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er,  endowing them with greater lifetime fertility. Genes of 
grandmothers possessing such old-age vigor would be 
more likely to persist in subsequent generations. Is midlife 
menopause a uniquely human phenomenon, or does the 
chimpanzee, our closest primate relative, also display this 
trait? If so, we might expect a grandmother effect in this 
species as well. However, female chimpanzees continue to 
cycle until near the end of their maximum life span of about 
60 years.  Conclusion:  Long survival beyond fertility and a 
long life expectancy are distinctive human adaptations. The 
robustness of ancestral human grandmothers necessarily 
included resistance to cognitive decline through preserva-
tion of functions present in many primates but also devel-
opment of processes of social cognition unique to our spe-
cies. Cognitive traits such as language and social cognitive 
functions may function in our species in particular as mech-
anisms to compensate for age-related decline. This has sig-
nificant implications for research in which non-human pri-
mates are considered as models of human cognitive aging; 
it also means that some processes can be studied only in 
humans.  Copyright © 2009 S. Karger AG, Basel 
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 Abstract 

  Background:  Women experience more years of vigorous 
life after ovulation has ceased than do females of other pri-
mate species. Is this an epiphenomenon of the greater life 
expectancy humans have enjoyed in the past century or so, 
or is long post-menopausal survival the result of an evolu-
tionary selection process? Recent research implies the lat-
ter: Long post-menopausal survival came about through 
natural selection. One prominent line of thought explaining 
this selection process is the  grandmother hypothesis .  Objec-
tive:  To evaluate the implications of the hypothesis for non-
human primate studies of aging and cognition.  Method:  
The author presents a synopsis of the hypothesis, evaluates 
the uniqueness of the ‘grandmother effect’ to humans, and 
discusses its implications for non-human primate models of 
cognitive aging.  Results:  The hypothesis contends that, in 
past epochs, women who remained vigorous beyond their 
fertile years may have enhanced their reproductive success 
by providing care for their grandchildren. This care would 
have  enabled their daughters to resume reproduction soon-
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 Introduction 

 Women may enjoy many years of life after their child-
bearing careers have ended. One explanation as to how a 
long life span past fertility arose in our species is the 
 grandmother hypothesis . This hypothesis holds that, in 
response to ecological changes at the Plio-Pleistocene 
boundary, there was reduced availability of food that hu-
man juveniles could handle themselves. In response to 
these factors the human female derived selective advan-
tage for remaining robust as her fertility declined, en-
abling her to assist her daughters in provisioning their 
children  [1] . The hypothesis proposes that life after meno-
pause is not merely a result of mankind’s success in post-
poning death through medical progress and changes in 
lifestyle, but rather that continued vigor after childbear-
ing years is an evolved component of the human life cycle. 
This grandmother effect has several implications for ag-
ing. First, grandmothers’ prolonged vigor and ability to 
assist their offspring after they themselves are no longer 
capable of reproducing required concomitant evolution 
of resistance to age-related declines in vitality, including 
cognitive and social as well as physical robustness. Sec-
ond, non-human species that do not display these char-
acteristics present limitations as direct models of human 
aging processes.

  In this essay, the author presents salient points of the 
argument that the long post-fertile life span of the human 
female is a derived trait that evolved along with mother-
child food sharing and a long period of juvenile depen-
dency  [1, 2] . Next, a controversy as to whether our closest 
living relative, the chimpanzee, experiences a period of 
extended post-menopausal infertility comparable to that 
of women is summarized. Finally, implications of the 
grandmother effect for research on age-related changes 
in cognition are discussed.

  The Grandmother Hypothesis 

 A key question in theories of aging is why the life his-
tories of animal species vary in terms of the relative 
amount of time spent during development and reproduc-
tion, and how these patterns may relate to aging. One 
important factor appears to be environmental risk of 
mortality. Charnov  [2]  argues that environments with 
low mortality risk provide more time to invest in growth 
and development as well as longer life. A related view is 
that of the ‘disposable soma’, which holds that there is a 
tradeoff between investment in the soma and the invest-

ment in reproduction, based upon risks in the environ-
ment  [3] . In this context, long-lived primate species are 
examples of a relatively greater investment in soma.

