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Evolutionary theories of personality origins have stimulated much empirical research in recent years, but pertinent data from small-
scale human societies have been in short supply. We investigate adaptively patterned personality variation among Tsimane’ forager-
horticulturalists. Based on a consideration of cost-benefit tradeoffs that likely maintain variation in human prosociality, we hypothesize
that individual differences in prosocial personality traits are facultatively calibrated to variation in “embodied capital”—that is, knowl-
edge, skills, or somatic traits that increase expected future fitness. In support of this hypothesis, 2 components of embodied capi-
tal—physical strength and formal education—associated positively with Tsimane’ prosocial leadership orientation (PLO), a broad
personality dimension representing gregarious cooperation, interpersonal warmth, and pursuit of leadership. Moreover, using pedi-
grees to compute heritability estimates, strength and education had additive effects on the heritable variance in PLO, which sug-
gests that prosocial traits may be “reactively heritable” by virtue of their calibration to condition-dependent components of embodied
capital. Although alternative explanations must be falsified in future research, our findings 1) provide one of the first demonstrations of
adaptively patterned personality variation in a small-scale society and 2) illustrate the potential power of an adaptationist approach to
elucidate the causal underpinnings of heritable personality variation.
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INTRODUCTION

Personality variation refers to individual differences in behavioral phe-
notypes that are relatively stable over time and across situations (Sih
et al. 2004; Penke et al. 2007; John et al. 2008). Such individual differ-
ences—also referred to as behavioral syndromes (Sih et al. 2004)—are
ubiquitous within social species and predictive of fitness-related out-
comes (Nettle 2005; Roberts et al. 2007; Gurven et al. 2014), includ-
ing reproductive success (Smith and Blumstein 2008; Alvergne et al.
2010; Jokela 2012; Bailey et al. 2013; Berg et al. 2014; Gurven et al.
2014). Recent years have seen a surge of interest among evolutionary
behavioral scientists in explaining the ultimate and proximate origins
of personality variation in multiple species (Sih et al. 2004; Wolf et al.
2007; Smith and Blumstein 2008; Dingemanse et al. 2010), including
humans (Nettle 2006; Alvergne et al. 2010; Buss and Hawley 2011;

Del Giudice et al. 2011; Lukaszewski and Roney 2011; Jokela 2012;
Verweij et al. 2012; Bailey et al. 2013; Lukaszewski 2013; Berg et al.
2014; Gurven et al. 2014).

Evolutionary theories of adaptive personality variation, although
heterogeneous in emphasis, tend to argue that natural selection will
maintain personality differences within or between populations
when a behavioral phenotype is subject to fluctuating or frequency-
dependent selection regimes—wherein the costs and benefits of dif-
ferent trait levels vary depending on individual circumstance (Sih
et al. 2004; Nettle 2006; Penke et al. 2007; Dingemanse et al. 2010).
For example, different levels along a personality continuum may be
optimal for individuals in different socioecologies (Sih et al. 2004;
Dingemanse et al. 2010; Penke 2011) or who differ in somatic con-
dition or “state” (Luttbeg and Sih 2010; Lukaszewski 2013). A first-
order prediction from this theoretical perspective is that individuals’
personality traits will often be coupled to the circumstances under
which their personality trait levels were ancestrally most adaptive.
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To date, most empirical research that has applied this perspective
to elucidate adaptively patterned personality variation in humans
has done so using subjects from Western, postindustrial societies
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with low fertility and formal legal institutions (e.g.,, Simpson et al.
1999; Pound et al. 2007; Sell et al. 2009; Jonason et al. 2010;
Campiero Ciani 2011; Holtzman et al. 2011; Lukaszewski and
Roney 2011; Lukaszewski 2013). Although such research can
inform evolutionary theories of personality, it is limited in that
modern societies differ in important respects from the small-scale,
natural fertility societies in which humans have spent most of our
existence (Henrich et al. 2010; Gurven et al. 2013a). In moving for-
ward, therefore, it is important to test functional theories of per-
sonality origins using human subjects whose behaviors are evoked
within the socioecological contexts of small-scale societies (Alvergne
et al. 2010; Bailey et al. 2013; Gurven et al. 2014).

The current research investigates adaptively patterned personality
variation among the Tsimane’, a group of forager-horticulturalists
indigenous to the Bolivian Amazon. Based on a consideration of
cost-benefit tradeoffs that have likely maintained variation in aspects
of prosociality over human evolution, we advance the hypothesis
that individual differences in prosocial traits are facultatively cali-
brated (i.e., conditionally adjusted over ontogeny) to variation in
“embodied capital”—that is, skills, abilities, or somatic traits that
enhance an individual’s expected future fitness (Kaplan 1996). This
hypothesis is similar to state-dependent personality models, which
consider how body size (McElreath and Strimling 2006), reproduc-
tive value (Wolf et al. 2007), productivity (Biro and Stamps 2008)
and other aspects of phenotype can regulate personality. To evaluate
our hypothesis empirically, we test whether prosocial traits (related to
leadership and gregarious cooperation) are positively associated with
2 important components of embodied capital among the Tsimane’:
physical strength and locally valued knowledge.

Facultative calibration of prosocial traits to
variation in embodied capital

Much research on human cooperation—behaviors that incur per-
sonal costs to deliver fitness benefits to others—has focused on
characterizing the mechanisms that sustain dyadic exchange, col-
lective action, and leader-follower dynamics. Theory and evidence
suggest that these mechanisms evolved because of gains in trade
that accrue over time via cooperative behavior. In dyadic exchange,
Person As delivery of benefits (e.g., food items) to Person B occurs
within an implicit social contract that specifies a reciprocal obli-
gation—which 1) produces gains in trade, and 2) serves for both
individuals as a form of social insurance against occasional bouts
of injury, illness, or bad luck in foraging (Sugiyama and Scalise-
Sugiyama 2003; Gurven 2006; Cosmides et al. 2011). In collective
action, multiple individuals pay the cost of contributing to a group
project and share in the resulting benefit (Price et al. 2002; Delton
et al. 2012). Leadership (and followership) occurs when some indi-
viduals pay more of the costs of implementing collectively gener-
ated goals and policies within a social group and receive in return
respect, deference, or a greater share of the spoils (Hooper et al.
2010; Price and Van Vugt 2014; von Rueden et al. 2014). Humans
show a degree of cooperation in these domains that is unique
among primates, including a tendency to seek and act on opportu-
nities for mutual benefit (Tomasello et al. 2005; Jaeggi and Gurven
2013).

These considerations suggest that different levels of cooperative-
ness across individual humans are a function of circumstances that
modulate the costs and benefits of cooperation (Denissen and Penke
2008; Nettle et al. 2014)—which in turn helps explain the evolu-
tionary maintenance of individual differences in cooperativeness
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within (Kurzban and Houser 2005) and between human popula-
tions (Henrich et al. 2001; Schmitt et al. 2007). For example, over
human evolution, there may have been regularities in the pheno-
typic characteristics possessed by individuals who were likely to
cost-efficiently obtain the potential benefits of n-person cooperation
and to actively pursue leadership positions (von Rueden et al. 2008;
Lukaszewski 2013; von Rueden 2014; von Rueden et al. 2014). As a
result, natural selection would have favored facultative adaptations
that calibrate levels of cooperativeness to variations in such charac-
teristics over ontogeny (Lukaszewski and Roney 2011; Lukaszewski
2013). The stability of cooperation may itself depend on consistent
individual variation in degree and kind of cooperative behavior
(Bergmuller et al. 2010; McNamara and Leimar 2010). For exam-
ple, leader-follower relationships can be critical to cooperation in
groups (Hooper et al. 2010; Price and Van Vugt 2014; von Rueden
et al. 2014).

Based on this logic, we propose that personality traits related to
gregarious cooperation and the pursuit of leadership are faculta-
tively calibrated to individuals’ levels of “embodied capital” relative
to others in their local community. In Embodied Capital Theory
(Kaplan 1996; Kaplan et al. 2009), the allocation of effort toward
the growth and maintenance of phenotypic traits is conceptual-
ized as investment in future reproduction, undertaken at a cost to
current reproduction (Kaplan et al. 2009). The cumulative result
of such future-oriented investments over time is the cultivation of
capital that is embodied in the soma—skills, abilities, or other traits
that increase expected fitness through greater resource accrual,
mate value, fertility, or survivorship (Kaplan et al. 2009). Embodied
capital is the evolutionary analogue of human capital in economics,
replacing income generation with fitness maximization.

