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ABSTRACT Objectives: We investigate whether age
profiles of Tsimane forager-horticulturalists’ reported
skill development are consistent with predictions derived
from life history theory about the timing of productivity
and reproduction. Previous studies of forager skill devel-
opment have often focused on a few abilities (e.g. hunt-
ing), and neglected the broad range of skills and services
typical of forager economies (e.g. childcare, craft produc-
tion, music performance, story-telling).

Materials and Methods: By systematically examining
age patterns in reported acquisition, proficiency, and
expertise across a broad range of activities including
food production, childcare, and other services, we
provide the most complete skill development study of a
traditional subsistence society to date.

Results: Our results show that: (1) most essential
skills are acquired prior to first reproduction, then devel-
oped further so that their productive returns meet the

increasing demands of dependent offspring during adult-
hood; (2) as postreproductive adults age beyond earlier
years of peak performance, they report developing addi-
tional conceptual and procedural proficiency, and despite
greater physical frailty than younger adults, are consen-
sually regarded as the most expert (especially in music
and storytelling), consistent with their roles as providers
and educators. We find that adults have accurate under-
standings of their skillsets and skill levels –an impor-
tant awareness for social exchange, comparison,
learning, and pedagogy.

Discussion: These findings extend our understanding
of the evolved human life history by illustrating how
changes in embodied capital and the needs of dependent
offspring predict the development of complementary
skills and services in a forager-horticulturalist economy.
Am J Phys Anthropol 158:3–18, 2015. VC 2015 Wiley Period-

icals, Inc.

Humans are unique among primates due to their ence-
phalized brain, complex feeding strategies, extensive
multi-generational cooperation, and slow life history
(Bogin and Smith, 1996; Hawkes et al., 1989; Kaplan
et al., 2000). The Embodied Capital Model (ECM) of
human life history evolution hypothesizes that this
Human Adaptive Complex may be an evolved response to
the skills-intensive, socio-ecological niche occupied by
humans (Kaplan and Robson, 2002; Robson and Kaplan,
2003; Kaplan et al., 2010). It proposes that the co-
evolution of slow growth with reduced mortality has facili-
tated the unique characteristics of the evolved human life
history: the long prereproductive life-stage during which
critical skills are learned by juveniles and adolescents, the
reproductive life-stage during which large surpluses are
produced and transferred to dependent kin, and a postre-
productive life-stage during which older adults continue to
make downward transfers while also complementing the
contributions of others in their extended networks. To
extend our understanding of the evolved human life his-
tory, we systematically study the development of a broad
range of skills looking at retrospective self-reports, nomi-
nations of experts, and estimates of individuals’ daily pro-
duction and consumption of food, among a group of
forager-horticulturalists from the Bolivian Amazon. The
results illustrate how changes in embodied capital and the
needs of dependent offspring predict the development of
complementary skills and services.

General approaches to modelling mammalian life-
histories (e.g., Charnov 1991, 1993) presume that fitness
is maximized when the energy put into foraging is

allocated according to body size – suggesting that forag-
ing effort should increase up until physical maturation
and plateau for the remainder of the life course (e.g., see
discussion in Kramer and Ellison, 2010). While these
general life history models have performed well in com-
parative studies of primate foraging (Schuppli et al.
2012), research on human foragers suggest that peaks in
their daily caloric production more typically occur well
after their physical maturation (e.g., see Bliege Bird and
Bird, 2002; Bock, 2002; Blurton Jones and Marlowe,
2002; Gurven and Kaplan, 2006; Crittenden et al.,
2013).

ECM expects that foraging effort not only reflects
body size, but also the accumulation of embodied capital
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such as skill and knowledge in relation to task difficulty
and changing needs of the family budget (Bock, 2002;
Gurven and Kaplan 2006; Crittenden et al., 2013). Along
with other evolutionary models of the human life course,
such as the Grandmother Hypothesis (GH; Hawkes
et al., 1998; Hawkes, 2003), and the model proposed by
Lee (2003), ECM has highlighted the fundamental role
of net downward energetic transfers from older to
younger kin in fostering the evolution of long lifespan.
We extend the scope of ECM to not only focus on skills
immediately impacting energy budgets but also to focus
on skills affecting individuals’ information capital.
Knowledge related to difficult skills is typically trans-
ferred from older to younger (Ruddle and Chesterfield,
1977; Hewlett and Cavalli-Sforza, 1986; Ohmagari and
Berkes, 1997; Lozada et al., 2006).

Contributions that donors of different ages make to
kin can have impacts on fitness and thereby affect the
value of survival at those ages. This perspective extends
the standard Hamiltonian formulation of the “force of
selection” that is exclusively determined by the age
schedule of reproduction (Baudisch, 2005; Bourke, 2007).
While Fisher’s reproductive value declines to zero by the
age of menopause, one’s “productive value” (a net mea-
sure of inclusive fitness contributions) has the potential
to decline more slowly (for data on Ache hunter-
gatherers see Kaplan and Robson, 2002). For the Tsi-
mane, Gurven et al. (2012) show that adults remain in a
positive net caloric production phase (where mean daily
consumption<production) for up to three decades past
the age of menopause, enabling the support of remaining
dependent offspring until age of self-sufficiency. These
formal studies of skill development, production, and
transfers greatly contribute to our understanding of the
human life course.

In spite of their strengths, many studies of life history
strategy largely ignore the skills involved in non-caloric
transfers and services. For example, raw material proc-
essing, domestic tasks, and caregiving are tasks that
both children and adults can contribute to (e.g. see
Kramer, 2002; Kramer and Ellison, 2010; Stieglitz
et al., 2013). Most studies to date instead focus on one
skill set or limited sets of subsistence skills (e.g., Bock,
2002; Walker et al., 2002; Gurven et al., 2006; Reyes-
Garcia et al., 2009; Henrich and Broesch, 2011; Demps
et al., 2012; Crittenden et al., 2013). To fill this gap, we
examine the acquisition, proficiency, and expertise of a
broad range of skills among Tsimane forager-
horticulturalists of the Bolivian Amazon. In addition to
skills essential for food production (e.g., gardening,
fishing, hunting), we examine childrearing, craft pro-
duction, household chores, social activity, music, and
story-telling.

For each skill they possessed, informants reported
ages of “acquisition” (i.e., when they achieved the basic
ability to self-sufficiently perform the skill without nec-
essary delegation, supervision, or guidance) and
“proficiency” (i.e., a high level of conceptual and proce-
dural knowledge needed to perform the skill well).
Informants also nominated others whom they judged to
be “expert” at the skill. We test whether age profiles of
skill are consistent with predictions derived from ECM
about the timing of actual food production (based on net
daily caloric production measures), and the timing of
reported skill levels (i.e., proficiency and expertise) in
food production (e.g., with hunting, fishing, and garden-
ing), information production (e.g., with social activity,

music, and storytelling) and reproduction (e.g., with
childcare).

HYPOTHESES AND PREDICTIONS

Our overarching hypothesis is that the time-path of
skill development corresponds with functional “life
goals” specific to each of three stages of the human life
course. In the prereproductive life stage the goals are to:
(1) acquire basic competence with a skillset to support
one’s self; and (2) attract and secure a mate, which often
involves demonstrating the first goal. In a natural fertil-
ity ecology, the goals of the reproductive life stage are to
(3) reproduce and produce, optimally developing and
using skills to support reproduction, such that (4) off-
spring are successfully raised to be able to accomplish
prereproductive and reproductive goals 1, 2, 3, and 4.
After reproduction ceases with menopause, an additional
10-20 years of life are needed for the last-born offspring
to fully achieve goals 1, 2, 3, and 4. During transition to
the postreproductive life stage, adults (5) continue mak-
ing contributions towards fulfilling kin’s goals 1, 2, 3,
and 4, despite age-related senescence. Below we derive
several predictions concerning skill development across
the life course.

