., and Yamawaki, 
S. (2009). Neural correlates of alexithy-
mia in response to emotional stimuli: 
a study of anorexia nervosa patients. 
Hiroshima J. Med. Sci. 58, 1–8.

Moll, J., Krueger, F., Zahn, R., Pardini, M., 
de Oliveira-Souza, R., and Grafman, 
J. (2006). Humanfronto-mesolimbic 
networks guide decisions about cha-
ritable donation. Proc. Natl. Acad. Sci. 
U.S.A. 103, 15623–15628.

Mühlau, M., Gaser, C., Ilg, R., Conrad, B., 
Leibl, C., Cebulla, M. H., Backmund, 
H., Gerlinghoff, M., Lommer, P., 
Schnebel, A., Wohlschläger, A. M., 
Zimmer, C., and Nunnemann, S. 
(2007). Gray matter decrease of the 
anterior cingulate cortex in ano-
rexia nervosa. Am. J. Psychiatry 164, 
1850–1857.

Mutschler, I., Wieckhorst, B., Kowalevski, 
S., Derix, J., Wentlandt, J., Schulze-
Bonhage, A., and Ball, T. (2009). 
Functional organization of the human 
anterior insular cortex. Neurosci. Lett. 
457, 66–70.

processing of speech melody. J. Cogn. 
Neurosci. 21, 1255–1268.

Fajardo, C., Escobar, M. I., Buriticá, E., 
Arteaga, G., Umbarila, J., Casanova, 
M. F., and Pimienta, H. (2008). Von 
Economo neurons are present in the 
dorsolateral (dysgranular) prefrontal 
cortex of humans. Neurosci. Lett. 435, 
215–218.

Falk, D. (2004). Brain Dance, Revised and 
Expanded Edition: New Discoveries 
about Human Origins and Brain 
Evolution. Gainesville, University 
Press of Florida Press.

Fehm, H. L., Kern, W., and Peters, A. 
(2006). The selfi sh brain: competition 
for energy resources. Prog. Brain Res. 
153, 129–140.

Fisher, H., Aron, A., and Brown, L. L. 
(2005). Romantic love: An fMRI 
study of a neural mechanism for mate 
choice. J. Comp. Neurol. 493, 58–62.

Freeman, J. B., Rule, N. O., Adams, R. B. 
Jr., and Ambady, N. (2009). Culture 
shapes a mesolimbic response to 
signals of dominance and subordi-
nation that associates with behavior. 
Neuroimage 47, 353–359.

Gogtay, N., Giedd, J. N., Lusk, L., 
Hayashi, K. M., Greenstein, D., Vaituzis, 
A. C., Nugent, T. F. 3rd, Herman, D. H., 
Clasen, L. S., Toga, A. W., Rapoport, 
J. L., and Thompson, P. M. (2004). 
Dynamic mapping of human corti-
cal development during childhood 
through early adulthood. Proc. Natl. 
Acad. Sci. U.S.A. 101, 8174–8179.

Holloway, R. L. (2008). The human brain 
evolving: A personal retrospective. 
Ann. Rev. Anthro. 37, 1–19.

Hsu, M., Anen, C., and Quartz, S. R. 
(2008). The right and the good: dis-
tributive justice and neural encoding 
of equity and effi ciency. Science 320, 
1092–1095.

Jackson, P. L., Rainville, P., and Decety, 
J. (2006). To what extent do we share 
the pain of others? Insight from the 
neural bases of pain empathy. Pain 
125, 5–9.

Jankowiak, W., and Fischer, E. (1992). A 
cross-cultural perspective on romantic 
love. Ethnology 31, 149–155.

Kakigi, R., Nakata, H., Inui, K., Hiroe, 
N., Nagata, O., Honda, M., Tanaka, 
S., and Sadato, N., and Kawakami, M. 
(2005). Intracerebral pain processing 
in a Yoga Master who claims not to feel 
pain during meditation. Eur. J. Pain 
9, 581–589.

Kar, B. R., Rao, S. L, and Chandramouli, B. 
A. (2008). Cognitive development in 
children with chronic protein energy 
malnutrition. Behav. Brain Funct. 
4, 31.

Kaye, W. H., Fudge, J. L., and Paulus, 
M. (2009). New insights into symp-
toms and neurocircuit function of 

REFERENCES
Albus, J. S., Bekey, G. A., Holland, J. H., 

Kanwisher, N. G., Krichmar, J. L., 
Mishkin, M., Modha, D. S., Raichle, 
M. E., Shepherd, G. M., and Tononi, G. 
(2007). A proposal for a decade of the 
mind initiative. Science 317, 1321.

