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Grandmothers are often presented as key carers due to low costs and
high inclusive fitness returns. Empirically, however, grandmothers are not
consistently important. Understanding the factors that promote, or hinder,
grandmothering is an important next step. We explore the demographic
predictors of the low levels of grandmothering in Agta hunter–gatherers
(78 children with 29 grandmothers). Due to generational reproductive
timing, grandmothers still had dependent children until, on average
52, creating reproductive overlap. The minimal levels of grandmaternal
investment after the age of 60 are explained by declining health and
high mortality. This means the ‘helping window’ for grandmothering only
spans 7 years. Yet grandmothers are still limited by multiple dependent
grandchildren in this period, given high fertility. We suggest then that
Agta grandmothering is constrained by (i) reproductive overlap and (ii)
grandchildren competition. Accordingly, we tested how (i) the number
of children and (ii) grandchildren associated with grandmothering using
Bayesian mixed-effect models. We found moderate to strong evidence
that more children/grandchildren reduced investment in each grandchild.
Consequently, whether Agta grandmothers help appears dependent on
demographic schedules, which vary widely both within and between
populations. Future formal demographic modelling will then help shed
light on the evolution of grandmothering in humans.

1. Introduction
Across time, cultures, economic systems and socioeconomic classes, women
have been assisted by a range of allomothers (non-maternal individuals who
invest in the mother and child), including kin and non-kin [1–6]. Allomo-
thering is broadly defined as practical support directed at the child (child-
care), the wider household (domestic tasks and resource production) and
emotional and informational support to the mother [1,7–10]. Among the
myriad of allomothers available to mothers, particular attention has been
paid to grandmothers, with Hrdy [11] labelling them as an ‘ace in the hole’
[10]. From an inclusive fitness framework, grandmothers have high levels of
relatedness with their grandchildren, low costs of allomaternal investment
and have the knowledge and skills required to ensure children’s survival and
well-being [11]. Of all possible allomothers, grandmothers have been most
commonly associated with positive outcomes for the mother and child [5,11–
22]. As a result of these observations, the ‘grandmothering hypothesis’ posits
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that the women’s post-reproductive lifespan (which is significantly longer in humans than in other species, including other great
apes [23]) evolved due to the inclusive fitness advantages acquired by investing in their grandchildren [10,24,25].

The empirical evidence, however, does not consistently demonstrate that grandmothers are (i) reliably associated with
improved mother and/or grandchild outcomes or (ii) consistent allomothers in terms of investment. For instance, one global
review highlighted a lack of clear patterns between grandmaternal investment and child outcomes, stressing the importance
of context-dependent outcomes [26]. Other studies have demonstrated that in matrilineal societies, maternal grandmothers are
associated with higher child mortality due to resource competition [27], and many studies report null effects [21]. In particu-
lar, paternal grandmothers have been documented to rarely have positive associations with child outcomes, and are more
frequently associated with poorer outcomes [21,22,28–30]. Observational studies of grandmaternal investment also indicate that,
in some contexts, grandmothers have little involvement in direct childcare [31,32] and provisioning [9]. Reflecting on the Aché
and Hiwi (South American foragers) grandmothers’ low levels of provisioning, Hill & Hurtado [9] demonstrate that, given
high mobility and mortality rates, only around 10% of women in their 30s co-resided with their mothers. This appreciably
decreases the ability of mothers to rely on grandmaternal support, calling into question the universality of grandmothering.
This then poses the question: what may be systematically different about some populations that restricts—or, conversely,
promotes—grandmothering? Answering this question will help us understand the diversity in grandmothering, and thus better
understand its evolution. While we cannot claim to answer this question here, we use Agta hunter–gatherers as a useful case
study to present and highlight these issues in one society, which can help inform future cross-cultural work.

(a) Allomaternal childcare in the Agta
Our previous research on allomothering in the Agta [33–36] paints a similar picture of grandmaternal childcare to other
horticultural and hunter–gatherer societies [3,37]. Childcare networks are diverse, comprising kin and non-kin, as well as
juveniles (in the form of mixed age and sex playgroups), reproductive and post-reproductive adults. However, from the child’s
perspective (i.e. the proportional representation of childcare from one source), grandmothers do not represent a major source
of direct support (electronic supplementary material, figures S1–S4). In infancy (0−2 years), children on average received 3% of
their total childcare investments from their maternal grandmother and 0.3% from paternal grandmothers. Toddlers (2–5 years)
received 1.9% of their total childcare investments from their maternal grandmother and 0.3% from their paternal grandmother.
Among the 78 children, only 28% and 10% received any direct childcare from their maternal and paternal grandmothers,
respectively, since many were not co-resident (32% and 14% co-resided with a maternal and paternal grandmother, respec-
tively). This is both a product of high mobility in the population, as well as high mortality since only 55% and 44% of children
had living maternal and paternal grandmothers, respectively. Nonetheless, when grandmothers were present and provided
care, they provided greater amounts of high-investment childcare (e.g. feeding the child or cleaning them), similar in type to
maternal care. Overall, many children did not have access to a grandmother, and co-resident grandmothers did not necessarily
help. However, children who were looked after by a grandmother received large amounts of high-investment childcare.

