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Exploring the ‘Grandmother hypothesis’.

 The Grandmother Hypothesis is an understanding of why modern women have such long healthy post-reproductive lives, when most other species do not [footnoteRef:1]. It considers that within the primates this is a distinctly human trait, therefore it must have evolved from an ancestral pattern [footnoteRef:2]. [1:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.]  [2:  Alvarez, Helen Perich. "Grandmother hypothesis and primate life histories." American Journal of Physical Anthropology: The Official Publication of the American Association of Physical Anthropologists 113.3 (2000): 435-450.] 

 In the 1950’s G.C.Williams, an evolutionary biologist, proposed the ‘Mother Hypothesis’ [footnoteRef:3], suggesting the evolutionary benefit of older women caring for children she already has, rather than producing more. Soon after W.D.Hamilton proposed altruistic behaviour towards offspring, where the survival of genes can override personal benefit for the individual, which suggested a potential ‘Grandmother’ effect [footnoteRef:4]. However, it was not until 1998 the ‘Grandmother Hypothesis’ was developed. [3:  Mattern, Susan, The Slow Moon Climbs: The Science, History, and Meaning of Menopause (Princeton, NJ: Princeton University Press, 2019) Ch 2.p40 https://librarysearch.uwtsd.ac.uk/permalink/44WHELF_UWTSD/11c0l68/alma99100540934902421]  [4:  Mattern, Susan, The Slow Moon Climbs: The Science, History, and Meaning of Menopause (Princeton, NJ: Princeton University Press, 2019)Ch 2. P41. https://librarysearch.uwtsd.ac.uk/permalink/44WHELF_UWTSD/11c0l68/alma99100540934902421] 

 This hypothesis emerged in response to the persistent interpretation of our ancestors from a particularly male viewpoint [footnoteRef:5]. Understanding the meaning of archaeological evidence is open to many interpretations. Incorporating all available sources of information, the aim is to create an understanding of our ancestors. This enquiry is shaped by the historical time it is formulated [footnoteRef:6]. On the grand-scale, prevailing politics can influence funding of both excavations and research, and are vulnerable to economic austerity [footnoteRef:7]. On the small-scale, individuals interpreting the evidence can act politically, influencing understandings of culture and identity of both the past and the present [footnoteRef:8].  [5:  Thomas Cirotteau, Jennifer Kerner & Eric Pincas. 2022. Lady Sapiens: breaking stereotypes about prehistoric women. London: Hero; 978-1-915054-78-4]  [6:  Bond, Gillam, ‘Social Construction of the Past. Representation as Power’. (2020) Routledge.London.]  [7:  Lennox,Richardson, ‘Archaeology Is a Political Matter’. (2016). Theoretical Archaeology Group conference. University of Southampton.]  [8: Lennox,Richardson, ‘Archaeology Is a Political Matter’. (2016). Theoretical Archaeology Group conference. University of Southampton. ] 

[bookmark: _Hlk155188859] Consider the ‘Man the Hunter’ symposium in 1966 and the book published soon after [footnoteRef:9]. The imagery that came out of this described a gender division of roles, of hunting by men and gathering plant foods and child rearing by women[footnoteRef:10]. Women would pair bond with a man to ensure a food supply and protection. This concept is expressed in the American Museum of Natural History in their display incorporating the footprints at Laetoli. [9:  DeVore, Irven., Richard B. Lee, and Jill. Nash-Mitchell, Man the Hunter (New York: Aldine de Gruyter, 1968)]  [10:  DeVore, Irven., Richard B. Lee, and Jill. Nash-Mitchell, Man the Hunter (New York: Aldine de Gruyter, 1968)] 
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           Fig 1. Hominid couple making famed Laetoli footprints. American Museum of Natural History.
 This symposium landed in America at a time of feminist upheaval, and directly countered the idea of women as equals.  Gradually, as more women have entered the field of research this interpretation of our past has been challenged [footnoteRef:11]. [11:  DeVore, Irven., Richard B. Lee, and Jill. Nash-Mitchell, Man the Hunter (New York: Aldine de Gruyter, 1968)] 
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Fig 2. An alternative interpretation of the same footprints. Smithsonian National Museaum of Natural History.
  As part of this re-evaluation, Kirsten Hawkes et.al. drawing on ethnographic, primatological and archaeological research developed the ‘Grandmother hypothesis’[footnoteRef:12]. Rather than the ‘stopping-early’ theory regarding menopause put forward by Williams, she looked at natural selection favouring extended longevity [footnoteRef:13].  [12:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.]  [13:  Alvarez, Helen Perich. "Grandmother hypothesis and primate life histories." American Journal of Physical Anthropology: The Official Publication of the American Association of Physical Anthropologists 113.3 (2000): 435-450.] 

