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Keywords: Across human societies infants receive care from both their mothers and others. Reproductive cooperation raises
Cooperative breeding two important questions: how does allocare benefit mothers and infants, and why do caretakers help mothers
Allocare

when they could spend their time in other, perhaps more valuable ways? We use behavioral and biological data
from three small-scale societies to evaluate 1) how allocare affects a nursing mother's time, 2) whether a mo-
ther's birth interval length, surviving fertility and infant weight vary as a function of the childcare help that she
receives, and 3) the opportunity cost for helpers to spend time caring for children. Across our hunter-gatherer
and agricultural samples we find that on average mothers provide 57% of the direct care that an infant receives
and allocaretakers 43% ( + 20%). Model results show that for every 10% increase in allocare the probability that
a mother engages in direct care diminishes by 25%, a potential savings of an estimated 165 kcals per day. While
allocare has a significant immediate impact on mother's time, no detectable effect on delayed fitness measures
(birth interval and surviving fertility) or on infant weight status was evident. Cross culturally we find that other
than mothers, siblings spend the most time caretaking infants, and they do so without compromising the time
that they might otherwise spend in play, economic activities or education. The low opportunity cost for children
to help offers an alternative explanation why juveniles are common caretakers in many societies, even in the
absence of delayed indirect fitness benefits. While we expect specific patterns to vary cross culturally, these
results point to the importance of infant allocare and its immediate time benefits for mothers to maintain
flexibility in balancing the competing demands to support both older and younger children.

Hunter-gatherers
Savanna Pumé
Maya

Time allocation

1. Introduction

Maternal investment is crucial to infant survival and wellbeing in all
but the most wealthy, industrialized societies. Yet infancy presents an
allocation problem for mothers who have young as well as older chil-
dren to care for at the same time. Unlike other primates who usually
terminate maternal provisioning at weaning, human mothers often
have multiple dependents and face a tradeoff about whether to invest
their time and energy in infant care or in activities, such as food pro-
duction or wage labor, that benefit their older children [1]. Human
mothers also are unusual in that others help them raise their offspring.
Allocare, and more generally cooperative breeding, is a reproductive
and social strategy in which group members other than parents assist
mothers or their young [2]. Although relatively rare as a species-typical
pattern in mammals, cooperative breeding occurs across diverse taxa,
including primates, primarily small New World monkeys [3-6]. How-
ever because cooperative breeding is not a behavior shared by other
great apes [7,8], it raises questions about why it emerged in humans
and its relevant benefits and costs [9-13]. Here we specifically focus on
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allocare directed at infants (rather than juvenile care) to address how
mothers benefit from help and at what cost to helpers who could spend
their time and energy in other ways.

Interest in infant allocare in traditional societies has a rich history of
study in anthropology, psychology and demography. While methodo-
logical approaches to mothers, infants and helpers vary across dis-
ciplines and researchers, several general observations can be made
about infant care. First, in traditional societies the amount of assistance
that mothers receive is variable, but often considerable. For example at
18 weeks, allo-caretakers provide 60% of the care that an Efe (Ituri
forest hunter-gatherers) infant receives [11]. When observed in camp,
Aka (central African hunter-gatherers) mothers held their young infants
(1-4 months old) 51% of daylight hours, fathers 22% and others 28%
[14:pg 269]. For the Hadza (east African hunter-gatherers), the time
that infants interact with someone other than their mother doubles
between the first and second year, increasing from 22% to 56% [15].
When aggregated over the first four years of life, Hadza children are
held 31% of the time by allomothers [16]. Among the Savanna Pumé
(native South American hunter-gatherers), 49% of the direct care
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received by a breastfeeding infant is provided by someone other than
the mother. In contrast to other groups of hunter-gatherers, Howell
[17] notes that !Kung (Kalahari hunter-gatherers) mothers account for
75-80% of all physical contact that an infant receives in the first
20 months of life [18]. These case studies make the point that allocare is
both prevalent and variable in human societies.

The second general observation is that allocare appears to be an
effective strategy to offset maternal constraints in supporting both
younger and older children. For example, among Aka hunter-gatherers
and Ngandu agriculturalists of central Africa, although mothers hold
their infants less when they are engaged in work, allomothers com-
pensate for this decrease in maternal care [19,20]. Among the Kipsigis,
African pastoralists, the quality of care that allo-caretakers and mothers
provide was found to be comparable as measured by infant distress
[21]. Rural Brazilian women who have social support, which includes
childcare, food provisioning, subsistence and domestic help, lost less
weight during lactation than women without social support [22]. In
managing the competing demands of younger and older children sev-
eral studies show that mothers, depending on their subsistence base,
spend less time foraging for food, in agricultural work, domestic ac-
tivities, or wage employment when they have a nursing infant. Instead,
mothers give priority interest to childcare [1,15,23-25]. For example,
among Maya subsistence farmers, mothers with young nursing infants
spend no time working in the fields, a food production investment that
benefits older children and requires mothers to travel several kilometers
from home [25]. In these cases fathers, siblings and others compensate
for the reduction in maternal economic activity. Other studies find that
mothers with young children do not spend less time foraging or in other
productive work [20,26], rather they receive more help caring for
young children [19].

To consider who helps infants cross culturally, we assemble pub-
lished data from nine traditional societies (Fig. 1). To be both com-
parable to each other and consistent with the behavioral-observation
data used in our analyses, the studies included use similar time allo-
cation methods and report on who provides the direct care that an in-
fant receives (e.g. infants receive a certain amount of care, mothers
provide some portion of that care, and others provide the balance). In
most of these ethnographic cases direct care includes physical contact
such as breastfeeding, holding, carrying, feeding and grooming [11].
While mothers devote the most time to infant care, allo-caretakers
provide nearly half of the care infants receive. This regularity is striking
and in part may reflect that maternal breastfeeding constitutes a large
proportion of the direct care that a child receives. For example, among
the study populations analyzed here, breastfeeding comprises on
average 38% of a mother's direct care. Since infant survival in tradi-
tional societies is dependent on mother's milk [27], there is likely a
limit to the minimum amount of time mothers spend in direct care
regardless of the availability of helpers.