Investment in future reproduction often occurs through compo-
nents of embodied capital that increase an individual’s ability to
generate benefits for others as a social exchange partner, coalition
member, or leader (von Rueden et al. 2008; Kaplan et al. 2009; von
Rueden et al. 2014). For example, individuals who have invested
in the development of greater physical strength will be better able
to extract resources from the physical and social world (Hess et al.
2010; Sell et al. 2012), provide protection against predators or
hostile conspecifics (Coy ct al. 2014), or cost-effectively administer
punishment of others who violate norms (von Rueden and Gurven
2012; Price and Van Vugt 2014; von Rueden et al. 2014). Similarly,
individuals who have invested in the acquisition of locally valuable
knowledge (e.g., languages or customs of neighboring trading part-
ners) or skill sets (e.g., hunting) can generate a variety of benefits for
others that correspond to the abilities they possess (Sugiyama and
Scalise-Sugiyama 2003; Gurven and von Rueden 2006; Kaplan
et al. 2009).

Supporting the hypothesis that these components of embod-
ied capital enhance one’s social value to others, research indicates
that physically stronger individuals are preferred as friends, mates,
and allies (von Rueden et al. 2008; Lukaszewski 2013; Coy et al.
2014), have larger social support networks (von Rueden et al.
2008; Lukaszewski 2013), have reputations as superlative hunt-
ers (Apicella 2014), and attain greater community-wide status and
influence (von Rueden et al. 2008; Re et al. 2013; von Rueden
et al. 2014). Possession of useful knowledge and skill is likewise
an influential determinant of social partner value (Sugiyama and
Scalise-Sugiyama 2003; Cottrell et al. 2007; von Rueden et al.
2008; Apicella 2014), and is seen as an indispensable characteristic
of high-quality leaders (Anderson and Kilduff 2009; Price and Van
Vugt 20145 von Rueden et al. 2014). In sum, others see individuals
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who are physically strong or knowledgeable as valuable social part-
ners, and as good candidates for positions of leadership.

Individuals with more embodied capital are also more capable of
inflicting costs on others, and they are more likely to respond with
anger when things do not go their way (Hess et al. 2010; Sell et al.
2012). However, benefit conferral and cost infliction are tactics that
may be used in parallel, within, and across contexts. Furthermore,
individuals whose embodied capital principally motivates antisocial
behavior risk loss of social support that can be critical to reproduc-
tive success (von Rueden et al. 2011; Gurven et al. 2012). In small-
scale societies, domineering leaders are punished, ostracized, or
even executed (Boechm 2001), whereas generosity is typically requi-
site for acquiring and maintaining social status (von Rueden 2014;
von Rueden et al. 2014).

Our hypothesis is that people with greater embodied capital will
be relatively likely to capture net benefits through prosocial behav-
ioral strategies—especially when such strategies involve maintain-
ing large social networks and pursuing leadership positions. This is
because physically stronger or knowledgeable individuals will more
readily succeed in attracting new social partners, in generating
resources in the service of existing relationships, and in attaining
high status (Cottrell et al. 2007; von Rueden et al. 2008; Anderson
and Kilduff 2009; Lukaszewski and Roney 2011; Re et al. 2013;
Apicella 2014; von Rueden et al. 2014). Moreover, such individu-
als may be less likely to experience the potential costs of prosocial
strategies, such as exploitation by self-interested exchange partners
(Sell et al. 2012), opportunity costs of unsuccessful status pursuit
(Anderson and Kilduff' 2009), or conflict arising as blowback in
response to leadership decisions (von Rueden and Gurven 2012).
If so, it follows that natural selection would have favored faculta-
tive adaptations that calibrate levels of prosocial personality traits
to manifest levels of embodied capital.

The current study: embodied capital and
prosocial traits among the Tsimane’

The Tsimane’ are semisedentary forager-horticulturalists indigenous
to the Bolivian Amazon. They are dispersed among approximately 95
villages, which range in size from 30 to 700 individuals. The Tsimane’
cultivate plantains, rice, corn, and sweet manioc in small swiddens,
and regularly fish and hunt for meat. Only in the late twentieth cen-
tury where Tsimane’ villages given formal geographic boundaries; the
extended family, not the community, remains the central unit of social
organization. Food sharing and productive activities are mostly con-
fined to extended families. On the other hand, unrelated community
members will regularly visit each other to socialize and drink shocdye’
(chicha), an alcoholic beverage fermented from manioc. Villagers hold
occasional meetings, which are used to plan collective activities, such
as clearing of community trails or responding to incursion by illegal
loggers. Village meetings are also used to mediate conflicts that were
unresolved by the parties directly involved. Although certain men tend
to wield more informal influence during meetings, no individual or
group within a village maintains coercive authority over others. This
includes the village corregidor (literally, “corrector”). In the late twenti-
eth century, missionaries helped establish the election of corregidores, to
represent community interests to outside political bodies and to facili-
tate community meetings.

Gurven et al. (2013) investigated the structure of personality
variation in this small-scale society, and found that Tsimane’ per-
sonality is best described by 2 broad dimensions. Notably, these
dimensions—the “Isimane’ Big Two”—contain a mixture of
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behavioral content from each of the factor scales from the Big
Five Inventory (BFI), which was designed to measure the 5 nearly
orthogonal trait dimensions often found in post-industrial societ-
ies (Benet-Martinez and John 1998; John et al. 2008): Extraversion
(E), Agreeableness (A), Conscientiousness (C), Neuroticism (N), and
Openness to Experience (O).

The first Tsimane’-specific personality dimension, labeled
Prosocial Leadership Orientation (PLO), represents a combina-
tion of high E (example BFI items: “Assertive,” “Outgoing”), high
A (“Cooperative,” “Trusting”), high O (“Ingenious,” “Original”),
and low N (“Depressed,” “Blue”). In terms of behavioral content,
this means that individuals high in PLO tend to seek social attention
and status, socialize gregariously, exhibit interpersonal warmth, offer
innovative solutions to problems, and maintain an emotionally stable
orientation when facing social threats (Gurven et al. 2013a). The sec-
ond Tsimane’ dimension, labeled Industriousness (I), primarily rep-
resents high C (“Reliable worker,” “Thorough”), as well as limited
aspects of high E (“Energetic”), O (“Inventive”), and A (“Helpful,
unselfish”). Individuals high in I tend to work diligently (alone or with
others), meet goals, and honor local norms (Gurven et al. 2013a).

Predictions regarding associations of embodied
capital with Tsimane’ personality

The arguments advanced above predict that components of
embodied capital—physical strength and possession of locally
valued knowledge—will exhibit positive associations with levels
of PLO.

We further predict that physical strength will correlate with lev-
els of PLO only among men. Physical contests have ancestrally
been, and continue to be, more important regulators of reproduc-
tive competition among men than women (Puts 2010; Plavcan
2012; Sell et al. 2012; Benenson 2013; Campbell 2013). Men are
more likely to use physical aggression against rivals (Archer 2004;
Hess et al. 2010; Benenson 2013; Campbell 2013), and physi-
cally stronger men are more likely than weaker men to experience
success in social conflict and to be desired as a coalition partner
(von Rueden et al. 2008; Sell et al. 2009). Greater strength may
also enhance one’s desirability as a social partner due to a greater
ability to generate resources via physical work. Within traditional
societies, men tend to specialize in aspects of food production that
reward substantial strength, such as bow hunting (Gurven and von
Rueden 2006; Apicella 2014). However, it seems likely that certain
subsistence tasks in which women participate (e.g., horticultural
production) would also be facilitated by greater physical strength.
Evidence from college students indicates that strength positively
predicts aspects of prosociality (e.g., extraversion) among men but
not women (Lukaszewski and Roney 2011; Lukaszewski 2013),
but this pattern may not hold in societies like the Tsimane’ where
women participate significantly in manual labor (Hess et al. 2010;
Gurven et al. 2013b). Nonetheless, we tentatively predict that PLO
will associate with strength among Tsimane’ men more than among
Tsimane’ women. To test this prediction, we obtained direct mea-
surements of physical strength from a large sample of men and
women for whom we also had personality measurements.

Prediction 1: men’s physical strength will associate
positively with levels of PLO. There will be a significantly
weaker association among women

To assess subjects’ possession of locally valued knowledge, we used
previously collected data regarding their attainment of formal
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education. Elementary public education has been sporadically
available to the Tsimane’ since the 1970s, and focuses on helping
students obtain basic literacy and other skills that can help Tsimane’
obtain wages—primarily through engagement in commerce within
the Spanish-speaking cities and towns nearby (Reyes-Garcia et al.
2007). Several secondary schools now exist in larger villages, and
young Tsimane’ adults are starting to become high school gradu-
ates. Approximately 45% of adults have had at least 1 year of edu-
cation. However, the overall adult literacy rate remains low, at 25%.
Because individuals with formal education have the ability to gen-
erate monetary wealth and interface with the market economy, the
attainment of formal education is seen as a valuable characteristic
and 1s associated with a variety of positive social outcomes includ-
ing income and political influence (Reyes-Garcia et al. 2007; von
Rueden et al. 2008). Because of this, within the current Tsimane’
social context, the attainment of formal education provides locally
valued knowledge that should lower the cost-benefit ratio of a
highly prosocial behavioral strategy among members of both sexes.
Additionally, because formal schooling is a social activity, it is con-
ceivable that Tsimane’ higher in prosocial traits are therefore more
likely to seek out or remain in school. These lines of reasoning are
not mutually exclusive, and they converge on the same empirical
prediction.