Prereproductive life stage

The prereproductive life stage includes gestation,
infancy, childhood, adolescence, and ends at first repro-
duction. The mean female age of first reproduction is
19.11 (SD 2.15) years across a sample of 17 small-scale
subsistence societies (Walker et al., 2006). During this
period, young adults are generally protected, remain rel-
atively free of responsibilities that require great exertion
or risk, and are supported by the surplus food produc-
tion of older adults (Kaplan, 1994; Kaplan et al., 2000;
Lee and Kramer, 2002; Lee, 2013).

While the prereproductive stage is cross-culturally
characterized by net caloric dependency on older repro-
ductive and postreproductive adults (see Lee, 2000), sev-
eral studies also call attention to how patterns of
bidirectional transfers (both products and services) can
vary widely among subsistence groups, reflecting socioe-
cological constraints, opportunities, and tradeoffs (e.g.,
Kramer, 2005, 2011, 2014; Kramer and Ellison, 2010;
Hooper et al., 2014). In environments where children
can safely work at easy tasks or with foods requiring lit-
tle strength or knowledge to process or acquire, they
may contribute more to the household economy (Cain,
1977; Draper and Cashdan, 1988; Blurton Jones et al.,
1989; Bliege Bird and Bird 2002; Bock 2002; Kramer,
2002, 2005). For example, by working in the milpas,
Maya children make substantial contributions in the
maize economy (Kramer, 2005); whereas among Tsi-
mane, safety and strength considerations preclude chil-
dren from making substantial contributions to swidden
horticulture or hunting. Tsimane horticulture is skill
and strength intensive: choosing an ideal garden loca-
tion requires knowledge and the cultivation of gardens
requires strength and stamina for strenuous tree falling,
clearing of thick underbrush, controlling fires, and
awareness of poisonous snakes when planting, weeding,
or harvesting. Tsimane hunting similarly entails dan-
gers from predators, snakes, stinging insects, thorny and
toxic plants, and requires strength, coordination, and
knowledge of animals and ecology (see Online Support-
ing Information 1 for details).
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Classic life history theory relies on Charnov’s (1991,
1993) “production function” to model the transition from
physical growth to reproduction. At the transition to age
of first reproduction, the organism reallocates energy
away from growth and towards reproduction. We extend
this model, recognizing that in humans, the ability to be
economically self-sufficient and fully support dependents
is often achieved later than sexual maturity (e.g., see
Hill and Hurtado, 2009; Howell, 2010; Marlowe, 2010;
Lee, 2013; Gurven et al., 2012; for exceptions see Cain,
1977; Blurton Jones et al., 1989; Lee and Kramer, 2002).
ECM proposes that the extensive provisioning of mate-
rial and informational resources to prereproductive
dependents supports their learning and on-the-job train-
ing in areas of food production, craft production, and
childrearing. In fact, by providing assistance to younger
siblings, children will offset parent’s childcare burden
and benefit parental fitness (e.g., see citations in
Kramer, 2011). Parental costs of provisioning and caring
for young are also offset by offspring’s increasing surplus
returns over the long reproductive and postreproductive
life span (Kaplan et al., 2000; Robson and Kaplan,
2003). Social learning of conceptual elements and proce-
dures is well underway during childhood when safe and
simple tasks are often delegated or supervised (Ruddle
and Chesterfield, 1977; Hewlett et al., 2011; Kline et al.,
2013; Stieglitz et al., 2013). However, the necessary
strength and size needed for coping with dangers, inde-
pendent performance, and dedicated practice are often
undeveloped until after the adolescent growth spurt,
approximately age 10 for females and 12 for males
(Bogin and Smith, 1996), when adult stature is nearly
attained and most skills are finally mastered (e.g., see
Draper, 1976; Ruddle and Chesterfield, 1977; Cain,
1977; Hewlett and Cavalli-Sforza, 1986; Ohmagari and
Berkes, 1997).

Prediction 1. Age of acquisition for food production,
child-rearing, and craft production skills will occur
during adolescence and prior to adulthood.

To evaluate our first prediction about the timing of
skill acquisition, we investigated 31 food production
skills (including three tool use skills, 11 hunting skills,
six fishing skills, five gardening and husbandry skills,
and six food processing skills), 10 childrearing skills
(including healthcare, childcare, birth, and family plan-
ning skills), 28 household chore and craft production
skills, nine social skills, and 13 cultural skills (music,
stories, and dreams).

Reproductive life stage

The reproductive stage for females is defined by fertil-
ity, spanning from the onset of reproduction to its cessa-
tion prior to menopause (approximately age 37–45 for
foragers, Kaplan et al., 2010). The postfertility period, as
discussed below, is an extension of the reproductive
career. During the reproductive stage, a primary goal is
maintaining sufficient food production to track the wax-
ing and waning demands of a family of dependents accu-
mulated under a natural fertility schedule. This means
parenting and grand parenting roles will often blend
together towards the end of this stage, with adults
becoming grandparents as early as 36, close to a decade
prior to cessation of the reproductive stage. On average,
Tsimane women become mothers by age 18 and men

become fathers by the age of 20, with an interbirth
interval of 2.6 years (Winking, 2005; Winking et al.,
2007). Their offspring consume more than they produce
until about age 20, and a last-born will remain depend-
ent until its mother is in her sixties (Gurven et al.,
2012). The average fertility schedule of a Tsimane man
is tied to that of his wife, normally a few years younger
(Kaplan et al., 2010).

As the number and net caloric demands of dependents
increase in a family, parents and grandparents are faced
with greater provisioning and caregiving demands. In
general, we expect that performance with child rearing
and food production skills is most needed and thus
reported at highest levels by the time of greatest
offspring demands. It is reasonable to expect that
informants would recognize their own childrearing per-
formance only after having reared (to adulthood) one or
more offspring with success. Recognition of food produc-
tion performance should more directly reflect actual
daily net production. When the net caloric demand of
dependents is highest, forager adults relying primarily
on hunting and gathering are producing the most food
(Gurven and Walker, 2006). Physical strength that con-
tributes to food production is highest earlier in adulthood,
while returns from “cognitive capital” (e.g., via applied
and communicated knowledge and experience) may
increase or show stability with age until the final decade
of life (Salthouse, 1993; Schaie, 1994; Park et al., 2002).
Thus, even after the expected age of peak food production
(timed to meet dependents’ needs), conceptual and proce-
dural learning continues. Knowledge accumulated with
experience should contribute to greater confidence over
one’s proficiency and pedagogical capability.

Prediction 2. While performance for childrearing
and food production should be highest around the
time of greatest offspring dependency, informants’
self-ratings of proficiency with these skills (reflecting
self-recognition of accumulated conceptual and pro-
cedural knowledge and confidence) will be highest
concurrently or later.

During the reproductive life stage, an adult’s reputa-
tion for expertise with a childrearing skill may continu-
ally improve over time, as competent demonstrations to
others garner recognition, and as greater skill profi-
ciency is achieved. However, as physical senescence lim-
its mobility, the ability to demonstrate skills requiring
strength may be increasingly compromised affecting the
likelihood of being publicly identified for food production
expertise.

Prediction 3. During the reproductive life stage, the
likelihood of being nominated expert for food produc-
tion skills requiring strength will be higher than for
those with minimal strength requirements (P3.1).
During this time, the frequency of expert nomina-
tions received for food production skills requiring
minimal strength will increase at a faster rate than
for those requiring strength (P3.2).

