
1 
 

Paper Title.  1 

Journeys in Space and Time. Assessing the link between Acheulean handaxes and genetic 2 

explanations. 3 

Author. 4 

John McNabb 5 

Author affiliation. 6 

Department of Archaeology. 7 

University of Southampton. 8 

Southampton 9 

Hampshire, UK. 10 

SO17 1BJ 11 

Corresponding Author. 12 

John McNabb. scarab@soton.ac.uk 13 

Abstract. 14 

In a recent paper Corbey and colleagues argued that there may be a genetic component to 15 

Acheulean handaxe manufacture across the Old World. They mention innovative work by 16 

Stephen Lycett and Noreen von Cramon-Taubadel who argued that assemblages of handaxes 17 

will show less handaxe shape variability the further they are away from Africa. This is 18 

because handaxe shape conforms to a genetic model of loss of diversity resulting from serial 19 

bottlenecking. The model linked material culture to hominin demography. Here I argue that 20 

there is no loss of shape with time and geographical distance from Africa, merely a tacking of 21 

outline form across potential morphological space as a result of a number of different factors 22 

which will vary with place and time. I use a modified version of Lycett and von Cramon-23 

Taubadel’s methodology, and 2D geometric-morphometrics to show this. 24 

Keywords. 25 

Acheulean, handaxe, geometric-morphometrics, genetics, culture, Olduvai Gorge, Oldupai 26 

Gorge 27 

mailto:scarab@soton.ac.uk


2 
 

 28 

1. Introduction. 29 

In a recent paper Corbey and colleagues suggested there was a genetic component to handaxe 30 

making, positing that these iconic artefacts may be explained by a ‘soft’ genetic argument, 31 

one which admits a role for social environment mediating a genetic predisposition (Corbey, et 32 

al., 2016). In their paper Corbey et al. cited the work of Stephen Lycett and Noreen von 33 

Cramon-Taubadel (Lycett, 2008, Lycett and von Cramon-Taubadel, 2008) in support of their 34 

argument. Some years ago, these two researchers presented an intriguing hypothesis that 35 

various handaxe shapes were being lost as hominins moved further away from Africa (using 36 

Oldupai Gorge as a hypothetical African origin point for the Acheulean). This loss in 37 

handaxe shapes was measured against distance between Oldupai and a certain number of 38 

Acheulean sites in Western Asia, India, Pakistan and Europe. Loss of shape was quntified by 39 

the calculation of the amount of variability present in handaxe shape at each site (see below). 40 

The loss of variability with distance was analogous to an iterative founder effect were genetic 41 

lineages (unique alleles or suites of them) are lost with increasing distance from a population 42 

dispersal centre by repeated population crashes (serial bottlenecking).  43 

If I have understood their argument correctly, population geneticists only employ a loss of 44 

alleles by bottlenecking as an explanatory device when natural selection, or any other 45 

selective mechanism, is not at work. In other words, the variation in the population is 46 

selectively neutral. Under these circumstances changes in allele frequency are a result of 47 

neutral drift. Population crashes are one form of stochastic sampling under neutral drift. So 48 

Lycett and von Cramon-Taubadel’s model was ultimately rooted in hominin demography and 49 

was considered a better explanation of changes in Acheulean handaxe shape than the more 50 

traditional explanations of changing mental templates, differences in strong social learning, 51 

and raw material variability.  52 

Corbey et al. do not dwell on the details of Lycett and von Cramon-Taubadel’s work, merely 53 

noting it as a further proof of their argument that Palaeolithic material culture can have a 54 

genetic component to its character. In this paper I would like to suggest that the genetic 55 

analogy of handaxe shape changing with distance from Africa is not supported by the 56 

evidence and so does not strengthen Corbey et al.’s argument.  57 

2. A theoretical concern. 58 
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Lycett and von Cramon-Taubadel (2008) argue that nearly 50% of the variation in their data 59 

can be explained by handaxe shape loss due to geographical distance from Africa, meaning 60 

that almost half of the variation has to be explained by other factors. They suggest seven; raw 61 

material, selection, cultural transmission between different groups, inaccuracies in elements 62 

of their model, lithic samples not reflecting true range of original variance, new shapes 63 

introduced (cultural mutation) and population movements back toward Africa countering the 64 

serial effect with increasing difference. 65 

The 50% of the variance in shapes that is to be explained by distance requires neutral (i.e. 66 

stochastic/non-directional) selection to explain the shape loss. If shape loss is truly analogous 67 

to bottlenecking across geographical space, then there cannot be any outside influence on 68 

handaxe shape. In other words, anything that would in any way precondition hominins to 69 

favour one handaxe shape over another (directional selection) would invalidate the 50% of 70 

the model that distance does explain.   71 

“Selection…[natural and/or cultural]… of any kind would have the effect of directing 72 

artefact variation in a manner that would not conform directly to the assumptions of 73 

an iterative founder effect model.” (Lycett and von Cramon-Taubadel 2008, 557. My 74 

brackets.) 75 

The stochastic character of the process is nicely illustrated by the Wikipedia entry for 76 

‘genetic drift’ and is reproduced in Figure 1. Under a completely random sampling strategy 77 

there are major changes in the frequency of alleles/handaxe shapes across the iterations. The 78 

drift is non-directional (no outside influence on shape) and it is obvious that particular 79 

variants are being lost with each iteration, changing the overall structure of the population 80 

significantly. A population crash would remove a number of alleles/knappers from a social 81 

group, as well as their end products which are used as templates for others to copy. With the 82 

number of effective role models for young knappers reduced, overall variability in handaxe 83 

shape is diminished. Any interference in such a process, say the deliberate removal of a few 84 

shapes, or the inclusion of more examples of one particular shape (i.e. cultural selection 85 

because of function or group traditions of practice) would slant the result.  86 
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 88 

