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The behavioral origins of Homo sapiens can be traced back to the first material culture produced by our
species in Africa, the Middle Stone Age (MSA). Beyond this broad consensus, the origins, patterns, and
causes of behavioral complexity in modern humans remain debated. Here, we consider whether recent
findings continue to support popular scenarios of: (1) a modern human ‘package,’ (2) a gradual and ‘pan-
African’ emergence of behavioral complexity, and (3) a direct connection to changes in the human brain.
Our geographically structured review shows that decades of scientific research have continuously failed
to find a discrete threshold for a complete ‘modernity package’ and that the concept is theoretically
obsolete. Instead of a continent-wide, gradual accumulation of complex material culture, the record
exhibits a predominantly asynchronous presence and duration of many innovations across different
regions of Africa. The emerging pattern of behavioral complexity from the MSA conforms to an intricate
mosaic characterized by spatially discrete, temporally variable, and historically contingent trajectories.
This archaeological record bears no direct relation to a simplistic shift in the human brain but rather
reflects similar cognitive capacities that are variably manifested. The interaction of multiple causal fac-
tors constitutes the most parsimonious explanation driving the variable expression of complex behav-
iors, with demographic processes such as population structure, size, and connectivity playing a key role.
While much emphasis has been given to innovation and variability in the MSA record, long periods of
stasis and a lack of cumulative developments argue further against a strictly gradualistic nature in the
record. Instead, we are confronted with humanity's deep, variegated roots in Africa, and a dynamic
metapopulation that took many millennia to reach the critical mass capable of producing the ratchet
effect commonly used to define contemporary human culture. Finally, we note a weakening link between
‘modern’ human biology and behavior from around 300 ka ago.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The cultural dimension of human evolution has preoccupied
archaeologists and anthropologists since the inception of these
disciplines and remains a topic of intense debate today. The
increasing behavioral complexity of large-brained hominins from
the Middle Pleistocene onward is typically measured in terms of
contemporary human behavior (i.e., the ethnographic present),
such as the use of abstraction, symbolism and language, hyper-
sociality and altruism, the creation of art, and cumulative culture
ier Ltd. This is an open access arti
(Wadley, 2001; Dunbar, 2003; Henshilwood and Marean, 2003;
Shultz et al., 2012; Conard, 2015; Marean, 2016; Wynn et al., 2016).
At the turn of the 21st century, the debate on where, when, and
how the roots of these behaviors appeared was radically shaped by
a new model that placed the major milestones in the development
of our species within aMiddle to Late Pleistocene gradualist context
in Africa. Far from being an Upper Paleolithic ‘revolution’ in the
European Ice Age that had dominated scholarship at the end of the
20th century (e.g., Mellars, 1989, 1994; Mellars and Stringer, 1989;
Straus, 1996), McBrearty and Brooks (2000) showed that the
emergence of symbolic material culture, regional technological
diversification, the use of diverse raw materials, expanded social
networks, and economic intensification could all be traced back
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among our species in Africa, at a much earlier time frame. Specif-
ically, these behaviors were all linked to the Middle Stone Age
(MSA), now known to be the first and longest-lasting stone tool
(lithic) material culture to be associated with our species (e.g.,
Hublin et al., 2017; Richter et al., 2017). At a time when human
behavioral ‘modernity’ was inexorably linked to the Middle to
Upper Paleolithic transition in Europe, McBrearty and Brooks
(2000) blazed the way for a new and intensive focus on Africa
and the MSA. This provided an urgently needed archaeological
piece of the human origins puzzle just as paleoanthropological and
genetic research increasingly pointed to a deep-time origin of
Homo sapiens in Africa (e.g., Br€auer, 1984, 1989; Cann et al., 1987;
Stringer and Andrews, 1988).

