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What kind of culture did early hominin toolmakers have?

William D  Snyder und Claudio Tennie, Tübingen

The lives of living modern humans are entrenched in 
and enabled by cumulative culture of know-how – in-
deed, cultural transmission of know-how defines the 
human experience (Boyd, 2018; Boyd & Richerson, 
1996; Henrich, 2016; Stout & Hecht, 2017; Tennie et 
al , 2020a; Tomasello, 1999)  Cumulative culture of 
know-how is driven by so-called copying social learn-
ing mechanisms, whereby the copying of behavioral 
and artifact forms enables the cultural transmission 
of know-how (Boyd & Richerson, 1996; Tennie et 
al , 2009, 2020a; Tomasello, 2003)  For example, the 
know-how of the tango needs to be culturally transmit-
ted in order for it to be danced, and whatever material 
or device you are reading this text from also required 
cultural transmission of know-how for its production  
Copying social learning leads to the development 
of novel know-how, e  g , via processes of drift from 
copying error (Eerkens & Lipo, 2005; Schillinger, 
2014) and – in conjunction with the ability to keep 
‘better’ versions – results in successive ratcheting of 
know-how innovations/modifications until the cultur-
ally transmitted know-how exceeds individual capaci-
ties for re-innovation (Tennie et al , 2009, 2020a; see 
also Boyd & Richerson, 1996)  Various other processes 
could potentially moderate these changes (cf  Lycett et 
al , 2015; Sterelny & Hiscock, in press) – but this does 
not change the need for cultural transmission of know-
how  For example, we may envision that these other 
processes play larger roles only if there is weak cultural 
transmission of know-how or know-how transmission 
is totally absent  In the case of human culture, there 
is a sheer diversity of copying-dependent know-how 
– that is, know-how that cannot be individually re-
innovated (Motes-Rodrigo & Tennie, 2021; Reindl et 
al , 2016; Tennie et al , 2020a; Tomasello, 1999) 1 This 
phenomenon of cultural transmission and cumulative 
culture of know-how is often said to be exclusive – at 
least as far as living ape taxa are concerned – to Homo 
sapiens (Dean et al , 2012; Schuppli & van Schaik, 
2019; Tomasello, 1999; see also Heyes, 2021) 

Although cumulative culture of know-how seem-
ingly distinguishes living modern humans from our 

closest relatives, it is not the only type of culture that 
exists, with other taxa also possessing culture of some 
types (e  g , Dean et al , 2013; Whiten et al , 1999)  In-
deed, many animal species seem capable of using social 
learning – the minimum requirement for culture (cf  
Boyd & Richerson, 1988; Dean et al , 2013; Heyes, 
2020, 2021; Neadle et al , 2017) – but there are many 
different mechanisms of social learning and these lead 
to distinct cultural transmission pathways  Here, it is 
meaningful to distinguish between cultural transmis-
sion of know-how (see above) and cultural transmis-
sion of other information types  Whereas copying 
social learning mechanisms can lead to the cultural 
transmission of know-how, other, “non-copying”, so-
cial learning mechanisms do not transmit know-how 
and instead lead to the cultural transmission of infor-
mation like know-where, know-what, and know-when 
(compare with Arbilly & Laland, 2014; Bandini et al , 
2020; Heyes, 1994; Tennie et al , 2020a; Zuberbühler 
et al , 1996)  Non-copying social learning mechanisms 
– indirectly via cultural transmission of know-where, 
know-what, and know-when – can also lead to socially-
mediated individual development of know-how with-
out the know-how itself between transmitted from one 
individual to another (i  e , without copying; Bandini & 
Tennie, 2017; Buskell & Tennie, in press; Tennie et al , 
2010)  Know-how can also be released more directly  
A very basic example of this is social contagions, such 
as yawning or laughing, which involve the triggering 
(cf  Sperber, 2000) of know-how via social influences 
without the know-how for yawning or laughing be-
ing copied (Tennie et al , 2020b)  These non-copying 
mechanisms can create cultural patterns (Acerbi et al , 
in press; Barrett, 2019) that can be labelled as minimal 
cultures (Neadle et al , 2017; Snyder et al , 2022; Ten-
nie et al , 2020a – compare with Galef, 1992) 