One factor underpinning grandmothering diversity is demography. In particular, expanding on Hill & Hurtado’s [9]
point about co-residence and mortality to also include reproductive scheduling and total fertility. Reproductive schedules—
specifically ages of first, last birth and the length of the interbirth interval—influence both (i) reproductive overlap between
a grandmother and daughter/daughter-in-law [38–40] and (ii) competition between grandchildren [41], both of which are
predicted to influence grandmaternal investment. While there is broad recognition that cooperation and competition are
different sides of the same coin [42,43], the cooperative childrearing literature often (but not consistently, see [22,27,30]) assumes
grandmothers to be helpful. Here, we detail the demographic schedules of the Agta with the aim of documenting the degree
of this overlap and the likelihood of competition between and within generations. We then examine the relationship between
the number of dependents a grandmother has with her investment in any one grandchild using Bayesian mixed-effect models,
expecting that more dependents result in decreased investment.

2. Methods
(a) The Agta
In 2013−14, there were around 1000 Agta living in the Palanan municipality of northeastern Luzon, Philippines. Riverine and
marine spearfishing provides their primary source of animal protein, supplemented by hunting and gathering, as well as
low-intensity cultivation, wage labour and trade [44,45]. This variation in subsistence is mirrored in the types of camps the Agta
live in, as some camps are settled with permanent structures, are larger and have some form of infrastructure like a drinking
well or church. Other camps are mobile, comprising temporary shelters, are smaller in size and the people who reside in these
camps change frequently [46]. Previous research has highlighted their extensive cooperation between kin and non-kin across
multiple domains from a young age [36,47–49]. The period total fertility rate ((TFR) the average number of children a woman
would have over her lifetime based on the fertility rates observed in a specific period) in 2014 was 7.7, which was significantly
higher among settled mothers (7.7) who engaged more in cultivation than mobile mothers who foraged more (6.6) [50]. Infant
mortality was equally high, with 19% of children dying before their first year, 13.9% between 1 and 5 years, and 6% between 5
and 15 years [46].
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(b) Data collection
Data collection occurred over two field seasons from April to June 2013 and February to October 2014. This research was
approved by the UCL Ethics Committee (UCL Ethics code 3086/003) and carried out with permission from the local government
and representatives from the Agta community. Informed consent was obtained from all participants, and parents signed the
informed consents for their children (after group and individual consultation and explanation of the research objectives in the
indigenous language).

In the first season, we censused 915 Agta individuals (54.7% of which were male) across 20 camps. Following relative
ageing protocols outlined in detail elsewhere [51], accurate ages were established for all individuals. Relatedness for the entire
population was established from household genealogies alongside reproductive histories with all adult women encountered (n
= 161), producing a record of all reported living (n = 632) and deceased (n = 210) children (see [52,53]).

In the second season, we stayed approximately 10−14 days in camps to conduct focal follows of children. Focal follows were
conducted on 78 children (34 children aged 0−1.9; 44 children aged 2−5.9) in 10 study camps. No formal sampling techniques
were used due to the small population size: we were able to observe the majority of children in our study camps (electronic
supplementary material, table S1). Where complete focal follows on all children aged under 6 were not possible (e.g. in large
camps), we observed at least one child per household. Although our total sample contains more boys than girls (48 males,
61.5%), this is in line with the male-biased sex ratio seen among children in this population [53]. Two researchers (A.E.P. and
S.V.) observed each focal child for a 9 h period broken into three 4 h intervals (6.00–10.00, 10.00–14:00 and 14.00–18.00, with
15 min breaks each hour) on non-consecutive days. During observations, researchers recorded the activities of the focal child
every 20 s, who else was within 3 m of the child and engaged in childcare (including carrying, holding, cleaning, playing and
proximity watching and supervising). Further information can be found in the electronic supplementary material and [34].

(c) Data analysis
Descriptive statistics were used to detail the key demographic features of the sample, which were used to create an ‘average
Agta’ reproductive schedule. We then conducted Bayesian mixed-effect zero-inflated Poisson models to explore whether
grandmothers’ dependency burden (the number of grandchildren and children she has) predicts the childcare investment
made to any given grandchild. Zero-inflated Poisson models were used as the data include an excessive number of zeros—
our data had 47/77 (61%) zeros as the outcome when grandmothers were alive but not present (not co-residing in the same
camp), meeting this condition (electronic supplementary material, figure S5). In our data, there are two processes: (i) when a
grandmother is present and helps by varying degrees (including not witnessed to help at all) and (ii) when a grandmother is not
present and never able to help. This mixture model has two components to address these two processes. A count component via
a Poisson model that explains the rate (incidence rate ratio, IRR) at which events occur when it can do so—the outcome being
the number of interactions witnessed between a child and grandmother. The zero-inflated component models the probability
of excess zeros occurring, via a logistic model predicting the odds (odds ratio, OR) of an observation being an extra zero rather
than a count, representing when grandmothers were not present. We report and interpret both components of the model in the
results.