Postreproductive life stage

Strength declines in adulthood with the onset of sarco-
penia (the monotonic loss of skeletal muscle with age
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contributing to increasing disability and frailty: Rou-
benhoff, 2000), with an average 11% decrease in muscle
performance every decade after age 45 among Tsimane
(Kaplan et al., 2010). By the seventh decade of life when
all one’s children are economically self-sufficient, caloric
production among Tsimane and other foragers declines
(Amoss and Harrell, 1981; Walker and Hill, 2003;
Gurven and Kaplan, 2006; Gurven et al., 2012), func-
tional disability increases (Kaplan et al., 2010; Stieglitz
et al., 2014) and food transfers to kin declines (Kaplan
et al., 2000; Hooper, 2011). Despite their functional defi-
cits, older adults are often consulted and respected for
their reliable knowledge of traditional stories and myths,
ethics for living in accordance with (and not angering)
the spirit-world, animal and plant knowledge, locations
of hunting grounds and sacred locations, and superior
knowledge of family lineage histories and past events
(Iamele, 2001). In fact, kin and non-kin alike will pub-
licly refer to older Tsimane with honorary titles like
jayej (grandmother) or via’ (grandfather).

Important socioecological factors affecting different
opportunities for older adult contributions can be high-
lighted by drawing comparisons between other subsist-
ence societies and Tsimane. Among energy limited
foragers who relocate camp frequently, elders may be
intentionally neglected, abandoned, or even killed if they
become too difficult to care for, cannot keep up with the
band, or cannot cope with the masticatory stresses of
their diet (e.g., Simmons, 1945; Hill and Hurtado, 1996);
whereas among the semi-sedentary Tsimane who supple-
ment their diet with more easily consumed cultivated
foods, older adults can be supported and are given
respect, allowing opportunities to provide their juniors
services including food processing, childcare, craft pro-
duction and other domestic tasks, and knowledge trans-
fer such as by storytelling and performing music
(Schniter, 2014).

As the opportunity costs of developing pedagogical,
oratory, and musical skills may be high during childrear-
ing years (due to the heavy burden of provisioning mul-
tiple children), reproductive-aged adults benefit when
co-resident older parents and other kin assist with these
contributions. Under these conditions there is increased
utility for older kin, and older non-kin neighbors to spe-
cialize in activities that are low-strength, and in some
cases most-difficult. As heterogeneity in physical (Mad-
dox and Clark, 1992; Nelson and Dannefer, 1992) and
mental abilities (Christensen et al., 1999; Ardila, 2007)
increases at late ages, it reinforces greater specialization
in the postreproductive life stage, with older adults
increasingly focusing on skills best suited to their abil-
ities and contribution opportunities.

Prediction 4. The highest levels of “very proficient”
self-evaluations (P4.1) and received expert nomina-
tions (P4.2) in low-strength skills unrelated to food
production, will be delayed until after offspring pro-
visioning demand is greatest (after �age 40).

Prediction 5. With age, postreproductive adults’
reported skill sets will increasingly be composed of
most-difficult skills and skills requiring only mini-
mal strength.

Despite physical aging and compromised skill perform-
ance at later ages, younger kin can acquire skill “know-
how” by accessing older adults’ conceptual and

procedural knowledge of how to proficiently perform a
skill. As older adults increasingly take advantage of
opportunities to transfer accumulated knowledge to
younger kin, reputational information about their exper-
tise spreads across social networks, leading to a growth
in consensual recognition of their expertise over time.
Dispersed networks may cause time lags in reputational
information flow leading to a “delayed” public recogni-
tion of expertise. Additionally, informants’ psychology
may be biased towards nominating older targets as
experts, independent of demonstrated skill (Henrich and
Gil-White, 2001).

Prediction 6. Consensually recognized expertise
will be highest at ages that coincide with or are
older than ages of greatest conceptual and proce-
dural knowledge proficiency.

Older adults often co-reside in extended family clus-
ters with many less experienced dependent kin in close
proximity, thereby facilitating information transmission
from one-to-many. Among Tsimane, traditional pedagogy
with respect to learning the behavior of animals and
fish, and of morality and proper social behavior, is
accomplished through oral broadcast of a rich repertoire
of songs and stories (Huanca, 2006). This form of
delayed productivity, extending beyond peak ages of
caloric production and of importance to youngsters, is
consistent with ECM expectations.

Prediction 7. In the postreproductive life stage,
expertise in traditional pedagogy (music and story-
telling skills) will be increasingly recognized with
age.

METHODS

Study population

The Tsimane (population � 15,000) are forager-
horticulturalists inhabiting the lowland forests and sav-
annas east of the Andes in the Beni department of Boli-
via. The Tsimane reside in multigenerational households
across 901 small kin-based villages (mean pop-
ulation 5 124, SD 5 98) with no modern sanitation,
water purification, or electricity. Their environment is
characterized by high pathogen burden and by high fer-
tility (total fertility rate 5 9). There is strong sexual divi-
sion of labor with men and women spending about equal
amounts of time in complementary but specialized activ-
ities: low strength low skill production activities compat-
ible with childcare for women, and high strength high
skill acquisition activities such as hunting, fishing, and
wage labor for men (Gurven et al., 2009). Men spend
around 50% of their working time outside of house in
pursuit of wild foods, roughly double the amount of time
spent gardening for males aged 18–45.

The Tsimane diet is mostly derived from nonmarket
sources: hunted game (17%), wild caught fresh water
fish (7%), collected fruits and nuts – both wild and culti-
vated (6%), domesticated free-range poultry and live-
stock (2%), swidden horticulture –primarily rice, manioc,
and corn (66%), and only minimally supplemented with
market goods such as purchased crackers, salt, sugar,
pasta, and cooking oil (2%) (Martin et al., 2012).
Tsimane lack significant material wealth and use
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natural materials to produce many of the items they
rely on daily including baskets, textiles, houses, canoes,
hunting and fishing tools, gardening tools, food process-
ing tools, and musical instruments. Other goods are bar-
tered for with merchants or purchased at market
centers with the occasional proceeds of jatata palm-
panel sales, garden produce sales, or wages earned with
loggers and ranchers. Details about markets, diets,
hunting, fishing, gardening, associated material culture,
and gender specific roles are found in Online Supporting
Information 1. Tsimane are semisedentary: regardless of
village of residence, men and women tend to move
throughout their lives and regularly travel to distant vil-
lages for extended stays with kin (Miner et al., 2014).
Although exposed to Jesuit missionaries in the late 17th
century, Tsimane have lived and continue to live autono-
mously and remain relatively isolated from Bolivian soci-
ety at large (see Iamele, 2001; Huanca, 2006 for general
ethnography). Although most villages now have schools,
few children or adults regularly attend. Tsimane are
very sociable, and it is normal to visit (s�obaqui) daily
with neighbors in small groups or in larger groups at
parties (Ellis, 1997). When available, people gather to
drink vats of shocdye’, a home-brewed manioc beer, and
to listen to the musical performances and traditional sto-
ries that older adults broadcast (Iamele, 2001; Schniter,
2014).

Tsimane skills survey

We developed a Skills Survey to investigate Tsimane
self-evaluations of skill proficiency, and to identify con-
sensus judgments about others’ expertise in a variety of
skills. These skills were identified from twenty-two
semi-structured interviews with Tsimane men and
women aged 20–72 years (mean age 35 years). These
resulted in 101 specific skills from across 12 skill catego-
ries, which were then reviewed by a panel of six Tsi-
mane researchers and their spouses who unanimously
agreed on a refined list of 92 skills to use in the Skills
Survey (see Online Supporting Information 2 for com-
plete list of skills). They also categorized skills and rated
them on their strength requirements.