Prediction 2: attainment of formal education will
associate positively with levels of PLO

We also predict that levels of I will be positively associated with
attainment of formal education. As described above, the Tsimane’
I dimension overlaps substantially with the Big Five’s C dimen-
sion—both of which capture the tendency to work diligently and
meet goals. Given this phenotypic description, it is perhaps unsur-
prising that C has often been found to positively predict academic
success in modern industrialized populations (Noftle and Robins
2007). Accordingly, Tsimane’ individuals who are high in I would
presumably be more likely to attend school, work hard, receive
positive feedback from teachers, and therefore stay longer in formal
schooling than individuals lower in I.

Prediction 3: levels of | will associate positively with
attainment of formal education

Predictions regarding contributions of embodied
capital to the heritability of Tsimane’ personality

The hypothesis that levels of PLO are facultatively calibrated to
embodied capital also has implications for explaining the sub-
stantial heritability of personality variation (Turkheimer 2000).
The specific causal basis of heritable variation in personality
and behavior in general has gone largely unaccounted for in the
genomic era (Johnson et al. 2011; Verweij et al. 2012). Because
physical strength is itself a heritable characteristic (Silventoinen
et al. 2008), any personality trait that is facultatively calibrated
to strength will also exhibit heritability—even if 1) there are no
genetic polymorphisms with reliable effects on the neural sub-
strates of personality, and 2) the facultative mechanisms that
calibrate personality to strength have a species-typical, universal
genomic basis (Lukaszewski 2013). Although this phenomenon—
referred to as “reactive heritability”—has long been recognized
by theorists as a viable partial explanation for the heritability of
personality (Tooby and Cosmides 1990; Buss 2009; Lukaszewski
and Roney 2011), it has not yet been empirically tested. We used
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Tsimane’ pedigree data (Gurven et al. 2014) to estimate heritabil-
ity for physical strength as well as the focal personality traits. This
allowed us to test a core prediction generated by the reactive heri-
tability hypothesis as applied to physical strength.

Prediction 4: the estimated heritability of men’s PLO will
be reduced when controlling for physical strength

The reactive heritability hypothesis could also apply to the attain-
ment of formal education. This is because intelligence, like
strength, 1s highly heritable (Turkheimer 2000). Individuals with
greater intelligence may be more likely than less intelligent individ-
uals to seek out and be selected for specific educational opportuni-
ties (Johnson et al. 2011; Plomin et al. 2012). If a similar pattern
holds among the Tsimane’, then individuals with greater heritable
intelligence may thereby seek out, or be encouraged by adults to
obtain, more education. Under this scenario, the calibration of pro-
social traits to the attainment of formal education could ultimately
reflect, at least in part, heritable aspects of intelligence and ability.

Prediction 5: the estimated heritability of PLO will be
reduced when controlling for attainment of formal
education

Additionally, if high I is a determinant of persistence and success
in school, as suggested by Prediction 3, then heritable individual
differences in I would also lead to heritable variance in educational
attainment.

Prediction 6: the estimated heritability of educational
attainment will be reduced when controlling for |

For all predictions, we expected that the same patterns would
obtain when controlling for potentially relevant confounding vari-
ables (age, village of origin, and, when applicable, sex). In addition,
although our predictions apply to the Tsimane’ Big Two dimen-
sions, we also present all results in relation to the standard Big Five
trait dimensions in order to facilitate comparisons with data from
modern societies for whom the Five Factor Model is descriptively
accurate.

METHODS
Personality instrument

The 43-item Tsimane’ BFI was administered to 632 adults from
28 villages from January 2009 to December 2010, as part of the
Tsimane’ Health and Life History Project (THLHP: http://www.
unm.edu/~tsimane). Average age of participants is 47 %14 year
(range 20-88). The Tsimane’ BFI was conducted verbally in a
private location by a male, bilingual Tsimane’ research assistant
trained in the administration of anthropological and psychologi-
cal interviews. As in the English version of the BFI, responses were
given on a translated scale where 1 corresponds to “strongly dis-
agree” and 5 corresponds to “strongly agree.” Participants were
first given a quick tutorial and comprehension test on the use of the
scale, after which all participants showed clear evidence of under-
standing the scale, and the task. Additional details are given in
Gurven et al.  (2013a). The least internally
tent item was removed from each of the 5 personal-
ity dimensions (E, C, A, O, N), which were then scored
according to standard protocol (Benet-Martinez and John 1998).
The Tsimane’-specific “Big Two” (PLO, I) was derived from
exploratory factor analysis and validated against a separate sample

consis-
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of spouse-derived ratings, as described in Gurven et al. (2013a). For
factor, internal reliability and interfactor correlations see Tables S1
and S2 in Gurven et al. (2013a).

Other measures

The age, village of residence, and years of formal education of all
participants were ascertained from demographic interviews initially
conducted in 2002 and updated annually thereafter (Gurven et al.
2007). A pedigree file that specifies subjects’ parents and grand-
parents was generated based on reproductive histories and kin-
ship interviews. Contemporaneous with the personality interviews,
clinicians employed by the THLHP measured shoulder and chest
strength with a Lafayette Manual Muscle Tester, and grip strength
was measured with a Smedley III dynamometer; we sum these val-
ues to create a composite upper-body strength measure. Missing
education and strength observations reduced our sample size from

632 to 622.

Data analysis

Using linear regression, we model the effects of upper-body strength
and education on personality, for the sexes combined and for men
and women separately. Due to zero-inflated skew, we dichotomized
the education variable into no education (0) and any education (1)
prior to analysis. We assess the contribution of strength and edu-
cation to the heritability of personality using a variance compo-
nents model with the software Sequential Oligonucleotide Linkage
Analysis Routines (SOLAR) (Almasy and Blangero 1998). The
model takes as input pedigrees for the 622 individuals in our sam-
ple. During heritability (4%) estimation, insignificant (P = 0.1) covari-
ates were screened out to minimize convergence errors. Although
we control for village, our heritability estimates are not based on
an adoption or twin study, and so do not completely control for
shared environment. We therefore label our estimates “quasi”-her-
itability. Also, relationships in the pedigree file were not evaluated
based on molecular markers, so the quasi-heritability estimates will
be affected by any nonpaternity. We do not expect this to be a sig-
nificant problem, given the validity checks within our demography
interview protocol and the relative stability of Tsimane pair-bonds.
All models control for age, sex, and village affiliation. Models also
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include an age? term due to the curvilinear effects of age on per-
sonality among the Tsimane’ (Gurven et al. 2014).

RESULTS

In support of Prediction 1, physical strength was positively corre-
lated with PLO, both in bivariate relationship (r = 0.306, P < 0.001)
and after controlling for age, age? sex, education, and village of
residence (Table 1, column 1). In the multivariate model, neither
of the age terms significantly predicted PLO, and the effect of sex
was small (8 = 0.097, P = 0.045). Standardized effect sizes for vil-
lage of residence dummy variables ranged from —0.139 (P < 0.000)
to 0.094 (P = 0.010). In relation to the Big Five traits, which over-
lap with PLO and I, strength was positively associated with E, C,
and O. (lable 1, column 1). Counter to Prediction 1, the effect of
strength on PLO was similar in magnitude for women and men
(Table 1, columns 2 and 3). Sex by strength interactions was insig-
nificant for all personality dimensions (£’s < 0.045, P's > 0.250),
indicating that the associations of strength with personality traits
were not significantly different across the sexes (Figure 1).

In support of Prediction 2, attainment of formal education posi-
tively associated with PLO, both in bivariate relationship (r = 0.303,
P < 0.001) and after controlling for age, age?, sex, strength, and

Table 1

Standardized effects of physical strength on personality, for (1)
full sample, (2) women only, and (3) men only

Personality dimension (1) Full sample (2) Women (3) Men
PLO 0.217%** 0.160%* 0.186%*
Industriousness (I) 0.029 —0.002 0.036
Extraversion (E) 0.184** 0.142 0.163*
Agrecableness (A) 0.110 0.099 0.072
Conscientiousness (C) 0.180%* 0.127 0.157*
Neuroticism (N) —0.030 0.002 —0.055
Openness (O) 0.164** 0.051 0.218%*
N 622 301 321

*P < 0.05 P < 0.01 #*P < 0.001.
All models control for age, age?, education, and village of residence, and (1)
also controls for sex.

PLO (z-score)

T T T
65 85 105 125

Strength (Kg*m/s?)

Figure 1

Linear regression of PLO on strength, for women (z = 301, solid line) and men (z = 321, dashed line).