Because much of infant care is provided by someone other than a
mother, allocare has important implications for understanding both
female life history and the costs and benefits of reproductive coopera-
tion. We use three behavioral and biological datasets, two from a group
of subsistence farmers and the other from a group of hunter-gatherers,
to address 1) whether the help a mother receives affects the time she
allocates to direct care, breastfeeding or economic activity, 2) how the
help mothers receive affects long-term fitness outcomes (birth intervals,
surviving fertility) and child weight status, and 3) whether those who
spend the most time caring for infants compromise the time that they
might spend in other activities, such as education, economic work or
play. Before turning to the analyses, we discuss human life history and
how infant care differs from other kinds of helping behaviors.

1.1. Infant care and how it differs from other helping behaviors

Since most mammalian cooperative breeders raise offspring to in-
dependence during infancy, helpers assist breeding females and their
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Fig. 1. Percent of direct care received by an infant that is provided by mothers and allo-
caretakers. Missing values indicate no reported data. Unless otherwise specified below,
direct care includes nursing, feeding, carrying, holding, grooming (dressing, bathing,
delousing, minor medical) and playing with an infant. Any comparative assessment be-
tween studies should consider differences in methods. Within group values sum close to
100% in all cases except for the Agta for unreported reasons.

Sources: Alyawara [114:pg 264]; observation period unspecified; infant focal follow
data; n = 495 observations, n = 18 infants (ages unspecified); values reported for car-
rying an infant only. Aka [14:pg 269]; observation period 6:00 am—6:00 pm; infant focal
follows; n = 6 children ages 1-4 months; values reported for the mean percent of time
mother, father and others held focal infants during daylight hours (because infants are
held 100% of daylight hours, this is equivalent to the proportion of care receive by an
infant); observations are for babies while they are in camp only; values reported for
holding only (because holding includes playing with, carrying, cleaning, nursing and
feeding it is largely inclusive of what other studies refer to as direct care); in addition to
fathers, ‘others’ are reported to hold focal infants 27.8% of daylight hours, but who
‘others’ refers to is unspecified. Efe [Ivey unpublished data]; observation period 12
daylight hours; focal follow data; n = 20 children (ages unspecified). Pumé [Kramer and
Greaves unpublished data]; observation period 6:00am-6:00 pm; instananeous scan
sampling data; n = 892 observations, n = 11 breastfeeding children ages birth to 3. Agta
[115:pg 1206]; observation period 5am-7 pm; scan sampling data recorded at 8 stan-
dardized time points across the day; n = 282 child days for children under age 11; spe-
cific activities included as childcare unspecified. Toba [93:pg 106]; observation period
dawn to dusk; instananeous scan sampling data; n~24 infants < 24 months. Ye'kwana
[23:pg 245]; observation period 7:00 am-7:59 pm; instaneneous scan sampling data;
n = 16 children ages 0-40 months. Maya [116:pg 227]; observation period 7 am-6 pm;
instaneous scan sampling data; n= 314 observations, n = 9 breast feeding children ages
birth to 3. Trinidad [117:pg 66]; observation period unspecified, instantaneous scan
sampling data; children ages 0-4, n unspecified; grandmothers are not reported sepa-
rately, but included as ‘other’.

milk-dependent young [2]. In humans, children are weaned at a young
age and juveniles are at least partially subsidized with food, shelter and
other resources. The redistribution of offspring dependence across these
two life stages is significant to questions about cooperative breeding
because helping an infant versus a juvenile has very different implica-
tions [28] (Fig. 2). First, caring for an infant entails carrying, holding,
feeding, babysitting and the like, which are activities that helpers do
not otherwise do for themselves. Second, assistance flows in one di-
rection, from helpers to infants; others help infants, but infants are too
young to reciprocate. In contrast, juveniles consume adult foods and
resources and provisioning a juvenile is embedded in the same suite of
tasks that helpers otherwise do to support themselves. Further, in most
preindustrial societies, juveniles are important food producers, share
food with others, contribute to household labor and take care of their
younger siblings [29-34]. For example, Hadza children living in sub-
Saharan Africa spend 5-6h a day foraging for food. By the age of 5,
they supply about 50% of their own calories during some seasons
[35:pg 367]. !Kung children spend little time foraging [17], but by the
age of eight crack most of the mongongo nuts they eat, which con-
stitutes a substantial portion of their diet [36]. Specific to the groups
that are the subject of this analysis, Maya children produce 50% of what
they consume by age six [37], and much of what they produce is shared
with other household members. Among the Savanna Pumé, South
American hunter-gatherers, juveniles make important contributions to
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Fig. 2. Savanna Pumé mother balancing childcare with cooking food for her older chil-
dren. Photo credit Russell D. Greaves.

other camp member's energy budgets on days that they forage [38]. For
example, boys have an average return rate (amount of food produced
per foraging trip) of 4.5 K of wild fruit (~3200 kcal). This is what they
return to camp after whatever field snacking they might do and is a
sufficient calorie return to feed himself and at least some of his family.

In sum, infant care is a potentially costly expression of cooperation
because it involves tasks that helpers otherwise would not do to support
themselves and infants are obviously too young to reciprocate. Given
this, two general explanations have been suggested to explain why
helpers help infants and young children.