Many Tsimane skills are gender specific, but most
(n 5 51) are unisex. Of the skills we study, both female-
specific skills (n 5 11), and male-specific skills (n 5 30)
are considered equally important to both genders, as the
end products of these skills are usually of mutual bene-
fit. Skills were assigned to five categories: food produc-
tion, childcare and reproduction, household chores and
craft production, social and market, and music and sto-
ries. The list of specific skills comprising these categories
is detailed in Online Supporting Information 3. Exten-
sive ethnographic information about skill sets is given in
Online Supporting Information 1. Fifteen skills (i.e.,
skills #1, 3, 7, 10, 39, 41, 44, 45, 61, 68, 72, 73, 80, 85,
and 92 in Online Supporting Information 2) were omit-
ted from analysis because these only rarely received
expert nominations, very few informants claimed to pos-
sess these skills, or they were deemed subject to strong
cohort effects, making interpretation of age effects par-
ticularly unreliable. The final skill set consists of 77
skills (48 for females, 69 for males, and 40 for either
gender).

In 2006, a panel of six Tsimane researchers and the
lead author interviewed 421 Tsimane (51% male) aged
15–86 from a sample of eight villages using the Skills

Survey (complete coverage of all adults present during
the study period, 71% of the censused population for
those villages); we index these informants by i �
{1,2,.,421}. Descriptions of the eight villages are included
in Online Supporting Information 4, and residential map-
ping described below. We find significant village and resi-
dential cluster effects on expert nominations (see Online
Supporting Information 5 for details), and control for
them below. We also find interviewer effects on reports of
having skills and proficiency with skills, and parameter-
ize our multivariate statistical models so that results dis-
cussed below are for “the average interviewer.”

Our sample is composed of nine individuals in the pre-
reproductive life stage (ages< 18), 319 in the reproduc-
tive life stage (ages 18 to 44), and 93 in the
postreproductive life stage (ages 451). The relative pro-
portions of reproductive and postreproductive aged indi-
viduals sampled do not differ significantly from those in
the census population. Combining the 421 informants
(who could be and frequently were nominated experts)
with 176 others they nominated experts, we have a set
of 597 potential expert nominees for unisex skills (i.e.,
“targets”); we index them by e � {1,2,.,597}. All experts
nominated in this study were from the same eight vil-
lages that the judges were from. Furthermore, of the
22,170 nominations made, 99% were of adults (mean age
44, SD 14) living within the same village as the judge.
For each appropriate skill, indexed by s, the following
questions were asked:

1. “Are you able to and in the habit of ...?” If informant i
answered “yes” for skill s, then Hs

i ¼ 1; otherwise
Hs

i ¼ 0. Older adults who had lost the ability to per-
form a skill often reported not having the skill and
were recorded as not having the skill (Hs

i ¼ 0). Those
who answered yes (Hs

i ¼ 1) to this first question about
skill s were also asked the following five questions
about that skill (questions 2–6):

2. “Is ... difficult (to do)?” Informants chose one of three
ordered responses to this “performance difficulty”
question: We let PDs

i 5 1, 2, or 3 if informant i
responded “very easy,” “not so difficult/not so easy” or
“very difficult,” respectively, for each skill s they pos-
sessed. As explained to informants, this measure cov-
ers a variety of factors that affect difficulty, including
level of detailed complexity, number of sub-tasks
involved, muscular and hand-eye coordination, and
memory or performance requirements.

3. “Does it take a long time to learn . . .?” Informants
chose one of three ordered responses to this “learning
difficulty” question: We let LDs

i 5 1, 2, or 3 if inform-
ant i responded “quickly learned (minutes/hours),”
“takes some time (days/weeks)” or “takes a long time
(years),” respectively, for each skill s they had.

4. “At what age did you acquire basic competence with
. . .?” The variable AAs

i codes this “acquisition age” in
years (i.e., when one first acquired capability for basic
performance and practical application). In an attempt
to anchor ages, we sometimes used a set of standar-
dized photographs of known-age Tsimane from out-
side of the immediate sample. Informants who
responded with Tsimane terms for age-grades were
asked to further refine their answers by choosing a
photograph that was most likely representative of the
age they had in mind within that age-grade.

5. “Do you know how to . . . well?” Informants chose one
of three ordered responses to this “proficiency”
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question: “not so well,” “more or less” or “very well.”
The response “not so well” was rare (<1%), so we let
Ps

i ¼ 1 when informant i responds “very well,” Ps
i ¼ 0

otherwise, for each skill s possessed. We hereafter
refer to Ps

i ¼ 1 as “very proficient”.
6. “Who do you know to be most expert at . . .?” We

recorded a maximum of three expert nominations for
each skill s. We let Ns

ie ¼ 1 if informant i nominated
potential expert e as expert for skill s; otherwise
Ns

ie ¼ 0.

The Skills Survey combined with census and demo-
graphic information enable us to assign ages for all
informants i (Ai) and potential experts e (Ae). For each
skill s, we compute a measure of skill difficulty, Ds, as
the weighted average (based on the first principal com-
ponent of informants’ ratings across skills, scaled to
have unit variance) of performance difficulty PDs

i and
learning difficulty LDs

i (average values given in Online
Supporting Information 2). The median value of Ds

across all skills divides the set of skills into two halves,
referred to below as the “most difficult” and “least
difficult” skill subsets. The Tsimane researchers parti-
tioned skills into categories requiring high or low
“strength”, defined as muscular strength, endurance,
agility, and cardiorespiratory fitness (see Online Sup-
porting Information 3). We let Ms ¼ 1 for skills s requir-
ing high strength, Ms ¼ 0 otherwise.

Demography, census, residential geolocation,
food production and consumption

Between 2002 and 2006, census data were recorded by
researchers of the THLHP, documenting age, sex, kin-
ship, and community membership using methods
described in Gurven et al. (2007). Geo-referenced loca-
tion of occupied residential structures (n 5 250) was sur-
veyed by the first author using a handheld GPS receiver.
We queried about and noted the occupants associated
with each residence. Adult parents and their co-resident
dependents (i.e. offspring and adopted dependents) were
classified together as nuclear families. For each village,
the first author categorized GPS locations of structures
into mutually exclusive and exhaustive “residential
clusters” of spatially proximate structures.

Demographic interviews, described at length in
Gurven et al. (2007), were conducted from 2002 to 2005
with 1,702 individuals in order to identify consanguineal
and affinal kinship relations, ascribe ages, and to esti-
mate age profiles of mortality and fertility. Production
and sharing interviews were conducted between 2005
and 2009 roughly twice per week among 245 nuclear
families covering 1,198 individuals, to estimate daily
caloric production (of food) and food transfers by age and
sex (see Hooper, 2011; Hooper et al., 2015 for details).

Daily caloric consumption was estimated by distribut-
ing total caloric production among individuals according
to their basal metabolic rates, as estimated using FAO
formulae (Schofield, 1985; FAO, 2001) according to age,
sex and body mass estimates from Gurven et al. (2006).
An individual’s daily net caloric production was calcu-
lated by subtracting their estimated daily caloric con-
sumption from measured daily gross caloric production.
The net caloric consumption demand of children specific
to parental age was calculated by summing the net
caloric production of all children an average parent

would have at that age, based on age-specific fertility
and mortality schedules.