 In comparing post-reproductive lives of women with other primates, a definition of this stage of life needs to be made. The menopause is the cessation of menstruation, which is only relevant to species who have vaginal blood discharged as part of the cycle. Comparisons are complicated by not all having a regular pattern of bleeding. Menopause defined as the cessation of ovulation, is not unique to humans [footnoteRef:14]. This is supported by wider species research suggesting that “if you are kept safe from the dangers of the world, eventually you’ll run out of eggs”(Sam Ellis, Exeter) [footnoteRef:15] but most species age in line with their reproductive ability. The distinctive trait is the extended healthy post-reproductive life of women compared to most other mammals[footnoteRef:16].  [14:  Margaret L. Walker, James G. Herndon, Menopause in Nonhuman Primates?, Biology of Reproduction, Volume 79, Issue 3, 1 September 2008, Pages 398–406]  [15:  Michael Le Page. 2023. New Scientist. Most mammals go through the menopause- if they live long enough.
]  [16:  Margaret L. Walker, James G. Herndon, Menopause in Nonhuman Primates?, Biology of Reproduction, Volume 79, Issue 3, 1 September 2008, Pages 398–406] 
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Fig 3. Approximate ages at puberty, menopause, and maximum life span of females. Researchgate.

 In humans, girls are born with several hundred thousand follicles in their ovaries, but by adulthood many have died off, and by the age of about 50 too few remain for ovulation, whereas all other bodily functions decline at a slower rate [footnoteRef:17] . In most mammals, this senescence is in tandem. Only four species of toothed whales show a similar life history, killer-whale mothers ceasing reproduction in their late thirties but living into their eighties [footnoteRef:18]. [17:  Johnstone, Rufus A., and Michael A. Cant. "Evolution of menopause." Current Biology 29.4 (2019): R112-R115 ]  [18:  Johnstone, Rufus A., and Michael A. Cant. "Evolution of menopause." Current Biology 29.4 (2019): R112-R115. ] 

 If a long post-reproductive life is so beneficial, why dont more mammals have this trait? One theory is the kin-selected costs of continued reproduction.  A helpful grandmother confers benefits to her existing children, whereas a grandmother who is still reproducing confers costs to the group. Children are expensive to raise- a  continuing supply of children would over stretch the suport they need [footnoteRef:19]. Therefore for these species, kin-selected benefits promote  [19:  Johnstone, Rufus A., and Michael A. Cant. "Evolution of menopause." Current Biology 29.4 (2019): R112-R115. ] 


post-reproductive longevity, and kin-selected costs promote early cessation of fertility [footnoteRef:20].  [20:  Johnstone, Rufus A., and Michael A. Cant. "Evolution of menopause." Current Biology 29.4 (2019): R112-R115 ] 

 The benefits rely on certain behaviours, which require a combination of perspectives to discern regarding to our ancestors. Modern techniques can look deeper into the meanings of fossils, such as understanding work-related wear and tear on bones, diet determined by teeth and gut capacity, and DNA from minute fragments of organic material. Subjecting exisiting artifacts to these processes is bringing new knowledge, including exposing past assumptions such as the gender of bodies discovered in graves, and roles in society which were assumed to be male [footnoteRef:21]. Behaviours and social organisation is extrapolated from ethnographic study of modern hunter/gatherer/forager groups, bearing in mind no extant group is unaffected by the rest of the world, including by the prescence of ethnographers. The same is true of primates, having been studied since the 1960’s who knows what human behaviour they now copy. [21:  Thomas Cirotteau, Jennifer Kerner & Eric Pincas. 2022. Lady Sapiens: breaking stereotypes about prehistoric women. London: Hero; 978-1-915054-78-4] 
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        Fig 4. Orangutan saws a tree. Spy in the Wild.BBC.2017.