Alcorte, C., and Sosis, R. (2005). Ritual, 
emotion, and sacred symbols: the 
evolution of religion as an adaptive 
complex. Hum. Nat. 16, 323–359.

Allman, J. M., Hakeem, A., Nimchinsky, E., 
and Hof, P. (2001). The anterior cingu-
late cortex. The evolution of an inter-
face between emotion and cognition. 
Ann. N. Y. Acad. Sci. 935, 107–117.

Amodio, D. M., and Frith, C. D. (2006). 
Meeting of minds: the medial frontal 
cortex and social cognition. Nat. Rev. 
Neurosci. 7, 268–77.

Aron, A., Fisher, H., Mashek, D. J., Strong, G., 
Li, H., and Brown, L. L. (2005). Reward, 
motivation, andemotion systems asso-
ciated with early-stage intense romantic 
love. J. Neurophysiol. 94, 327–337.

Bartels, A., and Zeki, S. (2000). The neural 
basis of romantic love. Neuroreport 11, 
3829–3834.

Brown, S., Martinez, M. J., and Parsons, 
L. M. (2004). Passive music listening 
spontaneously engages limbic and 
paralimbic systems. Neuroreport 15, 
2033–2037.

Brown, S., Martinez, M. J., and Parsons, 
L. M. (2006). Music and language side 
by side in the brain: a PET study of the 
generation of melodies and sentences. 
Eur. J. Neurosci. 23, 2791–2803.

Campbell, B. C. (in press). Energetics and the 
human brain. In: Human Evolutionary 
Biology, M. Muhlenbein, ed. (New York, 
Cambridge University Press).

Campbell, B. C., Gray, P. B., Eisenberg, 
D. T., Ellison, P. T., and Sorenson, M. 
(2007). Testosterone and length of the 
androgen receptor GAG repeats pre-
dict variation in body composition 
among Ariaal men of Northern Kenya. 
Int. J.  Androl. 32, 140–148.

Chiao, J. Y., Harada, T., Komeda, H., Li, 
Z., Mano, Y., Saito, D., Parrish, T. B., 
Sadato, N., and Iidaka, T. (2009). 
Dynamic cultural infl uences on neu-
ral representations of the self. J. Cogn. 
Neurosci. 1167, 174–181.

Chiao, J. Y., Iidaka, T., Gordon, H. L., 
Nogawa, J., Bar, M., Aminoff, E., 
Sadato, N., and Ambady, N. (2008). 
Cultural specificity in amygdala 
response to fear faces. J. Cogn. Neurosci. 
20, 2167–2174.

Chugani, H. T. (1998). A critical period of 
brain development: studies of cerebral 
glucose utilization with PET.Prev. Vet. 
Med.27, 184–188.

Clark, A. (2006). Language, embodiment, 
and the cognitive niche. Trends Cogn. 
Sci.  10, 370–374.

Craig, A. D. (2002). How do you feel? 
Interoception: the sense of the phy-
siological condition of the body. Nat. 
Rev. Neurosci. 3, 655–666.

Craig, A. D. (2009). How do you feel–
now? The anterior insula and human 
awareness. Nat. Rev. Neurosci. 10, 
59–70.

Critchley, H. D., Wiens, S., Rotshtein, P., 
Ohman, A., and Dolan, R. J. (2004). 
Neural systems supporting intero-
ceptive awareness. Nat. Neurosci. 7, 
189–195.

Csordas, T. J. (1990). Embodiment as a 
paradigm for anthropology. Ethos 18, 
5–47.

Csordas, T. J. (1994). The Sacred Self: 
A Cultural Phenomenology of 
Charismatic Healing. Berkeley, 
University of California Press.

Deacon, T. (1998). The Symbolic Species: 
The Co-Evolution of Language and 
the Brain. New York, W.W. Norton.

Diamond, A. (2001). Close interrelation 
of motor development and cognitive 
development and of the cerebellum 
and prefrontal cortex. Child Dev. 71, 
44–56.

Dietrich, S., Hertrich, I., Alter, K., 
Ischebeck, A., and Ackermann, H. 
(2008). Understanding the emotional 
expression of verbal interjections: a 
functional MRI study. Neuroreport 
19, 1751–1755.

Dobkin de Rios, M. (1984). Visionary 
Vine: Hallucinogenic Healing in the 
Peruvian Amazon. Prospect Heights, 
IL, Waveland Press.