Figure 1. Random sampling in a neutral environment - one where there is no outside 89 

influence on handaxe shape/allele frequency. The first jar contains twenty marbles, ten red 90 

and ten blue. A marble is drawn at random from the first jar and then returned to it - this is 91 

the original gene pool/pool of overall handaxe shapes. An equivalent coloured marble is 92 

placed in the second jar - this is iteration 1. The process is then repeated until jar 2 is full 93 

(twenty marbles). Based on purely random sampling the allele/handaxe shape frequency has 94 

changed. The process is then repeated for iteration 2/jar 3 - twenty marbles are selected from 95 

jar 2 and returned to that jar (the gene pool of 2), and equivalent colours placed in jar 3 until 96 

it too has twenty marbles. The yellow marble is a random mutation/new handaxe shape. 97 

Repeating the process (for two more iterations/jars)  continues to stochastically shuffle 98 

gene/handaxe frequencies. A key element in this is that there are no outside influences 99 

(natural selection/cultural preference) on the sampling process. Image redrawn after 100 

Wikipedia. https://en.wikipedia.org/wiki/Genetic_drift. In public domain. Image created by 101 

By Gringer - Own work, CC BY-SA 3.0. 102 

https://commons.wikimedia.org/w/index.php?curid=23655974. 103 

Figure 1 should be in colour and can be in 1 column. 104 

Here is my theoretical concern. In my opinion every handaxe ever made had a social or 105 

cultural influence upon it. No assemblage of handaxes was ever completely free of a cultural 106 

bias (selection). Handaxes will always reflect a directionality in their form, whether the 107 

knapper was the group’s most reliable handaxe maker, some Palaeolithic teenage rebel 108 

kicking against accepted norms, or an experienced pro who ends up with something unusual 109 

just because they were having a bad day. There is always a directional selection at work on 110 

https://commons.wikimedia.org/w/index.php?curid=23655974


5 
 

handaxe shape and this applies to the 50% of Lycett and von Cramon-Taubadel’s data that 111 

they claim is explained by stochastic sampling. It isn’t. 112 

From almost their first conscious memory young Homo erectus or Homo heidelbergensis 113 

grew up watching others make, use, break, re-sharpen, reuse and abandon handaxes, and then 114 

do it all again the next day. By the time they came to start knapping for themselves they were 115 

already intimately familiar with the process of manufacture, the end result and its intended 116 

use. They learnt by imitation (process copying, but in this case with a knowledge of the end 117 

state as well, Cory Stade pers. comm.). They just needed the practice and the personal 118 

experience. The influence of peers and elders would be critical. We may never know just how 119 

much young knappers copied the handaxes of older knappers in the group as they learnt their 120 

craft, but group size would influence the number of viable role models available. The larger 121 

the group the more variability in potential outlines, and opportunities for personal 122 

experimentation (Mithen, 1994, Shennan, 2000).  123 

 124 

 125 

 126 

 127 
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Figure 2. Silhouette of 50 Boxgrove handaxes, chosen from the Marshall et al. database, and 128 

selected by random number generator. They are positioned from left to right and from top to 129 

bottom on the basis of the width of the tip at Roe’s B1 (width of tip at 20% of length down 130 

from tip). Narrowest top left and widest bottom right. A white circle indicates a handaxe with 131 

a cutting edge all the way around the circumference, or nearly so. A white T represents a 132 

tranchet. Handaxes not to scale.  133 

Figure 2 need not be in colour and should cover 2 columns 134 

 135 

Because of the fine resolution in the data from Boxgrove (Pope and Roberts, 2005, Roberts 136 

and Parfitt, 1999), it affords a glimpse of the process set, in my opinion, in the inferred 137 

context of a small group (Pope and Roberts, 2005). The Unit 4c land surface was open for no 138 

more than 100 years (Roberts and Parfitt, 1999), perhaps encompassing less than five 139 

generations (on the assumption a generation was c. 20 years – a heuristic figure). Young 140 

knappers would have been influenced by their parents, grandparents and older siblings, and 141 

other non-family members in the group who fell into these equivalent age categories. They 142 

would have grown up watching handaxes being made all around them. Figure 2 shows a 143 

randomly chosen selection of 50 outline shapes of Boxgrove Unit 4c handaxes. Their bauplan 144 

(sensu Gowlett and Lycett 2008 – here taken to be a hand held LCT, extensively thinned by 145 

soft hammer, with a cutting edge all around, tapering in the upper third, and more often than 146 

not with a tranchet) is repeated in almost all of the silhouettes. I would suggest this was 147 

because a century was not enough time for that basic outline to change. In any case it was the 148 

outline of a tool very much fit for purpose - butchery and carcass processing (Mitchell, 1996). 149 

We may infer from the very conservative repetition of the bauplan that there were little/no 150 

outside influences to encourage change. Although individuals did push the boundaries of 151 

shape a little (or made imperfect copies), they never strayed too far beyond the bauplan. I 152 

suggest that group size was too small for innovation and change to take hold.1 153 

I would argue that here we have the best evidence available for the social influences on 154 

handaxe making and the fact that every handaxe ever made, to a greater or lesser extent, will 155 

have a directionality imposed on it by the very fact it was made by someone who grew up in 156 

a social group of knappers. Boxgrove represents one end of a spectrum, but even in larger 157 

groups and on palimpsests of longer duration, the handaxes will still reflect social learning. 158 
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Directionality (cultural selection) of some sort is inherent in the outline shape of all 159 