  These ideas help explain why primates are long-lived, 
but why does  Homo sapiens  have such a long life span, 
even among primates? One view as to how selection pres-
sure could change life history was provided by the ‘stop-
ping early’ or ‘mother’ hypothesis, proposed by Williams 
 [4] . He argued that menopause was a benefit to a woman 
because a ‘… termination of increasingly hazardous preg-
nancies would enable her to devote her whole remaining 
energy to the care of her living children, and would re-
move childbirth mortality as a cause for failure to raise 
these children’.

  In contrast to this stopping early hypothesis, the 
grandmother hypothesis considers ovarian aging and 
menopause to be a conserved human trait, rather than a 
derived one, present before the branching off of the hu-
man lineage. It considers the derived trait to be slower 
aging in other physiological systems, resulting in a longer 
life span. A number of reviews of this hypothesis and its 
implications have appeared; it is briefly outlined here as 
it was put forth by Hawkes  [5–7] , one of its principal ar-
chitects.

  The grandmother hypothesis posits that ancestral fe-
males benefitted by retaining their strength as their fer-
tility declined, enabling them to assist their daughters in 
caring for their children. The benefit of her longer sur-
vival was an increase in her daughters’ fertility. Hawkes 
 [5]  argues that this change came about because ecological 
shifts forced dependence on foods that weanlings could 
not handle effectively. This presented an opportunity for 
an older female whose own fertility was ending to in-
crease her own fitness by provisioning her grandchil-
dren. According to this model, grandmothering explains 
increased    adult    survival   and   a   longer   life   span.   This,   

in turn, favors a longer period of prepubertal develop-
ment  [8] .

  A wide range of evidence establishes the plausibility of 
this concept. One line of support stems from observa-
tions of both modern-day traditional societies and his-
torical accounts of pre-industrial Western societies. 
Among the Hadza, for example, one dietary staple are 
deep-growing roots that children have difficulty harvest-
ing. Post-menopausal women, however, are able to dig 
them up, thus contributing to improved nutrition of their 
grandchildren  [9] . Hawkes  [5]  points out that harsher, 
drier environmental conditions that appeared in the Plio-
Pleistocene transition may have thus provided a ‘novel 
fitness opportunity’ for older women. She posits that 
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these older females may have exploited this opportunity 
by helping to feed their just-weaned grandchildren, thus 
allowing their daughters to reproduce sooner without 
compromising the welfare of those weanlings  [9] . The 
food-sharing that is the basis of the grandmother hy-
pothesis may have involved other foods besides tubers 
that were too difficult for a child to handle, such as small 
game, shellfish, nuts, or seeds, as long as these were avail-
able in sufficient quantity in a particular ecological set-
ting  [1] . In addition to Hawkes’ observations on the Had-
za, several other studies describe societies in which work 
by grandmothers contributes to the material support of 
their daughters’ weanlings in both modern  [10]  and his-
torical populations  [11, 12] , as reviewed in Sear and Mace 
 [13] .

  Does grandmothering indeed increase ultimate fertil-
ity? This question was addressed by Lahdenperä et al. 
 [14] , who analyzed archival data on longevity and repro-
duction of pre-industrial populations of about 500 Finn-
ish and 2,300 Canadian women. Their primary finding 
in both of these groups was that the longer women lived 
after their childbearing years (i.e., after 50 years), the 
greater was the number of their grandchildren (produced 
by both sons and daughters). The Finnish dataset showed, 
in addition, that those young women living near to their 
mother began reproducing earlier and had greater life-
time reproductive success than did the daughters of 
women who were deceased or resided in a different vil-
lage. Thus, at least in these two societies, the longevity of 
grandmothers is associated with increased number of de-
scendants, suggesting that post-menopausal longevity in-
deed confers a selection advantage.

  Do Women Have Uniquely Long Lives after 

Childbearing Has Ceased? 