This body of seminal paleoanthropological, paleogenetic, and
archaeological work has had a profound effect by framing the MSA
as the cultural backdrop to the rise of H. sapiens, bringing into sharp
focus the need to study MSA sites to elucidate the behavioral ori-
gins of our species. The shift is perhaps most evident in the fact that
generally speaking, prior to the 1990s, ‘high-profile’ publications on
the MSA were scarce, with scholarly attention on the African
Paleolithic largely given to the Early Stone Age (ESA) and Later
Stone Age (LSA). As an example, and considering this as a contri-
bution to the special issue celebrating the 50th anniversary of the
Journal of Human Evolution, we conducted a simple search for its
online database from 1972 to 2020 for publications either with a
focus on the MSA or those mentioning the term in the abstract or
keywords. No relevant paper appeared between 1972 and 1980 or
1981 and 1990. Between 1991 and 2000, there were 24 papers on
the topic (5% of n¼ 529 total research articles), the earliest focusing
on the MSA at Die Kelders by Grine et al. (1991). In this age bracket,
2000 was a key year with 13 of 24 papers published, including the
special issue on Die Kelders in South Africa (volume 38, Issue 1),
and the McBrearty and Brooks (2000) article. Conversely, from the
2000s, this higher interest continues and increased markedly with
62 papers covering the MSA as a topic in JHE between 2001 and
2010 (8% of the n ¼ 769 total research articles), and 83 between
2011 and 2020 (8% of n¼ 1100 total research articles). In addition to
other landmark publications in high-ranking journals (e.g.,
Henshilwood et al., 2002), these data show that the MSA under-
went a change from obscure to prominent regarding Paleolithic
archaeology and research on human evolution more broadly.

Twenty-three years after the publication of the seminal
McBrearty and Brooks (2000) paper in this journal, the origins of
H. sapiens behavioral complexity remain a central topic of global
research. But what has changed, and what more do we know? A
generation's worth of archaeological investigation has unearthed a
significant corpus of new data fromwhich to consider the question
of the origins of modern human behavior, and what the referents of
this term are nowconsidered to be. New empirical studies have also
been accompanied by changing theoretical perspectives on how to
best understand the significant changes happening during the
MSA. In this contribution, we first provide an overview on some
recent theoretical and conceptual developments on how to best
view and trace the evolution of behavioral complexity in the
archaeological record of early modern humans. Based on this dis-
cussion, we review relevant empirical findings since 2000 from the
African record in different spatial regions. In a third step, by
combining new conceptual ideas with the spatiotemporal patterns
of evidence, we provide an updated panorama on the origins of
behavioral complexity in the early phases of our species. Lastly, we
discuss potential causal mechanisms of the observed patterns,
promoting an interdisciplinary approach that takes into account
multiple causal factors with a focus on demography to understand
key changes and patterns in space and time. Instead of sticking to
taxonomic boxes relating to archaeological periods, we focus on the
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general time frame ~500e30 ka in Africa, which encompasses the
transition between the ESA and MSA, the emergence of the
H. sapiens phenotype and most of the MSA record.

2. Conceptual changes: Modern packages, evolutionary
scenarios, and trait lists

Paleoanthropological research around the theme of the origins
of modern behavior can be broken down into discussions of (1)
how, where, when, why, and if an ‘assembling of the package of
modern human behaviors in Africa’ took place (as summarized by
McBrearty and Brooks, 2000); (2) theoretical discussions on how
best to conceptualize and interpret archaeological data informing
on the evolution of behavioral complexity in H. sapiens; and (iii)
epistemological treatments and discussions of trait lists.

Historically, the concept of ‘cultural modernity’ viewed within a
binary framework of presence and absence has long dominated
discussions on the behavioral evolution of our species. The concept
derived from work on the beginning of the Upper Paleolithic and
the distinction of ‘modern’ humans from Neanderthals, as assessed
by a trait list based on a range of European archaeological materials
(e.g., Mellars, 1989; Bar-Yosef, 2002). Initially, most discussions
centered around themodern ‘package’ occurring at a single point in
time, often envisioned as a big leap or ‘revolution’ in our evolution
(Mellars, 1989, 1994; Mellars and Stringer, 1989; Straus, 1996). Klein
(1994, 2000, 2008, 2009) subsequently formulated a similar view
for Africa, proposing a sudden origin of behavioral modernity as a
package at a late point around ~50e40 ka, and coincident with the
origin of the LSA (see also Ambrose, 1998).

