 How has human evolution changed through the use of stone tools; is it dependent on the increase in cranial capacity? David Hinsull (2103522) 
There is a human evolution debate about whether the increase in cranial capacity in early man led to the development of stone tools or if culture and other factors such as spatial cognition and environment had a more important role in the development of stone tools. These arguments are addressed by Dietrich Stout (2011) who argues that the brain helped develop stone tools, however, Raymond Corbey (2016) argues that culture played a more pivotal part. Many disciplines consider this argument such as archaeology, anthropology as well as neuroscience (Gibson and Ingold, 1994). Overall, it could be argued that culture, language, spatial cognition and the increase in cranial capacity led to the development of stone tools.

The Oldowan period otherwise known as Mode One was from 2,600,000 years ago to 1,400,000 years ago and was the earliest stone tool period (Stout, 2011). The main characteristics of the Oldowan period are that the stone tools were not made out of flint and were instead stones such as cobbles; their production of tools would use direct percussion to make flake products (Stout, 2011). These tools of East Africa were discovered with, “Australopithecus aethiopicus which later evolved into Australopithecus boisei and perhaps into Australopithecus robustus in South Africa” (Toth and Schick, 1993, page 348). The earliest record of brain expansion is given to Homo habilis around two million years ago; however, this is heavily contested as it could have also been Australopithecus (Gibson and Ingold, 1994).  Susman argued that out of robust australopithecines and early homo, it is impossible to tell who was responsible for the assemblages of stone tools as they co-existed (Goldwin-Meadow, 1993). The use of stone tools did not correspond to mental templates; however they were able to recognise acute angles and striking platforms and had good dexterity (Gibson and Ingold, 1994). From the period it can be seen that stone was transported long distances and that according to Toth the majority were right-hand knappers (Toth, 1985). This could mean that the early hominids who were capable of toolmaking had more profound lateralization in the brain which may have been a pre-adaptive function for language (Gibson and Ingold, 1994). 

Modern experimental archaeology has also shown increased activity in the supramarginal gyrus in the parietal lobe which is responsible for spatial awareness (Stout, 2016).  This led to the conclusion that the species in the Oldowan period were required to learn physical skills to survive (Stout, 2016). This shows that spatial awareness was also important in the development of stone tools and it was not just due to an increase in brain size. However, a parameter of using modern experimental archaeology is that we can never accurately replicate past behaviours. Also, in the Mode One period it is believed that the Oldowan people did communicate while knapping and used gestures instead of speech according to Dana Michelle Cataldo (Cataldo, Migliano and Vinicius, 2018). Experimental archaeologists experimented using different languages to see the development of the Oldowan period and it was concluded that gestural language evolved before speech due to the selective measures dictated by cultural transmission during the Oldowan period (Cataldo, Migliano and Vinicius, 2018). This shows that both culture and cranial capacity were involved in the development of stone tools during the Oldowan period.
  
The next period known as the Acheulean or Mode Two can be separated into two periods, the Early Acheulean which dates from 1,600,000 years ago to 900,000 years ago and the Late Acheulean which dates from 700,000 to 250,000 years ago (Stout, 2011). Changes in these periods are remarkably slow, however there is still the development of the brain as they have changed the material of what they are knapping to flint and have more complex tools such as hand axes and picks (Stout, 2011). Evidence of this comes from Boxgrove, west Sussex, where flint tools were discovered that have the characteristics of the Late Acheulean and had evidence of being sharpened by animal bones such as antlers (Current Archaeology, 2007).  However, there are some differences between the two periods such as technological transition, for example, the Early Acheulean period had an elaborate flaking method which was done by removing flakes around the circumference of a large flake; evidence of this is at Koobi Fora in Kenya, which had large cutting tools which were large flakes made out of cobbles on this site used by Homo habilis (Stout, 2011).  Compared to the Late Acheulean they used smaller, thinner and symmetrical large cutting tools and more platform preparation (Stout, 2011).  Moore believed that for the Late Acheulean period, this development led to a hierarchical structure as well as different and more complex motor elements being used compared to the Oldowan period (Moore, 2010). For example, after the primary flake detachment in the Oldowan period, the only two choices are a large selection to decide what stone to use or direct percussion (Stout, 2011). By the Early Acheulean there is still a large selection and direct percussion however, there is also the first primary flake detachment for one and two (Stout, 2011). This reiterates that more cognitive functions are needed in the Acheulean due to the increased complexity of the stone tool (Moore, 2010). Also, due to the slow change in technology, it is suggested a major cognitive, communicative, or cultural difference between Homo erectus and Homo sapiens appeared (Gibson and Ingold, 1994).
  