Acheulean handaxes. 160 

3. A chronological concern. 161 

Lycett and von Cramon-Taubadel (2008) suggest that factoring in chronology would be a 162 

potentially fruitful approach for further investigation. This has been attempted with their 163 

variance data in Figure 3. Sources for dating are referenced in the caption to the figure. It 164 

would be a reasonable expectation of their model that if variance decreased with geographical  165 

 166 

Figure 3. Scattergram showing relationship between Lycett and von Cramon Taubadel’s 167 

calculations of the variances in shape in handaxe assemblages set against time. Dates from 168 

following; Attirampakkam – 1.51 mya (Pappu, et al., 2011), Elveden – 0.405 mya date for 169 

MIS 11c (Ashton, et al., 2016), St Acheul 0.4 mya (Moncel, et al., 2015), Bezez C 0.25 mya 170 

mid-point of range 0-2 – 0.3 mya (A. Shaw pers comm.), Tabun Ed – 0.331 mya (Culley, et 171 

al., 2013), Kharga Oasis 0.35 mya (Churcher, et al., 1999), Morgah 0.65 mya mid-point of 172 

0.5 – 0.8 mya range based on geological association (Salim, 2008), Kariandusi 0.87 mya 173 

midway between range 0.78 – 0.960 mya (Durkee and Brown, 2014), Oldupai Middle and 174 

Upper Bed II 1.35 mya average of range 1.1 – 1.6 mya (McHenry, et al., 2016). Lewa, 175 

included in Lycett and von Cramon-Taubadel’s original data is omitted here because it is 176 

currently undated. 177 

Figure 3 need not be in colour and should cover 2 columns 178 
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distance, it would also decrease with time as groups of hominins moved progressively further 179 

away from Africa. From the figure it is clear that this is not the case. The two oldest sites, 180 

Oldupai Bed II and Attirampakkam in India, actually bracket the younger ones in terms of 181 

handaxe shape variance, with the Indian site, slightly older than Oldupai, having the lowest 182 

variance of all. The broadly contemporary assemblages from Elveden and St Acheul (c. 0.40 183 

mya), and those from Tabun layer Ed and Kharga Oasis layer 10c (c. 0.35-0.33 mya), show 184 

very different degrees of shape variance. From these data increasing loss of variance with 185 

time would not be supported. 186 

 187 

4. Handaxe shape. 188 

Limited experimentation on my part with the methodology proposed by Lycett for the 189 

assessment of handaxe shape (Lycett, et al., 2006), and the use of the geometric mean to 190 

eliminate size (ibid), suggests both work very well. However, arising from this was the 191 

concern that the method was not actually showing loss of shape so much as tracking how 192 

shape was changing in more subtle ways.  193 

 194 

 195 

 196 

 197 

 198 

 199 

 200 

 201 

 202 

Figure 4. Schematic illustrating the widths measured every 10% of length down a handaxe 203 

beginning at the 5% mark. 204 

Figure 4 can be black and white and cover 1 column 205 
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Lycett and von Cramon-Taubadel do not give a list of the shapes they see as being lost with 206 

geographical distance from Africa. By this I mean the typological shapes identified by Bordes  207 

for example (Bordes, 1961), or those of Wymer (Wymer, 1968)  or Kleindienst (Kleindienst, 208 

1962). These are difficult to quantify with any real consistency, despite attempts by Roe 209 

(Roe, 1968), Isaac (Isaac, 1977), or by Bordes himself who tried to put quantitative 210 

boundaries on his different types (ibid). Instead, Lycett and von Cramon-Taubadel calculate 211 

the variance in handaxe shape once their metric measurements for each axe have been 212 

adjusted to remove the influence of size by factoring in the geometric mean. Variance 213 

becomes a measure for the degree of variability in overall handaxe shape at the assemblage 214 

level.  215 

For the sake of brevity I have adapted and simplified Lycett’s method to illustrate my point. 216 

Whereas they took a series of lengths and widths in order to fix outline shape, I have just 217 

taken widths at every 10% of length down a handaxe, beginning at the 5% position down 218 

from the tip. This is shown in Figure 4. The widths were then size adjusted using the 219 

geometric mean. The variance, following their formulae, was calculated for each assemblage. 220 

Three assemblages were chosen on the basis of them being broadly contemporary at c. 0.5 221 

mya; Boxgrove in England (Roberts and Parfitt, 1999) at the northern pole of the Acheulean 222 

world, Oldupai Gorge site HK Bed IV (Leakey, 1951) representing the middle, and Cave of 223 

Hearths at the southern Acheulean pole (Mason, 1988, McNabb and Sinclair, 2009). The total 224 

range of variance for each site, for each width location, is shown in Figure 5, see Table 1 for 225 

sample sizes. 226 
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 227 

Figure 5. Variance ranges for Cave of Hearths Bed III, Oldupai Gorge Bed IV site HK and 228 

Boxgrove Unit 4c, for width, measured in millimetres (as in Figure 4), and size adjusted 229 

using the geometric mean as suggested by Lycett et al. 2006. 230 

Figure 5 can be in black and white and should cover 2 columns 231 

 232 

As an assemblage, Boxgrove has the lowest overall variance of the three sites - 0.04209. The 233 

figure reflects this. Boxgrove’s tips (5% mark) are the most variable between the assemblages 234 

but then Boxgrove’s widths below the tip all show a lower degree of variability, until the base 235 

which is slightly more variable.  236 

 237 

Site Handaxe sample used 

in this paper 

Sample used in 

which analysis/ 

Figure  

 

