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Abstract
The critical examination of current hypotheses is one of the key ways in which scientific fields develop and grow. Therefore, 
any critique, including Haidle and Schlaudt’s article, “Where Does Cumulative Culture Begin? A Plea for a Sociologically 
Informed Perspective,” represents a welcome addition to the literature. However, critiques must also be evaluated. In their 
article, Haidle and Schlaudt (Biol Theory 15:161–174, 2020. https ://doi.org/10.1007/s1375 2-020-00351 -w; henceforth H&S) 
review some approaches to culture and cumulative culture in both human and nonhuman primates. H&S discuss the “zone 
of latent solutions” (ZLS) hypothesis as applied to nonhuman primates and stone-toolmaking premodern hominins. Here, 
we will evaluate whether H&S’s critique addresses its target.

Keywords Cultural evolution · Cultural niche · Cumulative culture · Ratchet effect · Social learning · Zone of latent 
solutions

Introduction

Haidle and Schlaudt, in their article, “Where Does Cumula-
tive Culture Begin? A Plea for a Sociologically Informed 
Perspective” (2020; henceforth H&S), identify three aspects 
of the “zone of latent solutions” (ZLS) that they critique:

Critique 1 (C1): A critique of any “individualistic” 
approach to studying culture (which H&S link to the 
ZLS approach).
Critique 2 (C2): A critique of the individual approach 
that purportedly requires the existence of fully naive 
individuals, which H&S argue do not exist.
Critique 3 (C3): H&S further argue that social learn-
ing processes other than emulation and imitation play 

a role in nonhuman animal (henceforth: animal) and 
premodern hominin (henceforth: hominin) cultures, 
which they claim is ignored by the ZLS hypothesis.

Here we will discuss how all three of the critiques presented 
by H&S are erroneous either because they confuse levels of 
explanation (C1) or because they are based on straw man 
arguments (C2, C3—but also C1). Notably, in the case 
of C3, the ZLS hypothesis itself was one of the first, and 
remains one of the few, to explicitly account for the dif-
ferential effect of all kinds of social learning mechanisms 
in animal and hominin cultures. We end with a summary of 
the growing body of empirical evidence that supports the 
ZLS account of great ape and hominin culture, contrary to 
alternative positions.

Response to C1—Why the Individual Level Cannot 
be Ignored in Cultural Evolution

H&S criticize the ZLS approach of investigating animal 
and hominin culture by (mainly) examining the capaci-
ties of individual subjects. The authors claim that culture 
cannot be studied on the individual level because this is an 
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inappropriate atomistic approach. They argue that group-
level phenomenon such as culture cannot be reduced down, 
or perhaps even meaningfully linked, to the individual level. 
The authors are right to acknowledge the difficulties of link-
ing group-level phenomenon to individual behaviors, but 
this is neither a new critique, nor is it justified to categori-
cally exclude individual approaches. Research from a variety 
of fields, including Nobel Prize-winning work in economics, 
has demonstrated that an understanding of the individual 
level can be of utmost importance for explaining group-
level phenomena (Schelling 1978; Axtell and Epstien 1996; 
Miller and Page 2007).

The importance of the individual for the group level is 
further emphasized by the discipline of agent-based mod-
eling (Grimm and Railsback 2012). These modelers are 
typically interested in the emergent patterns that arise at the 
group level, and go to great lengths to ensure that behaviors 
of the individual agents are analogous to the individuals in 
the systems they study. These models are very relevant to the 
real world as they inform on the individual behaviors respon-
sible for the group-level phenomenon (Grimm and Rails-
back 2012). Therefore, the role, capability, and how these 
individuals behave and interact is paramount to the patterns 
produced at the group level. Individualistic work1 remains 
important as it produces insight into the breadth and type 
of behaviors and interactions that produce specific group-
level patterns. For example, in Schelling’s classic model of 
segregation, individual agents who had a slight individual 
preference for living close to individuals similar to them 
produced highly segregated neighborhoods at the population 
level (Schelling 1978). The outcomes of Schelling’s model 
again emphasize the importance of the individual level for a 
complete understanding of patterns at the group level. In the 
absence of information regarding the individual, one may, 
for example, inaccurately attribute the group-level pattern 
that arises in Schelling’s model to deliberate decisions. Sim-
ilarly, the ZLS approach is an empirically founded attempt 
to examine the individual-level processes that may produce 
group-level phenomena (such as wild ape cultural patterns; 
Acerbi et al. 2020).