Another belief is that the Acheulean hand axe is more symbolic according to Corbey (2016) who argues that hand axes are cultural objects because of limited variability one point five million years ago which is also supported by Yosef who believes that they had culturally predetermined solutions (Yosef, 2006).  Furthermore, it is suggested that Acheulean hand axe productions were learned socially as a form of active teaching which is also supported by Steele (Steele, 1999). There is an argument that the sensitivity to the symmetry of the Acheulean axe is fundamental in the element of mammalian visual perception which is hard-wired to the brain and is controlled by the medial occipital gyrus (Hodgson, 2009). This is also reflected in hunting as a form of geometrical concept because it was a way to identify important objects such as being a key tool to process visual information for example, the environment and identification of animals (Hodgson, 2009). The idea of symmetry comes across predominantly with Homo erectus which shows that cranial capacity has helped in the development of stone tools, however so has culture (Hodgson, 2009). Evidence of this is the twenty-two hand axes found in the United Kingdom which can be classed as highly symmetrical (Hodgson, 2009). This therefore indicates that cranial capacity was not the reason for the development of stone tools and instead it was the wiring of the brain. 

Another theory is that the Acheulean hand axe is symmetrical because of sexual selection according to Kohn however, this has been widely disputed by archaeologists (Kohn and Mithen, 1999). Kohn and Mithen argue that sexual selection was due to heritable variation otherwise known as variance of breeding values and was a part of hand axe morphology (Kohn and Mithen, 1999). This theory is supported by some ecologists who argue that in many theoretical models females discriminate among males so male traits and female preferences evolve (Andersson and Simmons 2006).  However, there is no archaeological basis for this argument for example, at Boxgrove there is evidence of hand axe accumulation over several generations, Khon and Mithen argue that the Acheulean hand axes with no wear were automatically characterised as never used (Kohn and Mithen, 1999). Mithcell argues that over 57% of hand axes were used for butchery and that the Acheulean hand axes with no wear are due to the small amount of movement in very fine silt deposits, that have eradicated the signs of wear and use (Mitchell, 1997). This led Khon and Mithen to accept that the Acheulean hand axe was a multipurpose tool used in butchery, foraging and was a part of Acheulean grave goods (Nowell, et al., 2009). An example of an Acheulean hand axe at a burial site is Fordwich pit in Kent, England has a burial dating back to 560,000 and 620,000 years ago, a similar date to the hand axes found in the 1920s (Key et al., 2022). This indicates that by the time of the Acheulean, there was also a cultural use of stone tools as they were included in burials and possibly being used in heritable variation which suggests the development of stone tools was not just due to the increase in cranial capacity.  
 
The experimental archaeology performed by Stout suggests that some of the brain activation is similar to the Oldowan period (Stout, 2016). However in the Acheulean period there is also evidence of using the right inferior frontal gyrus which is part of the prefrontal cortex (Stout, 2016). This is supported by the fossil record as the Late Acheulean period saw a fast increase in brain sizes (Stout, 2016). For example, Herto Man who is a Homo sapien has a cranial capacity of 1,450 cc compared to an Australopithecus garhi which had a cranial capacity of 455 cc (boneclones.com, n.d.; Dorey, 2019). Evidence that supports the view that stone tools were only viable to the change in cranial capacity due to the need for complex thought supports this; a study done by Imperial College London in 2010 discovered “the evolution of the early human brain was behind the development of the hand-held axe” (ScienceDaily, 2010). This coincides with the development of language due to the increased size of the brain (ScienceDaily, 2010). Another experimental archaeology theory was knapping Acheulean hand axes and was concluded that the verbal knapping group produced the worst flakes because of overestimating demonstrations however, there was no difference in the quality of the Acheulean hand axes through the different forms of communication (Cataldo, Migliano and Vinicius, 2018). Therefore this indicates that language was not a factor in the development of stone tools in the Acheulean and that the increase in cranial capacity led to the development of more complex tools.