Sample used in 

which analysis/ 

Figure  
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Boxgrove Unit 4c N = 37 randomly 

sampled from Marshal 

et al. database (n = 183) 

Figure 5 Analysis 

of variance ranges 

Figure 7-12 same 

handaxes used in 

2DGM 

Cave of Hearths Bed 

III 

N = 33 sample from 

McNabb 2009. All 

available Bed III 

handaxes used 

Figure 5 Analysis 

of variance ranges 

Figure 7-12 same 

handaxes used in 

2DGM 

Oldupai Bed IV site 

HK 

 

N = 35 randomly 

sampled from Marshal 

et al. database (n =115) 

Figure 5 Analysis 

of variance ranges 

Figure 7-12 same 

handaxes used in 

2DGM 

Oldupai Gorge 

Middle and Upper 

Bed II handaxes 

from various 

locations 

N = 32 photographs 

and illustrations from 

Leakey 1971 and de la 

Torre and Mora 2005, 

2014. Identifications 

follow de la Torre and 

Mora 

 Figure 7-12 used in 

2DGM 

Oldupai Gorge Bed 

II site EF-HR 

N = 24 photographs 

and illustrations from 

Leakey 1971 and de la 

Torre and Mora 2005, 

2014. Identification 

follow de la Torre and 

Mora 

 Figure 7-12 used in 

2DGM 

 238 

Table 1. Sample sizes of handaxes from Acheulean assemblages used in the two analyses in 239 

this paper. For references see text and bibliography. 240 

 241 

Since size has been removed from the equation, low variance at every point down the 242 

Boxgrove handaxes’ widths here shows the knappers at Boxgrove were producing axes to a 243 

relatively standardised template. The reasons for this have already been suggested; a 244 

narrowly time constrained palimpsest, a conservative pattern of social learning that precluded 245 
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much innovation, and little or no outside contact with other hominin groups. In other words, 246 

the variance is tracking a socially imposed restraint on shape. Oldupai Bed IV and Cave of 247 

Hearths have larger variances as whole assemblages, 0.07513 for the former and 0.14206 for 248 

the latter. Both are palimpsests. HK IV was partially collected and partially excavated by 249 

Louis Leakey (1951), and Cave of Hearths was a palimpsest that built up inside a cave, where 250 

occupation occurred on a talus and on the cave floor. It was excavated by Revil Mason 251 

(Mason, 1962, Mason, 1988). With these sites it is not possible to assess how strong the 252 

patterns of social learning were over time, how long the surfaces were used for, or even 253 

whether one or more groups of knappers were responsible for the assemblage compilation. 254 

Figure 5 certainly shows how much more variable the South African cave assemblage is, 255 

reflecting a tendency of its knappers to make handaxes with much wider lower halves. This 256 

may be a reflection of the greater emphasis placed on converging tips, itself a possible 257 

reaction to an abundance of natural slabs and flakes available locally (McNabb, 2009).  258 

Earlier I suggested that no handaxe or assemblage of them was entirely free of cultural 259 

selection, to use Lycett and von Cramon-Taubadel’s phrase. Here, I believe variance is 260 

tracking the interplay between temporal resolution, and how closely knappers matched each 261 

other’s work at an assemblage level. However, the use of a single summary statistic masks 262 

the true character of variability in handaxe shape. Apart from the 5% and 15% ranges at 263 

Boxgrove, Figure 5 shows that Oldupai and Cave of Hearths include the ranges present in 264 

Boxgrove, but extend them. So it is not so much that shape has been lost (in this 265 

methodology), as shape has become culturally stable at one site, while at the other two the 266 

same range of shapes are present but added to, though whether this is cultural or a result of 267 

other factors is not possible to say. Set a single value against geographical distance and it is 268 

easy to see how a measure of variance might give the impression of a net loss of shape over 269 

space and time. What I think their method actually tracks is shifts in the distribution of length 270 

and width in an assemblage – variability across shape and not variability of shape2.  271 

To be clear here. Lycett’s methodology for characterising shape is a good one and works 272 

well, as does the correction for size, and to be fair I have not used their full methodology or 273 

the same sites as they used. So the above is not intended as a direct critique, but an 274 

illustration of a broader principle. My concern is with the use of a summary statistic allied to 275 

geographic distance that makes changes in shape look like loss of shape. A better analogy 276 

may be the tacking of a yacht to catch the wind. Handaxe assemblages tack across a surface 277 

of potential shape variability, each tack a response to something (culture, raw material, blank 278 
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form etc.) and possibly something analogous to drift (copying errors, individual 279 

experimentation) in the absence of other cultural influences. The surface of potential shape 280 

variability may be similar to the zones of latent solutions suggested by Tennie and colleagues 281 

(Tennie, et al., 2016). Importantly, and another reason for not considering a genetic analogy 282 

valid for handaxe shape, is that outline shape can easily tack back towards former shapes as 283 

circumstances change, and reacquire old outline preferences. But this cannot happen in 284 

genetics as I understand it. Once a lineage with its unique collection of alleles has been lost, 285 

that's it, it is gone forever. 286 

5. 2D geometric-morphometric analysis of handaxe outline. 287 

The Acheulean meridian just described, looked at three sites of a broadly contemporary age. 288 

An explanation for Boxgrove’s lower variance has been suggested, and the Cave of Hearth’s 289 

variance, higher than Oldupai, has also been noted. The fact that these sites are all 290 

contemporary is not a problem as Lycett and von Cramon-Taubadel imply that variances 291 

should always be higher in Africa than elsewhere. 292 

“It should be noted that the model is compatible with both single and multiple 293 

dispersals of Acheulean populations from Africa, since the same basic relationship 294 