Further justification for the need of an individualis-
tic approach can be found within H&S’s own arguments. 
Despite the fact that the authors imply that one must take 
an exclusively group-level approach, they discuss in depth 
what individuals are capable of absorbing from the sur-
rounding environment. For example, their notion of habitus 
(see below) is predicated on having an understanding of the 
cognitive capacity of the individual. This is not in contrast to 

what the ZLS attempts to do. H&S go on to provide evidence 
from experiments of individual rats raised in different condi-
tions to show that behaviors that may appear to be instinc-
tive (see below) are influenced—on the individual level (via 
specific environments).

Even though we advocate for the individual level, we 
have never denied the importance of the group level—indeed 
group-level patterns are also an explanatory target of the 
ZLS, and were so from the start (Tennie et al. 2009). Clearly, 
understanding the interplay between the individual and 
group level remains a valid and necessary line of research, 
despite claims to the contrary.

Response to C2—The Instinct Debate Does Not 
Apply to the ZLS Hypothesis

H&S resurrect an old criticism of a concept of instinct—in 
particular one that sees instincts as behaviors that are innate 
and fixed. Of course, we (and most, if not all, modern sci-
entists) agree with criticism of this concept. However, we 
take issue with H&S’s misattribution to the ZLS hypothesis 
the idea that the zone of latent solutions consists of such 
instincts.2 Indeed, both the term and concept of instinct have 
been explicitly excluded from the ZLS (labeled as “out-
dated”; cf. Bandini and Tennie 2018). Latent solutions are 
not instincts. Instead, latent solutions are behaviors and/or 
artifacts whose specific forms derive from a complex inter-
play of factors involving, among other things, both genetic 
and environmental factors—and even complex cognition is 
included in this system of interactions.3 What makes these 
forms special instead is that form-copying variants of social 
learning (e.g., imitation) are not required for them to reap-
pear. This is the crux of the ZLS hypothesis that has been 
clearly and consistently described in all ZLS publications 
(e.g., Tennie et al. 2009, 2012; Reindl et al. 2016; Bandini 
and Tennie 2017, 2018, 2019).

H&S’s confusion regarding the ZLS and the outdated 
instinct concept can perhaps be linked to their claim that 
the ZLS hypothesis—and identification of latent solutions—
requires tests on fully naive individuals. This claim is incor-
rect. Perhaps it derives from an overintellectualization of a 
clearly-labeled thought experiment: the cultural island test 
(Tennie et al. 2016, 2017). Note that the problems with this 
particular thought experiment are well known. Indeed, even 
the first version of the island thought experiment as proposed 

1 Note that the ZLS’s principal aims explicitly include explaining 
group-level phenomena (Tennie et  al. 2009), and this work includes 
using agent-based modelling (e.g., Acerbi et al. 2020).

2 “Instinctive behavior has much in common with individual latent 
solutions, in particular that they are (partly) hereditarily determined 
and appear in organisms raised in isolation from others” (p. 166 in 
H&S).
3 Haidle and Schlaudt themselves acknowledge early in their own 
piece that the ZLS includes cognition.
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by Tomasello (1999) paid tribute to these complications. 
Note that in presenting his island test idea Tomasello speci-
fied two things to counter similar objections: (1) A social 
cohort grows up on the hypothetical island (i.e., sociality is 
added; Tomasello 2018); and (2) the cohort is “magically 
kept alive” (implying, amongst other things, emotional, 
caloric, and antipredator support; Tomasello and Rakoczy 
2003). Whilst even this test cannot be run, if it were possible 
and these forms emerged under these conditions, it would 
constitute a valid test for subjects’ abilities to individually 
produce forms (i.e., actions and/or artifact topographies that 
can be organized in a linear or hierarchical structure; Tennie 
et al. 2020a, b).

What H&S fail to acknowledge is that the practical impos-
sibility of creating an island test does not mean that informa-
tion relevant to the underlying question cannot be gleaned. 
Mendel did not see genetic inheritance, but this did not stop 
him from investigating meaningful inheritance patterns. To 
detect patterns and factors in culture, approximations and 
triangulations remain informative. For example, any sponta-
neous reoccurrence (“reinnovation”) of the same behavioral 
and/or artifact forms in culturally independent populations 
(in H&S’s terms different “habitus”4) needs to be explained. 
Reinnovations in species that do not copy behavioral and/or 
artifact forms require even further explanation (see below).

Empirically, this situation arises when captive, ecologi-
cally relevant apes reinnovate wild ape behavioral forms 
(e.g., Neadle et al. 2017; Bandini and Tennie 2017, 20195), 
because these apes do not copy (Tennie et al. 2009, 2012; 
Clay and Tennie 2017). We maintain that the ZLS approach 
is the best explanation for this form reinnovation in apes. 
Again, why and how these forms and not others are reliably 
produced is a complex but separate issue (Tennie et al. 2009, 
2020a, b). However, whether one particular factor (form-
copying) is present, or even required, is a key question for 
the ZLS. None of this is to say, however, that social learning 
of other types plays no role in ape culture, but these types 
merely regulate frequencies of form (a point discussed in 
greater detail in the following section; e.g., Bandini and Ten-
nie 2017, 2018, 2019; Neadle et al. 2017, 2020; Reindl et al. 
2018). However, it remains likely that ape social learning 
does not transmit behavioral and/or artifact forms.