One hypothesis proposes that helpers directly benefit by learning
skills that enhance their future success in raising offspring of their own
[11,39-45]. For example, among vervet monkeys longitudinal data
show that females who spent more time carrying infants as juveniles,
were significantly more likely to have a first born who survived [46].
One prediction this parenting experience hypothesis generates is that
human children who help the most will grow up to have better re-
productive outcomes. In testing this prediction, we previously found
inconclusive evidence; Maya girls who spent more time in allocare as
children did not have more surviving offspring as adults [47]. That
analysis used time allocation data were collected in 1992 over the
course of a year [32], and the reproductive histories of these Maya girls
followed for the next 20 years. Model results were suggestive in that
girls who spent at least some time in allocare (5-15%) had higher
fertility outcomes, but at a diminishing marginal return. Girls who
spent > 20% of their time caring for their siblings (some girls spent as
much as 30% of daylight hours in childcare) did not have higher fer-
tility than those who spent < 20%. The challenge of testing this hy-
pothesis is the rarity of longitudinal datasets with sufficiently large
samples that track girls from childhood through their reproductive
careers. Although the Maya results were statistically ambivalent and
limited by sample size, this is a provocative question for future re-
search.

Another hypothesis proposes that helpers benefit indirectly by
augmenting the reproductive fitness of their close kin [48]. The theo-
retic expectation is that because helping incurs a cost, it should be offset
by an indirect fitness benefit. Kin selection has had broad appeal as the
evolutionary basis for cooperative breeding [49-54], and is empirically
evidenced by the close genetic relatedness often noted across species
between helpers and those they support and the amount of allocare they
provide [55-57]. Likewise human infant allocare is typically, but not
always, kin based [11,16,23,58].

While kin selection is a predominant explanation for why helpers
help, recent research also emphasizes that the focus on indirect benefits
may eclipse direct benefits and overstate the cost to help [2,52,59-62].
For example an individual may directly benefit if caring for another's
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offspring reduces parental workloads and augments group size [63-65].
Helpers may also directly benefit by engaging in mutualistic co-
operative interactions [60]. To this we add that the opportunity cost to
spend time caring for an infant is an important consideration because it
is age-specific and dependent on reproductive status [28,33]. The cost
to help is attenuated, for example, for both sexually immature juveniles
and postreproductive females since they are not competing for mating
opportunities or physically supporting reproduction. Young juveniles
additionally have fewer other competing productive ways to spend
their time since they are skill and strength limited [66,67].

1.2. Research questions

Thus to explain allocare and reproductive cooperation, the ex-
pectation is that the cost to provide care is compensated by some fitness
benefit to mothers or infants (and in so an indirect benefit for helpers),
and/or that the cost to help is not particularly high. Here we use data
from three traditional populations to first evaluate the benefits of al-
locare to a mother's time and fitness. Specifically, what affect does al-
locare have on how mothers spend their time, and what are the effects
of childcare help on interbirth intervals, surviving fertility and child
weight status? Second, we consider the cost of allocare. In particular for
those who help the most, what is their opportunity cost to spend time
caring for children?

2. Materials and methods
2.1. The ethnographic samples

To evaluate these questions, we draw on behavioral and biological
data that were collected in two traditional populations at three time
points. The Savanna Pumé are mobile hunter-gatherers who live on the
llanos of west-central Venezuela [32,68,69]. The time allocation,
breastfeeding and anthropometric data used in the analyses were col-
lected in 2006 and 2007. The Maya are subsistence maize farmers who
live in a remote area of the Yucatan peninsula, Mexico [32]. Two time
allocation, breastfeeding and growth samples were collected in the
same Maya community, in 1992 and 20 years later in 2011. The sample
of mothers and infants from the two time periods are independent and
do not overlap. Our description of the Savanna Pumé and Maya focuses
on those factors that affect mother, infant and allo-caretaker interac-
tions.

Because of Venezuela's political instability and economic collapse,
and the Savanna Pumé's geographic isolation, they are buffered from
outside encroachment and have maintained a hunting and gathering
way of life [69]. Women marry at a young age (mean = 15.1 + 2.5,
n = 59), and 90% have their first-born child between ages 15-19 [70].
Due to high rates of spousal death and divorce, nearly 40% of adults
remarry [71]. While marriages tend to be serially monogamous, 20% of
women and 11% of men marry polygynously at some point in their
lives. Although average completed fertility for women over the age of
40 is 7.0 ( = 1.29; n = 18), child mortality is high. Young children are
particularly challenged to survive their first wet seasons during which
food availability and the quality of mother's milk declines and disease
exposure is high. Of children born, 35% do not survive infancy [72].

In contrast to the Savanna Pumé, the Yucatec Maya have undergone
substantial change over the last 20 years due to the introduction of a
paved road and subsequent access to mechanized farming and the re-
gional economy. While their subsistence economy has changed, many
aspects of their reproductive lives remain the same. During both time
periods (1992 and 2011), Maya marriages can be described as life-long
and monogamous; divorce has never been documented in the re-
productive histories collected annually since 1992 (n = 214 married
adults) and male reproductive skew is very low [73]. Some women
(~25% in the 2011 sample) currently use birth control, although mean
completed fertility has only marginally declined over the past 20 years
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(1992 mean = 7.5, £ 1.74,n = 24; 2011 mean = 6.1, = 3.01, n = 40).
Infant mortality is relatively low for a traditional population, which can
be attributed to the region's sparse population density and the use of
closed-wells as the source of water (there are no rivers in this part of the
Yucatan peninsula) [74]. Infant survival is estimated to be 96%
(IMR = 37/1000), and has not significantly changed between the two
time periods [75].