All grandmother–grandchild dyads (n = 156) were entered into the dataset. If a grandmother was not present, but alive, this
interaction was automatically recorded as a zero as they were not present to provide childcare. There were 47 zeros (30%) in the
dataset, representing both when grandmothers were not present and present but provided no investment. If the grandmother
was dead, the observations were recorded as missing and removed from analysis (n = 79 of 156, resulting in n = 77 observations).
A mixed-effect structure was implemented to capture the non-independence of grandmothers (n = 29) as they had multiple
grandchildren (n = 49).

We used directed acyclic graphs (DAGs) to illustrate the hypothesized causal relationships between variables and identify
confounders to adjust for (see electronic supplementary material, figure S6) using the dagitty package [54]. Originally identified
variables were: the number of children (aged 16 and under), number of grandchildren (aged 16 and under), grandmaternal age
(continuous), settlement (binary, 1 = settled), the child’s age (continuous) and the sex of the child (binary, 1 = girl). Based on these
causal assumptions, grandmaternal age (highlighted in orange) is a confounder, opening a backdoor between the number of
dependent children/grandchildren (in purple) and the amount of childcare a grandmother gave (in green). Grandmaternal age
is therefore controlled for in all models.

All models were run in R 3.2.2 [55] using the brms package [56], which fits Bayesian mixed-effect models. Across all models
and components, weak normally distributed negative priors were set for the effects of dependents and grandmaternal age
(mean = −0.25, s.d. = 0.5), as the small negative effect and broadness of the standard deviation allow the data to strongly
influence the posterior estimate. Given convergence concerns with small sample sizes and the mixed-effect structure, the models
were run over 20 000 iterations in 12 chains, a high delta (0.99, to ensure more accurate sampling) and a maximum tree depth
of 30 (allowing longer paths to explore the posterior distribution more thoroughly given its complexity). All model diagnostics
confirmed that the model fitting process was robust and reliable. This included verifying chain convergence (indicated by
the R-hat values equal to 1), suggesting that the chains had converged to the target distribution. Additionally, the effective
sample size (ESS) for each parameter was sufficiently large (minimal = 23 447), indicating a good representation of the posterior
distribution. A visual inspection of trace plots further confirmed that the chains mixed well and sampled the posterior space
adequately (electronic supplementary material, figures S7–S11). Divergent transitions were minimal to none, with no transitions

3

royalsocietypublishing.org/journal/rspb 
Proc. R. Soc. B 292: 20250385



exceeding the acceptable threshold, ensuring that the sampling algorithm explored the posterior space effectively without
encountering problematic areas.

Overall, five separate models were run looking at the effect of number of dependents on grandmaternal childcare, separating
out the predictors of (i) all children aged 11 and below, (ii) all children aged 16 and below, (iii) all grandchildren aged 2 and
below, (iv) all grandchildren aged 11 and below, and (v) all grandchildren aged 16 and below. Age 0−2 was used as a measure
of the most intensive period of mothering, when children are still breastfed on demand and yet to join the mixed-age, mixed-sex
playgroups [34]. Ages 0−11 represent when children are still largely dependent on the care and provisioning of their parents.
After this age, children’s productivity steadily increases as they become independent from their parents. Teenagers are also
frequently absent from camps as they are free to explore and visit friends and relatives. As a result, after 11 years, children
do not present high levels of investment demands on carers that limit investment elsewhere. By age 16, they become largely
fully independent from their natal household, and start forming their own households [36,57]. We report 90% highest posterior
density interval (HPDI) of posterior distributions from the multivariate models. We interpret associations between predictions
and outcomes as strong when 90% of posterior distributions do not include 1 (e.g. posterior probability (PP) equal to, or higher
than 0.9), moderate when 80% of posterior distributions do not include 1, and weak when less than 80% do not include 1
[50]. Full code and data required to replicate the analysis presented in this manuscript are available on the OSF project page:
https://osf.io/t3e4w/.

3. Results
(a) Demography of the population
Of 130 women interviewed (who had given birth), the mean age at first birth was 20.2 (s.d. = 4.3). The average age of the
last birth for 37 post-reproductive women was 40.7 (s.d. = 5.9). Using data from post-reproductive individuals, the average
fertile period was then 17.9 years (s.d. = 6.1) for women. The average inter-birth interval (IBI) was 2.7 years (s.d. = 1.4, n =
258). Since life tables are required to accurately assess age-dependent mortality rates, which we are unable to produce (due
to difficulties producing age-specific rates over a short study period), our best estimate of life expectancy at the end of the
reproductive period for women comes from Early & Headland’s overlapping sample of neighbouring Agta populations. They
find life expectancy at age 45 is 14.0 years [58].

(b) The helping window
Based on these averages, the life course of a woman can be separated into five distinct periods (figure 1). The first two
represent the first 40 years of life: the ‘pre-reproductive phase’ (0 to 20 years) and the ‘reproductive childrearing phase’ (20
to 40 years). During this period, women’s childrearing responsibilities increase dramatically but are yet to have grandchildren
(in our sample, the youngest grandmother was 38 years old). The next period is the ‘post-reproductive childrearing phase’, which
is, on average, 11 years long (from age 41 to 52 years) after the cessation of live births, but when children remain dependent.
At the same time, a woman will become a grandmother for the first time. Following this phase, women move into the fully
‘post-reproductive phase’, from 52 to 59 years, where they have limited responsibilities towards their own dependent children.
This period ends at 59 years, reflective of the increased likelihood of ill health and death after this age. The final period is
then the ‘frailty phase’ from 60 years onwards. This means that ‘the helping window’—when women have no more dependent
children—for grandmothering is, on average, as short as 7 years.