H&S argue that social learning and social life influence 
ape and hominin cultures. Both of these ideas are incorpo-
rated into the ZLS approach (e.g., Henrich and Tennie 2017; 
the same is true, of course, of humans). H&S specifically 
claim that ape and hominin behavioral and/or artifact forms 

depend in some way on these two factors. No one disagrees 
that this must be true at some point in hominin evolution, 
but to us, the question remains when this happened (see Ten-
nie et al. 2016, 2017; see also below). In other words, this 
cannot be assumed to be true for all species of apes and 
hominins, as showcased by modern apes. If social life is so 
important for apes, how come the same forms appear across 
different populations, including captive individuals (e.g., see 
footnote 4 and Tennie et al. 2008; Bandini and Tennie 2017, 
2019; Neadle et al. 20176)?

Therefore, empirically, the two factors proposed by H&S 
do not prove of importance for these forms in apes. This 
conclusion also raises serious doubts on H&S’s just-so sto-
ryline of hominin culture, given their over-attribution of 
form dependency on other factors. H&S neglect to acknowl-
edge the empirically supported possibility of form copying-
independent reinnovations (Bandini and Tennie 2017, 2019; 
Tennie et al. 2016, 2017). Yet, strong arguments can also 
be made for the application of the ZLS to the archaeologi-
cal record. Tennie et al. (2016, 2017) point out that there 
are certain aspects of early stone tools that appear consist-
ent with the ZLS (e.g., arguments on stasis; Semaw 2000). 
These observations sit very uncomfortably with the alterna-
tive hominin storyline proposed by H&S.

Consequently, it is neither the case that the ZLS hypoth-
esis hinges on outdated concepts of instinct, nor does it 
require real-life applications of any island test setup. The 
instinct concept remains unnecessary to explain recurrent 
behavior or artifact forms that do not require form copy-
ing. The ZLS has always focused on individual (including 
cognitive) explanations of form innovative abilities. Various 
genetic and environmental settings across ontogeny, rather 
than cumulative cultural evolution and instinct, create and 
shape the resulting forms of the latent solutions at the indi-
vidual level (see above).

Response to C3—Non‑Copying Social Learning 
is an Essential Part of the ZLS

H&S further claim that the ZLS hypothesis fails to address 
the fact that social learning mechanisms other than imitation 
and emulation can play a role in behavioral repertoires. H&S 
promote their preferred habitus view as a “novel” alterna-
tive—supposedly standing out by incorporating these effects 
instead. However, even a cursory reading of the ZLS litera-
ture demonstrates that these factors are recognized compo-
nents of the ZLS.

4 This, in turn, should instead have led to different behavioral forms 
in H&S’s account.
5 See also Bandini et  al. (2020b) for a case of an individual rein-
novating a behavior outside of their species-known repertoire in the 
wild.

6 See also Neldner et  al. (2020) for how even a human (baseline) 
ZLS (Reindl et al. 2016) can be meaningfully studied with a triangu-
lation approach.
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The important role of non-copying social learning mecha-
nisms is a fundamental aspect of the ZLS hypothesis and has 
been emphasized in every ZLS publication7 (Call and Tennie 
2009; Tennie et al. 2009, 2010a, b, 2012, 2016, 2017, 2020a, 
b; Tennie and Hedwig 2009; Hanus et al. 2011; Acerbi et al. 
2012; Pradhan et al. 2012; Menzel et al. 2013; Hopper et al. 
2015; Acerbi and Tennie 2016; Reindl et al. 2016, 2018, 
2020; Tennie 2016, 2019a, b; Bandini and Tennie 2017, 
2018, 2019; Clay and Tennie 2017; Henrich and Tennie 
2017; Neadle et al. 2017, 2020; Bandini and Harrison 2020; 
Bandini et al. 2020a, b; Neldner et al. 2020; Tennie and van 
Schaik 2020; Motes-Rodrigo and Tennie, resubmitted). This 
should not be surprising, considering that the idea that non-
copying social learning mechanisms8 play a role in the fre-
quency of animal behavioral forms has been an established 
fact in the animal culture literature for decades.9 Therefore, 
H&S’s third critique ignores the core concepts of the ZLS 
hypothesis, creating a straw man argument.