Although the Savanna Pumé and Yucatec Maya have very different
subsistence economies, mother-infant interactions are equivalent in
many ways. In both societies and across time periods, prolonged and
intensive breastfeeding are the norm [75-77]. Babies sleep with their
mothers, and are breastfed on demand during both the day and at night.
Supplemental foods are introduced at about six months, and weaning
occurs between the ages of two to three, as is the norm in natural fer-
tility populations [78]. By age three or four, children perform simple
domestic tasks, run food, information and errands between households
and take care of their younger siblings [32]. The Savanna Pumé live in
camps of clustered open-walled structures which are in close proximity.
Likewise, the Maya live in a small village and mothers have access to a
range of caretakers. In both societies, childcare is relatively fluid and
babies are readily passed among siblings, fathers, grandparents, and
more distant relatives. For example, among the Savanna Pumé, an in-
fant on average has nine caretakers beside their mother (range 5-12).

2.2. Data collection

The three time allocation samples (Savanna Pumé 2006-7, Maya
1992, Maya 2011) were collected by the authors using the same stan-
dard instantaneous scan sampling methods, coding scheme and proto-
cols [32]. The methods were developed by KK for the 1992 Maya study,
and used by KK and AV in the subsequent Maya and Savanna Pumé time
allocation studies. Instantaneous scan sampling is a behavioral ob-
servation technique widely used in both animal and human studies to
measure the frequency of activities [79-81]. Over repeated observa-
tions, instantaneous scan sampling is a reliable method to estimate the
proportion of time that an individual spends in various activities
[79,82,83], and is considerably more accurate than interview or survey
data to estimate time budgets [84]. During a scan sample, individuals
are located at specific time intervals, and the researcher in-
stantaneously records what they were doing. Over 400 types of activ-
ities were coded, which in addition to childcare include subsistence
work (foraging, fishing, hunting, fieldwork), domestic work (collecting
firewood, water, processing food, cooking, sewing, washing and the
like), children's play, social, leisure and hygiene activities. The same
methods and suite of hierarchical codes were used to record mother,
infant and caretaker behaviors (see Table S1, supplementary materials
for an example of childcare codes). In cases where a caretaker's primary
responsibility is caring for a child but they are also doing something (for
example, when children mind older babies, they might also be playing),
the behavior was designated as such and coded as indirect care (see
Table S1 supplementary materials). Scan samples were collected during
daylight hours (7 am-6 pm) and variables recorded included the in-
dividual's identification number, his or her activity, the object of the
activity (in the case of childcare, the object is the id of the person either
doing the caring or being cared for), the location, date and time (for
detail on time allocation methods see [32]).

Across the three ethnographic samples, the database consists of
nearly 50,000 scan observations (n = 49,801; Table 1). These ob-
servations are the basis to calculate 1) the probability that a mother
allocates time to direct care, nursing or an economic activity, 2) the
proportion of care that an infant receives from their mother versus an
allo-caretaker, and 3) the proportion of time that children spend in
allocare, play, education and productive work (calculated as the
number of scan observations coded for the activity divided by the total
number of observations for the individual).

The Savanna Pumé scan data were collected on all camp members
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(n = 72 individuals) across two field seasons in 2006 and 2007 and
includes 10 nursing mothers and their infants. The Maya scan data were
collected for a subset of the community (112 individuals or 30% of total
population in 1992 and 91 individuals or 18% of total population in
2011), which includes 9 nursing mothers and their infants in 1992, and
8 mothers and their nursing infants in 2011.

Demographic and reproductive history data (maternal age, com-
pleted and surviving fertility and birth interval length) are taken from
census databases maintained by KK since 1992 for the Maya, and since
1991 for the Savanna Pumé. For children born during a field season,
birth dates are known to the day. For children born between field
seasons, parents can accurately report the ages of infants in moon
counts (months), and young children up to 3 years in season counts (6-
month units). For the Maya, birth records were available for the chil-
dren in the 2011 sample, and retrospectively for many children in the
1992 sample. Anthropometrics for both Savanna Pumé and Maya
children were collected by KK using standard procedures and equip-
ment for children [85].

Research protocols and consent procedures were approved by the
University of New Mexico's Institutional Review Board (Maya 1992
data), Stony Brook University's Institutional Review Board (Savanna
Pumé data), and Harvard University's Institutional Review Board (Maya
2011 and Savanna Pumé data).

2.3. Terminology

Consistent with other analyses of human childcare, we subset infant
care into direct and indirect care. Direct care refers to intimate beha-
viors that imply close physical proximity, and includes nursing, feeding,
carrying, holding and grooming (dressing, bathing, delousing, minor
medical). Indirect care refers to behaviors such as walking with, laying
in a hammock or playing with a child, talking to or giving a child a
directive, comforting a child, watching or keeping a child out of
trouble. Direct care and indirect care are mutually exclusive behavioral
categories and are a composite of more detailed behavioral observa-
tions (see Table S1 supplemental materials). (Note that direct and in-
direct childcare are both forms of direct investment, sensu Kleiman and
Malcolm 1981 [86], and indirect childcare is not to be confused with
indirect investment [86], which refers to territory defense, nest con-
struction, resource provisioning and the like). Throughout infant refers
to a nursing child. Child, children, juvenile are used generally to refer to
subadults. The terms helper, allomother and allo-caretaker are used
interchangeably.

2.4. Statistical analyses

We conduct three sets of analyses. In the first we consider the effect
that allocare has on a mother's time. Here we use the scan database to
model the probability that a mother engages in direct care, breast-
feeding or economic activity as a function of the amount of allocare her
nursing infant receives. We use a generalized linear mixed model ap-
proach (proc glimmix; SAS version 9.4) with options specified to ac-
count for the binary distribution of the dependent variables (direct care
0,1; breastfeeding 0,1; economic activity 0,1), and for repeated ob-
servations on mothers. For this analysis we limit the scan data to mo-
thers with nursing babies, and code each maternal observation as 1 if a
mother was engaged in direct care, breastfeeding or economic activity,
depending on the model, and 0 for all other activities (n = 5406 scan
observations for 27 mother-nursing infant dyads). Child age (at the time
of each observation) is added as a control variable. Mother's id is nested
within group (Savanna Pumé, Maya 1992, Maya 2011), which is spe-
cified as a random effect to account for differences in intercepts and
slopes between groups. This hierarchical modeling structure allows us
to account for group differences in the distribution of allocare (see
Table 1), and permits estimation with unequal numbers of observations
per mother and differences in sample size. Allocare is specified as a
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fixed effect and calculated as the sum of direct care observations that an
infant receives from someone other than its mother divided by the sum
of all direct care observations that the infant receives. Indirect care and
combined direct and indirect care were also considered and calculated
in the same way. For ease of interpreting the parameter estimates, these
proportions are multiplied by 100 and expressed as a percent.