910z ‘g nBNY Uo Akeiq )T UoSPIRR/RIRGEE BILES BILIOJIED JO AISIBAIIN T /B10°S[eUIN0 [pI0§X0°030U8d//:d1Y WOJ) papeojumod


http://beheco.oxfordjournals.org/

1076

village of residence (Table 2, column 1). Tsimane’ with any educa-
tion have greater PLO than average and those lacking education
have lower PLO than average (Figure 2). In relation to the Big
Five traits, education was positively associated with E, A, C, and
O. Sex by education interactions was insignificant when added to
the models (B’ < 0.055, Ps > 0.145), indicating that the associa-
tions of education with personality traits were not significantly dif-
ferent in magnitude between the sexes (Table 2, columns 2 and 3).
Although the effects of education on personality were independent
of strength, education, and strength are positively correlated, con-
trolling for age and age? (r = 0.207, P < 0.001).

Prediction 3 was not supported. There was no evidence that
I associated with educational attainment, whether in men or in
women (Table 2).
As previously established (Gurven et al. 2014), heritability estimates
indicated that additive genetic effects accounted for approximately
60% of the variance in PLO and 12% of the variance in I (Table 3,
column 1). The quasi-heritabilities for strength and education were
0.364 (SE = 0.083) and 0.636 (SE = 0.130), respectively, controlling
for age, age?, and sex, and village of residence. Dummy variables
for village of residence were insignificant in the quantitative genetic
models of PLO and strength and explained none of the estimated

Table 2

Standardized effects of education on personality, for (1) full
sample, (2) women only, and (3) men only

Personality dimension (1) Full sample (2) Women (3) Men
PLO 0.222%#% 0.174* 0.259%#*
Industriousness (I) —0.039 —0.008 -0.071
Extraversion (E) 0.248%#* 0.223%* 0.303%**
Agreeableness (A) 0.154%* 0.164* 0.153*
Conscientiousness (C) 0.094* 0.129 0.086
Neuroticism (N) -0.074 —0.067 —0.089
Openness (O) 0.245%#* 0.278%#* 0.269%#*
N 622 301 321

*P < 0.05*P<0.01 #*P<0.001.
All models control for age, age?, strength, and village of residence. Models in
column (1) also control for sex.

Behavioral Ecology

heritability of these traits. Effects of village of residence on the esti-
mated heritability of I and education were not calculable. Model
convergence failure prevented inclusion of village dummy variables
in the quantitative genetic models of I, and a quantitative genetic
model of education that lacked village dummy variables yielded
a quasi-heritability of 0.911 (SE = 0.099), indicative of estima-
tion problems. In general, SOLAR software is more susceptible
to erroneously inflated heritability estimates with discrete models
(Blangero et al. 2014).

In support of Prediction 4, physical strength explained 15% of
the heritable variance in PLO (Table 3, column 2). In support of
Prediction 5, education explained 22% of the heritable variance
in PLO (Table 3, column 3). Furthermore, despite the correlation
between strength and education reported above, their combined
effect on heritable variation in PLO was mostly additive. When
included in the same model, each of these components of embod-
ied capital was significant (P < 0.001) and together explained 31%
of the heritable variance in PLO. Controlling for strength and edu-
cation lowered the 4% estimate for PLO from 0.60 to 0.41, which is
at the lower extreme of the 95% confidence interval (CI) for the
original 0.60 estimate (95% CI: 0.41-0.79).

Given that education was not associated with I, it is unsurpris-
ing that Prediction 6 was not supported: Education did not explain
any of the additive genetic variance associated with I (Table 3, col-
umn 3).

DISCUSSION

Results supported 4 of 6 predictions regarding adaptively patterned
phenotypic and quasi-genetic correlations of embodied capital
with personality traits among the Tsimane’. Consistent with the
hypothesis that prosocial traits are facultatively calibrated to com-
ponents of embodied capital, physical strength, and attainment of
formal education exhibited independent positive associations with
levels of PLO-—a broad personality dimension that captures indi-
vidual differences in cooperativeness, sociability, emotional stabil-
ity, and the pursuit of leadership (Gurven et al. 2013a). However,
counter to our expectation that the correlation between strength
and PLO would be significantly stronger for men, this effect was

0.4 4
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Figure 2

Education

PLO of Tsimane’ without (0; » = 334) and with education (1; n = 288). Error bars are 95% Cls.
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Table 3

Quasi-heritability (H?) estimates for personality dimensions
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Personality (2) w/strength (3) w/education (4) w/strength and
dimension (1) control control education controls
PLO 0.597 (0.097) 0.506 (0.099) 0.463 (0.104) 0.414 (0.101)
Industriousness (I) 0.119 (0.076) 0.124(0.077) 0.119 (0.076) 0.124(0.077)
Extraversion (L) 0.626 (0.103) 0.584 (0.105) 0.496 (0.110) 0.483 (0.107)
Agrecableness (A) 0.270 (0.083) 0.254 (0.081) 0.188 (0.079) 0.193 (0.079)
Conscientiousness (C) 0.249 (0.084) 0.228 (0.083) 0.187 (0.082) 0.185 (0.081)
Neuroticism (N) 0.084 (0.072) 0.084 (0.072) 0.058 (0.071) 0.054 (0.071)
Openness (O) 0.303 (0.100) 0.253 (0.095) 0.224 (0.091) 0.213 (0.087)

N 622 622 622 622

Standard errors are in parentheses. Models control for age, age?, sex, and village of residence (except for models of Industriousness, which omit village dummy
variables due to convergence failure with their inclusion). Models in column (2) also control for strength, models in column (3) also control for education, and

models in column (4) also control for strength and education.

very similar in magnitude between the sexes. Additionally, in sup-
port of the hypothesis that PLO is reactively heritable in relation to
embodied capital, strength and education together explained 31%
of the quasi-heritable variance in PLO. Finally, inconsistent with the
notion that hard-working, industrious Tsimane’ might be more likely
to seck or achieve education, there was neither a phenotypic nor a
genetic correlation between levels of educational attainment and I.

We also presented parallel analyses in relation to the “Big Five”
personality dimensions often found within complex postindustrial
societies (Schmitt et al. 2007; John et al. 2008). Given that the item
content of the Big Five traits overlaps heavily with the Tsimane’
Big Two, it is unsurprising that results were broadly consistent
with the findings summarized in relation to PLO and I. Physical
strength positively associated with E, C, and O; and attainment of
formal education positively associated with E, A, C, and O. Neither
strength nor education was correlated with N. Because some N
items load (negatively) onto the PLO dimension, this suggests that
some but not all components of N are associated with embodied
capital among the Tsimane’. Similarly, although certain items from
A are part of PLO, physical strength was not associated with the
A dimension.

It is noteworthy that both components of embodied capital were
positively correlated with C, despite the fact that I (which contains
many C items) did not, as expected, associate with education. C
is typically correlated with educational attainment in modern envi-
ronments (Noftle and Robins 2007), so it is not clear why Tsimane’
I did not exhibit the same pattern. One likely possibility is that the
I dimension may capture the tendency to engage diligently and
persistently in traditional subsistence work (Gurven et al. 2013a),
rather than to seek out and excel in formal schooling (which could
be better captured by aspects of C not represented in I). Future
research investigating the determinants of enrollment and success
in formal schooling among the Tsimane’ will be critical in inter-
preting these discrepancies.

In sum, although there were a few discrepancies between the
findings in relation to the Tsimane’-specific Big Two and standard
Big Five dimensions, respectively, both sets of results converge on
the conclusion that components of embodied capital associate posi-
tively with prosocial aspects of personality. As noted above, results
were presented in relation to the Big Five traits primarily to facili-
tate comparison with data from industrialized societies for whom
the 5 factor model is descriptively accurate. Because the Big Two
factor structure is a better descriptor of Tsimane’ personality than
the Big Five (Gurven et al. 2013a), we focus on interpreting the

theoretical significance of our findings in relation to these dimen-
sions, PLO and 1.

Physical strength as a calibrator of
prosocial traits

Our main hypothesis posited that levels of PLO are facultatively
calibrated in response to components of embodied capital. Of
course, the correlational data presented here do not conclusively
establish this causality However, when it comes to the observed
association of physical strength and PLO, it is unlikely that the
causality runs in the other direction (such that a higher level of
PLO leads to greater strength). This is because the Tsimane’ do
not engage in any purposeful strength-building activities (i.e.,
weightlifting or other recreational exercise). One could speculate
that individuals who are dispositionally inclined to engage in more
intensive horticultural activities, etc., would thereby gain physical
strength. But this hypothesis would most straightforwardly predict
a positive association between levels of I and physical strength—
an association that we neither predicted nor observed. In favor of
our proposed model, on the other hand, extant research among the
Tsimane’ indicates that physically formidable individuals are more
attractive as mates and social allies, more effective as leaders, and
also seen by others as more politically influential (von Rueden et al.
2008, 2014)—all of which would directly lower the cost-benefit
ratio of a prosocial behavioral strategy. For these reasons, we prefer
an explanation wherein the possession of greater relative strength
adaptively calibrates individuals toward higher levels of PLO.