H&S’s “alternative” concept of habitus merely repeats 
the ZLS concept of “socially mediated serial reinnovations” 
(or SMSR/SMR) originally described in Bandini and Tennie 
(2017). The overlap between these two concepts forces us to 
imagine that some unintentional plagiarism occurred here, 
as when describing their habitus concept, H&S speak of “a 
zone of socially induced latent solutions” (p. 11), which is, 
in essence, the original “socially mediated serial reinnova-
tions” of the zone of latent solutions (Bandini and Tennie 
2017)10—note, “reinnovations” here are latent solutions by 
definition. Since 2017, the original SMSR concept has been 
discussed in every subsequent ZLS publication, including 
the two cited by H&S (Bandini and Tennie 2017, 2019).

H&S also call for a “new” concept of culture in which any 
social learning effects (of any kind) should be considered 
cultural.11 Again, this is not a new concept. Equating any 
variant of social learning with culture is a concept that stems 
from the ZLS literature itself (i.e., Neadle et al. 2017).12 Cul-
ture, but not cumulative culture of forms, is widespread and 
the ZLS is and always was a strong proponent of this view.

A Comparison of Approaches

The descriptions and the terminology underlying the ZLS 
account have evolved since its first basic description in the 
literature in 2009 (Tennie et al. 2009). However, the core 
principles of the ZLS hypothesis have not changed. The 
“ZLS-only” approach (Reindl et al. 2018) applies to any spe-
cies that do not copy know-how (i.e., do not copy the specific 
forms of behavior or artifacts; Tennie et al. 2016, 2020a, b). 
These species do, however, also show know-how—but the 
forms of these know-hows must derive on an individual level 
as they are not copied. The ZLS does not deny that atypi-
cal upbringing can limit the reach of individual know-how 
(e.g., in deprived subjects; Henrich and Tennie 2017). On 
the other hand, extensive human training and rearing may 
transmit (“install”) form-copying abilities to species that 
otherwise do not copy forms (installing form-copying as so-
called “cognitive gadgets,” sensu Heyes 201813). As a result, 
the affected species may then show additional forms, after 
first being enabled to copy these forms (see Tennie 2019a; 
Henrich and Tennie 2017). Yet, empirically, in apes, these 
cognitive gadgets—once transmitted to the (currently) best 
possible level—are not self-supporting across generations of 
apes (Tennie 2019b). In sum, the current natural tendency of 
apes is to remain a ZLS-only species.14

The ZLS-only account has been applied to several spe-
cies, in particular nonhuman great apes (see summary in 
Tennie et al. 2020a, b) and early hominins (Tennie et al. 

10 SMSR are described as: “The underlying mechanism that drives 
the acquisition of behavioral forms in chimpanzees (and other apes) is 
that of ‘socially‐mediated serial reinnovations’ (SMSR; Bandini and 
Tennie 2017). These behavioral forms increase in frequency in popu-
lations due to low‐fidelity social learning helping others reinnovate 
the behavior on their own” (Bandini and Tennie 2019, p. 3).

11 H&S (p. 165; italics in original): “The important point is that we 
do not ask for the respective share of nature and culture in given 
traits, but rather whether social learning is involved at all. If so, the 
trait counts as cultural, not individual.”
12 Neadle et  al. (2017, p. 12): “a behaviour can be considered cul-
tural, if social learning […] plays any role at all in the form and/or the 
frequency of the behaviour.”
13 Note that this may be true for humans, too—we might also require 
cultural transmission of copying skills (Heyes 2018). However, in 
contrast to the other apes, these skills in humans remain consistent 
enough across generations—enabling a ratcheting of cognitive gadg-
ets in humans (Tennie 2019a). When (and how often) this cogni-
tive gadget ratchet first started is currently an open question (Tennie 
2019a).
14 The phylogenetic implication for the LCA is that they were ZLS-
only species too (Tennie 2019b). Another implication is that data 
from enculturated / trained apes (such as, e.g., Kanzi, the bonobo; 
Toth et  al. 1993) cease to be phylogenetically informative (compare 
also Henrich and Tennie 2017).