In the second set of analyses, we use OLS regression to consider the
effect that allocare has on three fitness outcomes: birth interval length,
surviving fertility and child weight status (dependent variables). These
outcomes are modeled as a function of the help that a mother receives
(main predictor, using the allocare variable described above, which is
the proportion of care received by an infant given by an allo-caretaker).
Maternal age (at the time of observation) and group (represented as
dummy variables 1/0, 0/1, 0/0 for the Maya 1992, Maya 2011 and
Savanna Pumé, respectively) are added as control variables. Here
summary data (each individual is a row) are used for the 27 mother-
infant dyads. The outcome birth interval is defined as the duration
between the birth of the nursing child to the birth of the next child, and
surviving fertility as the number of surviving children at the time of
observation. Since children in the samples are not the same age, child
weight status is expressed as weight converted into 2006 WHO z-scores
using the LMS method [87,88] (the 2006 WHO data are for breastfed
and ethnically diverse children ages 0-5).

In a third set of analyses we consider the opportunity cost of allo-
care. We focus on children ages 3-15 because across the three popu-
lations they are the age class of helpers who spend the most time in
allocare (see Fig. 1). To determine whether the time these children
spend caring for their siblings detracts from other ways they might
spend their time, we use a general linear model structure controlling for
a child's age and sex. The Maya 1992 sample includes 43 children, the
Maya 2011 sample 33 children and the Savanna Pumé sample 27
children. In this analysis, the scan observations for childcare, work,
play and education were summed by individual and expressed as the
proportion of a child's total number of observations. If spending time
caring for infants incurs a cost to helpers, we expect that the time spent
in childcare will have a significant negative relationship with the time
children spend in education, play or economic activities, while no re-
lationship or a positive relationship would indicate an insignificant
opportunity cost.

Statistical and descriptive analyses were conducted using SAS ver-
sion 9.4, and SPSS Statistics 22 (IBM Corp., 2013). IBM Corp. (2013).
IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.

2.5. Data limitations

Ages for infants and their mothers are known to the day for the
Maya. However ages are less precise for the Savanna Pumé, who do not
keep vital records nor have a numeric calendric system, and thus cannot
retrospectively state their age. These limitations are common among
hunter-gatherers and a number of field methods were employed to
construct reliable age estimates [72,89,90]. Savanna Pumé parents and
other camp members can reliably recall young children's ages in moon
(month) and season (6-month) counts; birth dates are known to the
month for 56% of children under the age of five, and all children under
the age of two. For older children and adults, ages were ascertained
from multiple methods such as annual censuses and reproductive his-
tory interviews, rank-ordered sibships and age-graded kin terminology
[91,92]. Consequently in the Savanna Pumé sample, some birthdates
are known to the day (if we were present during a birth), and others to
the month, season or year. The variation in birthdate precision in-
troduces uncertainty around some age estimates. The analyses using the
summary data to determine the effects that allocare has on fitness
outcomes should be considered exploratory since it relies on data or-
ganized as mother-infant dyads and the sample size is small (n = 27).
Because the authors collected the time allocation data at different time
points (KK the Maya 1992, AV Maya 2011 and AV the Savanna Pumé
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sample), some coding differences may exist between researchers. Al-
though we cannot retrospectively assess inter-observer consistency, we
suspect this to be minimal since the same hierarchical coding scheme
was used for all three samples, we are observing behavior (rather than
intention or emotional states, such as infant distress), KK trained AV in
time allocation methods and was present in the field to address coding
questions. Scan samples were collected only during daylight hours, a
limitation in most time allocation studies in traditional societies. This
likely minimally affects the observation of economic activities since the
Maya and Savanna Pumé were also limited by the lack of light at night.
However, it may introduce some bias in reported proportions of who
provides childcare if providers (mothers vs allocaretakers) system-
atically shift during nighttime hours. While our analyses focuses on the
proportion of time spent in childcare and thus scan sampling methods
are appropriate, focal follows, which measure the duration of an ac-
tivity, may give further insight into infant care, in particular into ma-
ternal breastfeeding patterns.

3. Results
3.1. Descriptive statistics

Of the direct care received by an infant, on average 43% ( = 20%,
n = 27 mother-infant dyads) was provided by an allo-caretaker
(Table 1). Although differences in allocare among the three groups are
not significant (f = 1.97; p = .16), we make several observations about
our samples. The decrease in allocare between the Maya 1992 (52%)
and Maya 2011 (43%) is modest (pairwise d = 0.43, ci = 0.27-0.58),
but consistent with other studies that find an association between
market integration and young children being cared for more often by
their mothers [93]. Between 1992 and 2011 regular schooling was in-
troduced, which limits the availability of juvenile caretakers. The lower
average level of allocare among the Savanna Pumé (34%; d = 0.54;
ci = 0.39-0.63) may reflect the high child mortality in this group and
its effects on diminishing both the availability of helpers and demands
on a mother's time [72].