Data analysis: age-specific response likelihoods

We examine the likelihood that informants report high
(vs. low) skill proficiency (the response Ps

i ¼ 1) and the
likelihood that informants nominate any particular per-
son as expert (the response Ns

ie 5 1). Binary response
variables like these can be analyzed by means of a
“generalized linear model” (McCullagh and Nelder,
1989). The proficiency reports Ps

i are the simpler case so
we describe that approach here (see Online Supporting
Information 5 for discussion of the expert nominations
model). Our primary interest lies with the dependence of
the response likelihood on the age of informants. The
purpose of the model is to statistically remove the influ-
ence of other factors that could be correlated with age,
or are likely sources of appreciable variance, and to
smoothly characterize the response likelihood with an
age polynomial. We view the probability Ps

i of a “very
proficient” response from informant i on skill s as
Prob Ps

i ¼ 1jAi;AAs
i ;Xi;Z

s
� �

. As indicated by the four
symbols in the conditioning list, we view this probability
as depending on four factors:

1. informant i’s current age Ai;
2. informant i’s age AAs

i when she initially acquired the
skill;

3. other characteristics of informant i, captured by a
vector of informant characteristics Xi (informants’
sex, village and interviewer); and

4. other characteristics of skill s, captured by a vector of
skill characteristics Zs (skill category, skill difficulty
Ds and strength requirement Ms).

Generalized linear models write the probability P of a
response such as Ps

i ¼ 1 as a function of a “linear pre-
dictor” h, a real-valued variable linearly composed of the
conditioning variables, each weighted by estimable
parameters in a vector u. The linear predictor is then
transformed into a probability by means of a suitable
function such as the logistic response function P
¼ 11exp 2hð Þ½ �21 we use in our models.

The essence of our linear predictor of “very proficient”
(Ps

i ¼ 1) responses is linear predictor 5 polynomial in age
Ai 1 other factors governing the proficiency response, or

hs
i ¼ a1 Ai235ð Þ1a2 Ai235ð Þ21a3 Ai235ð Þ31a4 Ai235ð Þ4

1 g AAs
i ;Xi;Z

s; u
� �

:

The function g is the expected value of the linear
predictor for an informant of age Ai ¼ 35 (the mean
age of the informants in our sample), given the
acquisition age AAs

i and other characteristics Xi of
informant i and characteristics Zs of skill s; and P
¼ 11exp 2g AAs

i ;Xi;Z
s; u

� �� �� �21
is the model probability

that informant i says she is very proficient at skill s if
she happens to be the average age 35 of all informants.
The inverse of the logistic response function is the “log
odds ratio” ln P= 12Pð Þ½ � ¼ h. Therefore, we have

ln Ps
i= 12Ps

i

� �� �
¼ a1 Ai235ð Þ1a2 Ai235ð Þ21a3 Ai235ð Þ3

1a4 Ai235ð Þ41 g AAs
i ;Xi;Z

s; u
� �

:

Many of the figures in our results below are graphs of
the age polynomial portion of this expression for the log
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odds ratio favoring some response by our informants,
given our estimates of the parameters in this expression
(the polynomial coefficients a and other coefficients and
effects u). The estimated value of the function g is
removed, so that these graphs are to be interpreted as
changes in the log odds ratio with age, relative to an
age 35 informant with otherwise identical characteristics
AAs

i and Xi. Statistical analysis of the estimated polyno-
mial coefficients ai allows us to derive confidence inter-
vals for ages at which skill proficiency reports reach
their “peak”, as well as allowing statistical comparisons
of these “age-proficiency profiles” across different skill
sets (see Online Supporting Information 5). Most of the
maxima we evaluate as peaks are interior maxima with
interior confidence intervals derived from tests on the
slope of the polynomial. However, some age profiles
increase or decrease over the entire age range, so max-
ima are observed at corners: In this case, confidence
intervals are derived from a test on the level of the
polynomial.

RESULTS

Prereproductive life stage

P1: Are food, craft production, and childrearing
skills acquired before adulthood? Yes.

Figure 1 shows cumulative distribution functions
(CDFs) for self-reported ages of skill acquisition in five
categories of skills for men and women. Table 1 reports
distributions of gender-specific mean acquisition ages for
each skill category.

Almost everyone we sampled possesses one or more
skills in each of the categories, except for music and
storytelling in which about only half possess them (228
of the 421 subjects have one or more of these latter
skills). Median ages of skill acquisition range from 13 to
16 for females, and 14–17 for males (Table 1). Food

production skills are generally acquired earliest, fol-
lowed by chores and craft skills, social and market skills,
childcare and reproductive skills, and music and story-
telling skills as the final skill set (Fig. 1). The differences
between the within-informant median timing of food pro-
duction skill and music & storytelling skill acquisition is
around three years (39 months for males, n 5 152, and
32 months for females, n 5 71, both p< 0.0001). For both
males and females, eight of the ten possible pairwise
comparisons of skill categories reject a zero median dif-
ference in mean acquisition age at p< 0.01. Males
acquire skills later than females (11 months for food pro-
duction and 22 months for chores and crafts; p< 0.01 in
all five categories by a Satterthwaite t-test with unequal
variances). Male acquisition ages are also significantly
more variable than those of females (p< 0.01 in all five
categories by a folded F-test).

By age 20, the CDFs of all skills are above 95 and
90% in women and men, respectively. Thus, any differ-
ences in the proportion of skills held by adult age
cohorts should be due mostly to secular changes over the
past several decades, such as integration into the cash
economy and greater schooling, rather than delayed
learning. We examine the relative size of skill portfolios
held by informants across age cohorts, finding that
younger age cohorts reported fewer skills than older
cohorts, and a difference in size of male and female skill
portfolios for the 21–30 year old age cohort (Fig. 2).
There is no significant main effect of gender (F1,361=
0.07, p 5 0.79) but there is a strongly significant interac-
tion between gender and age cohort (F3,361= 5.39,
p 5 0.001) as suggested by Figure 2’s disjoint confidence
intervals for male and female proportions in age cohort
21–30. Only the age effect remains significant when
comparing the two age cohorts aged> 40 years (F1,120=
4.22, p 5 0.042): the most convincing demonstration of a
cohort difference since none of the informants reported
any skill acquisition after age 40. A two-way unbalanced
ANOVA (with gender and age categories as factors),

Fig. 1. Cumulative distribution functions (CDFs) of self-reported acquisition age for skills in five categories: food production,
household chores and craft production, social and market activity, childcare and reproduction, music and stories. Few skills are
acquired before adolescence (approximately 6% for females and 13% for males), most skills are acquired during adolescence
(approximately 84% for females and 78% for males) and the remaining skills (approximately 10% for females and 9% for males) are
acquired during early adulthood. During adolescence females acquired 78% of childcare and reproduction, 71% of food production,
78% of household chore and craft production, 74% of social and market, and 70% of music and story-telling skills. During adoles-
cence, males acquired 74% of childcare and reproduction, 64% of food production, 71% of household chore and craft production,
70% of social and market activity, and 75% of music and story-telling skills.
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using ln �Hi= 12 �Hi

� �� �
as the dependent variable, shows a

highly significant main effect of age cohort (F3,361=
32.21, p<0.0001). A comparison of acquisition rates
across age cohorts for each surveyed skill shows evi-
dence of cohort effects, with younger age cohorts report-
ing a smaller proportion of more skills (see Online
Supporting Information 6). Skills suspected to be
“vanishing” traditional skills, listed in Online Support-
ing Information 3, show greater effects of age cohort on
skill acquisition. The five skills most frequently lost
among younger cohorts are woven hat production,
ceramic vessel production, wheel barrow making, getting
and processing bark cloth, and knowing the old stories
and myths.