7 For example, see Bandini and Tennie (2017, p 16): “In no way does 
our data negate a role of low-fidelity social learning [i.e. non-form-
copying social learning mechanisms] in scooping, or any other chim-
panzee behaviour when looking at the population level [sic!]. Indeed, 
(low-fidelity) social learning mechanisms likely homogenise the like-
lihood of individual learning of many chimpanzee behaviours, and 
therefore[…]can play a decisive role in explaining the distribution of 
these behaviours as they are observed in ape populations.”
8 Also known in the literature as "low-fidelity social learning"; Ten-
nie et al. (2020a).
9 E.g., see also Schuppli and van Schaik (2019), which the authors 
cite throughout as a counter-stance to the ZLS (which, again, is a 
false juxtaposition as the two approaches are compatible, and indeed 
van Schaik is a co-author on two recent publications on the ZLS; 
Tennie et al. 2020a, b).
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2016, 2017; Tennie 2019a, b). The currently available data 
suggests that the ZLS-only approach is a good empirical fit 
for these species. In particular, ecologically representative 
apes do not show convincing evidence for copying know-
how that is out of their cognitive reach (Tennie et al. 2009; 
Clay and Tennie 2017). Instead, these apes create know-how 
individually in the absence of models to copy (Allritz et al. 
2013; Menzel et al. 2013; Bandini and Tennie 2017, 2019; 
Neadle et al. 2017). Furthermore, the specifics of the behav-
ioral forms that are reinnovated individually do not differ 
between populations. This last point is especially important 
in the current context, as it creates problems for H&S’s argu-
ment that all culture is cumulative (see H&S’s abstract). Of 
course, it is possible that new data might surface supporting 
the alternative notion, namely that the ZLS-only account 
is not a good fit for all behavioral and/or artifact forms of 
all these species. If this evidence is sufficiently strong, it 
will turn the affected species into a ZLS-plus species; i.e., 
one that has a ZLS but can also copy forms (Reindl et al. 
2018).15 Yet, given all that is currently known about nonhu-
man apes and early hominins (and the LCA), any level of 
form-copying will likely be very low, both in frequency and 
in reach.

It may be helpful to delineate the various theoretical posi-
tions at stake. In one reading of H&S’s position (Reading 
1), culture should always be cumulative specifically with 
regards to the forms produced16—but the fact that specific 
different cultural backgrounds are not causally linked to the 
production of specific, dissimilar forms in apes (see above) 
empirically discounts this possibility (instead, different 
backgrounds nevertheless lead to similar forms). In Read-
ing 2 of H&S’s account, innovations that have already been 
produced in a population catalyze further, similar, innova-
tions (all still in the absence of copying of know-how). An 
ongoing process of these socially mediated reinnovations 
can then also stabilize innovations on a population level, 
leading to group-level effects. While this is most certainly 
true, it is part and parcel of the original formulation of the 
ZLS concept (Tennie et al. 2009) and all following ZLS pub-
lications, and therefore is not a novel framework. Reading 

2 is essentially the basic ZLS concept. In Reading 3, H&S 
imply that there are forms that do not need to be copied but 
are individually reinnovated instead (induced by socially 
mediated reinnovations) before additional, at least somewhat 
dissimilar, forms can be individually reinnovated (an “inter-
nal ratchet effect” of sorts).17 This is a theoretical possibility, 
but is again one that the ZLS approach acknowledges (we 
call this the “grey zone of cumulative culture”; see Tennie 
et al. (2020b).18 In Reading 4, H&S allow not only social 
learning of the types already included in the ZLS account, 
but additionally allow the copying of know-how (i.e., form-
copying.19 In this reading, it would indeed be expected that 
the resulting forms themselves can ratchet. However, this 
would not be a new interpretation, either (indeed, it would 
be the standard view of cultural evolution; see e.g. Tennie 
et al. 2017). Lastly, in Reading 5, H&S would be committed 
to all aspects of Reading 4, but, in addition, acts of form-
copying can additionally also change individuals’ innova-
tive abilities (e.g., copied know-how breeds further know-
how). Yet, again, this concept would not be new, it would 
be cumulative cultural intelligence (CCI). Variants of CCI 
have been around at least since the time of Vygotsky (who 
described CCI in the so-called zone of proximal develop-
ment (or ZPD)20. Furthermore, we suspect (Tennie et al., 
2020a) that the effect of CCI regarding know-how depends 
to a considerable extent on form-copying. Given that form-
copying is absent (or at least nearly absent) in apes, and that 
it was likely also absent in premodern hominins, Reading 5 
is not a good empirical fit for either (as we have highlighted 
across several publications and above).

Note that there is another possibility,21 namely one in 
which not only the innovative skills of individuals are 
under some social learning control, but additional cognitive 
skills are also under social learning control. In this account 
(recently dubbed cultural evolutionary psychology (CEP); 
Heyes 2018), even form-copying skills may be socially 

15 The paradigmatic case is humans, who often copy even complex 
forms.
16 It has long been known that other variants of culture (e.g., social 
learning about locations, or “know-where”; Bandini et al. 2020) can 
evolve, too [what Tennie et  al. (2009) called step-wise traditions]. 
Yet, empirically, these kinds of cultures—widespread in the animal 
kingdom—do not hold the key to the kind of cultural effects seen 
in human culture. The human case logically requires form-copying 
mechanisms (Tennie et al. 2012, 2020a).