Dunbar, R. I. (1998). The social brain 
hypothesis. Evol. Anthropol. 6, 
178–190.

Dunbar, R. I. (2010). The social role 
of touch in humans and primates: 
Behavioural function and neuro-
biological mechanisms. Neurosci. 
Biobehav. Rev. 34, 260–268.

Dunbar, R. I. (2009). The social brain 
hypothesis and its implications for 
social evolution. Ann. Hum. Biol. 36, 
562–572.

Eisenberg, D. T., Campbell, B. C., Gary 
P. B., and Sorenson, M. D. (2008). 
Dopamine receptor genetic poly-
morphisms and body composition 
in undernourished pastoralists: an 
exploration of nutritional indices 
among nomadic and recently settled 
Ariaal men in Northern Kenya. BMC 
Evol. Biol. 8, 173.

Eisenberger, N. I., Lieberman, M. D., and 
Williams, K. D. (2003). Does rejection 
hurt? An fMRI study of social exclu-
sion. Science 302, 290–292.

Ethofer, T., Kreifelts, B., Wiethoff, S., Wolf, 
J., Grodd, W., Vuilleumier, P., and 
Wildgruber, D. (2009). Differential 
infl uences of emotion, task, and nov-
elty on brain regions underlying the 



Frontiers in Evolutionary Neuroscience www.frontiersin.org November 2009 | Volume 1 | Article 4 | 6

Campbell and Garcia Neuroanthropology

ity, A. H. Sameroff and M. M. Hiath, 
eds (Chicago, University of Chicago 
Press), pp. 17–32.

Woodward, J., and Allman, J. (2007). 
Moral intuition: its neural substrates 
and normative signifi cance. J. Physiol. 
Paris 101, 179–202.

Xu, X., Zuo, X., Wang, X., and Han, S. 
(2009). Do you feel my pain? Racial 
group membership modulates 
empathic neural responses. J. Neurosci. 
29, 8525–8529.

Zastrow, A., Kaiser, S., Stippich, C., Walther, 
S., Herzog, W., Tchanturia, K., Belger, 
A., Weisbrod, M., Treasure, J., and 
Friederich, H. C. (2009). Neural corre-
lates of impaired cognitive-behavioral 
fl exibility in anorexia nervosa. Am. J. 
Psychiatry 166, 608–616.

Conflict of Interest Statement: The 
authors declare that the research was 
conducted in the absence of any com-
mercial or financial relationships that 
could be construed as a potential confl ict 
of interest. Both Benjamin C. Campbell 
and Justin R. Garcia conceived of and 
wrote this article.

Received: 21 June 2009; paper pending pub-
lished: 24 July 2009; accepted: 10 November 
2009; published online: 24 November 2009.
Citation: Campbell BC and Garcia JR (2009) 
Neuroanthropology: Evolution and Emotional 
Embodiment. Front. Evol. Neurosci. 1:4. doi: 
10.3389/neuro.18.004.2009
Copyright © 2009 Campbell and Garcia. 
This is an open-access article subject to 
an exclusive license agreement between 
the authors and the Frontiers Research 
Foundation, which permits unrestricted 
use, distribution, and reproduction in any 
medium, provided the original authors and 
source are credited.

Nimchinsky, E. A., Gilissen, E., Allman, J. 
M., Perl, D. P., Erwin, J. M., and Hof, 
P. R. (1999). A neuronal morphologic 
type unique to humans and great 
apes. Proc. Natl. Acad. Sci. U.S.A. 96, 
5268–5273.

Nunn, K., Frampton, I., Gordon, I., and 
Lask, B. (2008). The fault is not in her 
parents but in her insula–a neurobio-
logical hypothesis of anorexia nervosa. 
Eur. Eat. Disord. Rev. 16, 355–360.

Piaget, J. (1963). The Pyschology of 
Intellgence. New York, Routledge.

Platek, S. M., Keenan, J. P., and Shackelford, 
T. K. (eds) (2007). Evolutionary 
Cognitive Neuroscience. Cambridge 
MIT Press.

Ploughman, M. (2008). Exercise is brain 
food: the effects of physical activity on 
cognitive function. Dev. Neurorehabil. 
11, 236–240.

Prinz, J. (2004). Gut Reactions: A 
Perceptual Theory of Emotion. New 
York, Oxford University Press.

Quadfl ieg, S., Mohr, A., Mentzel, H. J., 
Miltner, W. H., and Straube, T. (2008). 
Modulation of the neural network 
involved in the processing of anger 
prosody: the role of task-relevance 
and social phobia. Biol. Psychol. 78, 
129–137.

