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Pleistocene bowhunting in Africa and the human mind 1 

 2 

Abstract 3 

Advances in genetic research and palaeo-neurology, together with a better understanding of the 4 

African archaeological record, demonstrate that the sapient mind evolved in Pleistocene Africa. 5 

Complex, bimanual technologies, operated over a distance – such as bowhunting – may provide a 6 

window into human cognitive evolution. I report on recent inter-disciplinary research, drawing on: a) 7 

the development of the human precuneus as brain region that facilitates visuo-spatial integration; b) 8 

sport psychology and cognitive-motor neuroscience; and c) neuro-genetic adaptations towards 9 

human attention. It highlights the role of the precuneus and attention in modern archery, and variation 10 

in the genetic development of attentional resources in African Homo sapiens vs the Neanderthals 11 

and Denisovans of Eurasia, which may explain why bowhunting was an African Pleistocene 12 

invention.  13 

 14 

Significance:  15 

The bow-and-arrow may have been invented in sub-Saharan Africa sometime between ~80 and 60 16 

ka. Complex technologies of this time depth have the potential to inform on the evolution of the 17 

human mind. I highlight the precuneus as brain region, and at least 14 ‘attention genes’ selected for 18 

in the Homo sapiens genome, that may have facilitated early African bowhunting.  19 

 20 

Keywords: Precuneus, genetic selection, Homo sapiens, cognitive evolution, attention 21 

 22 

 23 

Introduction 24 

Until recently, it was thought that Africans who lived during the Middle Stone Age about 300-30 ka 25 

were ineffective hunters lacking the bow-and-arrow1, perhaps because they lacked the necessary 26 

cognitive capacity. Yet, Middle Stone Age faunal remains of tell a different story (see SOM data 1 27 

in2), as does the human fossil record (Fig. 1 top). The African Homo sapiens genetic record also 28 

stretches back to between ~350-260 ka3, with behavioural modernity recognised since ~100 ka4. 29 

The oldest evidence for hunting with stone-tipped weapons currently comes from South Africa at 30 

~500 ka.5 Cold phases possibly stimulated weapon development, so that by MIS 12 (478-424) 31 

African Homo heidelbergensis preferred hunting with thrusting spears complimented by stabbing 32 

spears.2 By MIS 8 (300-243 ka) with the appearance of Homo sapiens, people seem to have started 33 

experimenting with javelin hunting over a longer ranges, and by MIS 5 (123-71 ka) we may see the 34 

first tentative experimentation with bowhunting, which seems to become well-developed by MIS 4 35 

(71-57 ka).2  36 

 37 
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We cannot excavate the ancient human mind, but complex techno-behaviours such as bowhunting 38 

may reveal something about its evolution in Africa. Malafouris6 applies Material Engagement Theory 39 

to explain how the use of technology shapes the brain and how it thinks. The things we do habitually 40 

are expressed in both our technologies and our brains, and changes in one may prompt changes in 41 

the other.6 Today, cell phones, computers, gaming and social media are changing human brains, 42 

behaviours, and perhaps the evolution of our species.7 If technology is changing our brains today, 43 

there is no reason to think it did not happen in the past. 44 

 45 

 46 

Source: Image created by [author]  47 

Figure 1: Top: Homo sapiens cranial fossil record, showing the globularisation of the human brain 48 

and expansion of the precuneus.  49 

 50 

Bowhunting in the human precuneus 51 

The globularisation of the sapient cranium, with an expansion of the Precuneus, becomes 52 

recognisable in the Old-World Homo sapiens fossil record between ~160-100 ka8, long after our split 53 

from the Neanderthals and Denisovans ~700-500 ka (Fig. 1). The precuneus is active during 54 

cognitive processing in modern archers9, serves as interface between action and cognition in higher-55 

order, bimanual coordination10, and damage to the precuneus causes impairment in bimanual 56 

synchronisation11. Such coordination develops incrementally into adulthood, improving with inter-57 

hemispheric communication via the corpus callosum, and with the ability to focus attention through 58 

time and across space.12 The precuneus, with other parts of the human brain, also shows the most 59 

activation when spatial attention is needed during tool use.13 It is part of the brain’s default-mode 60 

system, with extensive network activity and structural connectivity.14 The frontal region mostly 61 

facilitates body cognition, the posterior region visual cognition, the middle portion integrates internal 62 

and external signals, and the inner area links to emotional processing (Fig. 2). The result is visuo-63 

spatial integration functioning as a bridge between embodied experience, emotion and cognition.15 64 