17 Or, more generally, where past innovations change the likelihood 
of future innovations within individuals, and, due to the effects of 
socially mediated reinnovations, also in affected populations (see 
Tennie et al. 2020b).
18 This chapter has been in press since 2017 (which is standard for 
book chapters). Note that the empirical evidence for this gray zone of 
cumulative culture is very limited in apes—rendering a “ZLS-only” 
gambit (Reindl et al. 2018; Tennie et al. 2020a) still the best overall 
empirical fit for the available data.
19 “[H]abitus includes general problem perceptions and implicit 
knowledge about specific resources, their qualities and application, 
timing and pattern of acquisition, pathways, locations, and tools as 
well as practices of their manufacture, use, maintenance, and dis-
card” (p. 169 in H&S; emphasis added).
20 Indeed, the ZLS is designed, also by name, as the missing baseline 
precursor of Vygotsky’s ZPD (Reindl et al. 2018).
21 Note that this specific possibility is incompatible with the H&S 
account (it is, therefore, not a possible reading of H&S’s piece).
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transmitted (Heyes 2018). CEP is an attractive account for 
the evolution of cumulative culture in our species—not least 
due to a large amount of evidence for it in general (Heyes 
2018), but also specifically given what is known about apes 
and early hominins, and the effects of human training and 
enculturation on apes within and across generations (Tennie 
2019a, b). Yet, even in this account, the onset of cumula-
tive culture would have been late in our lineage (namely 
sometime(s) in the last half-million years; Tennie 2019a, b). 
In other words, the ZLS hypothesis for apes and premodern 
hominins is fully compatible with a CEP approach.22

Conclusion

This response has addressed H&S’s three main critiques of 
the ZLS hypothesis. We have demonstrated that: (1) Both the 
individual and group levels and their interactions are impor-
tant. (2) The ZLS does not hinge upon outdated concepts 
of instincts, unrealistic testing conditions, or totally naïve 
individuals. (3) The ZLS hypothesis is the origin of the idea 
that culture equates with any social learning and that non-
copying social learning plays an important role in mediating 
the frequency of form reinnovations (i.e., socially mediated 
reinnovations). We hope now that the core principles of the 
ZLS have been re-clarified, we can continue to have fruitful 
discussions and move the field of cultural evolution forward.

Acknowledgments The authors are grateful to Miriam Haidle and 
Olivier Schlaudt for their comments on an earlier draft of this manu-
script. EB and CT are supported by the Institutional Strategy of the 
University of Tübingen (Deutsche Forschungsgemeinschaft, ZUK 63). 
At the time of writing, CT, JSR, and WDS were supported by the 
European Research Council under the European Union’s Horizon 2020 
research and innovation program for the ERC STONECULT Starting 
Grant (Grant Agreement No. 714658). 

Author contributions EB, JSR, WDS, and CT all discussed and worked 
on the current manuscript. 

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

Acerbi A, Tennie C (2016) The role of redundant information in cul-
tural transmission and cultural stabilization. J Comp Psychol 
130:62–70

Acerbi A, Jacquet PO, Tennie C (2012) Behavioral constraints and the 
evolution of faithful social learning. Current Zoology 58:307–318

Acerbi A, Snyder WD, Tennie C (2020) Ape cultures do 
not require behavior copying. bioRxiv. https ://doi.
org/10.1101/2020.03.25.00817 7

Allritz M, Tennie C, Call J (2013) Food washing and placer mining in 
captive great apes. Primates 54:361–370

Axtell R, Epstien J (1996) Growing artificial societies: social science 
from the bottom up. Brookings Institution, New York

Bandini E, Harrison RA (2020) Innovation in chimpanzees. Biol Rev 
95:1131–1509. https ://doi.org/10.1111/brv.12604 

Bandini E, Tennie C (2017) Spontaneous reoccurrence of “scooping”, 
a wild tool-use behaviour, in naïve chimpanzees. PeerJ 5:e3814

Bandini E, Tennie C (2018) Naive, captive long-tailed macaques 
(Macaca fascicularis fascicularis) fail to individually and socially 
learn pound-hammering, a tool-use behaviour. R Soc Open Sci 
5(5):171826

Bandini E, Tennie C (2019) Individual acquisition of “stick pounding” 
behavior by naïve chimpanzees. Am J Primatol 81(6):e22987

Bandini E, Motes-Rodrigo A, Steele MP, Rutz C, Tennie C (2020a) 
Examining the mechanisms underlying the acquisition of animal 
tool behaviour. Biol Let 16(6):20200122

Bandini E, Grossmann J, Albiach-Serrano A, Tennie C (2020b) Naïve 
orangutans (Pongo abelii & Pongo pygmaeus) individually 
acquire nut-cracking using hammer tools. bioRxiv. https ://doi.
org/10.1101/2020.04.21.05271 2

