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Humans are the longest living and slowest growing of all primates. Although most primates are social,
humans are highly cooperative and social in ways that likely co-evolved with the slow human life history.
In this paper we highlight the role of resource transfers and non-material assistance within and across gen-
erations in shaping low human mortality rates. The use of complex cooperative strategies to minimize risk is
a necessary precursor for selecting further reductions in mortality rate in late adulthood. In conjunction with
changes in the age-profile of production, the impacts of resource transfers and other forms of cooperation on
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reducing mortality likely played an important role in selection on post-reproductive lifespan throughout

Keywords: human evolution. Using medical data and ethnographic interviews, we explore several types of common
Intergenerational transfers risks experienced by Tsimane forager-horticulturalists, and quantify the types and targets of aid. Our results
Sharing illustrate the importance of transfers in several key domains and suggest that the absence of transfers would
Life history evolution greatly increase human mortality rates throughout the life course.

Longevity © 2012 Elsevier Inc. All rights reserved.
Tsimane

1. Introduction

Traditional life history theory requires that personal energy bud-
gets cover the expenses of growth, maintenance and reproduction,
such that body size and resource production are often highly signifi-
cant predictors of the pace and timing of fundamental life processes
(Stearns, 1992). Social animals, however, can lend and borrow critical
resources in ways that inflate budgets and allow investments that
otherwise would not be possible given a reliance on one's own efforts.
The ability to lend and borrow resources and provide and solicit other
forms of aid within and across generations (i.e. intertemporal bud-
gets) can strongly impact selection on age-schedules of mortality
and fertility, and prolong lifespan (Amdam and Page, 2005; Kaplan
et al., 2000; Lee, 2003; Robson and Kaplan, 2003). Resource transfers
improve the likelihood that juveniles reach adulthood and reduce
adult mortality, thereby extending adult lifespan. Fitness impacts of
transfers made by donors of different ages determine the value of
being alive at those ages in ways that differ from the standard Hamil-
tonian formulation of the “force of selection” which includes direct
reproduction but ignores transfers (Baudisch, 2005; Bourke, 2007).
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Transfers are often costly to the donor and therefore require that
the donor recoups the loss by receiving fitness benefits through
shared relatedness, future cooperative exchange, or direct reproduc-
tion (Hamilton, 1964; Trivers, 1971).

Several recent models have included intergenerational transfers
that co-evolve with lifespan in social species (Cyrus Chu and Lee,
2006; Kaplan and Robson, 2002, 2009; Lee, 2003). These models
make claims about the magnitude and direction of transfers, but as-
sume an asexual population, and so kinship is not a part of these
models. Nor are transfers specifically defined, only referring to energy
flow, production and fitness in a general way. In order to further de-
velop these models, empirical information is needed on material and
non-material transfers in human populations living under similar
conditions in which our ancestors evolved. Extant populations of
hunter-gatherers and horticulturalists are energy-limited and physi-
cally active, experience natural fertility and lack access to public san-
itation, health care and other modern services that increase welfare.
Information on the kinds and frequency of risks afflicting humans in
such an environment, and the extent to which transfers help over-
come harmful consequences of these risks, is critical for understand-
ing how the human life history evolved.

To date, most empirical work on transfers has focused on food ex-
change (Gurven, 2004; Winterhalder, 1997). Hunter-gatherer diets
are often characterized by high levels of acquisition variance due to
luck, resource mobility and differences in skill. For example, the
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probability that a Hadza, Hiwi and Ache hunter is successful on a hunt is
about 4%, 35%, and 60%, respectively (Hill and Hurtado, 2009). Entry into
this production niche therefore carries the cost of many unsuccessful for-
aging attempts. Such high variance is common to most foraging econo-
mies because humans subsist largely on difficult-to-acquire resources
including meat, fish and extracted items like larvae, honey and roots. It
often takes years for adolescents to develop foraging proficiency,
resulting in another form of acquisition variance due to variation in age
and ability. The human foraging niche therefore fosters a high level of de-
pendency among juveniles for many years. In foraging and mixed forag-
ing-horticultural economies, individuals do not produce more food than
they consume until their late teens (Gurven and Kaplan, 2006; Kaplan,
1994; Lee, 1996)." However, the risk of food shortfalls occurs at all
ages, as even adults in their peak production years cannot consistently
meet the daily caloric needs of their large families.