 65 
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 66 

Source: Adapted from Beldenpoint CC-BY-3.0, annotations by [author] 67 

Figure 2: Inter-connectivity of the human precuneus (adapted from14), with intra-precuneal functional 68 

regions.  69 

 70 

During modern archery, visuo-spatial integration facilitates: a) The space-time understanding of 71 

physical body-environment coordination; b) the assimilation of visual images with conscious, self-72 

centred episodic memory recall; and c) multi-variate mental experiments or imagining ‘what if’ 73 

scenarios when planning a shot. During bowhunting, the precuneus with its network, would be 74 

involved in: a) Storing visuo-spatial information about limb and hand positions, and hand-tool 75 

interactions; b) facilitating shifts in attention between the embodied location of the hunter and the 76 

location of the prey animal on the landscape; c) predicting the flight of the arrow and prey movement; 77 

and d) focusing the mind to take an accurate shot.8 According to Bruner16, similar levels of visuo-78 

spatial integration, conscious embodied experience, emotional control, attentional shift and focus, 79 

i.e., similar ‘mindfulness’, is not possible without the developments observed in the sapient 80 

precuneus by ~100 ka. Today, our ability to focus attention in multiple ways enables us to conduct 81 

both mundane and complex tasks. It is key to successful bowhunting. Yet, it is difficult to sustain 82 

attention without training.  83 

 84 

Attention in the archer’s brain 85 

Liu et al.17 demonstrated how 45 minutes of Chinese archery affects the ability to control attention, 86 

emotions, working memory, and cognitive flexibility in pre-adolescent children. Sport psychology and 87 

cognitive-motor neuroscience can assess variation between expert and novice performances and 88 

their neuro-anatomy.18 Practicing archery stimulates the selective, yet simultaneous, processing of 89 

both internal and external information, so that the archer’s attention becomes focussed on multiple 90 

aspects relevant to firing a successful shot, whilst ignoring or buffering distractions.19 The ability to 91 

pay attention in such a complex manner is key to sapient cognition today. Neuro-cognitive work 92 

suggests that repeated practice and improvement in aiming accuracy result in plastic changes in 93 

brain areas associated with spatial attention.9 Kim et al.20 performed an fMRI study, comparing 94 
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variation between expert and novice archer neural networks during the aiming process. They found 95 

that the precuneus was one of the areas with significantly higher activation compared to other 96 

regions in the brains of expert archers, and even more active in the brains of novice archers 97 

compared to experts when aiming.18,20 This suggests that the sapient precuneus probably also plays  98 

role in bowhunting (Fig. 3), and that attention-demanding tasks such as bowhunting may stimulate 99 

development/changes in the precuneus and its associated attentional networks. 100 

 101 

 102 

Source: Arri Raats (19919656433) CC-BY-2.0 103 

Figure 2: Kalahari Khomani San, Boesmansrus Camp, Northern Cape, South Africa.  104 

 105 

Neuro-genetic adaptations towards human attention  106 

We are also able to trace neuro-genetic adaptations in human cognitive evolution. Kaczanowska et 107 

al.21 shows functional networks starting to shift from motor control to attention in ancient hominoids 108 

by >18 Ma and in ancestral homininae by >7 Ma. Much later (~700-500 ka), the Neanderthal split 109 

from a common Homo ancestor shows genetic selection for strategic thinking (prospection/theory of 110 

mind), working memory and mathematical skill.21 The Denisovans who split from the Neanderthals 111 

after 500 ka clustered with functional networks for motor control, affective attention (introspection), 112 

affective processing (impulse/emotional control), active and passive attention, and action planning.21 113 