This general outline for minimal culture is currently 
the best explanation for cultures in non-human apes 
(see Bandini et al , 2020; Tennie et al , 2020a, 2020b 
– see also Sterelny & Hiscock, in press)  First, there 
is a lack of unequivocal evidence for copying social 
learning abilities in untrained, unenculturated apes,2 
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1  Alternatively, this can be defined as supraindividual know-how 
(see Tennie & Call, in press) 

2  There is some evidence for copying social learning abilities in 
captive, enculturated/trained apes  However, the processes of 

enculturation – the undue influence of human training and/
or rearing – can lead to structural changes in ape brains that 
consequently grant them cognitive abilities that are not re-
presentative of their wild counterparts (see Pope et al , 2018; 
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with numerous studies demonstrating that they are 
unable to copy copying-dependent know-how (e  g , 
Clay & Tennie, 2018; Neadle et al , 2021; Tennie et 
al , 2012)  Second, wild tool use behaviors have largely 
been shown to be re-innovatable by naïve, unencul-
turated individuals (cf  Bandini & Tennie, 2017, 2019; 
Bandini et al , 2020, 2021; Tennie et al , 2020a)  Simi-
lar patterns are found even across wild ape populatins 
(Motes-Rodrigo & Tennie, 2021)  Finally, population-
scale behavior distributions like those observed in wild 
apes can be produced without the presence of copying 
social learning abilities (Acerbi et al , 2022)  

Human children from different cultural back-
grounds are also capable of re-innovating a variety 
of wild primate tool use behaviors (Neldner et al , 
2020; Reindl et al , 2016)  As such, it can be said that 
minimal cultural pathways also exist in humans, but 
these are more difficult to see in current contexts due 
to the predominance of cumulative culture of know-
how and its stark influences on human behavior and 
lifeways (cf  Bandini et al , 2020; Boyd, 2018; Boyd & 
Richerson, 1996; Henrich, 2016; Henrich et al , 2010; 
Motes-Rodrigo & Tennie, 2021; Tennie et al , 2020a; 
Tomasello, 1999)  

If cumulative culture of know-how – beyond the 
individual reach – is indeed unique among the apes 
to living modern humans, the search for the origins of 
cumulative culture of know-how should be directed 
towards the hominin lineage post-divergence from the 
chimpanzee and bonobo lineage (i  e , the least com-
mon ancestor, LCA, of humans and Pan would not 
have possessed abilities for cultural transmission of 
know-how; see Snyder et al , 2022; Sterelny & His-
cock, in press; Stout et al , 2019; Tennie et al , 2016, 
2017; compare with Toth & Schick, 2018; Wynn & 
McGrew, 1989; Wynn et al , 2011)  This investigation 
is, however, limited by the available preserved physical 
evidence for hominin cognition and behavior 

Other than some (potential) bone excavating tools 
from the early Pleistocene of South Africa (Backwell 
& d’Errico, 2008; d’Errico & Blackwell, 2003), there is 
little to no preserved evidence of organic tools from 
the pre-Oldowan and Oldowan periods  Generally, the 
organic tool repertoire of early hominins is predicted 
to have been similar to that of living primate species 
(Ambrose, 2001; Bandini et al , 2022; Haslam et al , 
2009; Hovers, 2012; Rolian & Carvalho, 2017; Toth 