Across the three samples, nursing mothers spend on average 11% of
daylight hours ( *+ 6%, range 3-29%, n = 27 mother-infant dyads,
5406 scan observations), or 1.2 h per day in direct care (average age of
children is 1.73 #= 0.93, see Table 1). Of the time mothers allocate to
direct care, 41% of observations are for breastfeeding. Averaged across
the three groups, of observations for nursing babies, 6.4% are for
breastfeeding (equivalent to 42 min/day) and 22.1% are for direct care
(146 min/day). Mean surviving fertility was 4.2 children per mother
and the average time to next birth was 2.8 years. Child weight averaged
8.9k, and children were 54% of the mean five-year-old weight for their
respective populations. The only variables that significantly differed
between the three groups were surviving fertility and achieved percent
of 5-year-old weight (see Table S2 supplementary materials for pairwise
Cohen's d for the main predictor and outcome variables).

3.2. What effect does allocare have on a mother's time?

We use generalized linear mixed models to evaluate the probability
that a mother with a nursing child will invest in direct care, breast-
feeding or an economic activity as a function of the allocare that the
infant receives. We find that mothers whose infants receive a higher
proportion of allocare have a significantly lower probability of enga-
ging in either direct care or nursing (f = —0.025, p =.013;
B = —0.016, p =.025, respectively, n = 4878 scan observations,
Table 2). This result can be interpreted as a 1% unit increase in the
allocare that an infant receives affects a 2.5% decreases in the prob-
ability that a mother will engage in direct care and a 1.6% decreased
probability she will engage in a breastfeeding observation. Indirect
care, a more passive form of allocare, has no effect on a mother's
probability of engaging in either direct care or breastfeeding (Table 2).
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When direct and indirect allocare are combined it also has no effect on a
mother's time (Table S3 supplemental materials). The level of allocare
has no effect on the probability that a mother will engage in an eco-
nomic activity (f = 0.001, p = .950; 3 = 0.017, p = .166 for direct
care and indirect care, respectively; Table 2, Table S3 supplemental
materials).

3.3. Do mothers with more help have better fitness outcomes?

For the dependent variable birth interval, the sample is limited
because some mothers were either at the end of their reproductive
careers or a subsequent child was not born during the observation
period (16 mothers closed a birth interval). Allocare was not a sig-
nificant predictor of birth interval length, controlling for maternal age
and group (f = —0.261, p = .836; Table 3; Table S4 supplemental
materials). Nor was allocare a significant predictor of surviving fertility
(B = 1.943, p = .084), or child's weight status ( = —1.346, p = .262).
Thus, the amount of allocare that a mother's infant receives, controlling
for her age, appears to have a weak statistical effect on maternal birth
intervals, surviving fertility, and child's weight status.

3.4. What is the opportunity cost to help?

In the final set of analyses we consider the cost to help for those who
spend the most time helping. Across the three focal groups, siblings
provide between 11 and 37% (Savanna Pumé and Maya 1992, respec-
tively) of the direct care received by a nursing infant, more than fathers,
grandmothers or other relatives. Children 7 to 14 years old allocate the
most time to childcare (direct and indirect care; Fig. 3), and may spend
upward of 16% of daylight hours caring for their younger siblings. This
is comparable to the Hadza, among whom subadult helpers (ages
1.5-17.9) may spend up to 20% of their time holding other children
[16].

To assess the opportunity cost of being a caretaker we ask whether
children who spend a greater proportion of their daytime hours caring
for their siblings (direct and indirect care) spend less time in activities
that might otherwise benefit them. For the Maya 1992 and 2011 sam-
ples, after controlling for age and sex, childcare does not covary with a
significant decrease in time spent in economic activities or education
(Table 4; Table S5 supplemental materials). Maya 1992 children,
however, who spent more time caring for their siblings spent sig-
nificantly less time in play (3 = —0.662, p = .034). Because the Sa-
vanna Pumé have no schools, we consider whether time spent in allo-
care negatively impacts foraging for food or playing. In this case
allocare is not a significant predictor of time spent in these alternate
activities.

4. Discussion

We draw three main conclusions from our analyses of allocare in
traditional societies. First, all mothers receive some help caring for their
infants, which has a significant effect on their time budget. Across in-
dividuals in our focal groups, of the direct care that an infant receives
minimally 10% and upward of 77% is provided by an allo-caretaker
(average 43%; see Table 1). Our first set of analyses (see Table 2)
showed that mothers who received more help had a significantly lower
probability of engaging in direct care. The parameter estimates tell us
that for every unit increase in help, the benefit to a mother's time more
than doubles (for every 10% increase in the help a mother receives, the
probability that she will engage in direct care diminishes 25%). Given
that the direct allocare received by an infant ranges from 10% to 77%,
help can make a substantial difference to the time budgets of many
mothers. Looked at another way, across our samples mothers spend on
average 11% of their time in direct care (range 3-29%, + 6%). Every
10% increase in infant allocare saves a mother on the order of 165 kcals
per day, which can be reallocated in other ways. (10% of maternal time
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is equivalent to 66 min per day, which at a PAR level of 2.5 kcal/min for
direct childcare, is a savings of 165 kcal. The calorie estimate will be
higher or lower depending on PAR assumptions, see [94,95] for PAR
estimates).

Although we anticipated that mothers who received more help with
infant care would increase their breastfeeding frequency, the results
indicate that they do not. This raises several points. Mothers are cog-
nizant of breastfeeding benefits, and prolonged intensive breastfeeding
is the norm in most traditional societies [96], as it is for the Maya and
Savanna Pumé [77,97]. Thus regardless of the amount of help received,
there is likely a limit to the minimum amount of time that a mother
spends nursing. But why with more help, do mothers breastfeed less
often? Nursing at times also functions as an opportunity to bond with
an infant and to provide comfort rather than nutrients per se [98]. In
these roles, helpers perhaps can readily substitute for mothers by car-
rying, holding and playing with infants. Exploratory analysis suggests
that this might be the case. In our three samples, nursing frequency
increases when mothers receive some help, but declines at high levels of
allocare (Fig. S1 supplemental materials). Because this relationship is
independent of the child's age, it suggests that some portion of time
spent breastfeeding serves ends other than nutrition and helpers sub-
stitute for mothers by providing other forms of direct care. We also note
that in both societies, infants are frequently laid in hammocks. Because
hammocks protect young children from many dangers, they may sub-
stitute for direct care on occasion, and in part explain why, for example,
Aka infants under the age of 4 months are continuously held [14], while
Savanna Pumé and Maya infants are not.