(c) Reproductive conflict and competition for cooperation
To explore the accuracy of our computed reproductive phases, we summarize grandmothers’ dependency burden and
grandmaternal investment (count of caregiving observations for grandchildren aged under 6) by these periods (figure 2).
Overall summary statistics are given in electronic supplementary material, table S2. No grandmothers had children aged 2 and
below. Of the 29 grandmothers, 14 were aged under 52 years (‘post-reproductive childrearing’) and had on average 1.9 (s.d. = 1.4)
children aged under 11 and 2.93 (s.d. = 2) children aged 0−16. They also had on average, 1.5 (s.d. = 1.1) grandchildren aged
under 2 years, 3.1 (s.d. = 1.9) grandchildren under 11 and 3.3 (s.d. = 2.4) grandchildren under 16. Grandmothers in this category
were observed to invest in any given grandchildren, on average, at 191 (s.d. = 245), of a possible (on average) 1082 observation
points, representing 17.7%. Nine women were in the ‘post-reproductive’ phase (age 52−59) and had, on average, 0.3 children aged
under 11 years (s.d. = 0.7) and 1.3 (s.d. = 1.4) aged 0–16 years. They had 1.8 (s.d. = 1) grandchildren under 2 years, 6.1 (s.d. =
2.4) grandchildren under 11 and 6.9 (s.d. = 3.5) aged 0−16 years and 7.8 (s.d. = 5.3) living grandchildren. These individuals were
observed to provide grandmaternal childcare, on average, on 99.3 (s.d. = 161.2, 9.2%) occasions, approximately half that of the
childcare provided in the post-reproductive childrearing phase, per grandchild. Despite the decreased average investment per
grandchild between the post-reproductive childrearing and post-reproductive phases, the total amount of grandmaternal care summed
across all grandchildren per grandmother was similar (mean = 338, s.d. = 340 for post-reproductive childrearing versus mean = 298,
s.d. = 273 for fully post-reproductive, figure 2B). This indicates that grandmothers in both phases invested similar amounts into
direct childcare, post-reproductive grandmothers just had more grandchildren to divide this investment among.

The ‘frailty’ phase included only six women, who had 0 children under 16 and 5.33 (s.d. = 2.2) living children, 2.5 (s.d. =
1.6) grandchildren aged 0−2 years, 11.7 (s.d. = 5.9) grandchildren aged 0−11 and 15.8 (s.d. = 9) grandchildren aged under 16.
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These women were only witnessed to interact with any given grandchildren on 2.39 occasions (s.d. = 7.9, 0.2%), on average,
representing 1% and 3% of ‘post-reproductive childrearing’ and ‘post-reproductive’ phases, respectively. Grandmothers in the frailty
phases also invested very little in childcare overall: the average total childcare provided was 11.2 (s.d. = 25, max = 56). This
provides strong evidence that increasing grandmaternal age and frailty limit direct childcare from both the grandmother’s and
grandchildren’s perspectives.

To summarize, given the Agta’s demographic schedules, ‘post-reproductive childrearing’ grandmothers were in possible
reproductive conflict with daughters/daughters-in-law as their caregiving burden remained high. Fully ‘post-reproductive’
women had few children aged under 11, however, given high fertility rates, grandmothers had large numbers of grandchildren,
creating competition for investment. The number of grandchildren continues to grow over time, which is the highest for
the grandmothers in the ‘frailty’ phase. Yet, all grandmothers had similar numbers of grandchildren under 2 (1.5−2.5), demon-
strating their daughters/daughters-in-law were in high need at times when grandmothers had (i) their own young children
(post-reproductive childrearing), (ii) large numbers of grandchildren of all ages (post-reproductive and frailty phases). Finally, given
the low numbers of surviving grandmothers (in the ‘frailty’ phase’), and the very low to zero investment from those who did
survive, older grandmothers are not a reliable source of childcare.

Based on these descriptive statistics, we developed testable hypotheses using our childcare observation data. Our first
hypothesis is that grandmothers with more dependent children will invest less in each grandchild. Specifically, we predicted
that (H1.1) more children will be associated with less grandmaternal childcare interactions with any given grandchild and
(H1.2) that this effect (the frequency, the count component, and the likelihood of any interaction, the zero-inflated component)
will be stronger for grandmothers with younger children. Our second hypothesis is that grandmothers with more grandchil-
dren will invest less in each grandchild. Again, for the count component, we predicted that (H2.1) more grandchildren will
be associated with less childcare interactions per grandchild and (H2.2) that this effect will be stronger for grandmothers with
younger grandchildren. Given that the zero-inflated component captures the likelihood of any interaction, we had no prediction
about the direction of the relationship between the number of grandchildren and the likelihood to be present.