 If this trait indeed evolved in the rising hominins, then 
 Homo   sapiens  should be the only living species to display 
it. In a recent review of the literature on menopause in 
non-human primates, Walker and Herndon  [15]  observed 
that age-dependent cessation of ovulation occurs in all 
primate species studied. Rhesus monkeys, for example, 
reach menopause around 25–30 years of age, which is 
well beyond their median survival of about 16 years and 
near the maximum life span of about 35 years  [16] . Thus, 
it is not menopause, but a lengthy post-menopausal life 
span that is lacking in monkeys. But if one accepts the 
scenario of working grandmothers improving their 
daughters’ fertility, the question remains whether meno-

pause evolved as a way of stopping reproduction, or 
whether longevity past menopause was the adaptation. In 
this regard, the chimpanzee is of particular interest as the 
species biologically most closely related to humans. In 
captivity, the median life span of this species is about 26 
years and the maximum about 60 years 1   [18] . Thus, the 
question is whether the chimpanzee’s life history follows 
a ‘non-human primate’ pattern, with fertility declining in 
synchrony with somatic aging, or whether it exhibits a 
‘humanized’ pattern, with menopause and reproductive 
cessation earlier in life so that a long post-reproductive 
period ensues.

  In the case of the chimpanzee, it has been difficult to 
distinguish between these two schedules because of the 
scarcity of lifelong observations of their reproductive sta-
tus. But the data available show that they continue to ovu-
late until near death  [19–21] , suggesting that chimpan-
zees, like other simians, follow the non-human pattern. 
However, a later report concluded that menopause occurs 
near mid-life, as it does in women. This later study on 14 
chimpanzees found that FSH rose above what the authors 
designated as a critical level between 36 and 40 years of 
age  [22]  and concluded that menopause in chimpanzees 
occurred between 35 and 40 years of age. Although this 
study did follow individuals longitudinally, the authors 
were unable to observe actual menstrual cycles, relying 
instead upon twice-yearly samples of gonadotrophic hor-
mones. Menstrual bleeding was not regularly observed in 
the chimpanzee facility.

  Since menstrual bleeding has been observed regularly 
in many chimpanzees at the colony of the Yerkes Nation-
al Primate Research Center for several decades, we exam-
ined the records for evidence of cyclic menstrual bleeding 
to directly track cycles and to determine when meno-
pause occurs. Data were available for 664 chimpanzee-
years of observation on 89 chimpanzees, from the ages of 
6 to 59 years. Twenty of the chimpanzees were observed 
into their 40th year of life (an age rarely achieved in chim-
panzees in the wild or even in captivity  [18, 23] ), and all 
of these showed cycles demarcated by menstrual bleeding 
after the age of 39 years. Three of the chimpanzees were 
observed into their 50s; all 3 showed cycles of menstrual 
bleeding past that age. We observed apparent menopause 
(defined as cessation of cycles for a period of at least 12 

  1     The popular press has presented claims that Cheeta, the chimpanzee in 
the Tarzan movies, has reached the age of 76 years. However, a recent report 
by a journalist who was preparing a biography of this supposedly superan-
nuated chimpanzee found that Cheeta was actually around 45 years of age 
in 2008, and the anecdotes supporting his advanced age were apocryphal 
 [17] . 
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months without any underlying deterioration in overall 
health  [24] ) in only 1 chimpanzee. This individual ceased 
to display menstrual bleeding at 53 years of age. She 
stopped monthly cycles of genital swelling (which is de-
pendent upon cycles of ovarian hormones  [25–30] ) at 57 
years of age and lived in relatively good health until her 
death at 59 years  [31] .

  While our data on chimpanzees clearly demonstrate 
that menstrual cycles can continue well past the age of 40 
years and even into the 50s, one might still question 
whether the observed cycles are reproductively viable. 
However, a study of six groups of chimpanzees living in 
the wild indicated that live births occur at maternal ages 
as late as 40 or 50 years  [23] . Late-life deliveries also can 
occur in captivity, as in a recent case report of a chimpan-
zee documented to be 49 years of age who gave birth to a 
healthy infant in a zoo in Switzerland  [32] .