Given that mothers in natural fertility societies are balancing the
competing demands of supporting younger and older children, we
might expect that if others help, mothers would reallocate the saved
time to economic activities that benefit her older children. This how-
ever is not the case; the help that mothers receive did not covary with
maternal economic activity. Across our samples, mothers with nursing
children spend on average 13% of their time in leisure (socializing, in
personal maintenance, resting and the like), which is less than an hour
and a half per day. This is much less, for example, than Aka women who
spend 64% of their time in leisure [19,20]. This suggests that the
nursing women in our sample may already be at a maximum in the time
they allocate to economic activities. From previous study we know that
nursing Maya mothers with babies less than a year old spend 33% of
their time in childcare, 13% more time than mothers with older babies
[25]. They also spend 10%, or 1.1 fewer hours per day in domestic and
subsistence activities. Thus, overall Maya mothers spend equivalent
amounts of time to non-leisure activities, but nursing mothers appear to
shift their effort from domestic and economic work to childcare when
they have young infants.

Our second finding is that although allocare has an immediate time
savings advantage for mothers (mothers who receive more help spend
less time in direct care themselves), delayed fertility benefits were not
statistically evident. Mothers who received more help did not have
higher surviving fertility or shorter birth intervals, nor did they have
better child weight outcomes (see Table 3). While we are working with
a limited number of mother-infant dyads and more significant asso-
ciations might emerge with a larger sample, the effects of allocare may
be diluted when outcome measures are time delayed. For example,
maternal fertility is a cumulative, long-term process during which the
presence of allo-caregivers and their level of help likely fluctuate, and
are affected by many other variables beside the availability of help. The
long-term fertility benefits of infant allocare have been evaluated using
demographic data, but have rarely been tested with observational data.
Our behavioral data and results suggest that the benefit of allocare to
mothers may be more immediate.

This has implications for why helpers help and who helps. The lack
of evidence for positive indirect fitness benefits may in part be due to
the time delay between when help is given and the outcome measured.
However, we also suggest that when fitness payoffs are delayed,
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Table 1
Descriptive characteristics of the Maya and Savanna Pumé study populations giving means, standard deviations and ANOVA results for group-level comparisons.

Maya 1992 Maya 2011 Pumé 2006-2007
Subsistence Economy Subsistence farmers Mixed economy Hunter-gatherers
Total scan observations 18,591 6288 24,922

Mean SD n Mean SD n Mean SD n ANOVA Results Total

F Sig Mean SD n

Control & descriptive variables
Maternal Age 30.44 6.19 9 25.18 5.26 8 27.90 9.26 10 1.11 0.35 27.94 7.31 27
Age child (years)” 1.90 0.67 9 1.91 0.90 8 1.61 1.03 9 1.13 0.34 1.73 0.93 27
Child weight (kg) 7.61 1.11 9 10.38 1.94 8 8.81 2.38 9 4.59 0.02 8.88 2.14 26
Main predictors
% Allocare (direct only)” 0.52 0.23 9 0.43 0.22 8 0.35 0.13 10 2.00 0.16 0.43 0.20 27
Outcome variables
Interbirth interval 2.58 0.64 7 3.73 0.54 4 2.40 1.52 5 2.36 0.13 2.81 1.07 16
Surviving fertility 7.11 1.62 9 3.13 1.36 8 2.30 1.70 10 24.36 < 0.01 4.15 2.64 27
Child weight status® 0.48 0.08 9 0.66 0.12 8 0.48 0.13 9 7.06 < 0.01 0.54 0.14 26

n's indicate the number of mother-infant dyads. Of the 27 mother-infant dyads across the three samples, one Savanna Pumé mother had two nursing infants (one died in 2006, and another
was born later that year) and is counted as two dyads. Weight is missing for one infant, and 10 mothers had not closed the birth interval by the completion of this study (either because it
was their last child or they had not yet given birth).

@ Infant age averaged across scan sample observations.

® Allocare is calculated as the sum of direct care observations that an infant receives from someone other than its mother divided by the sum of all direct care observations that the
infant receives (n = 5406 scan observations for 27 mother-infant dyads). 1 minus the value then gives the amount of direct care that a mother provides. As throughout, direct care is
defined as intimate behaviors that imply close physical proximity and include nursing, feeding, carrying, holding, grooming (dressing, bathing, delousing, giving minor medical attention)
and playing with an infant.

¢ Child's weight at time of scan sampling converted into 2006 WHO z-scores using the LMS method [87,88].

Table 2

Six models evaluating the probability that a nursing mother engages in direct care, breastfeeding or an economic activity (dependent variables) as a function of the percent of allocare
(direct or indirect) her nursing infant receives (main predictor). The models control for infant age, and account for group differences and repeated observations in a nested model
structure. Results shown for the main predictor only (see Table S3 supplemental materials for full model results). Models use scan observations for 27 nursing mothers.