The human foraging niche not only allows the possibility of greater
risk of food shortfalls over the life course, but also includes a variety of
other important risks that can impact fitness. Illness left untreated can
lead to cascading morbidity and possibly death, and often impairs the
ability to produce food or perform other important daily tasks. Death
or divorce renders dependent children vulnerable to food shortage, dis-
ease and lack of protection, and renders adults vulnerable to labor short-
age. Conflict left unresolved, especially among kin, can result in fractured
social and sharing networks, migration, fighting, and homicide. Theft and
breakage of important tools, possessions or other resources can poten-
tially disrupt production and often requires substantial costs to replace.
Human cooperation and sociality have evolved to reduce risk in these
fitness-relevant domains. While instances of non-food transfers in social
species are not rare (e.g. Carey and Gruenfelder, 1997; Galef, 2001),
humans may be unique in the breadth and volume of transfers across dif-
ferent domains.

This paper examines sources of risk and cooperative solutions to
risk reduction among Tsimane forager-horticulturalists in lowland
Bolivia. In addition to the basic problem of daily food shortfalls, we
focus on the prevalent problems of longer-term food shortages, ill-
ness and disability, parental and spousal loss due to death or divorce,
social conflict and tool loss. This is the first systematic survey of mul-
tiple risks and transfers in an indigenous population living under fair-
ly traditional conditions. Study of these populations can act as an
important lens for gaining insight into past conditions and selection
pressures that shaped the evolved human life history. We argue that
the cooperative solutions to common problems helped humans survive
from birth to adulthood, and helped adults live longer lives. We expect:
(1) the level of risk to be non-trivial across the domains investigated,
(2) the level of support to be substantial, with (3) targeting of close
kin, and (4) substantial contributions from adults over the age of 40,
which increase the fitness value of being alive at late ages, including
during the post-menopausal life stage.

2. Material and methods

The Tsimane Health and Life History Project (THLHP)? aims to un-
derstand the rate of actuarial and physiological senescence in ecological
and cultural contexts. Tsimane are Bolivian forager-horticulturalists who
subsist from horticulture (plantains, manioc, rice and corn), hunting, fish-
ing and fruit gathering. Closely related families often reside together in
residential clusters, which act as units of cooperative production and con-
sumption. Tsimane have relatively short life expectancy, high work load,
and minimal access to modern amenities such as healthcare, sanitation
and electricity (Gurven et al,, 2007). THLHP employs research methods
commonly utilized by epidemiologists, biodemographers, and anthropol-
ogists. All methods are approved by Human Subjects Review Boards at

T Agricultural tasks appear to increase the production of teenagers and lower the age
of caloric independence to the mid-teens (Kramer, 2002).
2 http://www.unm.edu/tsimane.

UCSB and UNM, and approved by the Tsimane government council, vil-
lage leaders and study participants.

2.1. Shocks interview

A detailed retrospective interview was administered to 671 indi-
viduals age 16 + by a bilingual (Spanish-Tsimane) research assistant
from March 2005 to July 2006. Participants were queried about nu-
merous aspects of recent illness, crop failure, theft, residence, divorce
and conflict, including frequency over a specified time interval, impact
of the loss, and type and amount of assistance received and given. Kin-
ship among donors and recipients of assistance was recorded, and
ages were assigned to named helpers or recipients based on prior de-
mographic analysis and census records (Gurven et al., 2007).

2.2. Production and sharing interview

From January 2005 to December 2009, adults from 11 villages
were interviewed once or twice per week about time allocation to
work for each co-resident individual over age 6 during the previous
two days (n= 1245 individuals). We recorded number of hours en-
gaged in subsistence macro-categories (i.e., hunting, fishing, garden
labor, foraging), specifying type of activity within each macro-
category (e.g., hook and line fishing, harvesting rice, hunting with
bow/arrow). For each activity per person per day we inquired about
quantities produced and shared. Each family was interviewed an av-
erage of 45.5 times (SD=20.4), yielding a mean of 92.8 sample
days per individual. For details about estimation of age-specific pro-
duction, consumption and distribution, see Hooper (2011).