(d) Mixed-effect models for children and grandchildren: count results
Across the five models, predicting the effect of children (11 year and under and 0−16 years) and grandchildren (0−2 years, 0−11
years and 0−16 years), there is moderate to strong evidence that increasing dependency burden decreases investment in each
grandchild, when controlling for grandmaternal age (figure 3). In the first model (figure 3A), for each additional child aged 11

Figure 1. Life phase for grandmothers and mothers based on population averages. The ages at the top and the bottom represent the average age when this period
finishes in the population, except for the ‘frailty’ age, which is from 59+ years. Each period is based on the average age of the last and first birth as well as life
expectancy at age 45, however, in reality, different women move in and out of periods at slightly different times, in a more continuous fashion.

Figure 2. Number of children and grandchildren in the ages and mean investment in each grandchild, split by life phase of grandmothers (post-reproductive
childrearing (40–52), grandmothering (52–59) and frailty/death (59+)).
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or under, the rate of observed childcare interactions was estimated to decrease by 21.5% (IRR = 0.785, 90% HPDI [0.48, 1.32]).
While this value is negative, there remains uncertainty since the credible interval is wide. Nonetheless, the PP (of the number
of posterior distributions that do not include 0) is 0.84, representing moderate evidence. While model errors were high given
the very small samples (indicating we should take predicted values with caution) based on this model, a grandmother with one
child aged 0−11 years (estimated count = 82.9) is predicted to provide 21.7% more care to a grandchild than a grandmother with
two children aged 0−11 years (estimated count = 68.1, full model estimates are available in electronic supplementary material,
tables S3–S7 and predicted values in electronic supplementary material, table S8). A similar trend for children aged 0−16 years
is apparent, while the effect size reduced slightly, in line with predictions (figure 3B). The rate of interactions decreases with
each additional child aged 0−16 years by 15.8% (IRR = 0.84, 90% HPDI [0.61, 1.19], PP = 0.85), indicating moderate evidence for a
negative effect. The model predicts that a grandmother with one child under 16 (estimated = 93.5) is expected to provide 17.9%
more childcare to any given grandchild than a grandmother with two children (estimated = 79.3).

The last three models—of number of grandchildren aged 0−2, 0−11 and 0−16 years, respectively—provided strong evidence
of a negative relationship between the count of grandchildren and childcare interactions, and the effects (as predicted) are
stronger the younger the age of the grandchildren. In model 3 (figure 3C), one additional grandchild aged 0−2 years is
associated with a 34.5% decrease in the rate of interactions (IRR = 0.66, 90% HDPI [0.43, 1.05], PP = 0.97). Based on this model, a
grandmother with one infant grandchild (estimated amount = 123.1) is expected to provide approximately 50% more care to any
given grandchild than a grandmother with two infant grandchildren (estimated amount = 79.4). The results for grandchildren
aged 0−11 (IRR = 0.79, 90% HPDI [0.63, 0.98], PP = 0.98) and 0−16 (IRR = 0.87, 90% HPDI [0.75, 0.99], PP = 0.98) both similarly
indicate negative relationships between observed childcare and number of dependent grandchildren, representing strong
evidence. A grandmother with two grandchildren aged 0−11 is estimated to provide 414.4 instances of care, as compared to a
grandmother with only one grandchild (aged 0−11), who is estimated to provide 587.6 instances of care. A grandmother with
two grandchildren aged 0−16 (estimated amount = 346.3) is expected to provide 17.9% less care than a grandmother with only
one grandchild (estimated amount = 418.7).

(e) Mixed-effect models for children and grandchildren: zero-inflated results
The second component of our models seeks to understand what predicts the excess zeros—which are a measure of grandmoth-
ers providing no childcare at all. These results are shown in figure 4 and represent a less clear picture. Model 1 (children aged
0−11 years, figure 4A) is clearly a null finding (OR = 0.94, 90% HPDI [0.48, 1.89], PP = 0.57), alongside model 2 for children aged
0−16 years (OR = 0.89, 90% HPDI [0.57, 1.37], PP = 0.71, figure 4B). These models do not reliably capture variance in whether
grandmothers provide any care or not.

In contrast, the results for model 3 (grandchildren aged 0−2, figure 4C) represent strong evidence of a large effect. With
a PP of 0.96, there is a robust indication that the number of grandchildren aged 0−2 years is associated with the likelihood
of grandmothers providing no care. Each additional grandchild aged 0−2 years was associated with an increased odds of
63.1% of a grandmother not providing any childcare (OR = 1.63, 90% HPDI [0.96, 3.1]). A grandmother with only one infant

Figure 3. Posterior distributions for the five models predicting the count grandmaternal investment based on caregiving responsibilities: (A) children aged under 11
years, (B) children aged 0−16 years, (C) grandchildren aged 0−2 years, (D) grandchildren aged 0−11 years and (E) grandchildren aged 0−16 years. The dashed grey
line represents the null, the solid line the modelled mean. The shaded zone is the 90% HPDI. The log odds are expressed as IRR, representing the rate of interactions
between a grandmother and child.
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grandchild has a predicted probability of having zero interactions with any given grandchild of 0.59, as compared to 0.68
when they had five grandchildren aged 0−2 years, representing a 13.2% increase (full predicted probabilities are available
in electronic supplementary material, table S9). The results for the number of grandchildren aged 0−11 and 0−16 show that
more grandchildren of older ages are associated with a decrease in odds of grandmothers providing no childcare. The effects
remain small, ranging from OR = 0.91 (90% HDPI [0.72, 1.13], PP = 0.83) for grandchildren 0−11 years to OR = 0.89 (90% HDPI
[0.78, 1.02], p = 0.96) for grandchildren aged 0−16, but nonetheless provide strong evidence. Thus, it appears that while infant
grandchildren are associated with an increase in odds of excess zeros, older grandchildren are associated with a decrease.