The positive association of physical strength with PLO was simi-
lar in magnitude among men and women, respectively. This ran
counter to our prediction that this effect would be stronger among
men. In previous studies using undergraduates from postindustrial
socicties as subjects, the effect of physical strength on levels of
prosocial traits (e.g., extraversion) has been observed only among
men (Lukaszewski and Roney 2011; Lukaszewski 2013). Notably,
a parallel divergence between large-scale and small-scale societies
has been documented in relation to the effect of physical strength
on levels of anger and aggression. Among college students, physical
strength positively predicts levels of anger proneness and aggres-
siveness in men but not women (Sell et al. 2009; Price et al. 2012);
whereas, among the Aka foragers of Central Africa, strength pre-
dicts anger and aggression in both sexes (Hess et al. 2010). One
plausible explanation for this discrepancy between modern and
traditional societies is that, within subsistence groups such as the
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Tsimane’ and Aka, greater physical strength enhances the ability
to generate resources for others via physical work (Gurven et al.
2013b)—which would increase one’s social value regardless of sex
(Hess et al. 2010). Another possibility is that physical contests are
more important regulators of social conflict among women in tra-
ditional societies than in modern societies (Hess et al. 2010). Either
way, the current findings considered together with those of Hess
et al. (2010) strongly suggest that physical strength calibrates proso-
cial and aggressive personality traits among members of both sexes
within small-scale subsistence societies.

Possession of locally valued knowledge and
prosocial traits

Attainment of formal education was also positively correlated with
PLO among the Tsimane’. According to our hypothesis, 1) though
schools have only existed in most villages for the past 2—4 decades,
knowledge and skills derived from formal education has become a
socially valued form of embodied capital that increases one’s ability
to generate access to novel resources, and therefore 2) attainment of
formal education, like greater physical strength, calibrates individu-
als toward higher levels of PLO. However, given that schooling is a
social activity that is noncompulsory among the Tsimane’, it is also
possible that individuals with prosocial personalities are more likely
to seek out or remain in school than others. Our data cannot dis-
criminate between these nonmutually exclusive causal hypotheses,
but it will be important for future research to test between them.

The current results are bolstered by other recent findings among
the Tsimane’ (Reyes-Garcia et al. 2007), which indicate that the
attainment of formal education was associated with lower temporal
discounting rates—that is, the tendency to choose smaller immedi-
ate rewards over larger rewards in the future (Kirby et al. 2002).
As with the association between education and PLO, however, it is
unclear which way(s) the causality flows: Future-oriented individu-
als could be more likely to invest in education, or the acquisition of
resource-linked knowledge might calibrate people toward a slower,
more future-oriented life history strategy (Kirby et al. 2002). Given
this latter possibility, it would be of interest to determine whether
Tsimane’ with greater levels of PLO and physical strength also
exhibit lower temporal discounting rates. If so, this would suggest
that investment in physical strength, acquisition of locally valued
knowledge, high PLO, and low temporal discounting rates are all
components of an embodied capital-oriented life history strategy:

Our argument implies that individuals who lack embodied capi-
tal calibrate toward low PLO because keeping a low profile within
the community maximizes net fitness benefits relative to gregarious
cooperation and pursuit of leadership. In the Tsimane’ context, low
PLO individuals may restrict their cooperation largely to close kin
due to coordination costs and risk of conflict from cooperating with
other community members. Conflict frequency associates positively
with embodied capital, number of allies, and political influence,
and high PLO individuals are more likely to get their way in the
event of conflict (von Rueden 2011). When individuals low in PLO
experience conflict, they may opt to migrate with their immediate
family to another community rather than seek assistance in conflict
resolution (von Rueden and Gurven 2012).

Implications for explaining the heritability of
prosocial traits

Physical strength and formal education each contributed addi-
tively to the quasi-heritable variance in PLO. These results provide
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preliminary support for the reactive heritability hypothesis (Looby
and Cosmides 1990)—which, in the current application, pos-
its that levels of PLO exhibit heritability in part because they are
facultatively calibrated over ontogeny to heritable components of
embodied capital. In this regard, the finding that controlling for
physical strength reduced the estimated heritability of PLO pro-
vides the strongest evidence in support of reactive heritability. This
is because, as argued above, we believe it is much more likely that
strength calibrates levels of PLO than vice versa.

If PLO is indeed reactively heritable in relation to physi-
cal strength, this in turn raises the question of what explains the
heritability of strength itself. Here, it becomes relevant that physi-
cal strength is widely considered to be an indicator of overall
phenotypic condition in humans (Bribiescas 2001; Irederick and
Haselton 2007; Penke et al. 2007; Lukaszewski and Roney 2011;
Lukaszewski 2013). Broadly speaking, phenotypic condition refers
to an individual’s ability to efficiently convert energy into fitness-
enhancing traits and outcomes (Rowe and Houle 1996; Tombkins
et al. 2004; Gangestad 2011). Although low physical strength is not
necessarily an indicator of being in poor overall condition (because
energy is finite and can be allocated in multiple ways), high physical
strength indicates that one is in good enough condition to invest in
the growth and maintenance of energetically expensive muscle tis-
sue (Bribiescas 2001).

Because phenotypic condition will always be under positive
directional selection (as physical strength appears to be among the
Tsimane’: von Rueden et al. 2011), genetic variance in condition
may be a consequence of mutation-selection balance or pathogen-
host coevolution (Rowe and Houle 1996; Tomkins et al. 2004;
Penke et al. 2007; Gangestad 2011; Lukaszewski and Roney 2011).
In effect, then, adaptations for condition-dependent personal-
ity calibration provide a solution to the adaptive problem created
by the perpetual maintenance of heritable variance in condition:
The ability to accrue fitness benefits via prosociality is constrained
by one’s condition, which is constrained in turn by mutation load
and one’s possession of pathogen-resistant genotypes. If so, con-
dition-dependent features such as physical strength will have a
noisy genetic basis that varies dramatically across individuals and
consists mostly of low-frequency genotypes. Under this scenario,
one should not necessarily expect to find consistent associations of
specific genotypes with 1) condition-dependent physical features
(such as strength), or 2) personality traits that are reactively heri-
table in relation to condition-dependent features. The current state
of the behavioral genetics literature is consistent with these predic-
tions: Gene association studies have uncovered few specific geno-
types that reliably explain even a tiny fraction of the variance in
any human personality trait or condition-dependent morphological
trait (Johnson et al. 2011; de Moor et al. 2012; Verweij et al. 2012).
Moreover, genetic markers of mutational load are directionally
predictive of both condition-dependent physical features and per-
sonality traits, such that individuals with fewer expressed mutations
have greater physical strength (Verweij et al. 2014) and score higher
on prosocial traits such as extraversion (Verweij et al. 2012). Thus,
reactive heritability of prosocial traits to levels of physical strength
provides a coherent causal model to explain the current findings
that is consistent with multiple phenotypic and genetic sources of
evidence.

The same basic arguments for reactive heritability might apply
to the finding that education also contributed to the estimated heri-
tability of PLO. Specifically, this finding is consistent with the idea
that PLO is reactively heritable in relation to skill-related aspects
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of intelligence—which, like strength, is a heritable, condition-
dependent characteristic (Penke et al. 2007; Plomin et al. 2012).
In postindustrial societies, individuals with greater intelligence
often either seek out, or are encouraged to obtain, more education
(Plomin et al. 2012). If the same is true among the Tsimane’, then
the heritability of educational attainment, and therefore of PLO,
could ultimately reflect heritable levels of intelligence. However,
direct assessment of intelligence would be necessary to test this
possibility.