2.3. Medical exam/interview

Bolivian physicians working with bilingual Tsimane research as-
sistants diagnosed patient illnesses during annual medical exams as
part of the THLHP. Diagnoses from the International Classification of
Disease (ICD-10) are grouped into gastrointestinal, respiratory, and
other ailments for exams conducted from 2002 to 2004.

3. Results
3.1. Incapacitating illness/injury

Infections and other ailments are common occurrences, with <10%
of adults diagnosed as “healthy” in a given year (Fig. 1). Common di-
agnoses impacting infants and children include diarrhea, pneumonias,
fevers and macro-parasites; adults often suffer from osteoarthritis, re-
spiratory infections, skin infections, common cold, urinary tract infec-
tions, and injuries such as falls and machete wounds.? Despite this
high level of morbidity, many of these illnesses and injuries do not
necessarily incapacitate an individual. Tsimane often work and engage

3 Ancestral humans were probably exposed to a variety of viruses, bacteria, proto-
zoans and parasites due to the consumption of meat and fish in our omnivorous diet
(Finch and Stanford, 2004). For example, molecular genetics and paleoparasitological
studies show that helminthic parasites have long been a central feature of hominin dis-
ease ecology (Goncalves et al., 2003; Hurtado et al., 2008). There is growing evidence
that human foragers experienced high rates of infectious disease prior to the advent
of agriculture. Phylogenetic evidence for several pathogens, including smallpox, malar-
ia and tuberculosis, (previously assumed to post-date the advent of agriculture and an-
imal domestication) now suggests an earlier evolutionary history of exposure (see
review in Pearce-Duvet, 2006). Sexually transmitted diseases also likely have a long
evolutionary history among humans (Donovan, 2000). Antibodies to viral infections,
such as herpes, Epstein-Barr and varicella have been documented in relatively isolated
Amazonian groups (Black et al., 1970; Salzano and Callegari-Jacques, 1988). Cytomeg-
alovirus, pneumonias, intestinal geohelminths, herpes, hepatitis B and arboviruses
have long co-existed among pre-contact Amazonian populations (Black, 1975). Thus,
prior to and following the advent of agriculture, humans experienced a greater patho-
gen burden than is currently experienced in developed nations (Hurtado et al., 2008;
McKeown, 1976).
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Fig. 1. Probability of being diagnosed with gastrointestinal, respiratory infection or
other ailment during routine annual medical exams (n=2828), as part of the Tsimane
Health and Life History Project (THLHP).

in daily activities despite suffering from a variety of acute or chronic
ailments. Yet 75% (508/673) of adults report being sick enough
that they could not get out of bed at least once in the past three
months. Mean duration of incapacitating illness was (mean +S.D.)
8.7 +20.9 days, with 91% of cases lasting longer than 3 days, and in-
cluded fevers, influenza, gastrointestinal infection, physical pains and
swellings, accidents and injury. If representative, these results suggest
that Tsimane are incapacitated by illness or injury on about 10% of all
days.

[l or injured individuals are likely to receive help in the form of
food, medicinal plants, obtaining occasional Western medicines
from a town pharmacy or hospital, as well as assistance with
childcare and with feeding family members. Each of these forms of
help was provided in the majority of incapacitating illness episodes
(Table 1). Although spouses provide the most support for disabled
adults, children and parents also help. Full siblings help somewhat
less, but overall, kin provide the vast majority of assistance.

3.2. Food production and need

Hunting, fishing and horticultural activities vary in their difficulty,
length of time required to learn and master, and their energetic re-
turn rates (Gurven et al., 2006; Gurven and Kaplan, 2006). While
the average hunt yields a per-capita return of 9119 cal, the standard
deviation is 20,199 cal, resulting in a coefficient of variation of 2.22
(n=23199 hunts). Most notably, 45% of these hunting events yield
no returns; for adult men, this amounts to roughly 15 (out of average
36 h) hours of hunting effort without gain each month. Although fish-
ing is usually thought of as relatively low risk, our data reveal a

Table 1

Percent probability of receiving help during incapacitating illness events during previ-
ous three months by relationship of donor and type of help received (n =508). Individ-
uals often received aid from multiple sources.