4. Discussion
Grandmothers being alive, present and physically able to help influences how much they do help, and these are arguably
a function of demographic schedules. Similar to several other hunter–gatherer populations, previous studies have suggested
that Agta children receive relatively little direct care from their grandmothers. Our results here suggest three simple but
important demographic reasons for this. First, high levels of mortality in later life mean that many children do not have living
grandmothers, and older grandmothers’ poorer health limits investment. Second, reproductive timing combined with a long
period of childhood dependency means that there is an extended period in which grandmothers are still providing for their
own children, reducing their investment in grandchildren by up to 21%. Third, high fertility rates mean that many women
have a large number of grandchildren, diluting the amount of time they are able to invest in each grandchild by up to 34.5%.
These findings are in line with our predictions developed from a comprehensive review of the Agta’s demographic schedules.
The Agta, in a high fertility/mortality context—with extensive reproductive overlap, multiple competing grandchildren and
high later life mortality—represent the most ‘restricted’ environment for grandmothering. This demographic perspective helps
us understand diversity in grandmothering. Different populations—be that hunter–gatherer, horticulturalist, agriculturalists
or large-scale populations—have different demographic schedules that may promote, or hinder, grandmothering. To test this,
it is necessary to model the relationship between demography, grandmaternal availability and dependency burden, testing
the predictions with large cross-cultural studies. Our exploratory case study in the Agta reveals the likely importance of
demography, but future work is necessary to systematically understand demographic processes and unpick the diversity
present in grandmothering worldwide.

(a) Ageing and mortality
Age, frailty and mortality are important factors influencing grandmothering in the Agta. We see that 50% of children did not
have living grandmothers due to high levels of female post-reproductive mortality, apparent in the extremely high sex ratios
after the age of 55 [53]. These findings are in line with arguments made by Hill & Hurtado [9] that Ache and Hiwi grandmothers
are unreliable sources of support, given high levels of mortality. The likelihood of grandmothers being alive is dependent on
population-level trends in life expectancy, which change over time, allowing us to pull apart these effects to some degree.
For instance, across the demographic transition in Finland (1790−1959), the percentage of children with living grandmothers

Figure 4. Posterior distributions for the five models predicting whether a grandmother invests at all for: (A) children aged under 11 years, (B) children aged 0−16
years, (C) grandchildren aged 0−2 years, (D) grandchildren aged 0−11 years and (E) grandchildren aged 0−16 years. The dashed grey line represents the null effect,
the other line the modelled mean. The shaded zone is the 90% HPDI. The log odds are presented as odds ratios and represent the odds of grandmothers not interacting.
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increased from 36.0% and 43.6% in 1790 to 79.6% and 70.9% in the 1950s (for maternal and paternal grandmothers, respectively).
The demographic transition, with its falls in mortality, can then increase the helping window of grandmothering [59]. However,
as we have demonstrated, availability for grandmothering is a product of much more than just mortality [60].

Frailty is another key reason we see almost negligible levels of investment by grandmothers after the age of 60 when they
are still alive. Likewise, in pre-industrial Finland, grandmothers faced an increase in mortality in their 60s, reaching a three
times greater hazard of death by the age of 70 compared to 50. At the same time, grandmothers face the peak ‘grandmothering
burden’ as multiple grandchildren are born. In this context, while younger children with grandmothers aged 50−75 years had
an increased survivorship, this disappeared after the age of 75 due to large declines in grandmaternal health [39]. This health
deterioration can also increase within-group resource competition as grandparents become more of a burden than a source of
support [22]. This is evidenced by the fact that in pre-industrial Finland, having a living, but not co-resident, grandmother was
the most beneficial for young infants, suggesting that co-residence may result in resource competition, shifting investment away
from children [61]. It is evident then that one reason we see mixed results about the role of grandmothers [4,21,62] is related
to the age of the grandmothers. Younger, more able grandmothers may provide more investment and take less resources. It is
necessary, therefore, to understand this diversity in outcomes and roles to understand population-specific ageing and mortality.

(b) Intergenerational conflict: children effect
Our results speak to the large literature on intergenerational conflict that occurs with generational reproductive overlap. One
hypothesis for the evolution of the post-reproductive lifespan across species is that of the intergenerational harm caused by
two generations simultaneously reproducing [63]. Specifically, within-group competition for resources is increased in a scenario
where both the grandmother and mother reproduce, which will ultimately negatively impact the fitness of relatives. For
instance, Mace & Alvergne [40] found in a rural Gambian population that when mothers and daughters reproduced at the same
time, maternal grandmothers increased interbirth intervals and experienced a decreased probability of future births.