  Given these data and our finding that menstrual cycles 
can persist into the 50s, it seems that the chimpanzee 
does not possess lengthy, human-like post-menopausal 
survival. It therefore appears that a long and vigorous life, 
extending many years past the end of fertility, is a distinc-
tive human trait.

  It may be tempting to think that this human trait is 
merely an artifact of the lengthening of median human 
life expectancy in the last centuries. Extensive data, how-
ever, indicate that menopause and a long post-cycling life 
span have not emerged recently. Vaupel et al.  [33] , for ex-
ample, noted that in a Swedish farming population, the 
death rate for women below the age of 70 years remained 
at a low and nearly constant level of about 0.05 through-
out the period from 1875 through 1950. A high probabil-
ity of adult survival past menopause has also been de-
scribed in other historical populations as well as in hu-
man foraging societies [as reviewed in  5] . There are 
ancient references to menopause as well [see  34] . This 
echoes the commonplace observation that, throughout 
history, at least some women have lived to an advanced 
old age, well beyond the termination of fertility.

  Is Old-Age Cognition Different in Humans? 

 It appears, therefore, that the long human life span is 
an evolutionary adaptation of our species. This adapta-
tion must have involved maintenance of physical robust-
ness of aged individuals, as in the case of the tuber-dig-
ging Hadza grandmothers  [9] . The brain also must have 
evolved improved resistance to decline. Finch and Sapol-
sky  [35]  propose that this may have included metabolic 

changes that protect against Alzheimer disease-like pa-
thology. Their proposal also implies that the human line 
developed general resistance against failing cognitive 
abilities. In the absence of enhanced cognitive resilience, 
extended life span may have been impossible, as failing 
brain function would likely cause increased mortality 
from environmental hazards, whereas preserved memo-
ry and decision-making ability would clearly be instru-
mental to survival. Indeed, Allen et al.  [36]  have suggest-
ed that increased brain size and greater cognitive capac-
ity supported the development of increased life span in 
humans. They relate this brain-driven increase to the 
phenomenon of ‘cognitive reserve’, which compensates 
for brain lesions and pathology through excess capacity 
 [37] . While Allen et al.  [36]  suggest a causal link between 
increased cognitive ability and long life span, an alterna-
tive view is that larger brains evolved because of the in-
creased demands of an intercorrelated group of traits that 
included later age at maturity, longer life span, and large 
and complex social groups. The importance of social 
complexity for brain size is emphasized by Dunbar  [38]  
in his ‘social brain’ hypothesis.

  If the grandmother hypothesis indeed explains our 
long life span, then human late-life robustness – and de-
cline – must be considered distinctively human. This im-
plies that many aspects of cognitive decline can be stud-
ied only in humans, not in an animal model. Behaviors 
involving language, such as word generation or verbal 
memory, are obvious examples. In addition, other char-
acteristic human abilities and behaviors may have been 
elaborated through grandmothering. For example, Cars-
tensen and Lockenhoff  [39]  argue that other behaviors of 
grandmothers (and grandfathers) besides assistance with 
provisioning of weaned but dependent children may also 
have led to longer survival. They think that ‘older kin may 
have contributed to the survival of younger individuals 
by providing instrumental support, knowledge, social 
expertise, and conflict resolution’ and that the genes of 
older individuals making these investments in younger 
individuals are more likely to survive in subsequent gen-
erations. Some of these behaviors and abilities, they pro-
pose, improve, rather than decline, with age.

  The uniqueness of some aspects of human aging does 
not lessen the importance of studying aging (and cogni-
tive decline) in non-human primates; in fact, it empha-
sizes the importance of identifying and understanding 
the physical and behavioral traits that make us unique. 
Many studies of cognitive aging, including our own, have 
focused on non-human primates. Most of this work has 
been conducted on the rhesus monkey, rather than the 
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chimpanzee. This species, it has been argued, shares 
many features of cognitive function with humans. In fact, 
humans and rhesus monkeys both display age-related de-
cline in many of the same cognitive tasks. Both species 
are characterized by great variability in the display of 
cognitive loss, with some individuals displaying only 
modest impairment, even at advanced ages  [40, 41] . To 
the extent that the rhesus monkey is an apt model of hu-
man aging, it also can provide a window upon neural 
mechanisms of the aging process, since the anatomy and 
physiology of this species can be studied more readily 
than in humans.