 Changes in morphology of the early hominids on the path to H.sapiens can be traced back to the early Pliocene.  This epoch covers 5 to 1.8 million years ago when the Earth transitioned from relatively warm to cooler temperate conditions[footnoteRef:22]. It is recognised that the emergence of the Homo and Paranthropus genera coincides with this climatic cooling, which forced adaptations globally [footnoteRef:23]. This trigger led hominins to split into two lineages, with many newly adapted mammals of the savanna emerging alongside [footnoteRef:24] . [22:  National Aeronautics and Space Administration Goddard Institute for Space Studies. Pliocene Global Warming: Page 2 of 4. A warm Time in the Past. ]  [23:  Potts, R. (2007). Environmental hypotheses of Pliocene human evolution. In: Bobe, R., Alemseged, Z., Behrensmeyer, A.K. (eds) Hominin Environments in the East African Pliocene: An Assessment of the Faunal Evidence. Vertebrate Paleobiology and Paleoanthropology Series. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-3098-7_2]  [24:  Ayala, Francisco José, and Camilo José Cela Conde, Processes in Human Evolution : The Journey from Early Hominins to Neanderthals and Modern Humans, Second edition. (Oxford, United Kingdom ; Oxford University Press, 2017)] 
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Fig 5. Evolution of humans from a common ancestor.ScienceDirect.  Arrow shows ‘Lucy’.3Ma.

 All extant apes are confined to forested environments, but the ability of humans to live in a wider range goes back to this time[footnoteRef:25]. A fossil known as Lucy is dated 3Ma, and shows changes including bipedalism, and the footprints of two more Australopithecus aferensis at Laetoli demonstrate this ability [footnoteRef:26].       Other adaptations throughout her skeleton show changes in her gut, arms, and hands but her skull remains small like her ancestors [footnoteRef:27]. She did not evolve by thinking her way forward, but by behaving and physically adapting her way. With the freedom of dexterous hands released from locomotion, developing vocal ability, binocular vision from a significant height, our ancestors could avoid starvation by taking advantage of a wider range of environments. [25:  Nakahashi, W., Horiuchi, S. & Ihara, Y. Estimating hominid life history: the critical interbirth interval. Popul Ecol 60, 127–142 (2018). ]  [26:  Ward, Carol V., ‘Interpreting the Posture and Locomotion of Australopithecus Afarensis: Where Do We Stand?’, American Journal of Physical Anthropology, 119.S35 (2002), 185–215 ]  [27: Ward, Carol V., ‘Interpreting the Posture and Locomotion of Australopithecus Afarensis: Where Do We Stand?’, American Journal of Physical Anthropology, 119.S35 (2002), 185–215 ] 

 The climatic changes forced expansion into lands where food resources were dispersed, and risk of predation increased. This led to larger grouping of individuals for safety, and complex social relationships would exist [footnoteRef:28]. It was thought hominid males responded to these changes by hunting animals for resources, which they shared with females who bonded with them to ensure their supply [footnoteRef:29].  [28:  Nakahashi, W., Horiuchi, S. & Ihara, Y. Estimating hominid life history: the critical interbirth interval. Popul Ecol 60, 127–142 (2018). ]  [29:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.] 


Developing the Grandmother Hypothesis-
 Hawkes in her ethnographic study of the Hadza, found that big game hunting was not a reliable, consistent food source [footnoteRef:30]. Hunting success is highly variable and does not support the daily nutritional needs of the group, particularly the young. Hawkes also questions the archaeological evidence of transportation of meat to a central place, claiming rather that processing and consumption occurred at the site of acquisition. She suggests H. erectus included new foods such as tubers, which required significant effort and skill to collect and process and concludes from her observations this was a female foraging and sharing practice [footnoteRef:31]. [30:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.]  [31:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.] 

  By following provisioning behaviour, adults can influence a mother’s birth spacing, increasing fertility. The shortened inter-birth interval has been evident since A.aferensis [footnoteRef:32]. Nursing mothers whose foraging efforts are limited, can be supported by the non-nursing members, including feeding her weaned child enabling her to become pregnant sooner [footnoteRef:33]. [32:  Nakahashi, W., Horiuchi, S. & Ihara, Y. Estimating hominid life history: the critical interbirth interval. Popul Ecol 60, 127–142 (2018). ]  [33:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.] 