& Schick, 2009)  Living primates have been shown ca-
pable of spontaneously re-innovating organic tool use 
know-how – including excavating (Motes-Rodrigo et 
al , 2019, 2022a) – so if early hominins inherited simi-
lar technological capacities in this domain, then it can 
be most parsimoniously assumed to have been part 
of minimal cultures in those extinct taxa (Bandini & 
Tennie, 2017, 2019; Bandini et al , 2020, 2021; Reindl 
et al , 2016; Sterelny & Hiscock, in press; Tennie et al , 
2020; Westergaard & Suomi, 1993, 1995a) 

Stone tools provide an inherently much better 
option for studying cognitive and cultural evolution, 
because of the ubiquity of stone tools and stone-tool-
related behavioral traces throughout the hominin re-
cord (Foley & Lahr, 2003; Schick & Toth, 1993; Stout 
& Chaminade, 2009; Tennie et al , 2016, 2017; Toth & 
Schick, 1994, 2018)  Some researchers have previously 
regarded Oldowan (and later Eurasian Mode 1) arti-
facts as being based on or requiring ape-like capacities 
for learning and cognition (Pradhan et al , 2012; Putt 
et al , 2017; Whiten et al , 2003; Wynn & McGrew, 
1989; Wynn et al , 2011), but here it depends of course 
on what abilities are assumed to exist in these apes  It is 
important to note that many of these publications have 
(we believe, erroneously) attributed abilities for cul-
tural transmission of know-how via copying to non-
human primates (e  g , Whiten et al , 2003; Wynn et al , 
2011)  There have been many claims made for similar 
cultural transmission of know-how for the acquisition 
of stone toolmaking skills3 (e  g , Cataldo et al , 2018; 
Eren et al , 2020; Lombao et al , 2017; Morgan et al , 
2015; Schick & Toth, 1993; Shipton, 2020; Stout & 
Chaminade, 2007; Stout & Semaw, 2006; Stout et al , 
2010, 2019; Toth et al , 1993; Whiten, 2015)  In fact, 
there have even been outright claims for the origins of 
cumulative culture of know-how in the earliest Old-
owan at the nearly 2 6-million-year-old site of Gona 
in Ethiopia (Stout et al , 2019)  On the other hand, 
stone tools have alternatively been interpreted as not 
having required cultural transmission of know-how 
beyond the individual reach (cf  Acerbi & Tennie, 
2016; Cueva-Temprana et al , 2022; Davidson & Mc-
Grew, 2005; Mithen, 1996; Tennie et al , 2016, 2017; 
van Schaik et al , 2019)  

During the Oldowan, there is a considerable and 
lengthy stasis in both artifacts and technical know-how 
(Cueva-Temprana et al , 2022; Foley & Lahr, 2003; 

Tennie, 2019)  Captive, unenculturated/untrained apes do not 
demonstrate these abilities (Clay & Tennie, 2018; Neadle et al , 
2021; Tennie et al , 2012)  Wild apes are likewise not encultura-
ted or trained by humans and yet, they, to show a repetition of 
know-how across culturally unconnected populations (Motes-
Rodrigo & Tennie, 2021) 

