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| Figure 4 Crannin of Sahelanthrapus tchadensis MPFT (Mission Paléoanthrepologique Franco Tehadienne (Prafessor Michel
4 ! P polaglg 2
[ Bunet}: scienific coltaboration benveen University of Poitiers, University of N*'Djantena wnd Centre National @' Appri i la Recherche)

that the green plains of the rift valley slowly tarned into dry savannah. The increasingly arid and
seasonal climate favoured vegeration that stores its starches in tubers underground racher than on
branches. Lucy’s descendants i this time bracket, Homo erectus, tound a largely vegetarian diet
harder to sustain. At the same time the mear left by predators, who were also under pressure from
the changing environment, mighe have been in shorter supply. Such were the drivers for Homo
erecins to explore different food sources. These individuals would have been small and ineffectual
predators; their bipedalism, an advantage millions of years carlier, now became a disadvantage as it
made them slower in the chase than their quadruped rivals and prey such as the big cars and deer,
respectively, Nevertheless erect posture still had the benefits of improved thermoregulation™ and,
perhaps, stanuna.® Tuis ac this stage when cranial size appears to have increased and coincided wich
the development by Homo erectus of hunting to supplement diet rather than merely relying on
scavenging from carnivores. The evidence for this lies in the selection of game, as found i the
refuse at Homo erectus settlements, and also the development of weaponry found at these sites. '
Homvo lacked the morphological specifications of a predatory carnivore (sharp teeth, claws) and
turned to ahlernative strategies. The ability of Homo erectus, a small, slow, relatively weak mammal,
to outwit prey compensated for the inability to outrun or simply overpower herbivores of
considerably greater size and speed. Those that were ‘fitter’ in Darwinian terms” survived to
repraduce. Although brain size may in itself be an important factor in ourwitting prey, surely the
ability to pass down skills from one generation to another would magnify that value? Those
individuals who can spend more time with their parents will have enhanced their skills on reaching
maturity. Their parents’ longevity therefore has an advantage, as does a longer period of
dependency as marked by a later puberty. This characteristic, while having a positive effect on
‘fitness’ in the way described also has a negative feature in terms of vulnerability to predation. The
negative effects of this package of characteristics do not end there as can be scen in Figure 5. The
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Figure 3 The trade off: a compromise of adapiarion

larger cranial size produces mevitable obstetric pressures and further vulnerabilicy of large headed
babies. Moreover, brains of larger size, while conuribuing in adulthood to improved food
provision, are, in childhood, demanding better qualicy nutrition for growth, so the means of
obtzining food in these hard tines, itself, has a cost in food. There are clearly trade offs that the
evolutionary process equilibrates. However, the longer childhood allows for a larger body at
maturity and a resultant increase in productivity, but primarily it enables more time to learn,
allowing flexible responses, enhancing ‘fitness’ and therefore survival,

The longer lifespan and delayed onset of reproduction has a clear advantage to Homw erectus and
his successor, who has an even larger brain, Home sapiens. Nataral selection may, therefore, have
influenced our development to prolong our pre-reproductive time and lengthen our life
expectancy. The question therefore remains abourt the declining reproductive capacity in females
towards a post-reproductive life. What has in the past been the apparent advantage to this?

POST-REPRODUCTIVE LIFE

Much of the story so far has been hypothetical conjecture based on fossil evidence and primare
behaviour patterns. Indeed, anthropological science is based much more on circumstantial
evidence compared with that of medicine. This is not to say that palaeobiology is not
methodologically rigorous in using scientific method in hypothesis driven research. Different facets
of evidence from varying perspectives knit together to give strength to a hypothesis. In this case
there is the hypothesis that longeviry bas a learnitg advantage for an organism that is investing in
intelligence as a survival strategy. Studies of hunter-gatherer societies existing in isolation today
help in the understanding of the complex trade oft between the positive and negative
characteristics contributing to an overall benefit 1o a post-reproductive life. Although 1t s accepted
that these are marginalised populations and may not be rypical of historic huneer-gatherer groups,
there is imuch to be learnt from them about the behavioural trade offs.
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! have already referved to the Hadza, a group of about 730 people living in the Evasi basin of
the rift valley in northern Tanzania. They are bound together by a common lfanguage unlike any
other and live as hunter-gacherers in small groups of about 35-75. They acwracted the particular
attention of Knisten Hawkes, now the Professor of Anthropology at Universicy of Urah. Hawkes'
ream lived with such a group of Hadzabe for seven seasons and kept activity diaries so that account
could be taken of seasonal variation in activity. These diaries were collated by means of
instantaneous camp scans and focal person follows, with a particular focus on ume allocation,
foraging and food sharing.