After ~300 ka Homo sapiens in Africa shows continued selection for working memory, fine motor 114 

control, language, emotion recognition, relational processing (causal cognition), abstract thinking 115 

and a notable emphasis on strategic thinking.21 116 

 117 

Of 44 genes, listed as associated with Neanderthal, Denisovan, and Homo sapiens cognition21,22, 26 118 

are associated with attention17. Of these ‘attention genes’, none were selected for in all three groups. 119 
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We (Homo sapiens) selected for five attention genes (ADAMTS9, ARHGEF11, CHL1, LAMB3, 120 

MKKS) also selected by the Denisovans, and a different one (ADGRV1) selected by the 121 

Neanderthals. Fourteen of the attention genes (ASTN1, BZRAP1, CKAP5, CUL4B, FAAH, LPHN3, 122 

MCPH1, NCOA6, NUP210, PCLO, PCNT, RB1CC1, SLC6A15, SLITRK1), currently associated with 123 

neuro-genetic selection for human cognitive evolution21,22, were selected for only in Homo sapiens. 124 

Nine of these (BZRAP1, CKAP5, CUL4B, FAAH, NCOA6, PCLO, RB1CC1, SLC6A15, SLITRK1) 125 

have been linked to cognitive processing in the precuneus (see Table 2 in18; Fig. 3) – which is 126 

associated with activation and neuronal pressure when bimanually aiming an arrow at a target 127 

through space18,20. These observations suggest different neuro-genetic pathways for developing the 128 

ability to pay attention amongst ancestral humans, and may explain why only Homo sapiens became 129 

habitual bowhunters during the African Pleistocene. 130 

 131 

 132 

Source: Adapted from AlphaFold Protein Structure Database (CC-BY 4.0), https://alphafold.ebi.ac.uk, visited March 2025  133 

Figure 3: Three dimensional protein structures from of genes selected for in Homo sapiens since 134 

our split from the Neanderthals and Denisovans that are associated with the precuneus and with 135 

attention (modified from the).  136 

 137 

In conclusion 138 

Interaction between brain, body and tools depends on a range of attentional resources to coordinate 139 

actions, motor planning and task orientation, and to integrate tools in the human body and neural 140 

schemes.24 Noticeable changes in Pleistocene technology may demonstrate parallel changes in 141 

human attention, ultimately leading to the techno-behavioural complexity observed in the Homo 142 

sapiens hunter-gatherer record since ~100 ka.4,24 The origin of bow hunting in Africa sometime 143 

between ~80 ka and 60 ka,  represents a major change in human techno-behaviour that is, thus far, 144 



6 
 

exclusive to Homo sapiens. Neuro-cognitive work demonstrates how modern archery helps to 145 

develop attentional resources, and how paying attention during aiming an arrow stimulates the 146 

precuneus – a brain region that only reached its modern range by ~100 ka15. If we accept that 147 

practicing archery affects an archer’s brain and how it pays attention, it is reasonable to suggest that 148 

ancient human brains went through similar neuro-plastic adaptations when using bimanual 149 

technologies that required attentional visuospatial training.  150 

 151 

References 152 

1. Klein RG, Avery G, Cruz-Uribe K, et al. The Ysterfontein 1 Middle Stone Age site, South Africa, 153 

and early human exploitation of coastal resources. PNAS 2004;101(16):5708-15. 154 

2. Sahle Y, Lombard M. The evolution of long-range hunting with stone-tipped weapons during the 155 

Afrotropic Middle Stone Age: A testable framework based on tip cross-sectional area. Quaternary 156 

2024;7(4):50. 157 

3. Schlebusch CM, Malmström H, Günther T, et al. Southern African ancient genomes estimate 158 

modern human divergence to 350,000 to 260,000 years ago. Science 2017;358(6363):652-5. 159 