Relationship to Med. Medicine Pay for Food Feed Help child Other
ego plants medicines family care help
Ego 6.3 1.6 0.8 02 02 0.4 0.0
Spouse 315 299 1.6 738 561 719 0.4
Biological children 5.7 4.7 0.0 589 541 541 7.7
Biological parents 2.0 1.0 0.2 11.8 122 83 45
Grandparents 0.2 0.2 0.0 00 0.0 0.0 0.0
Full siblings 1.2 0.6 0.0 87 98 6.9 39
Other related 49 1.6 0.0 224 315 142 112
Other non-related 1.6 0.0 0.0 1.0 14 0.6 2.6
THLHP? 5.5 0.0 6.3 0.0 0.0 0.0 0.4
Mission 5.9 0.0 24 02 0.0 0.0 0.8
Received any help? 394  62.8 11.0 994 949 944 30.1

¢ Tsimane Health and Life History Project.
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Fig. 2. Tsimane daily food production, consumption and net production (calories/day).

similar level of variability as in hunting: fishing events yield a mean
return of 2218 46105 cal, resulting in a coefficient of variation of
2.75; 21% of the 6896 fishing events yielded no returns; this amounts
to about 2.5 (out of average 14 h) hours of fishing effort without gain
by a Tsimane adult each month.

Fig. 2 displays age-specific productivity (total calories produced
per day) and consumption (calories consumed per day). Tsimane
generate a large deficit early in life, and only start producing more
than they consume by the late teens. At this point, surplus caloric pro-
duction increases with age, peaks by the mid-40s, and then decreases
thereafter. While we estimate that mean net production remains pos-
itive through the 70s, this mean is not significantly greater than zero
due to both declining productivity and the small sample of older
adults over age 70 (n=22 individuals).

Although mean caloric production values in adulthood from Fig. 2
suggest a surplus from ages 18 to 80, the burden of feeding multiple,
dependent offspring creates net deficits in caloric production within
nuclear families until parents reach about age 40 (Hooper, 2011). In
terms of net family production, surpluses are therefore restricted to
adults from age 40 to 80, on average. Focusing only on mean net pro-
duction, however, can still be misleading. Of the 195 families com-
prising our production sample, 53% had negative net production:
their cumulative actual production is less than their estimated caloric
needs based on age, sex and weight (although, with sampling error,
this must be considered a rough estimate). Fig. 3 displays the proba-
bility that a family experienced negative caloric production based on

—@—Parents <20
~i—Parents 20-39
== Parents 40-59
={=Parents >60

0 1 2 3 4 5 6 7

# dependents in nuclear family

Likelihood of net caloric deficit

Fig. 3. Probability of a net caloric deficit in a nuclear family as a function of the mean
age of parents and the number of co-resident dependents (defined here as those
<18 years old). Estimates derived from logistic regression (AIC=244.13). No interac-
tion terms were significant at the ot =0.05 level.
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the mean parental age and the number of co-resident dependents. Al-
though young and large families would show the greatest likelihood
of experiencing deficits if they had to rely on their own production,
at least 20% of families would experience net caloric deficits in the ab-
sence of sharing, regardless of age and dependency combination
(Fig. 3). This represents a substantial level of need.

3.3. Crop failure

Although tropical horticulture often yields relatively predictable
energetic returns, crop failure is not uncommon. In the past decade
alone, there have been three years where seasonal flooding led to
massive crop loss in many riverine villages. Insects, hungry animals,
and drought are other important reasons for crop loss. On average
each Tsimane family maintains 1.63 4+-9.97 ha of land under cultiva-
tion. In the year prior to interview, 86% of interviewees lost rice (me-
dian loss of 0.03 ha), 28% lost plantains (median loss of 0.03 ha), 53%
lost corn (median loss of 0.02 ha), and 51% lost manioc (median loss
of 0.02 ha). Normally, these four crops comprise 96% of cultivated cal-
ories consumed, or 65% of the daily diet. In this sample, rice crops
were ruined most often by insects (47%) and aridity (32%), plantains
by flooding (79%), corn by animals (35%) and aridity (35%), and man-
ioc by animals (52%) and flooding (45%).