    
                 [image: ]
                                 Pan, A.afarensis, H.habilis, H.erectus, H.sapiens.
      Fig 6. The evolution of hominid life history during the first 20 years of life. ScienceDirect.
 While the inter-birth rate was reducing, the dependency of the young was increasing [footnoteRef:34].  For most species, the environment in which they can thrive is limited by the availability of food for the young, as they have to self-provision after weaning. Observing the Hadza, Hawkes recorded the importance of older women’s foraging of foods that children cannot manage on their own. Hadza children forage as soon as they can walk and by age 5, may provide 50% of their own nutrition. They target resources they can handle such as fruit, and the whole group may by-pass other resources to maximise ‘team’ returns during these seasons. At other times when these easy resources are unavailable, women provision through collecting woody rootstock, which requires substantial upper body strength, perseverance, and the ability to control fire to process[footnoteRef:35].  [34:  Bogin, B., J. H. Kaas, and T. M. Preuss. "Evolution of Nervous Systems." (2007): 337-45.]  [35:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.] 

 Hawkes recorded weight changes, used to measure the nutritional status of children, varied according to the foraging effort of a related senior female rather than the mother. The longer juvenile dependency required a reliable high quality food source, which needed to be available all seasons and return enough yield to support the collector and more. Hunting big game would not provide this, whereas foraging supplies of small game, nuts and seeds in season and tubers available all year, meet these criteria [footnoteRef:36].   This enables the Hadza to live in habitats that would otherwise be excluded if children had to self-provision [footnoteRef:37].  [36:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.]  [37:  Hawkes, K., and J. F. O’Connell. "Grandmothering and the evolution of homo erectus." Journal of Human Evolution 36 (1999): 461-485.] 

    In summary the Grandmother Hypothesis suggests foraging by older women supports the dependent juveniles and reproductive women, which in turn favours a long-life span. The pay-off of older women would be negated by continued reproduction, so the combination of a long life and early menopause supports a higher fertility rate for younger women while enabling a healthy extended juvenile dependence.            


 From another perspective, Kaplan et al. agree with some findings, but not all. He suggests four distinctive characteristics of human life histories: a long lifespan, extended juvenile dependence, older post-reproductive adults supporting reproduction, and male provisioning of females and their young [footnoteRef:38]. His data for the Hadza, Hiwi and Ache groups shows a clear over-production of calories per day acquired by adult men compared with their own consumption, suggesting a significant food provision for others. His data shows that older women provision, whereas reproductive women consume, and mentions in particular the older Hadza women aquire more than their Ache and Hiwi counterparts. On average older women continue to provision until nearly 70, whereas men seem to become consumers 10 years earlier.   [38:  Kaplan, Hillard, Kim Hill, Jane Lancaster, and A. Magdalena Hurtado, ‘A Theory of Human Life History Evolution: Diet, Intelligence, and Longevity’, Evolutionary Anthropology, 9.4 (2000), 156–85 3.0.CO;2-7>
] 
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         Fig 7.  The mean daily energy consumption for age-sex catagories. Kaplan.
                                                  
 Kaplan claims that the switch to high-calorie, skill-intensive, large-package food (meat) is responsible for the evolutionary journey for H.sapiens [footnoteRef:39]. The long childhood allows for the brain to grow, and the rapid physical growth in adolescence gives a body to go with the mind. Applying human-capitol theory in economics, resource acquisition increases dramatically in adolescence, proving earlier investment by the group worthwhile. This delayed return runs through an extended adult lifespan, allowing for an accumulation of knowledge and skill, which can be passed on as part of the intergenerational flow of resources [footnoteRef:40]. The dependent elderly live a while before death, so are perhaps valuable for their store of information if not their physical abilities. [39:  Kaplan, Hillard, Kim Hill, Jane Lancaster, and A. Magdalena Hurtado, ‘A Theory of Human Life History Evolution: Diet, Intelligence, and Longevity’, Evolutionary Anthropology, 9.4 (2000), 156–85 3.0.CO;2-7>]  [40:  Kaplan, Hillard, Kim Hill, Jane Lancaster, and A. Magdalena Hurtado, ‘A Theory of Human Life History Evolution: Diet, Intelligence, and Longevity’, Evolutionary Anthropology, 9.4 (2000), 156–85 3.0.CO;2-7>] 