Reproductive life stage

P2: Is proficiency in child rearing skills (food pro-
duction, childcare and reproduction) highest during
or after the time when offspring demand is greatest?
Yes.

Figure 3 plots, by parental age, an average parent’s
gross caloric production and net caloric production, and
the net caloric demand of children under 20. The peak

ages of gross and net caloric production range from 39 to
51. Figure 4 shows that the age profile of gross caloric
food production overlaps substantially with the age pro-
files of skill proficiency (Ps

i ¼ 1) for food production skills
alone and for food production combined with childrear-
ing skills. Peak ages of “very proficient” self-ratings are
44–56 for combined childrearing and food production
skills, and 46–62 for food production skills. Reported
skill proficiency and caloric production are highest dur-
ing and after (but not before) parental ages of children’s
peak caloric demand (ages 30–40; Fig. 3).

P3: Do strength requirements for food production
skills affect likelihood of received expert nomina-
tions, and increased rates of received nominations
with age? Yes.

We compare the relationship between consensus
expertise for high-strength food production skills (e.g.
hunting, clearing new fields) and for low-strength food

TABLE 1. Percentiles for mean acquisition ages reported by informants by categories

Repro and rearing Food production Chores and crafts Social and market Music and stories

Centile 90 75 50 90 75 50 90 75 50 90 75 50 90 75 50

Females
Point estimate 17.4 15.8 14.6 15.0 14.0 13.2 15.8 14.5 13.6 18.3 16.0 14.0 20.0 18.0 16.0
Upper C.I. 95% 18.3 16.3 15.0 15.7 14.3 13.5 16.6 14.8 13.7 19.8 16.5 14.5 21.0 19.0 17.0
Males
Point estimate 20.0 18.0 16.0 16.4 15.1 14.1 18.3 16.8 15.6 21.0 17.0 15.0 22.5 19.5 17.0
Upper C.I. 95% 20.6 18.2 16.5 17.2 15.4 14.5 19.2 17.0 16.0 24.0 18.0 15.3 25.5 20.3 17.3

Percentile: For example, “75” means “75% of informants” mean acquisition ages are less than or equal to the value shown in the
“point estimate” row. The unit of observation reported in the point estimate row is mean acquisition age in a category for all skills
reported by each informant. Upper C.I. 95%: This is a distribution-free, rank-based upper confidence limit (at 5% significance, one-
tailed) for the point estimated age at each centile.

Fig. 2. Proportion of all (gender-appropriate) skills held by
informants in each age cohort. For each male informant i this is
�Hi ¼

P
sH

s
i =69; for each female informant this is

�Hi ¼
P

sH
s
i =48.

Fig. 3. Tsimane children’s yearly net caloric demands (pro-
duction minus consumption) by average parental age and an
average parent’s age-specific yearly production (gross) and
yearly net provisioning rate (production minus consumption).
Males and females make up the “average parent”. Caloric
demands of children accumulated under the Tsimane’s natural
fertility schedule are highest when parents are in their mid-30’s
and remain high until parents’ fifth decade of life, while (gross
and net) productivity peaks for adults in the mid-40’s.
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production skills (e.g. hook-and-line fishing, horticul-
tural tasks like planting). Among both women and
men of reproductive ages, the likelihood of being nomi-
nated expert for these high strength skills exceeds
that for the low strength skills (Fig. 5). Expertise for
high strength tasks is highest in the reproductive
period for women and in the postreproductive period
for men, with declines for both genders in the

postreproductive period (Fig. 5). We also find that the
rate of increase in received expert nominations is
greater for low-strength productive tasks than for
high-strength production tasks (Fig. 5). With advanc-
ing age, the likelihood of being nominated expert
decreases for high-strength food production skills while
it increases for food production skills requiring only
minimal strength (Fig. 5).

Fig. 4. “Very proficient” self-ratings: (a) of food production & childrearing skills, and gross caloric production, and (b) of food
production skills and gross caloric production. The vertical axis is log odds ratio change (relative to age 35) of “very-proficient” self-
ratings for specified skills and the log caloric production change (relative to age 35 log caloric production). We found no significant
difference in polynomials between males and females “very proficient” self-reports or gross production and so results are pooled by
sex. A proficiency peak for skills essential to childrearing (reproduction, childcare, and food production skills) is seen from age 44
to 56 years for all food production, reproduction, and childcare skills and 46 to 62 for food production skills. The peak ages of
caloric productivity are 39–51, substantially overlapping with peak ages of proficiency for specified skills.

Fig. 5. Consensus expertise: food production skills of (a) females and (b) males. The vertical axes are log odds ratio change (rel-
ative to age 35) of consensus expertise nominations received for food production skills. In both female (a) and male (b) figures the
likelihood of being nominated expert for skills requiring strength is higher at younger ages (i.e., ages 17–34 and 36–41 for males,
and between 16 and 27 for females). At younger ages the slopes of high-strength and low-strength skills are different with the like-
lihood of being nominated an expert in low-strength skills increasing at a faster rate (17–37 for males and 16–31 for females). At
older ages (68–75 for males and 60–70 for females) the slopes are again different, creating a difference in height where the likeli-
hood of being nominated expert for low-strength skills is higher (72–85 for males and 66–77 for females). The peak ages of consen-
sus expertise for low-strength skills are late in the postreproductive stage (57–77 for females and 64–75 for males) whereas the
peak ages for consensus expertise for high-strength food production skills are earlier (40–64 for females and 62–70 for males).
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Postreproductive life stage

P4: Is consensus expertise for low-strength skills
unrelated to food production highest after the paren-
tal age when offspring impose their greatest net
caloric demand? Yes.

Whereas peak caloric demands of children occur from
parental ages 30–40 (Fig. 3), peak ages of consensus
expertise for skills unrelated to food production are
almost entirely in the postreproductive period, as are
peak ages for "very-proficient" self-ratings with these
skills (Fig. 6).

P5: Do older adults concentrate on the most difficult
skills and those requiring less strength? Yes

We find that with increasing age, the skill sets of older
adult women and men are increasingly composed of the
more difficult skills (Fig. 7b,d) and those requiring only
minimal strength (Fig. 7a,c). We also find that profi-
ciency peaks of postreproductive adults between the
ages of 41 and 62 are higher for most difficult skills (Fig.
8b) and after age 69, older adults’ “very proficient” self-
ratings for skills requiring strength decrease at a faster
rate than for skills not requiring strength (Fig. 8a)

P6: Do ages of highest consensus expertise coincide
with and lag behind ages of highest self-reported
proficiency? Yes.

We find that peak ages of consensus expertise for
skills (49–77 for females and 59–73 for males) are con-
current with or later than peak ages for "very-proficient"
self-ratings (ages 45–60) (Fig. 9).

P7: Is expertise in traditional pedagogy more concen-
trated at older ages relative to other skill categories?
Yes

We consider songs and storytelling as two fundamen-
tal forms of traditional pedagogy in Tsimane culture (see
Online Supporting Information 1). We find that peak
consensus expertise for the “music and stories” category
begins at a later age than other skill categories (65 for
females and 66 for males; Fig. 10). The gains in consen-
sus expertise with age are also largest for this late
maturing category of skills relative to other skill types
(Fig. 10).