In sum, our findings are consistent with the hypothesis that PLO
is reactively heritable in relation to condition-dependent com-
ponents of embodied capital (physical strength and educational
attainment). However, limitations of the current study’s design
warrant caution in drawing firm conclusions, and suggest direc-
tions for future research. The Tsimane’ are experiencing rapid
social change due to market integration and encroachment on
their territory by ranchers, loggers, and other colonists. They are
not at evolutionary equilibrium, and the components of embod-
ied capital that motivate a prosocial disposition and facilitate
status acquisition may be undergoing change. Also, our quasi-
heritability estimates do not control for possible effects of shared
environment at the household level—which could in principle
explain why genetic relatedness predicted phenotypic similarity
in strength, education, or personality. Concerns regarding this
limitation might be assuaged given that effects of shared environ-
ment on personality tend to be near zero across various human
populations, whereas substantial genetic variance in personality
is ubiquitous (Turkheimer 2000; Bouchard and Lochlin 2001).
Consistent with this, in the current study, effects of shared envi-
ronment at the village level explained no quasi-heritable variance
in PLO and strength. Thus, under the reasonable assumption that
shared environment has a minimal influence on personality among
the Tsimane’, the current quasi-heritability estimates are not likely
to be misleading (Gurven et al. 2014). In any case, our findings
suggest that similarity among family members in physical strength
(and possibly intelligence) partially explains why kinship predicts
personality resemblance in PLO—which is theoretically important
regardless of whether individual differences in strength and intel-
ligence reflect genetic or environmental variance.
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Toward an integrative model of the causes and
consequences of prosocial traits

In Figure 3, we depict an integrative causal model to explain asso-
ciations among phenotypic condition, embodied capital, prosocial
traits, social status, and reproductive success. As we argue above, the
extent to which it will be adaptive for an individual to invest in the
cultivation of greater embodied capital over ontogeny will partly
depend on one’s phenotypic condition, which is itself a joint func-
tion of noisy genetic factors (e.g., mutational load) and environmen-
tal quality (e.g., access to high quality nutrition and parental care,
and the embodied capital and social status of parents) (Figure 3).
Variance in embodied capital could also theoretically depend on
genotype-environment covariance, such as with spatially structured
selection or assortative migration. Independent of phenotypic con-
dition, investment in embodied capital, as part of a slow life history
strategy, is expected to vary in response to environmental cues indi-
cating the degree of mortality risk (Kaplan et al. 2009). To reiterate
the primary hypothesis that motivated the current study, individuals
who have successfully cultivated greater embodied capital will be
1) seen by others as high-quality mates and allies and good can-
didates for positions of high status and leadership, and therefore
2) relatively likely to accrue net benefits through highly prosocial
strategies. These effects of embodied capital on prosocial traits and
status are expected to be mutually reinforcing. Embodied capital
and prosocial behavior promote high status (von Rueden et al.
2008; Anderson and Kilduff' 2009) and, symmetrically, positions
of high status bring deference and alliances that increase embod-
ied capital and buffer risk (Sugiyama and Scalise-Sugiyama 2003;
Gurven 2006; Cosmides et al. 2011; von Rueden et al. 2011; Price
and Van Vugt 2014; von Rueden 2014). Furthermore, positions of
status or leadership, particularly in small-scale societies, may carry
an implicit obligation to act prosocially toward others (Fiddick et al.
2013; Price and Van Vugt 2014; von Rueden 2014; von Rueden
ct al. 2014). In general, feedback between state and behavior can
amplify even minor initial differences between individuals (Luttbeg
and Sih 2010; Wolf and Weissing 2010).

In sum, the proposed model can potentially predict prosocial
personality traits in individuals, based on their phenotypic con-
dition, perceived extrinsic mortality risk, embodied capital, and

Genotype Enviro
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Figure 3

Causal pathways that determine variance in prosocial traits, social status, and reproductive success.
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social status. The adaptationist logic uniting the model is sup-
ported by evidence, in small-scale societies, that levels of prosocial
traits and social status have positive effects on reproductive success
(von Rueden et al. 2011; Gurven et al. 2014; von Rueden 2014),
and prosociality and achieved status mediate effects of condition-
dependent components of embodied capital on reproductive
success (Gurven and von Rueden 2006; von Rueden et al. 2011;
Apicella 2014). Embodied capital may also affect reproductive suc-
cess independent of prosociality and social status, as a direct result
of increased food or income production (von Rueden et al. 2011).
Data that permit all the proposed links in Figure 3 to be estimated
simultaneously will ultimately be necessary to provide compelling
tests of these hypotheses.

CONCLUSIONS

The current study is among the first to investigate the determinants
of adaptively patterned personality variation within a small-scale
human society. In demonstrating that physical strength and formal
education independently associated with individual differences in
PLO among the Tsimane’, the findings preliminarily support the
hypothesis that levels of prosocial traits are facultatively calibrated
to phenotypic components of embodied capital. These results are
broadly consistent with state-dependent models of adaptive per-
sonality variation from animal behavioral ecology (Luttbeg and Sih
2010; Wolf and Weissing 2010). We do not claim that facultative
calibration to embodied capital explains all of interindividual varia-
tion in prosocial personality traits. Results from the Tsimane’ are
modest in size and restricted to aspects of prosociality involving
gregarious cooperation and pursuit of leadership.

Quasi-heritable variation in strength and education contributed
additively to quasi-heritable variation in PLO, which is consistent
with a model wherein prosocial traits are “reactively heritable” in
relation to these components of embodied capital. If valid, this
model would 1) account for a substantial portion of the genetic
variance in prosocial traits without appeal to specific polymorphic
genotypes, and thereby 2) illustrate how universal adaptations for
personality calibration can systematically produce heritable indi-
vidual differences. Because our model has the potential to account
for the “missing heritability” (de Moor et al. 2012; Vinkhuyzen
et al. 2012) of prosocial and other personality traits, future research
should attempt to conceptually replicate and extend the current
findings using superior methods of heritability estimation.

Whereas a large body of research has focused on explaining the
evolution of human prosociality, the current study is among the
first, in general, to investigate the ontogenetic calibrators of indi-
vidual differences in prosocial traits. According to similar adapta-
tionist logic, a recent study by Nettle et al. (2014) provided evidence
that variation in human prosocial behavior is calibrated to levels
of apparent trust within the local community. Likewise, emerging
evidence supports the hypothesis that prosocial traits are calibrated
in response to the local prevalence of disease-causing pathogens
(Schaller and Murray 2008; Mortensen et al. 2010). Thus, in
attempting to explain the substantial variation in prosociality within
and between human populations (Henrich et al. 2001; Kurzban
and Houser 2005), future research might profitably examine inte-
grative models wherein prosocial traits are jointly calibrated in
response to multiple cues present in the individual’s phenotype and
external socioecology.

Although the current findings remain subject to potential alter-
native explanations, they nonetheless demonstrate patterns that any
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complete theory regarding the origins of individual differences in
prosociality must be able to explain. At the very least, the results
suggest that physical strength, locally valued knowledge, and pro-
social personality traits are inter-correlated components of an
embodied capital-oriented life history strategy. The data therefore
carry importance for basic debates within personality psychology,
behavioral genetics, and evolutionary behavioral science. We hope
this research motivates scientists to investigate the causes and con-
sequences of variation in embodied capital and personality across a
wide range of human societies.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at http://www.beheco.
oxfordjournals.org/

CONFLICT OF INTEREST

None declared. Use of human subjects was approved by the University
of California, Santa Barbara and the University of New Mexico.
Informed consent was received prior to subjects’ participation.

FUNDING

This work was supported by the National Science Foundation (BCS-
0136274, BCS-0422690, and DDIG-0921429) and the National
Institutes of Health/National Institute on Ageing (ROIAG024
119-01).

M. L. Vie and other research assistants with the Tsimane Health and Life
History Project were instrumental in data collection. A. McGuire pointed out
the similarity between the first Tsimane’ personality factor and leadership.

Handling editor: Alison Bell

REFERENCES

Almasy L, Blangero J. 1998. Multipoint quantitative trait linkage analysis in
general pedigrees. Am ] Hum Genet. 62:1198-1211.

Alvergne A, Jokela M, Lummaa V. 2010. Personality and reproduc-
tive success in a high-fertility human population. Proc Natl Acad Sci.
107:11745-11750.

Anderson C, Kilduff GJ. 2009. The pursuit of status in social groups. Curr
Dir Psychol Sci. 18:295-298.

Apicella CL. 2014. Upper-body strength predicts hunting reputation and repro-
ductive success in Hadza hunter-gatherers. Evol Hum Behav. 35:508-518.
Archer J. 2004. Sex differences in aggression in real-world settings: a meta

analytic review. Re Gen Psychol. 8:291-322.

Bailey DH, Walker RS, Blomquist GE, Hill KR, Hurtado AM, Geary DC.
2013. Heritability and fitness correlates of personality in the Ache, a nat-
ural-fertility population in Paraguay. PLoS One. 8:¢59325.

Benenson JE 2013. The development of human female competition: allies
and adversaries. Philos T'R Soc B. 368:20130079.

Benet-Martinez V, John OP. 1998. Los Cinco Grandes across cultures and
ethnic groups: multitrait-multimethod analyses of the Big Five in Spanish
and English. J Pers Soc Psychol. 75:729-750.

Berg V, Lummaa V, Lahdenpera M, Rotkirch A, Jokela M. 2014. Personality
and long-term reproductive success as measured by the number of
grandchildren. Evol Hum Behav. 35:533-539.

Bergmuller R, Schurch R, Hamilton I. 2010. Evolutionary causes and
consequences of consistent individual variation in cooperative behavior.
Philos T' R Soc B. 365:2751-2764.