(i.e. between geographic distance from Africa and reduced within-group variance) 295 

should be evinced independently of how frequently any such dispersal(s) took place. 296 

(Lycett and von Cramon-Taubadel, 554). 297 

I have not included any measures of distance. I will take it for granted that Boxgrove and 298 

Cave of Hearths are a long way from northern Tanzania.  299 

To underscore the point that assemblage variance resembles tacking across a surface of 300 

potential shape variability, rather than a loss of outline form, it is necessary to build time 301 

depth into the analysis. This enables a broader perspective on shape in relation to differences 302 

in time and space. 2D geometric-morphometrics (2DGM), using fixed landmarks, is an ideal 303 

analytical tool for the study of variability in outline shape as the fixed landmarks allow the 304 

actual outline itself to be the focus of comparison.  305 

A small sample of handaxes from Oldupai Middle and Upper Bed II, and a separate sample 306 

of LCTs from EF-HR have been included in the 2DGM analysis. These provide the time 307 

depth. The Bed II handaxes date from <1.66 mya (Tuff IIA) to c. 1.48 or 1.33 mya (Tuff IID) 308 

(de la Torre, 2016), and are those identified by Mora and de la Torre (de la Torre, 2016, de la 309 
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Torre and Mora, 2005, de la Torre and Mora, 2014) as being true handaxes. Those from EF-310 

HR, originally considered by Leakey (Leakey, 1971) as handaxes, and from the earliest 311 

Acheulean site in the gorge (c. 1.4 mya), have been re-identified by Mora and de la Torre as 312 

large scalloped-edged cutting tools – LCTs certainly, but not handaxes sensu stricto (i.e. not 313 

showing deliberate thinning and shaping). This was on the basis of technological re-analysis. 314 

The sample of axes from Boxgrove, Cave of Hearths and Oldupai Bed IV HK, as above, were 315 

also included. Details of handaxe frequencies etc. are given in Table 1. 316 

Recent advances in 2D geometric-morphometrics have made available sophisticated 317 

techniques for the assessment of shape in formats that are relatively simple to use and at the 318 

same time account for size differences. I will not attempt a literature review of the subject 319 

here but useful overviews and references are  presented in the following (Buchanan and 320 

Collard, 2010, Costa, 2010., Iovita and McPherron, 2011, Lycett and Chauhan, 2010, Lycett, 321 

et al., 2010, Serwatka, 2015). Handaxe images from Boxgrove and Oldupai HK Bed IV were 322 

digitised from photographs in the Marshall et al. database (Marshall, et al., 2002), from my 323 

own work on the Cave of Hearths (McNabb, 2009), and for EF-HR and Oldupai Bed II 324 

(various sites) from illustrations and photographs in Leakey (1971) and Mora and de la Torre 325 

(de la Torre and Mora, 2005, de la Torre and Mora, 2014). I fully acknowledge that the 326 

diverse sources are not ideal but these were the only data available that suited my 327 

requirements. The images were processed and fixed landmarks applied using tpsUtil32 and 328 

tpsDig32, and the data was processed in the statistical software PAST version 3.11 (Hammer, 329 

et al., 2001) and subjected to PCA. The landmark points chosen are shown in Figure 6. An 330 

important consideration in this kind of analysis is how to orientate the axe for consistency in 331 

analysis. PAST will perform Procrustes on landmark data which includes standardising 332 

orientation. However I chose not to perform this aspect of the Procrustes, preferring to adopt 333 

a typological orientation (as in Figures 2 and 4) which involves aligning the handaxe with the 334 

narrowing end taken as the tip. While some  335 
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 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

Figure 6. Locations of the 2D geometric-morphometric fixed landmarks for a handaxe. 345 

Figure 6 can be black and white and sit in 1 column 346 

 347 

inter-observer error will be inevitable I firmly believe this typological orientation is 348 

archaeologically more valid than allowing the software to orientate the axe in a potentially 349 

unrealistic way. As it was, the analysis, when complete, was run again with the full 350 

Procrustes treatment. The same PCA distribution pattern was noted for the Procrustes 351 

orientated handaxes as that for the typological orientation, except that the data was mirrored. 352 

The point cloud from the right hand side of the PCA appeared on the left, and that from the 353 

bottom was at the top. This suggests the preferred orientation in PAST is maximum length, 354 

which the typological orientation closely approximates anyway. 355 

6. Results. 356 

At first glance the convex hulls (lines joining outer points in a distribution) for the five 357 

sampled assemblages in Figure 7 would seem to confirm Lycett and von Cramon-Taubadel’s 358 

thesis, that with distance (and time in the case of Oldupai Bed IV), handaxe shapes are being 359 

lost. The black outer line encompasses the distribution for the Oldupai Bed II handaxes, and 360 

the convex hulls for the remaining four assemblages fall within it, like nested Russian dolls. 361 

 362 
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 363 

 364 

Figure 7. Convex hulls generated from the PCA point distribution with points removed for 365 

clarity. Convex hulls (lines joining outer points of a point distribution) for Oldupai Gorge 366 

Bed II handaxes (thick black outer line), Cave of Hearths Bed III (blue line), Oldupai Gorge 367 