We have not explored the fitness consequences of reproductive overlap here, but it is evident that the helpfulness of
grandmothers is dependent on their own fertility. The more children under the age of 16, and especially under the age of
11, the less they are invested in their grandchildren—arguably because the costs outweigh the benefits. Similar results were
found in Swiss grandparents who decreased investment in grandchildren the more children they had, particularly when they
started reproducing at younger ages [64]. Some lines of evidence have suggested that such intergenerational conflict is often
won by the daughter due to age-linked relatedness asymmetries associated with female-biased dispersal [65]. Specifically, older
women ceasing reproduction is favoured when women increase their relatedness to the local group as they age, increasing the
benefits of cooperation, resulting in an extension of the non-reproductive lifespan to avoid intergenerational conflict [63,66].
In line with such models [65], if we are looking only at ages of first and last birth the Agta’s reproductive overlap and thus
potential for conflict, is extremely low: old women stop reproducing (at 40) when their daughters start (at 20). However, here
we have demonstrated the potential conflict stemming from childrearing overlap. In the Agta, we see significant overlap of
childrearing: more children were clearly associated with reduced investment in grandchildren. In this case, older women were
not forgoing their direct reproductive effort in favour of their daughters or daughters-in-law. One reason why we do not see
the predictions based on age-linked relatedness asymmetries play out in the Agta is that, like many immediate-return hunter–
gatherer populations, they have bilocal post-marriage residence systems, in which households frequently move locations
[67,68]. There is no theoretical reason to expect relatedness to increase with age for women; the local group is too fluid. As a
result, in the Agta, it appears that the specific reproductive schedule produces significant childrearing overlap; grandmothers
are still mothers investing in their own children at the cost of their grandchildren.

It is noteworthy, however, that despite much focus on the negative impact of reproductive overlap, we find that ‘post-repro-
ductive childrearing’ grandmothers were investing slightly more into their entire group of grandchildren than the fully ‘post-repro-
ductive’ grandmothers. This suggests that other factors beyond intergenerational conflict are important in determining levels of
grandmothering in the Agta.

(c) Intragenerational conflict: grandchildren effect
Compared with intergenerational conflict, intragenerational conflict between siblings for parental care is less well considered in
the context of grandmothering. Given the high levels of fertility in the Agta, grandmothers rapidly gained many grandchildren,
and by the time they reached the ‘frailty’ age range had as many as 30 grandchildren. This, beyond declining health, is another
reason why levels of investment decreased in any given grandchild. We have strong evidence that grandmothers with more
grandchildren invested significantly less, when controlling for grandmaternal age. It follows that the more grandchildren a
grandmother has—all else being equal—the more her care may be diluted, as demonstrated elsewhere [41,64,69]. In the Agta,
due to reproductive overlap, mothers are not able to rely on their mother, or mother-in-law, to be present and able to help. This
may be why we see—in similar hunter–gatherer contexts—wide allomothering networks of diverse combinations of kin and
non-kin [3,36].

Multiple grandchildren hint at competition between families for grandmaternal care, especially if grandmaternal care is
an important means of ensuring child survival. In line with the wider cooperation literature, grandmothers may be investing
strategically [49,70,71]. Specifically, inclusive fitness returns of any given investment are increased when a mother–child dyad
most needs it because this increases the benefits relative to the costs [36]. This may be why we see increased investment in
younger grandchildren because mothers’ time and productivity are most constrained when they have young children [72,73].
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As documented in the Agta and elsewhere, grandmothers are documented to do more high investment, targeted help to
younger grandchildren in the form of feeding, washing and providing medical help [34,74]. From this perspective, our results
that grandmothers with grandchildren aged under 2 years are less likely to be present for any given grandchild make sense.
Agta grandmothers may target their investment to mothers with younger children, investing a lot in that one grandchild to
the exclusion of others—all is not equal, and care is not uniformly diluted among large grandchildren sets. Notably, from
the grandmother’s perspective, ‘childrearing post-reproductive’ and ‘post-reproductive’ grandmothers invested at similar overall
levels, just divided between more grandchildren as they aged, reducing the average. As a result, while the grandmothering
effect appears diluted from the children’s perspective, targeted investment in a singular grandchild may be sufficient to
produce an overall fitness benefit. Certainly, Chapman et al. [59] make this argument that even when grandmothers are rarely
available or the overlap between generations short, if the fitness benefits are large enough and targeted at needy ages, then
grandmothering remains adaptive. Arguably, however, the fitness consequences of grandmaternal availability on investment
(given their dependences on both fertility and mortality) in either multiple or singular ‘needy’ offspring is complex to capture in
verbal models. Future work must formally model these dynamics to fully test the grandmothering hypothesis.

We also found that more grandchildren decreased the odds of excess zeros in our dataset, indicating that more grandchildren
meant grandmothers were more likely to be co-resident. A possible interpretation here is related to strategic co-residence, where
grandmothers with older grandchildren aged 2 and above may co-reside with families with lots of children. Families with many
older children—not uncommon in a population with a high TFR—may represent a different type of need where grandmothers
can provide more low-investment supervision and proximity childcare [36]. This approach would be especially effective since
similarly aged adult siblings often co-reside in the same camp, meaning grandmothers would have access to several sibling sets.
In such a situation, grandmothers are able to invest low levels into many of their grandchildren, reconciling our findings that
more grandchildren decreased investment in each grandchild, but increases the likelihood of co-residence (proxied by reduction
in excess zeros). Koster et al. [75] note a similar trend in the Mayangna and Maya due to a bottom-heavy population pyramid,
older grandmothers with many grandchildren tended to co-reside. In such cases, investing in collective goods to large groups of
grandchildren may be a more effective investment strategy overall.