Mode Three, otherwise called the Levallois or Mousterian technique, dates from 300,000 to 50, 000 years ago (Nash, 2017). This development in stone tools led to increased efficiency, for example, the Levallois technique made knapping more efficient and predictable therefore having more useable flakes (Nash, 2017).  This has led archaeologists to argue that the Levallois technique is more complex than the periods before it such as the Acheulean hand axes because it was becoming more precise and efficient and this might be due to the increase in cranial capacity as both  Homo neanderthalensis and Homo sapiens have an average cranial capacity above 1,400 cc which is more than Homo heidelbergensis (Raia et al., 2020). An example of a Levallois site is Moldova One which was occupied by Homo neanderthalensis where over 40,000 flint artifacts and 7,000 stone tools were discovered which indicates it was a settlement (Hirst, 2019). This large amount of flint could be due to the creation of stone tips being fixed to spears which happened during the Levallois period as well as flakes being transported and not left near the core similar to the Acheulean period (www.palomar.edu, n.d.; Gibson and Ingold, 1999). This therefore supports the view that cranial capacity helped with the development of stone tools. 

There has been some experimental archaeology conducted by Eren Metin suggesting that the Levallois technique is highly complicated for example, it took Metin longer to learn the Levallois production than to learn to ride a bike at age seven (Metin et.al, 2011). This supports the theory by Penny Spikins who argues that Neanderthal children had faster physical and mental development compared to modern children (Spikins et al., 2014). Furthermore, Lewis and Sally Binford argued that the variety of stone tools in Mode Three was largely due to the reflection of the demands of the environment (Binford and Binford, 2009). This can be seen in the different types of settlements in the archaeological record, for example, work camps during the Levallois period were occupied while sub-groups were carrying out specific tasks such as kill sites or quarries for usable materials such as flint compared to base camps which where places used throughout several seasons (Binford and Binford, 2009). These large sites provided protection from the elements and a wide ranges of activities took place (Binford and Binford, 2009). This would suggest that the stone tools during the Levallois technique needed to be transported due to mobile hunter-gatherers and therefore more of a focus on use than production due to the Levallois technique. This also explains the shift from the here-and-now environment of stone tools during the Oldowan and Acheulean periods compared to planning for the future shows an increase in culture and cranial capacity however it was also affected by the environment and development in consciousness and language (Schlanger, 1996).
  
The Aurignacian period, otherwise known as Mode Four saw an accelerated increase in cranial development and the use of stone tools (Will et al., 2021). During the Aurignacian period, the archaeological record shows that large herbivores had an important role in the diet of Upper Palaeolithic people and had enough knowledge to focus on specific species such as reindeer in France (Boyd and Silk, 2018). Archaeological evidence to support this is Yarna river site Kosenki where over sixteen horse bones were discovered (Hoffecker et al., 2018). The tools of the Aurignacian show great complexity such as blades instead of flakes which shows tools have a distinctive purpose (Will et al., 2021). To archaeologists, there seems to be little physical change in this period with Homo neanderthalensis and Homo sapiens having two distinguished tool kits produced such as the Mousterian and the Aurignacian which lay on top of each other in most assemblages (Wenke, 1990). Further evidence of this is Homo neanderthalensis brain size compared to Homo sapiens brain size being very similar however, Homo neanderthalensis had less brain capacity to use in social interaction which may have led to their extinction as well as interbreeding with Homo sapiens (Swaminathans, 2013). This therefore suggests that the development of stone tools is not always reliant on cranial capacity and that certain parts of the brain are more important in stone tool development. 