Bed II EF-HR (grey line), Oldupai Gorge Bed IV site HK (green line) and Boxgrove (red 368 

innermost line). Thin plate splines show shape changes along axes. 369 

Figure 7 should be colour and cross 2 columns 370 

But the actual pattern is more complicated than this. Figure 8 shows this clearly. Two 371 

assemblages are shown, the sample of LCTs identified by de la Torre and Mora as true 372 

handaxes from a number of localities in Oldupai Middle and Upper Bed II (black line and 373 

black crosses), and a series of LCTs, not interpreted as handaxes, from EF-HR (grey solid 374 

line and grey diamonds).  375 

 376 

 377 

 378 

 379 
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 380 

Figure 8. Convex hulls for Oldupai Gorge Bed II handaxes (thick black outer line) and LCTs 381 

from Oldupai Gorge Bed II EF-HR (grey inner line). Black crosses are Bed II handaxes and 382 

grey diamonds are EF-HR LCTs. Thin plate splines show the limits of variation in 383 

reconstructed handaxe shape for the Bed II handaxes, and are not to scale.  384 

Figure 8 should be in colour and cross 2 columns 385 

Thin plate splines (the co-ordinate transformation from the main sources of variation) on 386 

Figure 8 show that shape is not being lost between the two convex hulls (black and grey), 387 

rather there are subtle shifts as shape drifts from long and narrow outlines (black crosses on 388 

left hand side of the figure) to shorter and wider shapes (black crosses on right hand side) 389 

with the position of maximum width higher (above PCA 1) or lower (below PCA 1). It might 390 

be argued that the EF-HR LCTs should not be included for comparison, as they are not true 391 

handaxes, but they nevertheless represent shaped LCTs from Bed II. The key point here is 392 

that two groups of artefacts show a pattern that could be interpreted as a loss of shape. In fact 393 

what these two broadly contemporary data sets, from the same place, actually show is a drift 394 

in parts of the outline – not a loss of specific shapes sensu stricto, but more subtle shifts in the 395 

distribution of width across the surface area of individual axes. The TPS’s reveal that the 396 

elongated and wide tipped points of the handaxes of the Bed II sites (black crosses on left) 397 

form one end of a continuum. At the opposite end are the more pointed and wide based LCTs 398 

of EF-HR (grey diamonds). It should also be noted that the singe outlier of the Bed II 399 

handaxes in the top right quadrant enhances the impression of shape loss. Remove it and Bed 400 
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II and EF-HR look much more similar with the difference being the handful of elongated and 401 

wide tipped handaxes on the left side of the Bed II distribution.3 402 

 403 

Figure 9. Convex hull for Cave of Hearths Bed III (blue line and blue triangles). The convex 404 

hulls for Oldupai Bed II handaxes (black solid line, black crosses) and EF-HR (grey line and 405 

diamonds) are retained from previous figures for ease of comparison. Thin plate splines show 406 

the outside of the range of handaxe shape variation all three sites. TPS outlines not to scale.  407 

Figure 9 should be in colour and cross 2 columns 408 

 409 

Moving to the southern pole of the Acheulean range, the Cave of Hearths Bed III shows a 410 

wide distribution of shapes, Figure 9, as diverse in its own way as the original convex hull 411 

(black solid line) for Oldupai Bed II. The wide tipped elongated handaxe shapes in Oldupai 412 

Bed II (top left corner) are not present at the Cave of Hearths, but a small number of 413 

elongated outlines with a wider base and more tapering point are (bottom left Figure 9). Most 414 

of the other potential shapes are easily encompassed within the convex hulls. 415 

The majority of the Cave of Hearths handaxes are located in the lower half of the overall 416 

distribution, ranging in a band from narrow and more pointed with a wider base (lower left), 417 

arcing up through the more cordiform shapes to the more ovate outlines with rounded tips 418 

and bases (top right) and which have points of maximum width in the middle third of the axe. 419 

Again although a small number of the narrow and more elongated shapes are absent from 420 
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Cave of Hearths, the results do not really support a substantial loss of shapes between the two 421 

sites. More than half a million years of Acheulean handaxe making actually sees the range 422 

shift over slightly to the right hand side of the diagram.  423 

 424 

Figure 10. Convex hull for Oldupai Gorge Bed IV site HK (green line and green squares). 425 

The convex hulls for Oldupai Bed II handaxes (black solid line, black crosses) and EF-HR 426 

(grey line and diamonds) are retained from previous figures for ease of comparison. Thin 427 

plate splines show the outside of the range of handaxe shape variation at HK IV. TPS outlines 428 

not to scale.  429 

Figure 10 should be in colour and cross 2 columns 430 

It is with Oldupai Bed IV, site HK, that the possibility of loss of shape becomes more 431 

plausible. Figure 10 reveals a much tighter concentration of the data cloud and a distribution 432 

shifted toward the right of the diagram. At HK Bed IV the narrow and more pointed handaxes 433 

of Bed II are lacking. In terms of the broader and more convex ovate-like outline shapes, the 434 

small sample here seems to have acquired a new extension to shape range as the Bed IV 435 

convex hull passes beyond the limit of the Bed II shapes. So although losing shape at one end 436 

of the diagram, we are gaining new shapes at the other, as did the Cave of Hearths for that 437 

matter.  438 

How is this pattern to be explained? Certainly not by geographic distance, and unfortunately 439 

the scale of resolution for Leakey’s collection and excavation (1951) does not allow us to 440 

impose a Boxgrove-like interpretation on the conservative spread of shapes in HK Bed IV. 441 
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The original images in the Marshall et al. database (Marshall, et al., 2002) show a 442 

preponderance of quartzite handaxes on flakes and tabular blanks with a cutting edge round 443 

all or most of the handaxe. I suspect that here the more conservative distribution is a function 444 