This work* observed relationships between foraging times and clildren’s weight gain. A weaned
roddler’s nutritional welfare is demonstrably proportional to its mother’s foraging times. Her effect
on that welfare 15 reduced by the arrival of a new infanc. Although there is a stanstically significant
reduction in the foraging times of the nursing mothers, there can be seen ro be an association
between the weaned children’s weight and their grandmothers’ foraging time, which, in turn,
demonstrates an inceease when their daugheers are nursing a new infant, The endpoint of a positive
effect on the children’s weight is also demonstrated with a statstically significant relationship o
the grandmothers' foraging eftorts (Figure 6).

Figure 6 Hazda wontan and weaned grandehild (© James F O’Connell)
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Thus, covariant analyses have demonsirated that:
A child’s nutritional welfare is directly dependent on its mnother’s foraging time.

The arrival of a newborn sibling reduces the mother’s nutritional contribution to her weaned
children.

+ A woman’s foraging time increases with her baby’s age as he/she becomes less demanding.
«  Grandmothers forage more with the arrival of a new grandchild.

s The weight of the weaned children of nursing mochers increases in relation to the increase in
foraging time of their grandmeothers.

Every Hadzabe woman wheo was observed nursing had an older, childless, related female helper.
The amount of foraging support appeared to be mathematically related to kinship. Nevertheless,
the weaned children can themselves contribute to their own welfare in some seasons when, for
example, easily harvested berries are available; they are less capable in other seasons when only
deeply buried tubers are available. The older women therefore support their grandchildren by
freeing their daughters to care for the subsequent baby.

No other primate demonstrates this characteristic of extending the mother—oftspring sharmg to
the weaned but not ver mature individuals. There is also no other consistent support from older
females in this way. In fact, in cliumpanzees, offspring born to elder females ofter fail to survive
after their mother’s death.”® The female chimpanzee's fertility deteriorates synchronously with
other ageing processes; she remains fertile to the end of her life. The price of chis is the high infant
mortality of thase born to older females whose death precedes the independence of their last
oftspring. This ‘somatic wastage’ is the trade off enabling some, albeit a reduced number, of the
oftspring produced right through te the end of the female’s life to survive.

The human grandmothering model is supported by the observation®™ that, in wraditonal
Gambian population groups, women start reproducing earlier if their mother is still alive and that
infant survival is significantly higher if the grandmother is still alive. By contrast, the relationship
seen between foraging yields of Hadzabe women and the weight gains of their children and
grandchildren are not demonstrated in the Ache, the South American group of hunter-gatherers
mentioned earlier. They live in forests of eastern Paraguay and have also been studied extensively,®
Like the Hadza, they live in nuclear families and grandimothers are seen to help, for example, with
‘baby sicting’. Why is there not a demonstrable nutritional contribution as with the Hadza?

Hawkes et al* have studied the Hadza men and their hunting habits. Tt seems that, while
women forage almost exclusively for eheir families and offspring, the hunting men do not contrel
the distribution of their prey. The families of good hunters receive no more than other families
unless there has, unusually, been a big kill. Infant nutrition gained from the hunters is therefore
relavely constant across the population. Moreover, Kaplan et al.* have compared nutritional
provisioning sources of these and other hunter-gatherers and, indeed, compared them with
chimpanzees. The Hadzabe diet is 52% foraged, 48% hunted, whereas the Ache is 25% foraged,
73% hunted. The Ache men share the food they obtain with all. Again, for slightly different reasons,
there 1s no preferential paternal provisioning. However, the proportion of meat and honey chac the
males provide s greater than in the Hadza. It may reasonably be surimised, then, that the larger
communal contribution of the Ache men is merely concealing the differential effect of
grandmocher care on weight gain; the food provisioning by the women is a lesser proportion of
the total infant nutrition. The smaller hunted complement of the Hadza diet has exposed the
effects of the contribution of the women and their dynamics within the family.