B SE Pr > |t 95% Confidence Limit Scan observations (n)
Direct care
% direct allocare —0.025 0.009 0.013 —0.045 —0.006 4878
% indirect allocare —-0.007 0.009 0.453 —-0.025 0.011 4878
Breastfeeding
% direct allocare —-0.016 0.007 0.025 —0.030 —0.002 4878
% indirect allocare —0.001 0.006 0.920 —-0.013 0.012 4878
Economic activity
% direct allocare 0.001 0.016 0.950 —0.033 0.035 4612
% indirect allocare 0.017 0.012 0.166 —0.008 0.042 4612
Table 3 .
Three models evaluating interbirth interval length, surviving fertility and child weight ?.; 0.16
status (dependent variables) as a function of the direct allocare a mother's nursing infant 3
receives (main predictor), controlling for maternal age and group. Results are shown for = 0.14
the main predictors only (see Table S4 supplemental materials for full model results). £ 012
Models use summary data for 27 mother-infant dyads.” %
o 0.10
w
Dependent B SE Pr > [t| 95% Confidence Limit Mother- g 0.08
variable infant b L N\
dyads (n) IS 0.06 ‘[ § §
g \
0.04
Interbirth -0.261 1.228 0.836 —2.997 2.474 16 §. % T § I &
interval & 0.02 \\&: § § %
Surviving 1.943  1.072 0.084 —0.286 4.172 27 0.00 N \\ § N
fertility 02 36 7-10 11-14 15-18
Child weight —0.014 0.014 0.329 —0.043 0.015 26
status Age Groups

H Maya 1992 Maya 2011 % Savanna Pumé

@ Weight is missing for one infant, and 10 mothers had not closed the birth interval by
the completion of this study (either because it was their last child or they had not yet
given birth).

Fig. 3. Proportion of time that Maya 1992, Maya 2011 and Savanna Pumé children (bars
left to right) spend providing allocare (mean and standard error).
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Table 4
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Eight models evaluating the proportion of time children ages 3-15 spend in work, play and education (dependent variables) as a function of the proportion of time they spend in direct
childcare (main predictor), controlling for child age and sex. Results are stratified by group and shown for the main predictor only (see Table S5 supplemental materials for full model

results).
B SE Pr > |t 95% Confidence Limit Children in sample (n)
Work
Maya 1992 0.029 0.208 0.891 —0.392 0.449 43
Maya 2011 0.475 0.409 0.256 —0.362 1.310 33
Savanna Pumé —0.392 0.380 0.314 -1.178 0.395 27
Play
Maya 1992 —0.662 0.299 0.034 —1.269 —0.054 43
Maya 2011 0.279 0.391 0.481 —0.521 1.078 33
Savanna Pumé 0.454 0.548 0.416 —0.680 1.587 27
Education
Maya 1992 0.089 0.145 0.544 —0.208 0.386 43
Maya 2011 —-0.501 0.344 0.157 —1.205 0.204 33

cooperation may be motived by factors other than fitness benefits
[100-102].

This leads to our third finding that besides mothers, children spend
the most time caretaking infants and at little cost to alternative ways
that they might spend their time. While fathers, grandmothers, aunts
and others help, the majority of the allocare that infants receive comes
from their unmarried siblings. Specifically, in our focal groups children
7 to 14 years old allocate the most time to childcare. This age pattern of
children being childcare specialists has been qualitatively noted by
many ethnographers [23,93,103-107], and follows from the thesis that
helping behaviors are a critical stage in child development [99]. The
relative importance of child caretakers in our focal groups is consistent
with what we observe in the broader cross-cultural sample (see Fig. 1).
Humans are not unusual in this regard, and sibling help is common in
many cooperative breeding species [2,60,108,109].

To link this common pattern to the question of why helpers help, we
found children provide allocare without compromising the time they
might otherwise spend in play, economic activities or education. Cross
culturally, children tend to decrease the time they spend in childcare
the older they are, a trend that continues until they become parents
themselves. Concomitantly, the older children are, the more time they
spend in economic activities or school [12,25,110]. One explanation
proposed for why children are important allo-caretakers is that because
subadults and adults are stronger, more skilled and more efficient at a
greater range of economic tasks, the opportunity cost for them to al-
locate time to childcare is higher [66]. In contrast younger children
have fewer competing ways to spend their time and energy. Nor are
they weighing allocating effort toward mating and reproduction. We
find that taking care of ones siblings is not predictive of a decrease in
work or education. Ivey [11] makes a similar observation that the time
opportunity costs for caretakers other than the mother were relatively
low. Likewise, studies among nonhuman cooperative breeders find that
although helping may incur a transient energetic cost, it has no en-
during fitness cost to helpers [111-113]. While we expect specific
patterns to vary cross culturally, the low opportunity cost for children
to help offers an explanation why they are common caretakers in many
societies, even in the absence of indirect fitness benefits.

Finally, while potential caretakers may live in a household with an
infant, how much care they actually provide is variable. Among the
Savanna Pumé, potential helpers (older siblings, fathers, grandmothers)
allocate between 0 and 17% of their time to childcare and among the
Maya between 0 and 33%. In other words, although demographically
present in a household, many potential “helpers” may do nothing or
they may make a considerably difference to mothers and infants. This
emphasizes the importance of using behavioral data to move forward
our understanding of the effects that allocare and reproductive co-
operation have on a mother's time, fertility and child outcomes.
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5. Conclusion

Infant care is potentially a costly form of cooperation because in-
fants are too young to reciprocate, childcare is energetically demanding
[94] and involves tasks that helpers do not otherwise do to support
themselves. These costs raise the question why helpers help and to what
benefit for mothers and infants. Modeling results showed that across
our focal hunter-gatherer and agricultural groups 1) much of the care
an infant receives comes from allo-caretakers; 2) other than mothers,
siblings spend the most time caring for infants, and they do so at little
cost to other ways that they might spend their time; 3) infant allocare
has a significant time savings for mothers, and an implied energy sav-
ings available to reallocate to other activities besides direct care. Our
results lend support to the often made observation that children spe-
cialize in childcare. These results together point to the importance of
infant allocare and its immediate benefits to a mother's time budget and
her ability to maintain flexibility in balancing the competing time de-
mands to support both older and younger children.
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