 Kaplan points out that survival at higher latitudes required reliance on meat for food, fuel, and shelter [footnoteRef:41]. Food storage and sharing is a way of managing dips in supply, and research with Ache and Hiwi show they share more with those who have shared with them, which extends to support during illness. He sees this reciprocity as a distinguishing feature of human societies [footnoteRef:42] but implies this meat provision was done by men. [41:  Kaplan, Hillard, Kim Hill, Jane Lancaster, and A. Magdalena Hurtado, ‘A Theory of Human Life History Evolution: Diet, Intelligence, and Longevity’, Evolutionary Anthropology, 9.4 (2000), 156–85 3.0.CO;2-7>]  [42:  Kaplan, Hillard, Kim Hill, Jane Lancaster, and A. Magdalena Hurtado, ‘A Theory of Human Life History Evolution: Diet, Intelligence, and Longevity’, Evolutionary Anthropology, 9.4 (2000), 156–85 3.0.CO;2-7>] 

  So, is meat male? The assumed sex-specific roles attributed to our ancestors is moving towards a more flexible discourse, with evidence of women hunting and going to war [footnoteRef:43]. A review of data by Anderson et al. revealed eleven women from the late Pleistocene period onwards being buried with big-game hunting tools, and suggests women represented up to 50% of the big-game hunters in the Americas [footnoteRef:44]. Similarly, weapons used in war were assumed to be male, but in a 2,500-year-old burial site 1/3 of Scythian women were buried with weapons. In 2017 a high- ranking Viking warrior burial turned out to be female. Anderson considers 63 modern hunter/gatherer/forager groups, finding 39% reported women hunting intentionally, and where hunting is the main subsistence activity, women participated 100% of the time [footnoteRef:45]. [43:  Anderson A, Chilczuk S, Nelson K, Ruther R, Wall-Scheffler C (2023) The Myth of Man the Hunter: Women’s contribution to the hunt across ethnographic contexts. PLoS ONE 18(6): e0287101. https://doi.org/10.1371/journal.pone.0287101]  [44:  Anderson A, Chilczuk S, Nelson K, Ruther R, Wall-Scheffler C (2023) The Myth of Man the Hunter: Women’s contribution to the hunt across ethnographic contexts. PLoS ONE 18(6): e0287101. https://doi.org/10.1371/journal.pone.0287101]  [45:  Anderson A, Chilczuk S, Nelson K, Ruther R, Wall-Scheffler C (2023) The Myth of Man the Hunter: Women’s contribution to the hunt across ethnographic contexts. PLoS ONE 18(6): e0287101. https://doi.org/10.1371/journal.pone.0287101] 

Conclusion.
 An extended healthy post-reproductive life for women today seems to have evolved by being a favourable trait for our species. The Grandmother Hypothesis validates older women as essential provisioners, enabling survival in otherwise barren environments.
 From ethnographic study, the ways in which older women support the increased fertility rate and extended juvenile dependence particular to humans, can be seen. 

 Archaeological evidence shows women occupied roles previously assumed to be male, including hunting and war. The simplistic image of ‘man the hunter, women the mate’ needed to be challenged. To reduce women to just a breeding function and attribute all the adventures to men, is blind to current and past reality. There is no evidence that hominids were excluded from tasks due to their gender, in fact there is mounting evidence of the contrary. The human group always needed both foraged and hunted resources, no matter by whom. The past may not have been so binary as the present, faced with the raw reality of climate conditions forcing everyone to adapt, learn, change [footnoteRef:46] . [46:  Maslin, Mark A., and Beth Christensen, ‘Tectonics, Orbital Forcing, Global Climate Change, and Human Evolution in Africa: Introduction to the African Paleoclimate Special Volume’, Journal of Human Evolution, 53.5 (2007), 443–64 ] 

 For our ancestral grandmothers to be seen as strong, independent minded, physically fit, and able to take on all roles as needed in the group, is a positive counter to the image of dominant male ancestors, and current ageism  [footnoteRef:47]. For this to attempt to influence our understanding of culture and identity today might be no bad thing. [47: . Chrisler, Joan C., Angela Barney, and Brigida Palatino, ‘Ageism Can Be Hazardous to Women’s Health: Ageism, Sexism, and Stereotypes of Older Women in the Healthcare System’, Journal of Social Issues, 72.1 (2016), 86–104 
] 
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