DISCUSSION

We found that Tsimane not only have a keen sense of
life stages and how their own skill development pro-
gresses through these, but they also make accurate
assessments of others’ abilities. Such knowledge may not
only be required for social comparison or competition but
also for social learning, pedagogy, and finding reliable
partners for cooperation and exchange. Tsimane use
their own terminology to describe the different phases of
physical and social development: unweaned infants who
cannot speak, and do not walk (approximately 0–2 years)
are called joijn�o; children (approximately 2–14 years)
who speak and walk but do not seriously engage in adult
production activities are called miquity, adolescents and
young adults (approximately 14–25 years) are called
nanaty; middle-aged adults (approximately 30–40 years)
are called furety, and “older” adults (over the age of 40)
are called isho’ muntyi (with finer distinctions among
these older people: Aty isho’ refers to those “getting old-
er”, isho’ refers to those who are “older”, and anic isho’
to the “very old”). By using emic and etic perspectives on
the factors determining age-specific performance and
recognition of expertise for a wide variety of essential
skills, we can better understand the timing of functional
and perceived adulthood and the potential fitness contri-
butions made by adults across the lifespan.

By systematically surveying informants about their
timing of skill acquisition, level of skill proficiency, and
perceptions of expertise for essential food production
(e.g., gardening, fishing, hunting), childrearing, and
complementary skills, we have shown that: (1) most
essential skills are acquired by late adolescence prior to
the initiation of reproduction, then are further developed
over adulthood as net caloric demand of children
increase; (2) socially recognized “expertise” crucial to
downward transmission of skill information occurs pri-
marily in the postreproductive life stage; (3) gross and
net caloric production peaks along with greatest off-
spring demand near the end of the reproductive life
stage, but it is not until the postreproductive life stage
that older adults reach peak self-perceived proficiency
and consensus-based expertise for low-strength but
high-skill activities complementary to food production;
and (4) the patterns of skill development across the life
course depend on their strength and knowledge require-
ments, and are similar in both men and women.

ECM predicts that the cost of an extended develop-
mental period is compensated by productive surplus at
later ages, and that delays in various forms of produc-
tion are due to interactions between skills-based learn-
ing, on-the-job training and physical development. Net
caloric production is maximized in adulthood during

Fig. 6. Consensus expertise and “very proficient” self-rat-
ings: non-food production skills, not requiring strength. The
vertical axis is log odds ratio change (relative to age 35) of con-
sensus expertise nominations received and "very-proficient"
self-ratings for non-food production skills not requiring
strength. We found no significant difference in polynomials
between males and females for “very proficient” self-ratings of
these skills and so plot their pooled results for that measure.
The peak ages of consensus expertise (51–77 for females and
45–52 for males) and for "very-proficient" self-ratings (44–61)
are almost completely in the postreproductive stage.
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periods of high offspring demand, and declines into late
ages as a consequence of physical senescence.

Our results show that from the reported ages, mostly
under 20 years, of “acquisition” (the basic ability
required for self-sufficient learning-through-doing), there
are substantial delays to peak proficiency (at approxi-
mately 45–60 years) and recognized expertise (at approx-
imately 45-70 years) for a broad range of men’s and
women’s skills, not just high-prestige skills like hunting
and leadership (Gurven et al., 2006). Due to the gains of
joint investment in descendants with marriage and the
sexual division of labor, ECM predicts learning-based
delays in productivity for both sexes. Skills perceived as
difficult to learn and perform, such as obtaining honey
(#15), healing sick children (#14), making canoes (#4),
houses (#17), household crafts (e.g. #5, 8, 12, 13, 16),
and musical instruments (e.g., #6, 9, 11, 16), all show
marked delays in proficiency and expertise that exceed
the ages of peak physical condition in early adulthood by
at least a decade. Even when advancing through the
later-life ages of declining caloric productivity, consensus
expertise increases for many household chores and forms
of craft production, and for music and storytelling skills.

While the lifespan of most animals does not extend
past the reproductive period (Williams, 1957; Hamilton,
1966; Levitus and Lackey, 2011), the human lifespan fea-
tures a uniquely long postreproductive period of skill
maturation and generativity. In numerous human soci-
eties, it is documented that postreproductive adults are
not only the most proficient in a variety of skills, but
they also are the most effective instructors and commu-
nicators (Simmons, 1945; Amoss and Harrell, 1981).
Older adults might be revered as experts when their
activities are easily observable (Davis and Wagner,
2003), if they effectively communicate their experience
(Mergler et al., 1984; Adams et al., 2002; Paupathi
et al., 2002), if their information is reliable and useful
(Castro and Toro, 2004; Birdsell, 1979) or if they are
deemed imitation-worthy due to age-based prestige
(Henrich and Gil-White, 2001). Indeed, it is frequently
mentioned that older Tsimane adults “know how to
think (about work and what needs to be done)” (chij dyi-
ji’jiyequi). Furthermore, because they are unique in their
ability to “think”, they are especially skilled in planning
tasks and executing them with efficiency and accuracy,
and in orchestrating the schedules of other family

Fig. 7. Scatterplots showing informants’ shares of reported skills by informant age for the following: (a) females’ skills requiring
high strength, (b) females’ most difficult skills, (c) males’ skills requiring high strength, and (d) males’ most difficult skills. (a) and
(c) show decreases with age in the shares of skills requiring strength; (b) and (d) show increases in shares of most difficult skills
from the top half of the difficulty distribution. The difficulty distribution is based on a composite measure combining perceived per-
formance and learning difficulty, for which separate results are virtually identical when examined separately (not shown).
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members –contributing to their roles as instructors,
exemplars, and encouragers of skill development in
younger kin.

Our results support the notion that with advancing
age, postreproductive adults accommodate their chang-
ing positions in family and society and gradually com-
pensate for the effects of their declining physical
strength by cultivating their accumulated knowledge
and prestige. We find evidence for two distinct views of
how skills might develop throughout adulthood before
reaching the unusually late age of peak competence: (1)

the “life-long learning” account associated with the ECM
suggests that the monotonic rise of procedural and
declarative knowledge (Anderson, 1983) contributes to
slow gradual development of more difficult knowledge-
intensive skills; and (2) the “career change” and
“compensation” accounts (Salthouse, 1990) where indi-
viduals compensate for declining muscle mass and pro-
ductivity by cultivating and specializing in skillsets that
they can perform well and which are not easily substi-
tutable by others. Indeed, our results support the life-
long learning account, indicating that more difficult
skills are increasingly represented in the skillsets of
older adults and that the peaks in proficiency for the
most difficult skills extend more than a decade later
than for the least difficult skills. We also find support for
the notion of career changes, with proficiency for food
production and childrearing skills peaking around the
end of the reproductive career, followed by proficiency
and expertise for household chores and craft production,
and for music and stories categories. These findings are
also consistent with a documented shift in male time
allocation within productive tasks from strength-
intensive hunting to horticultural production in later
middle age (Hooper, 2011). Consistent with the notion of
late-life specialization, older adults specialize in the last-
to-be-acquired skill set: musical and oral traditions. By
capitalizing on their high prestige and the attention of
co-resident novice kin, older adults may be using songs
and stories to pass on knowledge.

Limitations and future prospects

We discuss possible limitations to our study method
and results. Our methods are mostly based on self-
reports of skill level and third-party reports on exper-
tise, rather than direct observation of task or skill per-
formance. The skill profile that emerges with these data
highlights the types of complementary skills that appear
to be developing late in adulthood. While this suggests a

Fig. 8. “Very proficient” self-ratings of skills varying by: (a) strength requirements, (b) difficulty. The vertical axis is log odds
ratio change (relative to age 35) of “very-proficient” self-ratings for specified skill of type. For each type of skill examined, we found
no significant difference in polynomials between males and females and so plot their pooled results. “Very proficient” self-
evaluations peak among older-adults with ages in the postreproductive stage. Maxima for these “very proficient” self-ratings are
from ages 42 to 77 for most difficult, from ages 47 to 63 for least difficult, 45–68 for strength-requiring, and 45–57 for not requiring
strength skills. Slopes of “very proficient” age profiles for skills requiring strength and skills not requiring strength are signifi-
cantly different from ages 69 to 77 and slopes for most difficult and least difficult are significantly different from 65 to 77. Heights
of “very proficient” age profiles for most difficult and least difficult skills significantly differ from ages 41 to 62 and at 77.