Biro PA, Stamps JA. 2008. Are animal personality traits linked to life-history
productivity? Trends Ecol Evol. 23:361-368.

Blangero J, Lange K, Almasy L, Dyer T, Goring H, Williams J, Peterson
C. 2014. SOLAR online User Manual. [September 15, 2014] [cited 13
April 2015]. Awvailable from: http://www.biostat.wustl.edu/genetics/
geneticssoft/manuals/solar210/00.contents.html

910z ‘g nBNY Uo Akeiq )T UoSPIRR/RIRGEE BILES BILIOJIED JO AISIBAIIN T /B10°S[eUIN0 [pI0§X0°030U8d//:d1Y WOJ) papeojumod


http://beheco.oxfordjournals.org/lookup/suppl/doi:10.1093/beheco/arv051/-/DC1
http://beheco.oxfordjournals.org/lookup/suppl/doi:10.1093/beheco/arv051/-/DC1
http://www.biostat.wustl.edu/genetics/geneticssoft/manuals/solar210/00.contents.html
http://www.biostat.wustl.edu/genetics/geneticssoft/manuals/solar210/00.contents.html
http://beheco.oxfordjournals.org/

von Rueden et al. ¢ Tsimane’ personality calibration

Boehm C. 2001. Hierarchy in the forest: the evolution of egalitarian behav-
ior. Cambridge (MA): Harvard University Press.

Bouchard TJ, Loehlin JC. 2001. Genes, evolution, and personality. Behav
Genet. 31:243-273.

Bribiescas RG. 2001. Reproductive ecology and life history of the human
male. Yearb Phys Anthropol. 116:148-176.

Buss DM. 2009. How can evolutionary psychology successfully explain per-
sonality and individual differences? Perspect Psychol Sci. 4:359-366.

Buss DM, Hawley PH, editors. 2011. The evolution of personality and indi-
vidual differences. Oxford: Oxford University Press.

Campbell A. 2013. The evolutionary psychology of women’s aggression.
Philos T' R Soc B. 368:20130078.

Campiero Ciani A. 2011. Testing the evolutionary genetics of personality:
do balanced selection and gene flow cause genetically adapted personal-
ity differences in human populations? In: Buss DM, Hawley PH, editors.
The evolution of personality and individual differences. Oxford: Oxford
University Press. p. 425-450.

Cosmides L, Barrett HC, Tooby J. 2011. Adaptive specializations, social
exchange, and the evolution of human intelligence. Proc Natl Acad Sci.
107:9007-9014.

Cottrell G, Neuberg S, Li NP. 2007. What do people desire in others?
A sociofunctional perspective on the importance of different valued char-
acteristics. ] Pers Soc Psychol. 92:208-231.

Coy AE, Green JD, Price ME. 2014. Why is low waist-to-chest ratio attrac-
tive in males? The mediating roles of perceived dominance, fitness, and
protection ability. Body Image. 11:282-289.

Del Giudice M, Ellis B, Shirtcliff EA. 2011. The adaptive calibration model
of stress responsivity. Neurosci Biobehav Rev. 35:1562-1592.

Delton AW, Cosmides L, Guemo M, Robertson TE, Tooby J. 2012. The
psychosemantics of free-riding: dissecting the architecture of a moral
concept. ] Pers Soc Psychol. 102:1252-1270.

Denissen JA, Penke L. 2008. Motivational individual reaction norms under-
lying the five-factor model of personality: first steps toward a theory-
based conceptual framework. J Res Pers. 42:1285-1302.

Dingemanse NJ, Kazem AJ, Reale D, Wright J. 2010. Behavioral reaction
norms: animal personality meets individual plasticity. Trends Ecol Evol.
25:81-89.

Fiddick L, Cummins D, Janicki M, Lee S, Erlich N. 2013. A cross-cul-
tural study of nobles oblige in economic decision-making. Hum Nat.
24:318-335.

Frederick DA, Haselton MG. 2007. Why is muscularity sexy? Tests of the
fitness indicator hypothesis. Pers Soc Psychol Bull. 13:1167-1183.

Gangestad SW. 2011. Evolutionary processes explaining the genetic vari-
ance in personality: an exploration of scenarios. In: Buss DM, Hawley
PH, editors. The evolution of personality and individual differences.
Oxford: Oxford University Press. p. 338-375.

Gurven M. 2006. The evolution of contingent cooperation. Curr
Anthropol. 47:185-192.

Gurven M, von Rueden C. 2006. Hunting, social status, and biological fit-
ness. Biodemogr Soc Biol. 53:81-99.

Gurven M, Kaplan H, Supa A. 2007. Mortality experience of Tsimane’
Amerindians: regional variation and temporal trends. Am J Hum Biol.
19:376-398.

Gurven M, von Rueden C, Massenkoff M, Kaplan H, Lero Vie M. 2013a.
How universal is the Big Five? Testing the Five-Factor Model of person-
ality variation among forager—farmers in the Bolivian Amazon. ] Pers
Soc Psychol. 104:354-370.

Gurven M, Stieglitz J, Hooper P, Gomes C, Kaplan H. 2012. From the
womb to the tomb: the role of transfers in shaping the evolved human life
history. Exp Gerontol. 47:807-813.

Gurven M, Jaeggi AV, Kaplan H, Cummings D. 2013b. Physical activity
and modernization among Bolivian Amerindians. PLoS One. 8:¢55679.

Gurven M, von Rueden C, Stieglitz J, Kaplan H, Eid-Rodriguez D. 2014.
The evolutionary fitness of personality traits in a small-scale subsistence
society. Evol Hum Behav. 35:17-25.

Henrich J, Boyd R, Bowles S, Camerer C, Fehr E, Gintis H, McElreath
R. 2001. In search of homo economicus: behavioral experiments in 15
small-scale societies. Am Econ Rev. 91:73-78.

Henrich J, Heine SJ, Norenzayan A. 2010. The weirdest people in the
world? Behav Brain Sci. 33:1-23.

Hess N, Helfrecht C, Hagen E, Sell A, Hewlett B. 2010. Interpersonal
aggression among Aka hunter-gatherers of the Central African Republic:
assessing effects of sex, strength, and anger. Hum Nat. 21:330-354.

1081

Holtzman NS, Augustine AA, Senne AL. 2011. Are pro-social or socially
aversive people more physically symmetrical? Symmetry in relation to
over 200 personality variables. ] Res Pers. 45:687-691.

Hooper PL, Kaplan H, Boone JL. 2010. A theory of leadership in human
cooperative groups. ] Theor Biol. 265:633-646.

Jaeggi A, Gurven M. 2013. Natural cooperators: food-sharing in humans
and other primates. Evol Anthropol. 22:186-195.

John OP, Naumann LP, Soto CJ. 2008. Paradigm shift to the integrative
big five trait taxonomy: history, measurement, and conceptual issues. In:
John OP, Robins RW, Pervin LA, editors. Handbook of personality psy-
chology: theory and research 3' edition. New York: Guilford Press. p.
114-159.

Johnson W, Penke L, Spinath FM. 2011. Heritability in the era of molec-
ular genetics: some thoughts for understanding genetic influences on
behavioural traits. Eur J Pers. 25:254-266.

Jokela M. 2012. Birth-cohort effects in the association between personality
and fertility. Psychol Sci. 23:835-841.

Jonason PK, Li NP, Buss DM. 2010. The costs and benefits of the dark
triad: implications for mate poaching and mate retention tactics. Pers
Indiv Differ. 48:373-378.

Kaplan H. 1996. A theory of fertility and parental investment in traditional
and modern societies. Yearb Phys Anthropol. 39:91-135.

Kaplan H, Gurven M, Winking J. 2009. An evolutionary theory of
human lifespan: embodied capital and the human adaptive complex.
In: Bengston V, Silverstein M, Putney N, Gans D, editors. Handbook of
theories of aging. New York: Springer. p. 39-66.

Kirby KN, Godoy R, Reyes-Garcia V, Byron E, Apaza L, Leonard W, Perez
E, Vadez V, Wilkie D. 2002. Correlates of delay discount rates: evidence
from Tsimane’ Amerindians of the Bolivian rain forest. J Econ Psychol.
23:291-316.

Kurzban R, Houser D. 2005. Experiments investigating cooperative types in
humans: a complement to evolutionary theory and simulations. Proc Natl
Acad Sci. 102:1803-1807.

Lukaszewski AW, Roney JR. 2011. The origins of extraversion: joint effects
of facultative calibration and genetic polymorphism. Pers Soc Psychol
Bull. 37:409-421.

Lukaszewski AW. 2013. Testing an adaptationist theory of trait covariation:
relative bargaining power as a common calibrator of an interpersonal
syndrome. Eur J Pers. 27:319-410.

Luttbeg B, Sih A. 2010. Risk, resources, and state-dependent adaptive
behavioral syndromes. Proc R Soc Lond B. 365:3977-3990.