Solutions to crop failure are multifaceted. Tsimane plant a variety
of seed or root types that they claim vary in their drought, flood or in-
sect resistance, and in their productivity. Tsimane also plant fields in
different locations to diversify their risk, although field scattering
may increase travel distance, which can be burdensome especially
during harvests. Tsimane also overplant to insure against some
expected loss. Thus, interviewees often responded that the crop fail-
ure experienced in the past year had little impact on their consump-
tion. When the impact was deemed large, the most common recourse
was to ask for food from others or to be gifted food without asking.
Help following crop failure was often received from parents, siblings
and adult children (Table 2). Other kin, such as aunts, uncles and
cousins, also provided assistance.

3.4. Parental loss

The loss of a mother or father very early in life is often associated
with poor health outcomes, stunted growth and increased likelihood
of death (Sear and Mace, 2007; Winking et al., 2011). Among
Tsimane, 16.5% (111/671) of respondents had a parent die before
reaching 18 years of age. In 10% of these cases, the respondent mi-
grated to a different village. While in 45% of the cases people
remained in the natal household with their surviving parent, many
moved to live with grandparents (19%), siblings (14%) or other kin
(19%) such as aunts and uncles (Table 3). They were likely to be fed
and cared for by kin as well. After maternal death, small children
are unlikely to remain living with their father but will instead live

Table 2

Help received following crop failure in previous year. Excluded are cases where the loss
was claimed to have little or no effect on consumption. Help was often given by multi-
ple kin categories and so the bottom row reflects the percentage of interviewees who
received help from at least one donor category.

% help received

Rice Corn Manioc Plantain

(n=374) (n=433) (n=330) (n=285)
Biological children 215 15.6 15.4 14.1
Biological parents 244 21.8 243 19.6
Grandparents 1.5 1.2 1.1 1.0
Full siblings 18.9 20.0 19.3 17.6
Other related 524 51.5 50.0 55.8
Other non-related 9.1 9.7 11.1 10.6
Received help from anyone  73.5 78.5 84.8 69.8

Table 3
Co-residence and feeding by relationship category upon parental death or divorce. The
relevant risk period here reflects the first eighteen years of life.

Death of parent Parental divorce

Kin category of helper Co-resident Fed by Co-resident
% (n=121) % (n=132) % (n=17)

Biological parent 455 144 0.0

Grandparents 19.0 20.5 94.1

Full siblings 14.0 273 0.0

Other related 19.0 35.6 5.9

Other non-related 2.5 23 0.0

with kin (usually maternal grandparents). After paternal death,
young breastfeeding children are likely to continue living with the
mother, but it is not uncommon for older children to live elsewhere;
a woman with dependent children from a previous marriage has a
difficult time remarrying.

Even in the absence of parental death children may live apart from
biological parents. In our sample, an additional 2.5% (17/671) lived
apart from their parents during childhood or adolescence; all but
one of these was a result of parental divorce. In 94% of these cases
the child lived with grandparents (Table 3). Mean time spent living
outside the natal home was 11.2 4+ 5.3 yrs (n=91). The lone case of
living with relatives for reasons other than parental death or divorce
was to “help keep [my] grandmother company”.

3.5. Spousal loss

The loss of a spouse by death or divorce can have a dramatic impact
on health and well-being of household members. 8.8% (59/671) of
adults divorced and 8.9% (60/671) had a spouse die at some point in
their lives. Tsimane fertility is high (Total Fertility Rate=9), and
both husbands and wives contribute substantially to household pro-
duction (Gurven et al., 2009). The loss of a partner often requires mi-
gration to fill the gap until a new suitable partner can be found.
Women likely experience greater costs of spousal loss given their
lower remarriage rates and often need to relocate (Winking and
Gurven, 2011). In 54% (32/59) of divorces, the interviewee perma-
nently relocated to another village to live with parents (46% of reloca-
tions), adult children (29%), adult siblings (6%), and other kin (11%).

3.6. Loss of tools and other possessions

The Tsimane toolkit is limited but is nonetheless crucial to insure
efficient resource production and food processing. Common tools in-
clude machetes, steel axes, shotguns or rifles, knives and fish hooks. It
is not infrequent for these valuable tools to break given daily usage, or
be stolen. In the one year recall period of the interview, 79% and 33%
experienced the loss and theft, respectively, of a household item.
Table 4 itemizes the most frequently broken or stolen items. Machetes,
shotguns and rifles, and canoes are commonly ruined. While theft is less
common than breakage, people complained most about the theft of
clothes (13%), domesticated chickens (11%), machetes, fish hooks and
cutlery (6% each) (Table 4).