Fig. 9. Consensus expertise and “very proficient” self-rat-
ings: all skills. The vertical axis is log odds ratio change (rela-
tive to age 35) of consensus expertise nominations received and
"very-proficient" self-ratings for all skills. The horizontal axis is
age of potential expert. We found no significant difference in
polynomials between males and females for “very proficient”
self-ratings and so plot their pooled results for that measure.
The peak ages of consensus expertise (49–77 for females and
59–73 for males) and for “very-proficient” self-ratings (45–60)
are in the postreproductive stage.
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complementary role for older adults in families and soci-
ety, it is not necessarily consistent with a profile based
on more objective measures of contributions, nor should
it be interpreted as direct evidence of adult contribu-
tions. When and to whom older adults make their contri-
butions is likely based on opportunity and circumstance,
with grandparents often not supporting all grandchil-
dren equally (Gurven and Schniter, 2010). Future stud-
ies will be needed to better evaluate conditions under
which older adults’ make substantial contributions to
their kin’s energy and information budgets via helpful
services (e.g. domestic tasks, craft production, childcare)
and culture transmission.

While direct observation may be most reliable, the
yardstick for assessing task performance is not transpar-
ent for many skills, nor do experiments generally pro-
vide a convenient solution. Our reliance on interviews
for assessing skill level is supported by a recent study
showing that informant interviews may be as or more
reliable than behavioral data for detecting moderate dif-
ferences in individual ability in productive tasks where
returns are variable or subject to noise (Hill and Kin-
tigh, 2009). Nonetheless, several of our findings lend
confidence to our interview methods. First, ages at
which people report high proficiency for their own skills
correspond to ages at which people are nominated
experts (Figs. 6, 9). Second, the age profile of self-
reported proficiency in food production skills (Fig. 5) is
similar to the age profile of gross caloric production rates
that derive from separate methods (Fig. 3), showing only
a five year lag between point estimates of peak caloric
production and of food production proficiency. Temporal
self-appraisal theories (Wilson and Ross, 2001) suggest
that people tend to perceive their own current abilities
as “better than in the past”. In light of this perceptual
bias, it is reasonable that several years of downturn may

be necessary for informants to reliably detect and admit
their own decline.

While the set of skills included in this study is exten-
sive and exceeds that of any other study to date, key
skills are missing (e.g., some domestic skills like clean-
ing, processing manioc root, making manioc beer) and
several sub-categories contain only few skills (e.g., tool
use, chores). While we attempted to survey skills impor-
tant to males and females, our final skill set is not repre-
sentative of the complete skillsets utilized by each
gender. We have not accounted for how much females
engage in what are classified as exclusively male skills,
and how often males engage in what are classified as
exclusively female skills though evidence of such per-
formance was suggested over the course of our investiga-
tions. For example, a few females considered themselves
to have skill #46 “speak in front of a group”. Likewise, a
few males considered themselves to have skill #34 “make
small square mat”. These exceptions were few and quan-
titatively insufficient for meaningful interpretation in
terms of acquisition, proficiency, and expertise measures.
Indeed, we expect that different perspectives are capable
of yielding different categorizations of skills perceived to
be gender appropriate, and further investigation is
encouraged to address the issue of gender normativity.
This should not be a major concern for our conclusions
however, as the majority of investigated skills were
appropriate to both genders and we see few meaningful
differences between genders in our results. Where we do
see interesting differences between genders is with
strength-intensive skills that also contribute dispropor-
tionately to the differences between male and female
skillset composition. In a separate study that quantified
time spent in over 90 activities, Tsimane men overwhelm-
ingly specialize in activities that are high strength and
incompatible with childcare (Gurven et al., 2009).

Fig. 10. Consensus expertise for categories of skills. The vertical axis is log odds ratio change (relative to age 35) of consensus
expertise nominations received for categories of skills. The horizontal axis is age of (a) female, and (b) male potential expert. In
both female and male figures the likelihood of being nominated expert for “social and market” skills is highest at the end of the
reproductive life stage (from ages 36 to 43 for females and 40 to 46 for males). Likelihood of consensus expertise nomination for
“Reproduction and childcare” is highest from age 45 to 57 for females and 38 to 86 for males. Expertise for “chores and crafts”
peaks in the postreproductive life stage (from ages 59 to 77 for females and 55 to 86 for males) as does expertise for “food
production” (from ages 36 to 77 for females and 63 to 72 for males). Finally, peak expertise for “music and stories” is first recog-
nized at the relatively latest ages, from ages 65 to 77 for females and 66 to 86 for males. As a general pattern relative to age 35,
larger gains in consensus expertise are seen for categories with maxima beginning at later ages.
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As reported in Methods, we omitted several skills from
expertise analyses because they did not reliably elicit
nominations from informants. We are unable to assess
the confidence of our informants’ judgments about exper-
tise and consider that informants may face challenges
identifying the “best” individuals at certain skills whose
“product” may be difficult to observe. For this reason,
residential proximity and relatedness (see Online Sup-
porting Information 5) may be as important, or more, as
predictors of expertise nominations than pure ability.
Future studies on expert nominations should consider
collecting measurements of informant confidence about
their nominations of others. A measure of informant con-
fidence might prove useful for calibrating consensus
nomination measures.

Lastly, we acknowledge that skill development would
be best captured with longitudinal data on the same
individuals, but our study design instead uses a cross-
section of adults in eight villages, relying on recall for
estimating ages of skill acquisition. Using cross-sectional
data can be problematic if age-related differences in
skills are instead due to secular changes affecting Tsi-
mane lifestyles (see Reyes-Garcia et al., 2013). We found
evidence that younger cohorts (especially men aged 21–
29) were less likely to acquire certain skills that were
revealed in focus groups as most “vanishing” (Online
Supporting Information 3, 6; Fig. 2). Young men in that
age range are more involved in wage labor than older
men, and women at any age (Gurven et al., 2009). Due
to the evident effect of culture loss among younger gen-
erations, we focused on age-specific changes to shares of
particular kinds of skills (e.g., easy versus difficult skills
and skills requiring versus not requiring strength)
across adult ages, rather than the absolute number of
skills reported in specific categories.

CONCLUSION

This research extends representations of “production”
utilized in classical life history theory (Charnov, 1991,
1993) to now include a wider range of skill development
important to noncaloric forms of production, alongside
growth, reproduction, and food production trajectories.
Anthropological studies of skill development and
resource transfers have largely neglected the role of
complementary skills and generative services in family
economics, precluding a more complete understanding of
the knowledge and skill development profiles of people
living in a traditional subsistence society. As emphasized
by cooperative breeding models (e.g., Sear and Mace,
2008; Burkart et al., 2009; Kramer and Ellison, 2010),
our results highlight the development of non-caloric pro-
duction skills that mature late in life among postrepro-
ductive adults and likely contribute toward downward
transfers that benefit genetic descendants. The pattern
of skill ontogeny described here expands upon and shows
linkages between notions of cooperation in childrearing,
pooled energy budgets, and knowledge accumulation
while being directly consistent with the Embodied Capi-
tal Model of human life history evolution, where long
life evolves in the context of a relatively difficult feeding
niche and a multi-generational extended family struc-
ture with net resource flows from older to younger kin.
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