3  There have been more general claims for the presence of cul-
tural transmission of know-how in the Oldowan, as well as 
claims where specific copying social learning mechanisms are 
identified, including variants of emulation, imitation, (proto-)
language, and teaching 
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Isaac, 1972, 1984; Jelinek, 1977; Semaw et al , 2003; 
Tennie et al , 2016, 2017)  This – and similar stases in 
the record – has been suggested to have resulted from 
high fidelity copying and conformity bias (Lycett & 
Gowlett, 2008; Lycett et al , 2015; Morgan et al , 2015; 
Schillinger et al , 2014), but these mechanisms are not 
appropriate explanations for the stasis, as copying 
should hypothetically lead to a radiation of forms just 
from copying error alone (Eerkens & Lipo, 2005) and 
they would also require levels of copying fidelity and 
conformity beyond what is exhibited by humans today 
(see Foley & Lahr, 2003)  Even further, non-human 
apes are unable to copy copying dependent know-
how even under conformity conditions (Neadle et al , 
2021), so neither capacity can be assumed for early 
toolmaking hominins  Instead, the limited within-
Oldowan variability, can best be explained by raw 
material differences, species-typical cognition, and 
other non-know-how-transmitting factors (Cueva-
Temprana et al , 2022; Tennie et al , 2016, 2017; but 
compare with Stout et al , 2019)  Indeed, the overall 
pattern of stasis is to be expected, and thus makes 
sense, under a minimal culture model wherein know-
how development never truly kicks off to go beyond 
individual re-innovation capacities (see below)  Mini-
mal cultures can change but only very slowly over ex-
tensive, biologically meaningful time units (Snyder et 
al , 2022)  While minimal cultures surely interact with 
such slow, biological change (Tennie et al , 2020b), the 
lack of sufficient levels of copying social learning and 
cultural transmission of know-how would prevent fast 
changes and simultaneously would keep the range of 
know-how bounded, thereby resulting in stasis  Stases 
therefore are a natural and expected outcome for the 
minimal culture model 

The specific forms of Oldowan stone artifacts have 
generally not been the basis of arguments for cultural 
determinism  These forms can clearly appear without 
the cultural transmission of know-how being involved, 
and independent experimental frameworks have in-
deed validated the notion that Oldowan artifacts are 
the unintentional (and non-cultural) byproducts of 
least-effort flaking behaviors (e  g , Toth, 1985)  In one 
case, Oldowan artifact forms appeared in stochastic 
knapping sequences during spandrels experiments 
(Moore & Perston, 2016), while in another, naïve nov-
ices who had never been exposed to Oldowan artifact 

forms reproduced all those core types that were pos-
sible from the provided knapping blank form (Snyder 
et al , 2022) 

The cultural status of Oldowan toolmaking know-
how is much more contentious than that of the artifact 
forms  As common practice, participants in knapping 
experiments are provided with opportunities for cul-
tural transmission of know-how, with emulation (via 
end-state copying) typically regarded as the minimum 
condition (Morgan et al , 2015)  These experimental 
conditions led to the acquisition of basic toolmaking 
abilities by their participants, but with different effi-
ciencies and efficacies based on the particular learning 
mechanisms that were allowed in the respective testing 
methods applied (Cataldo et al , 2018; Lombao et al , 
2017; Morgan et al , 2015)  From these experimental 
outcomes, archaeologists have claimed that (at least 
some) early knapping techniques require some kind of 
cultural transmission of know-how (see Cataldo et al , 
2018; Lombao et al , 2017; Morgan et al , 2015; Ship-
ton, 2020; Sterelny & Hiscock, in press)  That is, the 
claim is that the Oldowan contained some copying-
dependent know-how 

A claim for copying-dependency can be tested 
by removing know-how related copying possibilities 
(Tennie et al , 2017)  The question here is therefore: 
can all Oldowan stone toolmaking know-how appear 
in the absence of possibilities for cultural transmission 
of said know-how? If the empirical answer is yes, then 
it would mean that the cultural transmission of know-
how is not necessary for the development of knapping 
know-how, and thus, artifacts made in the procedure of 
this know-how cannot be used as undeniable evidence 
that cultural transmission of know-how occurred (i  e , 
because it can principally exist without said cultural 
transmission)  The underlying techniques would be 
proven to be copying-independent  And indeed, the 
answer to this question is yes – the know-how can 
be re-innovated  Human test participants produced 
all four early knapping techniques (passive hammer, 
bipolar, freehand, and projectile) when tested with-
out any demonstrations, teaching, or other exposure 
to stone tools – in short, in the absence of know-how 
models to copy (Snyder et al , 2022)  Moreover, both 
the toolmaking techniques and the artifactual out-
comes produced by naïve human novices were valid 
representatives of Oldowan technology(-ies) 4 This is 