4. Wadley L. What stimulated rapid, cumulative innovation after 100,000 years ago?. J Arch Meth 160 

and Theo. 2021;28(1):120-41. 161 

5. Wilkins J, Schoville BJ, Brown KS, Chazan M. Evidence for early hafted hunting technology. 162 

Science 2012;338(6109):942-6. 163 

6. Malafouris L. Mind and material engagement. Phen Cog Sciences. 2019 Feb 15;18(1):1-7. 164 

7. Swingle MK. i-Minds: How cell phones, computers, gaming, and social media are changing our 165 

brains, our behavior, and the evolution of our species. Gabriola: New Society Publishers 166 

8. Lombard, M., 2024. Bow hunting and the sapient precuneus. In: Oxford Handbook of Cognitive 167 

Archaeology 2024. p 823-44. 168 

9. Seo J, Kim YT, Song HJ, et al. Stronger activation and deactivation in archery experts for 169 

differential cognitive strategy in visuospatial working memory processing. Beh Brain Res. 170 

2012;229(1):185-93.  171 

10. Wenderoth N, Debaere F, Sunaert S, Swinnen SP. The role of anterior cingulate cortex and 172 

precuneus in the coordination of motor behaviour. Euro J Neuros. 2005;22(1):235-46.  173 

11. Caeyenberghs K, Leemans A, Coxon J, et al. Bimanual coordination and corpus callosum 174 

microstructure in young adults with traumatic brain injury: A diffusion tensor imaging study. J 175 

Neurotrau 2011;28(6):897-913. 176 

12. Westenberg Y, Smits-Engelsman BC, Duysens J. Development of unimanual versus bimanual 177 

task performance in an isometric task. Hum Mov Sci. 2004;23(3-4):461-74.  178 

13. Holmes NP, Spence C, Hansen PC, et al. The multisensory attentional consequences of tool 179 

use: A functional magnetic resonance imaging study. PLoS One. 2008;3(10):e3502.  180 

14. Margulies DS, Vincent JL, Kelly C, et al. Precuneus shares intrinsic functional architecture in 181 

humans and monkeys. PNAS 2009;106(47):20069-74.  182 



7 
 

15. Bruner E, Amano H, Pereira-Pedro AS, Ogihara N. The evolution of the parietal lobes in the 183 

genus Homo. In Digital endocasts: From skulls to brains 2018 p 219-37.  184 

16. Bruner E. In search for evolutionary roots of a mindful cognition: A Darwinian view on sustained 185 

intentional awareness. BioSystems 2024;246:105321.  186 

17. Liu J, Taneepanichskul S, Zhang B, Xenos P. The effect of a single bout of Chinese archery on 187 

core executive functions in preadolescent children in Shanghai. Int J Env Res Pub Health. 188 

2023;20(2):1415.  189 

18. Lombard, M., 2024. Paying attention: The neurocognition of archery, Middle Stone Age bow 190 

hunting, and the shaping of the sapient mind. Phen Cog Sci 2024;  191 

https://doi.org/10.1007/s11097-024-09980-z  192 

19. Baumeister J, Reinecke K, Liesen H, Weiss M. Cortical activity of skilled performance in a 193 

complex sports related motor task. Eur J App Phys. 2008;104:625-31.  194 

20. Kim J, Lee HM, Kim WJ, Park HJ, et al. Neural correlates of pre-performance routines in expert 195 

and novice archers. Neuro Let. 2008;445(3):236-41.  196 

21. Kaczanowska J, Ganglberger F, Chernomor O, et al. Molecular archaeology of human cognitive 197 

traits. Cell Rep. 2022;40(9): 111287. 198 

22. Kuhlwilm M, Boeckx C. A catalog of single nucleotide changes distinguishing modern humans 199 

from archaic hominins. Sci Rep. 2019;9(1):8463. 200 

23. European Bioinformatics Institute. AlphaFold Protein Structure Database. 2022. Available from: 201 

https://alphafold.ebi.ac.uk 202 

24. Bruner E, Colom R. Can a Neandertal meditate? An evolutionary view of attention as a core 203 

component of general intelligence. Intelligence. 2022;93:101668. 204 

https://doi.org/10.1007/s11097-024-09980-z
https://alphafold.ebi.ac.uk/

	21461 peer review history.pdf
	21461_appendix1.pdf

