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ABSTRACT Women who have outlived child-bearing
have long been described as postreproductive. But con-
tributions they make to the survival or fertility of their
descendants enhance the reproduction of their genes.
Consequently, natural selection affects this characteristic
stage of human life history. Grandmother effects can be
measured in data sets that include births and deaths
over several generations, but unmeasured covariates
complicate the task. Here we focus on two complications:

A grandmother hypothesis to explain the evolution of
human life history proposes that distinctive human lon-
gevity evolved when ancestral females whose fertility
was declining increased their fitness by provisioning
grandchildren (Hawkes et al., 1998; O’Connell et al.,
1999; Alvarez, 2000; Hawkes, 2003). That hypothesis
was prompted in part by ethnographic observations of
food gathering by Hadza hunter-gatherers and the
weight changes of Hadza children (Hawkes et al., 1997).
Children’s weight changes correlated with their mothers’
foraging effort unless their mothers had a nursing
infant. Then the older youngsters’ weight gains
depended on their grandmothers’ foraging instead. The
tradeoffs suggested an evolutionary scenario about
adaptive shifts in an ancestral population facing ecologi-
cal changes that reduced the availability of food young
juveniles could handle for themselves. The scenario
involves a shift from an ancestral life history like that of
chimpanzees and the other living great apes to the
greater longevity, later maturity, and shorter birth inter-
vals that characterize humans (Hawkes, 2003, Hawkes
et al., 2003; Hawkes and Blurton Jones, 2005; Hawkes,
2006; Robson et al., 2006). The Hadza example suggests
that grandmother effects may persist in modern popula-
tions, and many—though not all—analyses of ethno-
graphic and historical data sets have found them (Sear
and Mace, 2008 for review).

Ethnographic observations, like those of Hadza forag-
ers, have the advantage of tracking the activities and
conditions of individuals. But they have the disadvant-
age of small sample size and short time scales. Historical
data sets, by contrast, rarely include direct information
on individual time allocation and economic productivity,
or individual growth, morbidity, and mortality correlates.
But they have the substantial advantages of large sam-
ple size and time frames that encompass realized fertil-
ity and mortality. (Lahdenperi et al., 2004; Voland et al.,
2005; Sear and Mace, 2008).

Recently, Madrigal and Melendez-Obando (2008) used
a historical Costa Rican data set to evaluate a version
of the grandmother hypothesis. They concluded that
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cohort shifts in mortality and fertility, and maternal age
at death. We use the Utah Population Database to show
that longevity of grandmothers may be associated with
fewer grandchildren, as reported by Madrigal and
Melendez-Obando (Am J Phys Anthropol 136 (2008)
223-229) for a Costa Rican sample, even when grand-
mother effects are actually positive. Am J Phys Anthro-
pol 000:000-000, 2009.  ©2009 Wiley-Liss, Inc.

instead of increased fitness for their descendants, “the
maternal grandmother is exerting a negative influence”
(2008, p 228). This they interpreted as “strong grounds
for questioning the universality of the grandmother hy-
pothesis” (2008, p 223).

Madrigal and Melendez-Obando consider both a grand-
mother hypothesis and a mother hypothesis to explain
why women usually outlive their fertility. The mother
hypothesis proposes a fitness advantage for ending child-
bearing early so that maternal effort can be invested in
previously born children (Williams, 1957). Like the
grandmother hypothesis, this assumes that survival past
fertility is not necessarily postreproductive. In this case
the fitness benefit comes from investments that improve
the survival of offspring. Madrigal and Melendez-Obando
explicitly recognize this to be the predicted benefit to
mothers for stopping early. Nevertheless, for both
hypotheses their “proxy for fitness is the number of chil-
dren produced by a woman, not the number who sur-
vived ...” (p 224), since they are “simply not in a position
to test [effects on offspring survivall, and must work
with the” data at hand (p 228). They find that a woman’s
longevity is positively correlated with her own fertility,
but negatively correlated with the fertility of her daugh-
ter. They conclude that “the relatively large number of
studies on the grandmother hypothesis have overshad-
owed a simpler explanation for the evolution of post-
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menopausal longevity: postcycling females achieve
higher fertility by supporting their own offspring, not
their grandchildren” (p 228).

Madrigal and Melendez-Obando would not, as they
note, be the first to find mothers having no positive
effects on their daughters’ fertility. Mothers may even
protect their daughters from higher fertility that could
impose costs on the welfare of the daughter and her
other children (Leonetti et al., 2007, Sear and Mace,
2008). Such tradeoffs between offspring numbers and
their survival are a central assumption of the mother hy-
pothesis, as recognized by Madrigal and Melendez-
Obando. Those tradeoffs imply negative, not positive
effects on fertility (e.g., Blurton Jones, 1986; Borgerhoff
Mulder, 2001; Strassman and Gillespie, 2002). That
makes positive correlations between a woman’s longevity
and her fertility—here called mother effects—initially
surprising, and more so combined with negative grand-
mother effects. The combination prompted us to consider
whether the findings might be less a reflection of what
Costa Rican mothers and grandmothers were doing than
a consequence of the demographic transition in this data
set and the death ages of the women sampled.