Riba, J., Rodriguez-Fornells, A., Urbano, 
G., Morte, A., Antonijoan, R., Montero, 
M., Callaway, J. C., and Barbanoj, M. 
J. (2001). Subjective effects and toler-
ability of the South American psycho-
active beverage Ayahuasca in healthy 
volunteers. Psychopharmacology 
(Berl.) 154, 85–95.

Riba, J., Romero, S., Grasa, E., Mena, 
E., Carrió, I., and Barbanoj, M. J. 
(2006). Increased frontal and par-
alimbic activation following aya-
huasca, the pan-Amazonian inebriant. 

Psychopharmacology (Berl.) 186, 
93–98.

Rilling, J. (2008). Neuroscientific 
approaches and applications within 
anthropology. Yearb. Phys. Anthropol. 
51, 2–32.

Sachdev, P., Mondraty, N., Wen, W., and 
Gulliford, K. (2008). Brains of anorexia 
nervosa patients process self-images 
differently from non-self-images: 
an fMRI study. Neuropsychologia 46, 
2161–2168.

Sander, K., and Scheich, H. (2005). Left 
auditory cortex and amygdala, but 
right insula dominance for human 
laughing and crying. J. Cogn. Neurosci. 
17, 1519–1531.

Semendeferi, K., Lu, A., Schenker, N., and 
Damasio, H. (2002). Humans and 
great apes share a large frontal cortex. 
Nat. Neurosci. 5, 272–276.

Shaw, P., Kabani, N. J., Lerch, J. P., 
Eckstrand, K., Lenroot, R., Gogtay, N., 
Greenstein, D., Clasen, L., Evans, A., 
Rapoport, J. L., Giedd, J. N., and Wise, 
S. P. (2008). Neurodevelopmental tra-
jectories of the human cerebral cortex. 
J. Neurosci. 28, 3586–3594.

Shultz, S., and Dunbar, R. I. (2007). The evo-
lution of the social brain: anthropoid 
primates contrast with other verte-
brates. Proc. Biol. Sci. 274, 2429–2436.

Singer, T. (2007). The neuronal basis of 
empathy and fairness. Novartis Found. 
Symp. 278, 20–30; discussion 30–40, 
89–96, 216–221.

Singer, T., Seymour, B., O’Doherty, J., 
Kaube, H., Dolan, R. J., and Frith, C. D. 
(2004). Empathy for pain involves the 
affective but not sensory components 
of pain. Science 303, 1157–1162.

Stinson, S. (2000). Growth variation: 
biological and cultural factors. In: 
Human Biology: An Evolutionary 

and Biocultural Perspective, Stinson, 
S., Bogin. B., Huss-Ashmore, R., 
and O’Rourke, D., eds. (New York, 
Wiley-Liss).

Stout, D., and Chaminade, T. (2007). 
The evolutionary neuroscience of 
tool making. Neuropsychologia 45, 
1091–1100.

Stout, D., Toth, N., Schick, K., and 
Chaminade, T. (2008). Neural corre-
lates of Early Stone Age toolmaking: 
technology, language and cogni-
tion in human evolution. Philos. 
Trans. R. Soc. Lond., B, Biol. Sci. 363, 
1939–1949.

Strathan, A., and Steward, P. J. (2008). 
Embodiment theory in performance 
and performability. J. Ritual Stud. 22, 
67–71.

Tabibnia, G., Satpute, A. B., and Lieberman, 
M. D. (2008). The sunny side of fair-
ness: preference for fairness activates 
reward circuitry (and disregarding 
unfairness activates self-control cir-
cuitry). Psychol. Sci. 19, 339–347.

Van Bogaert, P., Wikler, D., Damhaut, P., 
Szliwowski, H. B., and Goldman, S. 
(1998). Regional changes in glucose 
metabolism during brain development 
from the age of 6 years. Neuroimage 8, 
62–68.

Vaynman, S., and Gomez-Pinilla, F. (2006). 
Revenge of the “sit”: how lifestyle 
impacts neuronal and cognitive health 
through molecular systems that inter-
face energy metabolism with neuronal 
plasticity. J. Neurosci. Res. 84, 699–715.

Wallis, J. D. (2007). Orbital frontal 
cortex and its contribution to deci-
sion- making. Annu. Rev. Neurosci.30, 
31–56.

White, S. (1996). The child’s entry into the 
age of reason. In The fi ve to seven year 
shift: the age of reason and responsibil-



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