Animals also used stone tools, therefore, showing that this is not just limited to early homo. Meg Duff states that animals such as capuchin monkeys, chimpanzees, long tail macaques and sea otters all use stone tools so it is not just early humans or our closest ancestors (Duff, 2023). Duff argues that for each primate species, tool use is a socially learned behaviour that plays into it being a part of culture (Duff, 2023). This is supported by Katarina Almeida-Warren a, primate archaeologist, as different groups use different stone tools, for example some chimpanzees use a hammer rock to drop on a stone anvil to crush nuts (Almeida-Warren, 2021). On the other hand, this is only basic stone tool use as in the Oldowan period which could have been used by Paranthropus bosiei otherwise known as nutcracker man due to its big teeth and strong chewing muscles like chimpanzees today (Zorich, 2023).  This is supported by Cheney and Seyfarth who summarise that after fifteen years of research on vervet monkeys, they concluded that they could identify specific predators, put friendly animals into semantic categories and detect unreliable signallers they are unable to react to compared to the early homo (Cheney and Seyfarth, 1992). This therefore suggests that the development of stone tools does have a factor to play in the increase in cranial capacity. Evidence to support this is that chimpanzees have levels of intelligence approximately equal to three to four-year-old children showing the limit in cognitive development (Latour, Gibson and Ingold, 1994). This also shows that the use of stone use is similar although also very different. One way this limited language could be restricted is due to the social dealing animals have had with humans due to us changing their environment according to Humphrey (1976). Evidence supporting this is Ingold's (1994) article Tool use, sociality and intelligence which concludes that the emergence of stone tool use and speaking is not due to any form of mental capacity and instead, an evolution of human beings as animals with specific capabilities of action; evidence to support this is the possibility of talking animals such as Alex a grey parrot who was able to learn and use words in a proper context and have meaningful dialogues with humans (Wong, 2007). This has been attempted with apes however they are only able to learn a few verbal words (Ingold, 1994; Chandler, 2007). This also shows how cultures have evolutionary differentiation and between different evolutionary capabilities. 
However, this use of comparing modern apes to the Oldowan society can also be frowned upon for example, Zorich argues that, “you don’t need a ginormous large brain to make sharp cutting tools. The challenge is in using the stone tools. I think that’s where the difference lies” (Zorich, 2023) this is because the Macaque’s tools are similar to the Oldowan period however, they do not use the sharp flakes to cut for anything as they have sharp teeth (Zorich, 2023). This suggests that the use of stone tools makes it specific for hominids and that care is needed when interpreting artifacts which is supported (Plummer, n.d). Therefore the parameters of using animals are limited in helping to understand the progression of stone tools development and usage due to human interaction with animals as well as are impact of changing their original environment. An example of why the use of anthrozoology has its limitations is that Alex the grey parrot had been influenced by anthropogenic factors and was no longer in their original environment which has been affected by humans and that Alex was in America (grey parrots live in Africa) a different country where the grey parrot lives and was experimented with at the University of Arizona (Wong, 2007). 
To conclude, the development of stone tools was not caused by one single l factor such as the increase in cranial capacity however many different factors such as special cognition, environment or culture. This can be seen through the development of stone tools, for example, the Acheulean hand axe shows a distinct change from the Oldowan period which also has cultural significance as a tool such as its symbolism. However, a massive change occurred during the Levallois period because the application of stone tools changed from the here and now to plan for the future for example the Oldowan tool was used in the here-and-now environment while the Levallois technique shows the planning for the future due to being reworked and carried and the development of language (Schlanger, 1996). This change has been impacted by the increase in cranial capacity, culture and the environment itself. Also, it can be seen that animals have used stone tools however only to a simplistic degree for example the Paranthropus bosiei was able to use stone tools like some monkeys today however anthrozoology has its controversies (Zorich, 2023). Further evidence supports many factors contributed to the evolution of stone tools and it was not just due to the increase of cranial capacity over time; evidence to support this is that our brains might be slightly smaller than Homo neanderthalensis and instead, it could be due to the development of certain parts of the brain and social interaction (Swaminathans, 2013). So, to summarise, no one factor led to the evolution of stone tools; cranial capacity, social, environmental and cognitive skills all had a part to play.   
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Modern experimental archaeology has also shown increased activity in the supramarginal gyrus in 


the parietal lobe which is responsible for spatial awareness (Stout, 2016).  This led to the conclusion 


that the species in the Oldowan period were required to 


learn physical skills to survive (Stout, 2016). 


This shows that spatial awareness was also important in the development of stone tools and it was 


not just due to an increase in brain size. However, a parameter of using modern experimental 


archaeology is th


at we can never accurately replicate past behaviours. Also, in the Mode One period 


it is believed that the Oldowan people did communicate while knapping and used gestures instead of 


speech according to Dana Michelle Cataldo (Cataldo, Migliano and Vinicius,


 


2018). Experimental 


archaeologists experimented using different languages to see the development of the Oldowan 


period and it was concluded that gestural language evolved before speech due to the selective 


measures dictated by cultural transmission during


 


the Oldowan period (Cataldo, Migliano and 


Vinicius, 2018). This shows that both culture and cranial capacity were involved in the development 


of stone tools during the Oldowan period.