  In this context, the chimpanzee represents an appro-
priate contrast with both the human and the widely stud-
ied rhesus monkey. With an average adult brain weight of 
about 385 g  [18] , the chimpanzee has about four times as 
much brain mass as the rhesus monkey (at 90 g  [42] ) and 
one-fourth the mass of the human (at about 1,300 g  [43] ); 
hence, the chimpanzee occupies a unique position in the 
animal kingdom with respect to humans and other non-
human primates. The phylogenetic importance of the 
comparison with humans is underscored by the fact that 
the chimpanzee’s brain, body size, and maturational pat-
tern are similar to those of australopithocenes, the genus 
ancestral to  Homo   [5] .

  The comparison of these three species can offer infor-
mation of practical benefit. Although we know that the 
rhesus monkey exhibits many of the same cognitive def-
icits that befall humans, we know little about cognitive 
decline in the chimpanzee. Does the fourfold advantage 
in brain mass over the monkey provide the chimpanzee 
with particular resistance to cognitive decline? There 
have been very few studies on the cognitive capacity of 
aged chimpanzees, but the available data suggest that the 
chimpanzee may actually be resistant to decline in one 
classic test of age-related decline in frontal lobe function: 
 the delayed-recognition task . In this task, a treat or (for 
humans) another object is hidden in one of two locations 
while the subject looks on. Later, after a variable delay, the 
two hiding places are presented again. Normally, aged 
human and monkey subjects have difficulty remember-
ing the location of the reward, and this difficulty increas-
es with increased delay. Further, the effect of increasing 
delay has a disproportionate impact on aged persons and 
monkeys  [44] . In the only study using this paradigm in 
19 chimpanzees (aged 7–41 years), however, there was an 
advantage for the younger subjects only at the very short-
est delay. As delays increased to a point where older mon-
keys began to be impaired, the older chimpanzees actu-
ally performed as well as the young  [45] . While this early 

study was well carried out, it awaits replication to deter-
mine if chimpanzees are uniquely resistant to this age-
related change. Indeed, the finding that large brains are 
linearly correlated with longer life spans in primates  [46]  
does suggest this possibility. But why do humans show an 
age-related deficit on this task? This question can only be 
answered by studies comparing chimpanzees and hu-
mans.

   Figure 1  brings into sharp focus the contrast in life 
history among females of the three primate species dis-
cussed here. Rhesus monkeys live shorter lives than 
chimpanzees or women, with menopause occurring only 
in those few monkeys whose life spans approach the spe-
cies’ maximum. (Note that the median life expectancy in 
rhesus is only about 16 years.) Women and chimpanzees 
experience similar rates of ovarian aging  [47]  so that 
both species stop ovulating at about 50 years. However, 
most chimpanzees die before menopause, while most 
women survive well beyond. Physical strength, cognitive 
resilience, and social adaptability all play an important 
role in this peculiarly human phenotype. This human 
uniqueness increases the urgency of studying aging in 
other primates, an urgency heightened by the declining 
numbers and endangered status of chimpanzees and 
other apes. One reason for this is that the decline seen in 
other species may be accelerated at a rate proportionate 
to their relatively ‘faster’ life histories. Likewise, unique 
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  Fig. 1.  Schematic diagram depicting approximate ages at puberty, 
menopause, and maximum life span of female macaques ( Macaca  
spp.), chimpanzees ( Pan troglodytes ), and humans ( Homo sapi-
ens ). Bars are aligned to the age at menopause; shading indicates 
the fertile time span between onset of puberty and menopause. 
Approximate ages used are based upon references  [15, 16, 18, 48, 
49] : puberty: 3.5, 8, 12.5 years; median life span: 16, 26, 80 years; 
menopause: 25, 50, 50 years; life span: 35, 60, 100 years. The age 
of 100 years was arbitrarily chosen for the human life span be-
cause survival to this age is very rare; only about 2 years of life 
expectancy remain in 20th century European and North Ameri-
can cohorts  [50] .   
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