Call J, Tennie C (2009) Animal culture: chimpanzee table manners? 
Curr Biol 19:R981-983

Clay Z, Tennie C (2017) Is over-imitation a uniquely human phenom-
enon? Insights from human children as compared to bonobos. 
Child Dev 89:1535–1544

Grimm V, Railsback SF (2012) Designing, formulating, and communi-
cating agent-based models. In: Agent-based models of geographi-
cal systems. Springer, Dordrecht, pp 361–377

Haidle MN, Schlaudt O (2020) Where does cumulative culture begin? 
A plea for a sociologically informed perspective. Biol Theory 
15:161–174. https ://doi.org/10.1007/s1375 2-020-00351 -w

Hanus D, Mendes N, Tennie C, Call J (2011) Comparing the perfor-
mances of apes (Gorilla gorilla, Pan troglodytes, Pongo pyg-
maeus) and human children (Homo sapiens) in the floating peanut 
task. PLoS ONE 6:e19555

Henrich J, Tennie C (2017) Cultural evolution in chimpanzees and 
humans. In: Muller M, Wrangham R, Pilbeam D (eds) Chimpan-
zees and human evolution. Harvard University Press, Cambridge

Heyes C (2018) Cognitive gadgets: the cultural evolution of thinking. 
Harvard University Press, Cambridge

Hopper LM, Tennie C, Ross SR, Lonsdorf EV (2015) Chimpanzees 
create and modify probe tools functionally: a study with zoo-
housed chimpanzees. Am J Primatol 77:162–170

Menzel C, Fowler A, Tennie C, Call J (2013) Leaf surface roughness 
elicits leaf swallowing behavior in captive chimpanzees (Pan trog-
lodytes) and bonobos (P. paniscus), but not in gorillas (Gorilla 
gorilla) or orangutans (Pongo abelii). Int J Primatol 34:533–553

Miller JH, Page SE (2007) Complex adaptive systems: an introduc-
tion to computational models of social life. Princeton University 
Press, Princeton

22 It does not matter for the ZLS approach exactly how form-copying 
is enabled (e.g., via evolution acting on the genetic and/or the cultural 
level). What matters is whether form copying is enabled (and where 
form copying is enabled, forms can potentially begin to culturally 
evolve—a mechanism that can make a species escape its ZLS).

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1101/2020.03.25.008177
https://doi.org/10.1101/2020.03.25.008177
https://doi.org/10.1111/brv.12604
https://doi.org/10.1101/2020.04.21.052712
https://doi.org/10.1101/2020.04.21.052712
https://doi.org/10.1007/s13752-020-00351-w


82 E. Bandini et al.

1 3

Motes-Rodrigo A, Tennie C (resubmitted) The method of local restric-
tion: in search potential great ape culture-dependent forms. Biol 
Rev

Neadle D, Allritz M, Tennie C (2017) Food cleaning in gorillas: 
social learning is a possibility but not a necessity. PLoS ONE 
12:e0188866

Neadle D, Bandini E, Tennie C (2020) Testing the individual and social 
learning abilities of task-naïve captive chimpanzees (Pan troglo-
dytes sp.) in a nut-cracking task. PeerJ 8:e8734

Neldner K, Reindl E, Tennie C, Grant J, Tomaselli K, Nielsen M (2020) 
A cross-cultural investigation of young children’s spontaneous 
invention of tool use behaviours. R Soc Open Sci 7(5):192240

Pradhan GR, Tennie C, van Schaik C (2012) Social organization and 
the evolution of cumulative technology in apes and hominins. J 
Hum Evol 63:180–190

Reindl E, Beck SR, Apperly IA, Tennie C (2016) Young children spon-
taneously invent wild great apes’ tool-use behaviors. Proc R Soc 
B Biol Sci 283:1825

Reindl E, Bandini E, Tennie C (2018) The zone of latent solutions 
and its relation to the classics: Vygotsky and Köhler. In: Di Paolo 
LD, Di Vincenzo F (eds) Evolution of primate social cognition. 
Springer

Reindl E, Gwilliams AL, Dean LG, Kendal RL, Tennie C (2020) Skills 
and motivations underlying children’s cumulative cultural learn-
ing: case not closed. Palgrave Commun 6:106

Schelling TC (1978) Micromotives and Macrobehaviors. Norton, New 
York

Schuppli C, van Schaik CP (2019) Animal cultures: how we’ve only 
seen the tip of the iceberg. Evol Hum Sci. https ://doi.org/10.1017/
ehs.2019.1

Semaw S (2000) The world’s oldest stone artefacts from Gona, Ethio-
pia: their implications for understanding stone technology and 
patterns of human evolution between 2·6–1·5 million years 
ago. J Archaeol Sci 27(12):1197–1214. https ://doi.org/10.1006/
jasc.1999.0592