The Costa Rican “data consist of maternal genealogies
started from 152 living subjects ... Most genealogies are
at least seven generations long ... Considering all indi-
viduals across all generations and all lineages [there
are] ... 1,172 individuals ... Several families extend
back to the 1500s” (Madrigal and Melendez-Obando,
2008; p 224). That suggests an average of 7.7 individuals
per lineage, but moving back through the generations
the lineages intertwine. Because the same women occur
in different lineages, Madrigal and Melendez-Obando
measured mother effects by randomly selecting a woman
from each lineage and correlating the longevity and the
fertility of the selected set. They measured grandmother
effects by correlating the longevity of each selected
woman with the fertility of her linking daughter. Using
bootstrap resampling techniques, they generated 2,000
samples and reported the 90% confidence intervals from
the 2,000 correlations. Correlations for a woman’s lon-
gevity on her own fertility have a 90% confidence inter-
val of +0.015 to +0.236 around a mean r of +0.1258.
Correlations for the grandmother effects have a 90% con-
fidence interval of —0.2 to +0.007 around a mean r of
—0.106. As they note these confidence intervals do not
overlap.

The Costa Rican data are not fully described, but they
clearly extend over four centuries. That time period wit-
nessed a demographic transition from high fertility and
high mortality to low fertility and low mortality (Kirk,
1996). Pretransition longevities would consequently be
shorter and fertilities higher, whereas posttransition life-
spans would be longer and fertilities lower. With lin-
eages pooled over this transition, and a woman drawn at
random from each pool, a negative relationship between
women’s longevity and their daughters’ fertility might
well be common. However, the same thing should be
true of the relationship between a woman’s longevity
and her own fertility. Pretransition women have shorter
lifespans and higher fertilities, posttransition women
live longer and bear fewer children. But Madrigal and
Melendez-Obando report a positive correlation between a
woman’s longevity and her own fertility. One possible
source for this contradiction could be the death ages of
the women sampled. If women are included when their
fertile span was cut short by death during their child-
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Fig. 1. Average age at death and average parity for women

in the Utah Population Database by birth year across the nine-
teenth century. Only women who lived at least to 50 years are
included.

bearing years, the very short lifespans and low parities
of those women would make correlations between age at
death and fertility especially strong—perhaps strong
enough to override the demographic transition effects.
We hypothesize that 1) negative grandmother effects
could be artifacts of pooling over a demographic transi-
tion with 2) mother effects strong enough to overwhelm
this pooling when samples include women whose fertility
was curtailed by their own early death.

MATERIALS AND METHODS

Because the Cost Rican data set is not published, we
turned to the Utah Population Data Base (UPDB, Bean
et al., 1990) to test these hypotheses. If we found these
patterns in the Utah data that also encompass the demo-
graphic transition, the plausibility that they characterize
the Costa Rican data would be strengthened. For mother
effects, correlations between women’s longevity and their
own fertility, we used the 101,607 parous women born in
1900 or before with complete information on longevity
and fertility. For grandmother effects we used the 51,012
women born before 1870 on whom there are complete
fertility data for a randomly selected daughter. This
design assumes an average 30 year generation time,
with the births of the children and grandchildren distrib-
uted across the same years. The large samples make
unnecessary the bootstrapping used by Madrigal and
Melendez-Obando who were working with very small lin-
eages. Otherwise we calculate correlation coefficients
just as they did.

Figure 1 displays the average death age and average
parity for Utah women who were born in the 1800s and
lived at least to the age of 50 according to their birth
year. The demographic transition began with women
born in the middle of this century. Average death age for
those who lived at least to 50 started to increase from
about 75 years in those born in mid-1800s to pass 80 for
those born at the turn of the century. At the same time,
average parities of those women decreased from about
eight births to less than four.
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TABLE 1. Correlation coefficients between age at death and own fertility (mothers) and between age at death and a daughter’s
fertility (grandmothers) for women in the Utah Population Database who were born in the nineteenth century
1 2 3 4 5 6
Longevity and fertility
Sample N Longevity and fertility P cohort effects controlled P
Parity by death age Parity by death age
controlling for birth year
1 Mothers 101,607 0.08163 <0.0001 0.12118 <0.0001
2 Mothers who 87,923 —-0.06371 <0.0001 —0.01356 <0.0001
lived >50
Fertility of a randomly Fertility of a randomly
selected daughter selected daughter
by death age by death age
controlling for birth year
3 Grandmothers 51,012 —0.02033 <0.0001 0.00410 0.3547
4 Grandmothers 43,698 -0.01777 0.0002 0.00825 0.0846

who lived >50

Correlation coefficients between age at death and own fertility (mothers) and between age at death and a daughter’s fertility
(grandmothers) for women in the Utah Population Database who were born in the nineteenth century.