(d) Demography of grandmothering
Thinking about grandmothering in a demographic light helps us understand why we see such diversity in grandmother roles
across studies and societies [76]. It is evident across populations that there is little consistency in both levels of grandmaternal
help and the consequences of this help [4,21,26]. Our findings demonstrate that grandmaternal investment is dependent on both
generations’ reproductive timing and total fertility in line with the demographic literature [77], directly impacting the likelihood
that grandmothers are alive, present and able to help. The Agta, as a high fertility/mortality population, represent perhaps a
very ‘restricted’ case for grandmothering, unlike what is present in many high-income populations today [78]. However, the
Agta case is not representative of all hunter–gatherer groups, given the demography of these populations varies significantly
[50,57,79,80]. Across hunter–gatherers, grandmaternal care appears to be the most variable, ranging from 2% to 21% of observed
allomothering [33]. For instance, grandmothers from the BaYaka hunter–gatherers (Congo) contribute four times more to direct
caregiving compared with the Agta. This appears to be the product of differential fertility schedules: age-specific fertility
is higher at older ages in the Agta, increasing reproductive overlap and the Agta have significantly higher TFR, increasing
competition of grandmaternal resources [33]. Furthermore, the Ache who have very low levels of grandmaternal investment,
also have very late ages of last reproduction, increasing reproductive overlap [9,81]. Clearly, demography is important, but how
do we systematically explore the role of demography on grandmothering to help us better unpick the diversity across and
within populations?

Within formal demography, especially kinship demography, methodological approaches are being applied to systematically
explore the demography of grandmothering and kinship overlap. Since ‘informal’ caregiving like grandmothering is dependent
on complex generational processes, microsimulation and matrix models are necessary to analyse how the relationships between
mortality and fertility play out between generations [82,83]. Specifically, verbal models are less useful in these contexts because
of the need to account for the dependent and non-intuitive effects of fertility and mortality. For instance, in a study of
how grandparenting changed in Canada over a 26 year period, extended households became more common as survivorship
increased over time, however, low fertility reduced the proportion of the population who ever became grandmothers [78].
Further, the availability of grandmothers can vary due to slight demographic changes in very similar contexts. For instance,
in eastern Germany, grandparents frequently were yet to retire given much earlier ages of first reproduction as compared
to western Germany [77], increasing conflict with ‘working roles’. Even in large-scale national states, there is significant
demographic variations, which mean the ‘happy retired grandmother’ is far more likely in some contexts (Western Europe)
than others (the US and Eastern Europe) [60]. As a result, to gain a better understanding of the evolution of human cooperative
reproduction, and particularly variation in the role of grandmothers, formal models are required in pre-demographic transition
contexts in which fertility and mortality are both high and variable [84].

(e) Limitations
Our analysis suffers a number of limitations that are common, and difficult to avoid, in anthropological studies of childcare
in small-scale communities. Firstly, our sample sizes are small. This study is based on observations of 78 children of whom
47 could have received care from 29 grandmothers. This is reflective of the small population size overall (roughly 1000
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individuals), the high mortality rate of older women in the population and the resource and time-consuming nature of such
granular data. For this reason, we implemented Bayesian models to overcome the limitations of a frequentist framework with
small samples, but nonetheless, much of the uncertainty (large credible intervals) in our models likely stems from this. Equally,
here we only analyse one form of allomothering—direct childcare. Allomothering also comes in the form of provisioning of
resources [9,10], conducting domestic tasks [17] and informational and emotional support [1,7]. It is not possible to be confident
about the entirety of grandmother’s investment until cooperation across domains has been captured [85]. This is particularly
important if one reason why grandmothers are documented to be important in the Hadza, as compared to South American
foragers, is related to the foraging environment and if knowledge and skills become more important over time, rather than
strength. Finally, while our use of DAGs supports the causal interpretation of the results, a potential limitation arises from
unmeasured confounding variables, such as the health or fitness level of grandmothers. For instance, a healthier grandmother
might be capable of having more children and grandchildren and also be more inclined or able to provide help, thereby
introducing bias into the analysis due to these unobserved factors.

5. Conclusion
The findings from this study underscore the significant role that demographic factors play in shaping grandmaternal involve-
ment in childcare among the Agta foragers. High mortality rates, reproductive overlap and the extensive burden of multiple
grandchildren collectively constrain the ability of grandmothers to provide consistent childcare. Specifically, increasing age,
numbers of children and grandchildren decrease grandmaternal investment. These results highlight why grandmothering is not
universally prevalent or beneficial but is deeply influenced by demographic schedules. Future research utilizing cross-cultural
and formal demographic models is essential to better understand the variability and evolutionary significance of grandmother-
ing in human societies.
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