Helping is somewhat limited when resources are lost or stolen.
The most common response is to do nothing, or to replace an item
oneself by making or purchasing another. If an adult does not have
another item to use to replace the broken or stolen one, he or she is
likely to borrow the item (e.g. 8% borrowed machetes, 11% borrowed
shotguns/rifles, and 54% borrowed canoes) (Table 4).

3.7. Social conflict

While social living brings many benefits to individuals, and while
kinship helps structure the direction and magnitude of transfers,



M. Gurven et al. / Experimental Gerontology 47 (2012) 807-813 811

Table 4
Probability of (a) resource loss and theft in the past year and (b) receiving assistance
from others following the loss.

Table 6
Sources of conflict reported by men and women.

Men Women
]'0557 L Reason for conflict % % w/help % % w/help
Type of loss # % # % (n=120) (n=61) (n=119) (n=53)
Broken Drunkenness 25.0 36.7 6.7 62.5
Machete 453 69 36 8 Gossip 21.7 69.2 193 52.2
Rifle/shotgun 245 37 28 11 Mate choice 10.8 76.9 21.8 34.6
Canoe 56 8 30 54 Exploitation by others 9.2 45.5 5.0 16.7
Theft (jatata/wood/land)
Clothes 83 13 0 0 Stinginess 7.6 55.6 5.9 429
Chickens 73 11 2 3 Theft 7.5 444 5.0 333
Machete 42 6 1 3 Money 7.5 55.6 0.8 100.0
Fish hooks 38 6 0 0 Marital 2.5 0.0 22.7 40.7
Knife/spoon/plate 37 6 0 0 Residence 25 0.0 0.8 100.0
Canoe 28 4 0 0 Soccer 1.7 100.0 0.0
Yarn/string 27 4 0 0 Work effort, non-marital 0.8 0.0 34 50.0
Illness contagion 0.0 0.8 0.0
Visitation 0.0 1.7 100.0

frequent interaction with kin (among other reasons such as genetic
conflict) can also lead to conflicts of interest. Such conflicts can create
rifts among individuals, and reduce the potential to reap the gains of
cooperation. 17% of interviewees (41/239) reported having a serious
conflict in the past three months and 79% (93/239) in the past year.
Women report most conflicts with their husband (29%), adult siblings
(26%) and other kin (29%), while men report most conflicts with dis-
tant kin (22%) and non-kin (61%) (Table 5). Gossip with the potential
to damage reputation is touted as one of the most important concerns
for both sexes (Table 6). Men report skirmishes with other men while
intoxicated as most common, often with little provocation or obvious
motive. Women report spousal conflict and jealous arguments con-
cerning choosing and retaining mates.

Respondents were likely to receive some type of support or assis-
tance for 48% (114/239) of the reported conflicts. Parents and distant
kin were most likely to intervene on behalf of women, while distant
kin and non-kin intervened more on behalf of men (Table 5).

The likelihood of mediation varied by conflict type. Conflicts over
gossip, mate choice, drunkenness, exploitation by others and theft
are likely to receive assistance (Table 6). These conflicts are likely to
carry serious consequences for all parties involved, and so their reso-
lution can be of profound importance.

3.8. Summing across categories: estimating age-specific value

We construct a new age-specific productivity profile for the
other categories of helping based on the ages of named donors
(Fig. 4). For each category of helping, h, the frequency of donors in
age group i (where i =20-39, 40-59 and 60 + years), f,(i), was cal-
culated and divided by the representation of age group i in the pop-
ulation using census estimates. Values of f,(i) were normalized
within each helping category h to the maximum value, thereby facil-
itating comparisons of the relative contributions made by a typical

Table 5
Social conflicts reported by men and women over year prior to interview.
With whom? Who helped?