4  With enough opportunities for behavioral expressions, we pre-
dict that knapping skill levels of naïve novices in copying-free 
conditions would further improve (see Snyder et al , 2022)  At 
some point, we predict their skill to match what is shown by 
humans in studies that use know-how models, and to match 
hominin skills at early Oldowan sites (Stout & Semaw, 2006)  

Another possibility is that eventually humans exceed these 
skills – and the open question is whether this then would de-
pend on know-how models given to them  We are not sure 
that know-how models are necessary to make, e  g , handaxes 
– but we acknowledge that this is an open question that can be 
pursued empirically 
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proof-of-principle – from one living species (humans) 
– that the evidence of Oldowan stone artifacts in the 
archaeological record cannot be used to infer cultural 
transmission of know-how beyond the individual 
range  As such, the existing evidence is not suited to 
point beyond minimal culture 

Nonetheless, there still may be objections to this 
logic  One suggestion is that ‛indirect’ transmission of 
know-how (i  e , before participants entered the test) 
influenced the behavioral outcomes in the study of 
Snyder et al  (2022)  First, in our view, this is an un-
likely possibility as the participants were evaluated on 
their past experiences directly related to stone tools, 
and other types of experiential information (e  g , that 
sharp things can be used to cut) would not inform 
them on the desired behavioral outcome – e  g , on the 
know-how of knapping (see discussion in Snyder et al , 
2022)  Just as well, the possibility still remains and so 
triangulation with data from other species is addition-
ally required  Non-human primates – untrained, and 
unenculturated – operate as an ideal control, due to 
their lack of copying abilities beyond the individual 
(see above) and greater certainty about past experi-
ences in captive individuals (see also Bandini et al , 
2022)  And indeed, untrained and unenculturated in-
dividuals from some species of non-human primates 
show an ability to re-innovate knapping know-how  
The clearest case comes from capuchin monkeys, 
who innovated all four early knapping techniques 
(Westergaard & Suomi, 1994, 1995b) 5 Further evi-
dence comes from re-innovation of passive hammer 
technique by untrained, unenculturated orangutans 
(Motes-Rodrigo et al , 2022b)  In summary, the indi-
rect cultural transmission of know-how route can also 
be disregarded, meaning that knapping know-how is 
innovatable in the absence of know-how models 

Just as non-human apes have (minimal) culture 
(e  g , Whiten et al , 1999) and the culture of living 
humans is thoroughly documented, so too can we 
suspect that early toolmaking hominins were (at least, 
to some degree) cultural beings and that Oldowan 
knapping was (in some sense) cultural behavior (cf  
Stout & Semaw, 2006, p  308)  However – from our 
theoretical perspective – Oldowan toolmaking and 
tool use were minimal cultural behaviors (cf  Snyder 
et al , 2022; Tennie et al , 2016, 2017, 2020a) – similar 
in principle to ape cultural behaviors today  Homi-
nins, regardless of their phylogenetic position, would 
all have had some social learning capacities, but the 

social learning capacities of early toolmaking homi-
nins are unlikely to have included cultural transmis-
sion of know-how beyond the individual reach at the 
respective times and in the respective species  Non-
copying social learning mechanisms like stimulus and 
local enhancement (Tennie et al , 2016, 2017; see also 
Mithen, 1996 on the Mode 1 Clactonian industry) 
and maybe triggering (sensu Sperber, 2000) would 
have been key to the ‘spread’6 and stabilization of 
toolmaking re-innovations  These would have trans-
mitted information like know-what (e  g , knappable 
rocks) and know-where (e  g , rocky outcrops and lo-
cations of carcasses), rather than the know-how, let 
alone copying-dependent know-how (see Bandini 
et al , 2020; Snyder et al , 2022; Tennie et al , 2020a)  
Cultural transmission of know-what and know-where 
(and triggering) would then have led – with greater 
likelihood than in their absence – to the subsequent 
development and expression of know-how on the in-
dividual level in affected members of hominin groups  
Knapping behaviors would therefore have appeared to 
spread but were really only mediated indirectly (e  g , 
via know-what) and/or directly triggered (sensu Sper-
ber, 2000; see also Buskell & Tennie, in press)  In other 
words, social learning among hominins existed – and 
thus, their lives were cultural – but it essentially only 
affected the frequency of know-how that was in their 
individual reach (i  e , that was inside their ‘zone of 
latent solutions’; cf  Tennie et al  2009, 2020; Bandini 
& Tennie, 2017)  These hominins had cultures – but 
their cultures were bounded, and therefore, minimal 