The rgrandmother hvpothesis st roms anassaelables There s atter sl so direct evideno s ang
certanly no prospecnve randomesed conmolled trials woidh which we arve o rannhar m e dicne
Flowever, the grandmaother hypothess seems at present to be the nvost robust theors o caplag,

the post-reproducone lue thar characterises Heme e among the primates

DISCUSSION

[t is clear that even i premodern cultures. Homo has 1 greater longevins duns would Be expecred
v owr morphology Linked o thivs the Jonger perod of valnevalbihey prior to maturies Tlys i
compounded by subsequent pregnancies ang the armval of new sucklings betore the mdependence
ot the previows child, The norrinonal and other help atforded by dhe older wonen o theiy
vramdchildren ar these tmies enhanees survieal of tharr own gene comribution throveh thegy
grandchildren. Superticiatly, che human ade oft s chac grandmothers feralios deterioraces e e
faster than expected, resuiting in o personal reducoon m cheir fate life pregnancies, This ensures 3
supply of older wemen with no current mothering responsibilines. The oade oft has an added
value, a5 the raded pregnancies would have been blighted seidh mberent age-related obseerrie
preblems, not Teast maternal ortalivs. Eody humans developig das parocular oade off siraegy
might preterentially have survived in habi thar sre marginnal for pongids ™ There 1< oo doubr
that mtant mortahiny is o valnerabiliey™ and thae an adapanon thar enhances sarvival to maturiey
would be of profound benchic, particularly i times of hardship. There are theretore two aspecis o
the adapraton. The firstis the need for che Jongeviny and the second 1 the aceelerared decdine in
reproductive capabihoe saas o free the sarviving older women tor foraging Hawkes o af 7 argue
that the human fernle span is not greater o shorter than dac expected when comparing wich
primaces m genieral.

Although she argues thac the primary adaptanon s longevuys chere s the matter of the face thac
the menopanie does noc pse arrive out of the blue, Te s preceded by o progresave decline m
teruliee from the end of the second decade of hife, The declining feraliee and the tradidon of clder
kin support imbues advantage to progressively diminshing fecundios This and Jongeviny would
cnsure that the vounger women have aceess to an adequate cohort of older wonmen without mfane
of their ovwn. We know there are hazards to long-term ocstrogen dehoenoy and icis likelv thae die
Latter vears of premodern Tite are characterised by paucity rather than o ol absence of ovaran
acuvite. The Fannly Plaoning Asocadgon in che UKL after 2L advises that contracepnion should
contnoe to be used undl a wonun has not had any mensorual Toss for two vears il aged under 30
vears s for one vear 1f over 50, This 13 becanse ovulanon may occur durmyg thae o, The
adapration o ferahey o enable grandmothering may cherctore have 1 multiple mechavism.
maluding declining frequency of ovuladon. implantation rates and mereased miscarriage rates
rehated o nondvsjunciienal chromosemal crrors. Although live birth i paswible i these womens
Liceer vears, i ix not hkelv, even in the face of ovalanon and a possible feralisanon.

The herd postreproductive life mav theretfore be characterised by o dnre of rapdly declmng
personal reprodocove potenaal racher than an abrupt menopause. Nevertheles, the declining
ovuliton rate docs grind to a haltin o number of longer living idinaduals, Even amonyg the Flazda
and other simibar groaps, a small number of individoals sorvive chreugh dhewr seventh decade. As
has been seen in Figare 1, the 20t contury has seen a greater incidence and duradion ol this so
that there s an mcease i the number of people surviving longer inte the anovulatory pose-
reproductive phase. This demands thar we address the cnormous fength of e that we now spend
with no ovuluwory activity ar the end of our lives, Prior to the last cenrury the bulk ol pose-
reproductive survivors would bave endured this for a macter of onhy a few months or vears, not for

decades. Henee we are now vulnerable e the long term o the resulunt promacted hermone
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deficiency and to the associated quality of life and disease nnplications. This results in discussion
about hormone replacement.

The survival benefit (rom grandmothers is when their daughters are reproducing, The peak
reproductive potential in human females is m the late teens and early twenties. Post-20th century
society does 110t seem to encourage teenage pregnancy, so the adapiations that have served us well
for millennia are now a source of conflict with ‘modern life’.

Moreover, the current trend to delay the first pregnancy by a decade or more resuls in
difficulties with conceiving. The success rate for weatment of couples with fertiliny problems is
inversely proportional to their age, so, again, 20th century pressures are in conflict with our nature.

A greater understanding of why our bodies have developed certain characteristics enables us to
address thase characteristics in the 21st century, in which we live our lives with the evolutionary
baggage of our past, men and women alike, foraging at supermarkers. Some of that baggage remains
useful, but some requires new adaptation. Perhaps the development of safer hormoune replacement
agents, safer contraception and bewer fertlity treauments will be the adaprations of the 21st

century.
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