The mother sample includes all parous women born before 1900. Column 2 lists sample sizes. Column 3 lists correlations for samples
pooled across the demographic transition (Fig. 1), with significance levels in column 4. In column 5, the effect of pooling across the de-
mographic transition is removed by controlling the woman’s birth year. Without this control, the shorter lifespans of the higher fertility
pretransition women combined with the longer lifespans of the lower fertility posttransition women have a negative effect on correla-
tions between longevity and fertility. Line 2 removes women who died during the child-bearing years. Their inclusion has a strong
effect on associations between death age and fertility because their early deaths impose low parities. The grandmother sample includes
all women born before 1870 with complete information about the fertility of a randomly chosen daughter. We use the fertility of a
daughter to parallel the Madrigal and Melendez-Obando (2008) measure of grandmother effects as the correlation between a woman’s

longevity and the fertility of her linking daughter. Line four removes women who died before reaching their grandmothering years.

RESULTS

Table 1 reports the correlation between age at death
and parity for the mother sample and age at death and
a daughter’s fertility for the grandmothers. Results are
given with all women pooled and then with birth year
controlled to partial out demographic transition effects.
We also distinguish between all parous women and those
who survived past 50. The latter restriction excludes
women whose early deaths curtailed their fertility and
sharply limited any grandmothering.

The first row shows that for the mother sample, there
is a postive relationship between age at death and num-
ber of children (column 3) as reported by Madrigal and
Melendez-Obando for Costa Rica. Continuing across the
row, the association is even stronger (column 5) when
the demographic transition effects are removed by con-
trolling birth year. That control in column 5 takes
account of the cohort differences between lower average
lifespan, high average fertility, pretransition women and
longer average lifespan, low fertility posttransition
women. Line two removes the women whose fertility was
interrupted by death during their fertile years. Consider-
ing only those who actually outlived their fertility, the
association between parity and death age changes sign.
Row 2, column 3 pools these women across the demo-
graphic transition, giving a correlation coefficient that
are strongly negative. Removing the demographic transi-
tion effects (column 5) leaves a correlation that is still
negative but less so because the systematic cohort varia-
tion is now removed. Comparison between columns 3
and 5 indicates the strength of the effect of pooling
across the demographic transition. Comparison between
rows 1 and 2 indicates the large contribution that early
adult mortality makes to correlations between longevity
and fertility for the mother sample.

The third row (column 3) shows that when grand-
mother data are pooled across the demographic transi-

tion, the correlation between a woman’s longevity and
the fertility of a randomly selected daughter is negative.
Just as Madrigal and Melendez-Obando reported for
their Costa Rican data set, grandmothers’ longevity
appears to have a negative effect on the number of
grandchildren they leave. But the pooling combines high
mortality, high fertility conditions with low mortality low
fertility conditions. When this systematic secular varia-
tion is removed by controlling grandmother’s birth year
(column 5) the negative relationship disappears. Row 4
shows that for the women who actually reached their
grandmothering years, the correlation is still negative,
as long as the demographic transition is ignored (column
3). As mentioned earlier, the negative grandmother
effect disappears when we control for the systematic var-
iation in longevity and fertility across cohorts that span
the demographic transition (column 5).

DISCUSSION

We found correlations in the UPDB like the ones Mad-
rigal and Melendez-Obando report for their historical
Costs Rican data set. In the pooled UPDB, women with
longer lifespans had daughters with lower fertility, an
apparently negative effect of grandmothers’ survival on
their number of grandchildren. But this negative rela-
tionship resulted from pooling pretransition lower sur-
vival, higher fertility women with posttransition higher
survival, lower fertility women. When this secular varia-
tion is controlled the negative relationship disappears.

The same pooling across the demographic transition
that results in this apparently negative grandmother
effect should also affect associations between a woman’s
longevity and her own fertility. It does. But those associ-
ations can still be positive if women whose fertility was
curtailed by death during the childbearing years are
included. Those necessarily low parities and young ages
at death weight the correlation enough to override the
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counter effects of pooling pre and posttransition women.
The correlation changes from positive to negative when
the mothers who died young are removed. If only women
who outlived their fertility are included, then, like the
grandmothers the relationship is negative. And like
the grandmothers, controlling for birth year to remove
the negative effect of pooling across the demographic
transition moves both the full and the restricted sample
in a positive direction.

Our analyses indicate that measuring grandmother
effects in the Utah population requires attention to co-
variates (see Smith et al., submitted). The same is likely
true for the Costa Rican case. Patterns there may be dif-
ferent of course. Madrigal and Melendez-Obando report
very well-behaved results from bootstrapping samples of
women drawn from sparse lineages extending over major
demographic shifts. But the UPDB analyses demonstrate
that similar results can be analytical artifacts. We found
that 1) negative grandmother effects can result from
pooling pre and postdemographic transition conditions,
while 2) associations between a woman’s longevity and
her own fertility overwhelm the negative effects of this
pooling when women who died during their childbearing
years are included. Maybe, as Madrigal and Melendez-
Obando conclude, a Costa Rican woman’s “postrepro-
ductive longevity is...detrimental to her inclusive
fitness” (2008:229). But maybe not. To falsify our
hypotheses that their findings arise from the same con-
founds that allow us to reproduce similar associations in
the Utah data, we need to know more about the Costa
Rican data set itself and more about the details of their
analyses.
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