 


  


 


The next period known as the Acheulean or Mode Two can be separated into two periods, the Early 


Acheulean which dates from 1,600,000 years ago to 900,000 years ago and the Late Acheulean which 


dates from 700,000 to 250,000 years ago (Stout, 2011). Changes 


in these periods are remarkably 


slow, however there is still the development of the brain as they have changed the material of what 


they are knapping to flint and have more complex tools such as hand axes and picks (Stout, 2011). 




  How has human evolution changed through the use of stone tools; is it dependent on the increase  in cranial capacity? David Hinsull (2103522)    There is a human evolution debate about whether the increase in cranial capacity in early  man led to  the development of stone tools or if culture and other factors such as spatial cognition and  environment had a more important role in the development of stone tools. These arguments are  addressed by Dietrich Stout (2011) who argues that the brai n helped develop stone tools, however,  Raymond Corbey (2016) argues that culture played a more pivotal part. Many disciplines consider  this argument such as archaeology, anthropology as well as neuroscience (Gibson and Ingold, 1994).  Overall, it could be a rgued that culture, language, spatial cognition and the increase in cranial  capacity led to the development of stone tools.     The Oldowan period otherwise known as Mode One was from 2,600,000 years ago to 1,400,000  years ago and was the earliest stone tool period (Stout, 2011). The main characteristics of the  Oldowan period are that the stone tools were not made out of flint and  were instead stones such as  cobbles; their production of tools would use direct percussion to make flake products (Stout, 2011).  These tools of East Africa were discovered with, “ Australopithecus aethiopicus  which later evolved  into  Australopithecus boisei   and perhaps into  Australopithecus robustus   in South Africa” (Toth and  Schick, 1993, page 348). The earliest record of brain expansion is given to  Homo habilis   around two  million years ago; however, this is heavily contested as it could have also been Australopithecus  (Gibson and Ingold, 1994).  Susman argued that out of robust australopithecines and early homo, it is  impossible to tell who was responsible for t he assemblages of stone tools as they co - existed  (Goldwin - Meadow, 1993). The use of stone tools d id not correspond to mental templates; however  they were able to recognise acute angles and striking platforms and had good dexterity (Gibson and  Ingold, 1994). From the period it can be seen that stone was transported long distances and that  according to  Toth the majority were right - hand knappers (Toth, 1985). This could mean that the early  hominids who were capable of toolmaking had more profound lateralization in the brain which may  have been a pre - adaptive function for language (Gibson and Ingold, 1994) .      Modern experimental archaeology has also shown increased activity in the supramarginal gyrus in  the parietal lobe which is responsible for spatial awareness (Stout, 2016).  This led to the conclusion  that the species in the Oldowan period were required to  learn physical skills to survive (Stout, 2016).  This shows that spatial awareness was also important in the development of stone tools and it was  not just due to an increase in brain size. However, a parameter of using modern experimental  archaeology is th at we can never accurately replicate past behaviours. Also, in the Mode One period  it is believed that the Oldowan people did communicate while knapping and used gestures instead of  speech according to Dana Michelle Cataldo (Cataldo, Migliano and Vinicius,   2018). Experimental  archaeologists experimented using different languages to see the development of the Oldowan  period and it was concluded that gestural language evolved before speech due to the selective  measures dictated by cultural transmission during   the Oldowan period (Cataldo, Migliano and  Vinicius, 2018). This shows that both culture and cranial capacity were involved in the development  of stone tools during the Oldowan period.        The next period known as the Acheulean or Mode Two can be separated into two periods, the Early  Acheulean which dates from 1,600,000 years ago to 900,000 years ago and the Late Acheulean which  dates from 700,000 to 250,000 years ago (Stout, 2011). Changes  in these periods are remarkably  slow, however there is still the development of the brain as they have changed the material of what  they are knapping to flint and have more complex tools such as hand axes and picks (Stout, 2011). 