Sex of interviewee: ~ Men Women Men Women
Relationship toego % (n=120) % (n=119) % (n=121) % (n=122)
None n/a n/a 48.8 54.1
Spouse 2.5 28.6 0.8 74
Biological children 2.5 2.5 1.7 5.7
Biological parents 25 2.5 5.0 10.7
Grandparents 0.0 0.0 1.7 0.8
Full siblings 6.7 26.1 5.8 8.2
Other related 225 28.6 16.5 10.7
Other non-related 60.8 11.8 19.8 2.5

member of each age group. Adults over the age of 40, and even those
over the age 60 are routinely named as having helped in a variety of
tasks pertaining to incapacitating illness or injury, crop failure, and con-
flict resolution (Fig. 4). While older adults also frequently adopt small
children as a result of parental divorce or death, we did not have records
on the ages at which older adults adopted those children and so could
not include this important category in Fig. 4, but including it would fur-
ther increase the value of older people.

Fig. 5 plots Fisher's reproductive value (Ry) to illustrate the
expected future reproduction at each age given the Tsimane popula-
tion age structure, mortality rates averaged across sexes (qy) and fe-
male fertility (m,) schedules published in Gurven et al. (2007). We
also plot a caloric production value V, analogous to R,, but replace
age-specific female fertility m, with age-specific caloric production
averaged across males and females. This measure provides the
expected future caloric production conditional on survival to age x.
While R, begins its steep descent from its peak at age 15 to near
zero by age 45, V, doesn't reach zero until about age 80. By age 45,
V, is still 57% of its peak value, and 24% of its peak by age 60. For com-
parison, R, and V, for wild chimpanzees show a similar age pattern of
decline. Given the ubiquity of food transfers among humans within
and across generations, particularly to close kin, the high production
value in late adulthood greatly increases fitness impacts of older
adults.

4. Discussion and conclusion

Tsimane lives are rife with risk at all ages due to food shortage, ill-
ness, injury, kin and partner death, conflict and theft. Risk from each
of these categories has the potential to significantly impact survival
and/or fertility. Because of these risks, Tsimane reduce risk and
smooth the bumps created by risk through high levels of sociality.
But sharing is not indiscriminate. We find that spouses and close kin

DOResolve conflict
®Provide plantain
®Provide yucca
®Provide corn

B Provide rice

® Alloparent

B Fed family

®Fed

B Paid hospital visit
@ Brought medicinal plants
@Bought medicine

_

named as donor

2
0
8
6
4
2
0

Standardized frequency

20-39 40-59 60+

Age category of donor

Fig. 4. Age-specific production for three macro-categories: conflict resolution, assistance
during crop failure, assistance during incapacitating sickness or injury.
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Fig. 5. Reproductive and production value among Tsimane and wild chimpanzees.
Chimpanzee mortality and fertility data come from Hill et al. (2001) and Emery
Thompson et al. (2007: Table S1), respectively.

such as parents, offspring and siblings are consistently the main
sources of support in each of the domains described in this paper.
This reliance on kin is a common theme in ethnographies of small-
scale societies without access to private markets. Living near kin
and maintaining access to kin and investing in reputation are impor-
tant components of social capital. Social capital, based largely on kin-
ship and to some extent reciprocity, is a critical but understudied
resource among small-scale societies (Smith et al., 2010).

We propose that human sociality serves to reduce risk — in the
short-term for managing daily shortfalls, and on longer time scales
for feeding dependents, handling illness and managing other types
of risk. Risk reduction was necessary for sustaining a foraging way
of life and is a central component of the evolved human life history.
But the question remains as to how humans diverged from other
hominins and why others did not follow the same path. For example,
while wild chimpanzees share food and other resources (Mitani and
Watts, 2001), most food transfers are passive (Jaeggi and van
Schaik, 2011), chimpanzees rarely live beyond age 45, the age when
humans reach peak net economic productivity, and chimpanzee
grandparents are rarely observed helping anyone (Goodall, 1986).

Apes and hominins diverged in the Pliocene, distinguished most
prominently by their respective modes of locomotion, and their rela-
tive efficiencies in arboreal and terrestrial locomotion, respectively.
Among ancestral hominins, early bipedalism, longer day ranges and
more efficient terrestrial locomotion also likely pushed for greater
hunting and gathering specialization, and a reliance on large-
packaged but relatively high-variance foods (Kaplan et al., 2000).
During the drying of the Pleistocene and the expansion of African sa-
vannahs, these hominins would have been ‘pre-adapted’ to better
reap the gains from increased specialization on the mammal species,
roots and nuts which proliferated during this period. Sociality early in
human evolution likely reduced mortality from predation, poor
health and economic risks. This initial lowering of mortality is analo-
gous to “extrinsic” mortality reduction that thereby selects for further
investment in reducing adult mortality rates. With a greater probabil-
ity of reaching adulthood, selection would then have favored further
specialization toward skill-intensive foraging subsistence strategies
with delayed returns, and a higher rate of intergenerational transfers
(Kaplan and Robson, 2002). Regardless of the original benefits of so-
ciality, the mortality-lowering effect of social support should thus
have pushed early hominins towards greater foraging specialization,
extended development and survivorship to produce and support kin
at higher levels later in life.