(at least in part) of a bauplan not unlike that of Boxgrove – making handaxes with a cutting 445 

edge all or most of the way around the edge. However, this is something that will need to be 446 

tested with larger samples and detailed observation. 447 

 448 

Figure 11. Convex hull for handaxe assemblage from Boxgrove Unit 4c (red line and red 449 

dots). The convex hulls for Oldupai Bed II handaxes (black solid line, black crosses) is 450 

retained from previous figures for ease of comparison. Thin plate splines show the outside of 451 

the range of handaxe shape variation at Boxgrove Unit 4c. TPS outlines not to scale.  452 

Figure 11 should be in colour and cross 2 columns 453 

Boxgrove Unit 4C, Figure 11, would be the clearest case for a loss of shape with distance 454 

from Oldupai. In this sampled assemblage the convex hull occupies a very specific part of the 455 

available outline space, namely that of wider and more convex edged shapes with a focus on 456 

maximum width toward the junction of the middle third of the axe with its basal segment, and 457 

up into the middle third. As with Cave of Hearths and Oldupai Bed IV handaxe shapes move 458 

beyond the limits set by Oldupai Bed II.   459 

I have explored a number of univariate approaches to studying Boxgrove’s handaxes over the 460 

years and in almost all cases the Boxgrove distribution comes out as the most tightly 461 

constrained in any inter-site comparison. This GM2D exercise is no different. Overall 462 
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Boxgrove shows less variation in outline shapes, though this does not mean that variability is 463 

not present, it is (Figure 2). It is merely embedded in a more tightly constrained bauplan 464 

(Ashton and McNabb, 1994, Lycett and Gowlett, 2008) than is seen elsewhere.  465 

 466 

Figure 12. Convex hull for Oldupai Gorge Bed II handaxes (black line) with the point 467 

distribution of Oldupai Bed II (black crosses), Oldupai Bed II EF-HR (grey diamonds), Cave 468 

of Hearths Bed III (blue triangles), Oldupai Gorge Bed IV HK (green squares) and Boxgrove 469 

(red circles). The thin plate splines show the variation in handaxe shapes on the left hand side 470 

of the diagram in the area where Boxgrove and Oldupai Bed IVs’ handaxe shapes are not 471 

represented.  472 

Figure 12 should be in colour and across 2 columns 473 

7. Discussion. 474 

In my opinion the 2DGM shows four handaxe assemblages whose outlines tack across a 475 

surface of potential shape variability. In some cases there is clustering of shapes toward a 476 

particular zone, whereas in other cases there is a more even spread. In at least one case that 477 

clustering may be a direct result of a socially imposed direction in handaxe shape, thus 478 

invalidating a genetic analogy involving loss of shape in a selectively neutral material culture 479 

environment. One or more explanations may cover the other assemblages. 480 

In Figure 12 the thin plate splines for the left hand side of the overall distribution have been 481 

added to the diagram, and the data points for each assemblage have been added as well. The 482 
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handaxes from Oldupai Bed II in the top left hand corned are from site TK, and were made 483 

on quartzite slabs, and from Oldupai Bed II sites SHK and MNK Main Occupation. As this 484 

figure shows these are not completely different shapes, but they are quite wide in the upper 485 

third, more so than the overlapping Cave of Hearths and Oldupai Bed II on the lower left. So 486 

not a loss of shape here, just the addition of extra variability that may reflect the rhomboidal 487 

knapping approach seen in a number of Oldupai Bed II sites (de la Torre and Mora 2005) 488 

where the handaxe point is established through very localised bifacial flaking. Here the shape 489 

tacking may be crossing a part of the surface where blank form (slabs of tabular quartzite) is 490 

influencing tip shape, explaining why this zone is less populous. The similarity in distribution 491 

is supported by a pairwise MANOVA between Oldupai Bed II handaxes and those from Cave 492 

of Hearths, see Table 2. The strength of similarity between Oldupai Bed II and EF-HR, as 493 

well as EF-HR to Cave of Hearths is even greater as the p values in Table 2 show. The EF-494 

HR ‘knives’ as de la Tore and Mora describe them were orientated in the same typological 495 

way to the other handaxes and the parity in results makes it easier to understand why Leakey 496 

(1971) would have thought them handaxes particularly given her belief they were early in age 497 

and therefore typologically would have looked cruder. 498 

A statistically significant similarity between the Oldupai Bed IV material and that from 499 

Boxgrove is not surprising given the overlapping ranges in Figures 10 and 11, Table 2, but 500 

what is a little surprising is the statistical similarity between Oldupai Bed IV and Boxgrove 501 

on the one hand, and Cave of Hearths, EF-HR and Oldupai Bed II on the other given the 502 

disparity in dispersion in these sites, though the degree of similarity is lower as the p values 503 

reflect, Table 2.  504 

One other factor that contributes to the impression of loss of shape in Figures 7-12 is that 505 

they only represent the first two principle components (65.4% of the variation). PCA 3 and 4 506 

(10.3% & 5.4% respectively) and PCA 5 and 6 (4.4% & 3.1%) show significant outliers for 507 

the Bed II and Cave of Hearths, but also show the main concentrations of handaxe shapes in 508 

each assemblage overlapping each other. In other words no separation from left to right in 509 

these axes. For good measure, the PCA scores (n=48) were subject to neighbour joining 510 

cluster analysis in PAST (using Euclidean values for similarity indices and the final branch 511 

option for the rooting of the tree; data and results not presented). Four basic shape zones were 512 

defined tacking across the overall zone of latent possibilities defined in Figures 7-12, roughly 513 

from left to right. The four zones did not respect assemblage boundaries (i.e. convex hulls), 514 
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again showing no loss of shape was present, just a drift as shapes gradually shifted toward 515 

more convex edges. 516 

Pairwise 

significance 

values (p) 

generated by 

MANOVA in 

PAST 

Boxgrove Cave of 

Hearths 

Bed III 

Oldupai Bed 

IV, site HK 

Oldupai 

Bed II, site 

EF-HR 

Oldupai 

Bed II 

handaxes, 

various sites 

Boxgrove  0.38741 0.97386 0.80046 0.42447 

Cave of 

Hearths Bed 

III 

  0.5419 0.91505 0.59204 

Oldupai Bed 

IV, site HK 

   0.93666 0.75902 

Oldupai Bed 

II, site EF-HR 

    0.96764 

 