McElreath R, Strimling P. 2006. How noisy information and individual
asymmetries can make “personality” an adaptation: A simple model.
Anim Behav. 72:1135-1139.

McNamara J, Leimar O. 2010. Variation and the response to variation as a
basis for successful cooperation. Philos T'R Soc B. 365:2627-2633.

de Moor MHM, Costa PT, Terracciano A, Krueger RE, Boomsma DL.
2012. Meta-analysis of genome-wide association studies for personality.
Mol Psychiat. 17:337-349.

Mortensen CR, Becker DV, Ackerman JM, Neuberg SL, Kenrick D'T. 2010.
Infection breeds reticence: the effects of disease salience on personality
and behavioral avoidance tendencies. Psychol Sci. 21:440-447.

Nettle D. 2005. An evolutionary approach to the extraversion continuum.
Evol Hum Behav. 26:363-373.

Nettle D. 2006. The evolution of personality variation in humans and other
animals. Am Psychol. 61:622-631.

Nettle D, Pepper GV, Jobling R, Schroeder KB. 2014. Being there: a brief
visit to a neighbourhood induces the social attitudes of that neighbour-
hood. Peer]. 2:¢236.

Noftle EE, Robins RW. 2007. Personality predictors of academic out-
comes: big five correlates of GPA and SAT scores. J Pers Soc Psychol.
93:116-130.

Penke L, Denissen JJA, Miller GE 2007. The evolutionary genetics of per-
sonality. Eur J Pers. 21:549-587.

Penke L. 2011. Bridging the gap between modern evolutionary psychol-
ogy and the study of individual differences. In: Buss DM, Hawley PH,
editors. The evolution of personality and individual differences. Oxford:
Oxford University Press. p. 243-279.

Plavcan J. 2012. Sexual size dimorphism, canine dimorphism, and male-
male competition in primates: where do humans fit in? Hum Nat.
23:45-67.

Plomin R, Delries JC, Knopik VS, Neiderhiser JM. 2012. Behavioral
genetics. 6th ed. New York: Worth Publishers.

910z ‘g nBNY Uo Akeiq )T UoSPIRR/RIRGEE BILES BILIOJIED JO AISIBAIIN T /B10°S[eUIN0 [pI0§X0°030U8d//:d1Y WOJ) papeojumod


http://beheco.oxfordjournals.org/

1082

Pound N, Penton-Voak IS, Brown WM. 2007. Facial symmetry is posi-
tively association with self-reported extraversion. Pers Indiv Differ.
43:1572-1582.

Price ME, Cosmides L, Tooby J. 2002. Punitive sentiment as an anti-free
rider psychological device. Evol Hum Behav. 23:203-231.

Price ME, Dunn J, Hopkins S, Kang J. 2012. Anthropometric correlates of
human anger. Evol Hum Behav. 33:174-181.

Price ME, Van Vugt M. 2014. The evolution of leader-follower reciprocity:
the theory of service-for-prestige. Front Hum Neurosci. 8:1-17.

Puts DA. 2010. Beauty and the beast: mechanisms of sexual selection in
humans. Evol Hum Behav. 31:157-175.

Re DE, Hunter DW, Coetzee V, Tiddeman BP, Xiao D, DeBruine LM,
Jones BC, Perrett DI. 2013. Looking like a leader-facial shape predicts
perceived height and leadership ability. PLoS One. 8:e80957.

Reyes-Garcia V, Godoy R, Huanca T, Leonard WR, McDade T, Tanner
S, Vadez V. 2007. The origins of monetary income inequality: patience,
human capital, and division of labor. Evol Hum Behav. 28:37-47.

Roberts BW, Kuncel NR, Shiner R, Caspi A, Goldberg LR. 2007. The
power of personality: the comparative validity of personality traits, socio-
economic status, and cognitive ability for predicting important life out-
comes. Persp Psychol Sci. 2:313-345.

von Rueden C, Gurven M, Kaplan H. 2008. The multiple dimensions of
male social status in an Amazonian society. Evol Hum Behav. 29:402-415.

von Rueden C, Gurven M, Kaplan H. 2011. Why do men seck status?
Fitness payoffs to dominance and prestige. Proc R Soc Lond: Biol Sci.
278:2223-2232.

von Rueden C. 2011. The acquisition of social status by males in small-scale
human societies (with an emphasis on the Tsimane of Bolivia) [Doctoral
dissertation]. ProQuest UMI No. 3495771.

von Rueden C, Gurven M. 2012. When the strong punish: why the net costs
of punishment are often negligible. Behav Brain Sci. 35:43-44.

von Rueden C. 2014. The roots and fruits of social status in small-scale
human societies. In: Cheng ], Tracy J, Anderson C, editors. The
Psychology of Social Status. New York: Springer. p. 179-200.

von Rueden C, Gurven M, Kaplan H, Stieglitz J. 2014. Leadership in an
egalitarian society. Hum Nat. 25:538-566.

Rowe L, Houle D. 1996. The lek paradox and the capture of genetic vari-
ance by condition dependent traits. Proc R Soc Lond B. 263:1415-1421.

Schaller M, Murray DR. 2008. Pathogens, personality, and culture: disease
prevalence predicts worldwide variability in sociosexuality, extraversion,
and openness to experience. J Pers Soc Psychol. 95:212-221.

Schmitt DP, Allik J, McCrae RR, Benet-Martinez V. 2007. The geographic
distribution of Big Five personality traits: patterns and profiles of human
self-description across 56 nations. J Cross Cult Psychol. 38:173-212.

Behavioral Ecology

Sell A, Tooby J, Cosmides L. 2009. Formidability and the logic of human
anger. Proc Natl Acad Sci. 106:15073-15078.

Sell A, Hone L, Pound N. 2012. The importance of physical strength to
human males. Hum Nat. 23:30-44.

Sih A, Bell A, Johnson JC, Ziemba RE. 2004. Behavioral syndromes: an
integrative overview. Q Rev Biol. 79:241-277.

Silventoinen K, Magnusson PK, Tynelius P, Kaprio J, Rasmussen F. 2008.
Heritability of body size and muscle strength in young adulthood: a study
of one million Swedish men. Genet Epidemiol. 32:341-349.

Simpson J, Gangestad SW, Christensen PN, Leck K. 1999. Fluctuating
asymmetry, sociosexuality, and intrasexual competitive tactics. ] Pers Soc
Psychol. 76:159-172.

Smith BR, Blumstein DT. 2008. Fitness consequences of personality: a
meta analysis. Behav Ecol. 19:448-455.

Sugiyama LS, Scalise-Sugiyama M. 2003. Social roles, prestige, and health
risk: social niche specialization as a risk-buffering strategy. Hum Nat.
14:165-190.

Tomasello M, Carpenter M, Call J, Behne T, Moll H. 2005. Understanding
and sharing intentions: the origins of cultural cognition. Behav Brain Sci.
28:675-735.

Tomkins JL, Radwan ], Kotiaho JS, Tregenza T. 2004. Genic capture and
resolving the lek paradox. Trends Ecol Evol. 19:323-328.

Tooby J, Cosmides L. 1990. On the universality of human nature and the
uniqueness of the individual: the role of genetics and adaptation. J Pers.
58:17-67.

Turkheimer E. 2000. The three laws of behavior genetics and what they
mean. Curr Dir Psychol Sci. 9:160-164.

Verweij KJH, Yang J, Lahti J, Vejjola ], Hintsanen M, Pulkki-Raback L,
Widen E. 2012. Maintenance of genetic variation in human personal-
ity: testing evolutionary models by estimating heritability due to com-
mon causal variants and investigating the effect of distant inbreeding
Evolution. 66:3238-3251.

Verweij KJ, Abdellaoui A, Veijola ], Sebert S, Koiranen M, Keller MC,
Jarvelin MR, Zietsch BP. 2014. The association of genotype-based
inbreeding coefficient with a range of physical and psychological human
traits. PLoS One. 9:¢103102.

Vinkhuyzen AAE, Pedersen NL, Yang J, Lee SH, Magnusson PKE, Iacono
WG, McGue M, Madden PAF, Heath AC,Luciano M., et al. 2012.
Common SNPs explain some of the variation in the personality dimen-
sions of extraversion and neuroticism. Transl Psychiat. 2:¢102.

Wolf M, van Doorn GS, Leimar O, Weissing FJ]. 2007. Life-history trade-
offs favour the evolution of animal personalities. Nature. 447:581-584.
Wolf M, Weissing FJ. 2010. An explanatory framework for adaptive person-

ality differences. Phil Trans R Soc B. 365:3959-3968.

910z ‘g nBNY Uo Akeiq )T UoSPIRR/RIRGEE BILES BILIOJIED JO AISIBAIIN T /B10°S[eUIN0 [pI0§X0°030U8d//:d1Y WOJ) papeojumod


http://beheco.oxfordjournals.org/