Older Tsimane provide valuable contributions including mediation
of conflicts among kin, adoption of kin after parental or spousal death
or divorce, assistance during illness and injury, compensation after

crop failure, and helping to subsidize large families of close kin.
Older adults may also play important roles as influential leaders and
educators of important skills. Given cultural transmission within
and across generations, transfers also include information in addition
to the more traditional emphasis on food and materials (Schniter,
2009). Measuring the frequency, impact and direction of these
broader transfers is important for estimating the fitness-impact of
older adults, and ultimately the value of being alive at each age. The
greater the fitness value of life at late ages, the greater the force of se-
lection on investing in further mortality reduction due to its higher
marginal benefit (Kaplan and Robson, 2009). To date, “production”
in small-scale societies has been defined mostly in terms of daily ca-
loric production, due to the fundamental importance of energetics,
and also because it is relatively easy to measure in field studies. An-
other useful approach incorporates other economic contributions
such as food processing and other tasks indirectly linked to caloric
production (Lee and Kramer, 2002).

Our paper advances the field by systematically describing risks,
and their social solutions via transfers. The results presented here
are likely to generalize to other groups of small-scale subsistence so-
cieties, although some aspects may differ. The presence of horticul-
ture among Tsimane enables older adults to produce more calories
relatively late in life, in comparison to older adults in hunter-gatherer
societies (Howell, 2010; Marlowe, 2010), and likely accounts for the
very high fertility of Tsimane. Despite these differences, there are im-
portant similarities among these populations in terms of caloric pro-
duction and sickness. Early life caloric deficits are common in all
examined forager and horticulturalist groups, and multiple depen-
dents take their toll on household net production as we observed
among Tsimane. For example, roughly half of Ache families and 11
out of 19 Hiwi families consume more calories than they produce
(Hill and Hurtado, 2009: Fig. 4). Net caloric deficits are also common
among Dobe !Kung families (Howell, 2010). Similarly, Ache and Efe
foragers are reported sick on 21% of sampled days (Bailey, 1991;
Hill and Hurtado, 2009); Yora and Shiwiar hunter-horticulturalists
are sick on 8% of all days (Sugiyama and Chacon, 2000). These groups
are known for varying degrees of cooperative behavior and extensive
food sharing. Although other types of risk have not been systematical-
ly surveyed in these populations, we suspect that future studies will
reveal similar levels of risk and social support focused on minimizing
that risk.

Future work will focus on the magnitude of kin-based transfers to
assess the extent to which late-age contributions are optimally direct-
ed so as to maximize fitness. The approach of Kaplan and Robson
(2009), for example, assumed clonal reproduction and hence all
transfers were to genetically identical individuals. Lee (2008) simu-
lates the effects of several sharing arrangements and demonstrates
the importance of kin versus non-kin transfers on both infant and
post-reproductive survival. Upward transfers from younger to older
adults require additional investigation, as the traditional focus has
been on net flows downward from older to younger generations.
While upward transfers are common, we expect these to occur
when older adults are net producers in like or other currencies. We
suspect that the decline in caloric production at late ages is offset by
older adults' other contributions for perhaps another decade, but
then total overall value declines rapidly by the eighth decade of life.
The decline in value at these late ages, accompanied by rapidly rising
mortality rates is consistent with Kirkwood's disposable soma theory
(Kirkwood, 1990). Transfers and support to older adults in their 80s
are expected to be rare, with overt or covert geronticide or suicide
(Maxwell et al., 1984) as a consequence of extreme frailty and being
a net cost to kin. It does appear, however, that it is only when people
are approaching death that their productivity drops below their con-
sumption. It is likely that those who live into very old age (greater
than age 70 for foragers) will tend to be the most robust and healthy
of their cohort.
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