Summary of 

MANOVA 

generated in 

PAST 

 

Wilks’ Lambda – 0.06887 

df1 – 192 

df2 – 437.7 

F – 2.178 

P (same) 1.724E-11 

 517 

Table 2. Summary and pairwise significance values (p) of MANOVA conducted on PCA 518 

scores from handaxes in all 5 sites. All 48 PCA values included in calculation. 519 

 520 

 521 

8. Conclusion. 522 

This paper has assessed whether Corbey et al. (2016) can use Lycett and von Cramon-523 

Taubadel’s (Lycett, 2008, Lycett and von Cramon-Taubadel, 2008) assertions that handaxes 524 

lose shape with geographical distance from Africa following a genetic analogy of serial 525 
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bottlenecking. In this author’s opinion they cannot because specific shapes are not lost, they 526 

tack across a spectrum of possibilities probably reflecting differing local and social 527 

circumstances. In the case of the assemblages chosen here a mixture of social learning and 528 

assemblage taphonomic factors influenced the patterns seen, as did the choice of which 529 

assemblages to study. Had I chosen Swanscombe Middle Gravels or Furze Platt (Roe, 1981, 530 

Wymer, 1968), two further English Acheulean sites, with an emphasis on pointed handaxes, 531 

the drift in shape would have returned to reoccupy the left hand side of the diagram, 532 

demonstrating that handaxe shapes can be reintroduced, and ‘rediscovered’, unlike genetic 533 

lineages, which cannot.  534 

It is difficult in a paper of this nature to avoid looking like you are ‘having a go’ at fellow 535 

researchers, just because you have a different point of view. I am not. I have a great respect 536 

for Lycett and von Cramon-Taubadel’s clever and enviously prolific output. In this instance I 537 

do not agree with their conclusions or the use others have made of them, but my aim is not to 538 

extend the critique beyond that. If debate is stimulated on this topic then all the better.  539 

 Lycett’s handaxe shape methodology works very well and does define outline shape 540 

efficiently. 541 

 The inclusion of the geometric mean as a scaling factor also works well and is an 542 

important contribution. 543 

 The use of a summary statistic to describe handaxe shape loss is not appropriate as it 544 

hides the real character of variability 545 

 Handaxe shapes are a product of a number of factors which include social learning 546 

and traditions of knowledge, as well as blank nature, and raw materials. While 547 

handaxe shape certainly changes over time and space, shapes are never irrevocably 548 

lost. Further factors are our ability to recognise the nature of assemblages, their 549 

taphonomic history, and factor these into our explanatory models. 550 

 Genetic processes are not a viable explanatory framework for changing form in 551 

handaxe shape. 552 

 This paper makes no comment on the broader discussion about the relationship of 553 

culture to genes. 554 

9. Notes. 555 

1. One reviewer queried the appropriateness of using Boxgrove in this way as the scenario 556 

presented was an unproven hypothesis. Fair point. Here I use it as an example to show how 557 
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an assemblage with low diversity could be a product of invariant social learning unaffected 558 

by intra-group influences.  559 

2. One reviewer made the following comment. “What I expected to find here, but did not see, 560 

is a graph showing that variance is related to where you are in the shape space. This  561 

seems to be the thesis of the paper. Shape tacks across shape space and this in turn effects 562 

variance. But I didn’t see the data to link those two ideas.” 563 

This is a good point. I have to be honest here, I am not quite sure of how to answer this. I 564 

suspect shape space will vary with the samples used (see below). There is no fixed point at 565 

which a modal value of shapes for an assemblage will be accompanied by a particular 566 

variance value. Variance for me is the amount of variability present between individual axes 567 

within an assemblage – at Boxgrove for example its smaller, at Cave of Hearths and Oldupai 568 

Bed II its greater. It is not impossible to have two assemblages with very different modal 569 

shapes, some outline overlap at the limits of the two distributions, yet both have an identical 570 

and small variance value because the amount of dispersion in shape away from the modal 571 

outline is relatively small in each case. So whether variance and position in shape pace can 572 

actually be linked is not yet clear to me. 573 

This is a point I think that can be explored in a later paper with larger samples and more sites. 574 

 575 

3. The comment about the influence of a single significant outlier on the patterning in the 576 

data highlights a good point raised by both anonymous referees, namely sample size and 577 

assemblage frequency. Both noted that the patterns would change with bigger assemblages 578 

and more of them; one writing that small samples were ‘sensitive to additional information’. 579 

This was the case in Lycett and von Cramon-Taubadel’s data and my own. It is a point I am 580 

sure none of us would disagree with. Both referees suggested including more sites to fill in 581 

the white spaces between the convex hulls. Although I completely agree with these 582 

observation I decided not to add more sites in the end. My point here is that even with a small 583 

number of sites it is still possible to demonstrate that variability in handaxe shape is a 584 

complex issue with a number of different explanations driving the pattern at different times 585 

and different places.  586 

My intention is to seek funding for a bigger project starting with handaxe outline in Britain 587 

and using more sites and larger samples. At which point the issues raised by the referees will 588 

be clearly engaged with. 589 
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