All available lines of evidence would support the 
minimal culture model being the best (i  e , most 
parsimonious) among the current interpretations of 
hominin behavior before and during the Oldowan  
Hundreds of thousands of years of technological stasis 
in the Oldowan, for example, can be best explained 
by a lack of cultural transmission of know-how (see 
Montrey & Schultz, 2020; Tennie et al , 2016, 2017, 
2020; van Schaik et al , 2019)  The same can be said 
for the – likely – multiple independent origins of the 
Oldowan (Braun et al , 2019; de la Torre, 2019; Hov-
ers, 2012; Shea, 2017), because (for these hominins 
as well) the technology was likely ‛easy’ to invent – at 
least under the right circumstances (e  g , with ap-
propriate motivation and raw materials)  In the late 
Pliocene and early Pleistocene, the right circumstances 
were often met, in terms of hominin biology, cogni-
tion, and ecology, and consequently, there was the sud-

5  Freehand hitting behavior in wild gorillas is superficially si-
milar to freehand knapping technique and may therefore be 
informative on the individual development of toolmaking 
know-how by hominins (Masi et al , 2022) 

6  Here, it would be more appropriate to describe know-how as 
being catalyzed rather than spreading  
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den appearance Oldowan assemblages across Africa in 
disconnected populations (see Acerbi et al , in press)  
In a similar vein, the minimal culture model also can 
explain the re-appearance of the Oldowan sensu latu, 
i  e , Eurasian Mode 1 technologies during later peri-
ods, even when and where there were more advanced 
technologies being produced in the same population 
or in other populations of the same species (Clark, 
1963; Foley & Lahr, 2003; Parfitt et al , 2022; Semaw 
et al , 2020; Shea, 2013; Tennie et al , 2017; even in 
our recent experimental study, see Snyder et al , 2022)  

Oldowan and later Mode 1 technologies are not 
unequivocal evidence for early cultural transmission 
of know-how in the hominin lineage – especially not 
for copying-dependent know-how (and its cultural 
evolution)  Instead, we infer that, currently, a better 
explanation is the minimal culture model (Snyder et 
al , 2022; Tennie et al , 2016, 2017)  Minimal cultural 
mechanisms, which can produce simple flaking behav-
ior, likely continued to be present in later, related spe-
cies (see point above) and, as a result, these minimal 
cultural capacities are still present in living modern 
humans  Just as with the re-innovation of ape tool use 
behaviors by human children (Neldner et al , 2020; 
Reindl et al , 2016), living humans (here, adults) can 
re-innovate early knapping techniques (the very same 
ones used by our Oldowan forebearers) when right cir-
cumstances are available (e  g , pertinent raw materials 
and motivation; Snyder et al , 2022)  If Oldowan tech-
nology is explainable by minimal cultural capacities 
in living humans and extinct hominins, the question 
becomes: at what point in the archaeological record 
did the know-how of stone toolmaking exceed the in-
dividual reach and therewith become copying-depen-
dent (see Tennie et al , 2016, 2017)? Future empirical 
research should follow a similar approach as we have 
applied, in order to identify which technology(-ies) are 
a better candidate for the origins of supraindividual 
know-how and the learning mechanisms by which it 
is produced: the cultural transmission of know-how 
via copying social learning 
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