Tennie C (2016) Kultur bei Mensch und Menschenaffe. In: Der 
Mensch, ein Tier? Das Tier, ein Mensch? Verlag Königshausen 
& Neumann, Wurzberg

Tennie C (2019a) Could nonhuman great apes also have cultural 
evolutionary psychology? Behav Brain Sci 42:e184. https ://doi.
org/10.1017/S0140 525X1 90010 55

Tennie C (2019b) The zone of latent solution (ZLS) account remains 
the most parsimonious explanation for early stone tools. Curr 
Anthropol. https ://doi.org/10.5281/zenod o.36151 76

Tennie C, Hedwig D (2009) How latent solution experiments can help 
to study differences between human culture and primate traditions. 
In: Potocki E, Krasinski J (eds) Primatology: theories, methods 
and research. Nova Publishers, New York

Tennie C, van Schaik CP (2020) Spontaneous (minimal) ritual in non-
human great apes? Philos Trans R Soc Lond B Biol Sci. https ://
doi.org/10.1098/rstb.2019.0423

Tennie C, Hedwig D, Call J, Tomasello M (2008) An experimental 
study of nettle feeding in captive gorillas. Am J Primatol: Off J 
Am Soc Primatol 70(6):584–593

Tennie C, Call J, Tomasello M (2009) Ratcheting up the ratchet: on 
the evolution of cumulative culture. Philos Trans R Soc Lond B 
Biol Sci 364:2405–2415

Tennie C, Call J, Tomasello M (2010a) Evidence for emulation in 
chimpanzees in social settings using the floating peanut task. 
PLoS ONE 5:e10544

Tennie C, Greve K, Gretscher H, Call J (2010b) Two-year-old children 
copy more reliably and more often than nonhuman great apes in 
multiple observational learning tasks. Primates 51:337–351

Tennie C, Call J, Tomasello M (2012) Untrained chimpanzees (Pan 
troglodytes schweinfurthii) fail to imitate novel actions. PLoS 
ONE 7:e41548

Tennie C, Braun DR, Premo LS, McPherron SP (2016) The island 
test for cumulative culture in Paleolithic cultures. In: Haidle MN, 
Conard NJ, Bolus M (eds) The nature of culture. Vertebrate paleo-
biology and paleoanthropology. Springer, Dordrecht, pp 121–133

Tennie C, Premo LS, Braun DR, McPherron SP (2017) Resetting the 
null hypothesis: early stone tools and cultural transmission. Curr 
Anthropol 58:664–672

Tennie C, Bandini E, van Schaik CP, Hopper L (2020a) The zone of 
latent solutions hypothesis and its relevance to understanding ape 
cultures. Biol Philos 35(5):1–42

Tennie C, Hopper L, van Schaik CP (2020b) On the origin of cumu-
lative culture: consideration of the role of copying in culture-
dependent traits and a reappraisal of the zone of latent solutions 
hypothesis. In: Ross S, Hopper L (eds) Chimpanzees in context: 
a comparative perspective on chimpanzee behavior, cognition, 
conservation, and welfare. University of Chicago Press, Chicago

Tomasello M (1999) The cultural origins of human cognition. Harvard 
University Press, Cambridge

Tomasello M (2018) A natural history of human thinking. Harvard 
University Press, Cambridge

Tomasello M, Rakoczy H (2003) What makes human cognition 
unique? From individual to shared to collective intentionality. 
Mind Lang 18(2):121–147

Toth N, Schick KD, Savage-Rumbaugh ES, Sevcik RA, Rumbaugh 
DM (1993) Pan the tool-maker: investigations into the stone tool-
making and tool-using capabilities of a bonobo (Pan paniscus). J 
Archaeol Sci 20(1):81–91

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1017/ehs.2019.1
https://doi.org/10.1017/ehs.2019.1
https://doi.org/10.1006/jasc.1999.0592
https://doi.org/10.1006/jasc.1999.0592
https://doi.org/10.1017/S0140525X19001055
https://doi.org/10.1017/S0140525X19001055
https://doi.org/10.5281/zenodo.3615176
https://doi.org/10.1098/rstb.2019.0423
https://doi.org/10.1098/rstb.2019.0423

	Clarifying Misconceptions of the Zone of Latent Solutions Hypothesis: A Response to Haidle and Schlaudt
	Abstract
	Introduction
	Response to C1—Why the Individual Level Cannot be Ignored in Cultural Evolution
	Response to C2—The Instinct Debate Does Not Apply to the ZLS Hypothesis
	Response to C3—Non-Copying Social Learning is an Essential Part of the ZLS
	A Comparison of Approaches

	Conclusion
	Acknowledgments 
	References