In a direct reaction to these revolution models, McBrearty and
Brooks (2000) proposed a very different scenario of a long,
gradual, and mostly cumulative process of incremental assembly of
the modern package for H. sapiens within Africa, unfolding from
their biological origins. Since 2000, the notion of the origin of our
species cognitive and behavioral complexity arising at a single
point in time as single ‘package’ of traitsdat times summarized
under the term of ‘cultural modernity’dwith its Eurocentric view
has increasingly been criticized based on theoretical, methodical,
and empirical grounds (Wadley, 2001; Henshilwood and Marean,
2003; Nowell, 2010; Shea, 2011; d'Errico and Stringer, 2011;
Conard, 2015; Haidle et al., 2015, 2016; Wynn et al., 2016). For
example, Conard (2005, 2008, 2015) favors a decentralized, het-
erogenic, and multiorigin pattern taking place over the late Middle
and Late Pleistocene without a single epicenter in Africa. Further
scenarios include a special focus on the rich southern African re-
cord during the Late Pleistocene (Parkington, 2001; Jacobs et al.,
2008; Marean, 2011) and considerations of complex patterns in
space and time that also encompass species other than H. sapiens in
Eurasia (d'Errico, 2003; Zilh~ao, 2007; d'Errico and Stringer, 2011).
At the same time, recent models have started to focus more on
variability (Shea, 2011), flexibility (Kandel et al., 2016), or plasticity
(Malafouris, 2010; Roberts and Stewart, 2018), rather than a ‘mas-
ter’ switch event at some key threshold in time.

While gradualistic, polycentric interpretations of the record
continue to be drawn even as new regions of Africa become better
understood for their Pleistocene past, the fundamental tool of
inference remains based on the appearance of particular traits at
different points of time deemed to be in some way important for
‘modernity.’ This approach plays to the strengths of archaeology.
Artifacts are interpreted as expressions of traits and capacities that
are themselves interdependent manifestations of the cumulative
effects of human cognitive evolution. However, to use the words of
d'Errico (2003), what are the criteria for selecting the criteria?

Table 1 summarizes key traits referred to in important studies
since 2000 to potentially track human cultural and behavioral
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evolution (e.g., McBrearty and Brooks, 2000; Henshilwood and
Marean, 2003; Conard, 2015; Shea, 2011). These can be ostensibly
grouped into traits that reflect (1) group identity and social net-
works; (2) personal and intragroup communication, codification,
and shared beliefs; (3) social cohesion and inter-reliance; (4)
planning, innovation, and experimentation; (5) ecological and di-
etary flexibility and the ability to be specialist ‘generalists’; and (6)
control and remodeling of landscapes and ecosystems.

The interpretation of these traits is typically linked to a body of
middle range or bridging theory (see Botha, 2010; Haidle, 2014;
Coolidge et al., 2016) and research in this direction has provided
key conceptual advances since 2000. This body of work mostly
derives from actualistic studies (sensu Binford, 1981) and involves
ethnographic research on extant or recent hunter-gatherer soci-
eties but also experimental archaeology to establish archaeological
correlates for behavioral and cultural complexity observed in the
present. On top, several studies have sought to link the production
of different kinds of products recognizable in the archaeological
recorddstandardized forms, use of new raw materials and their
transformation such in heat treatment or long production se-
quences of composite weaponry including hafting adhesivesdto
potential underlying cognitive abilities and processes as studied
and inferred in recent humans (e.g., Wadley et al., 2009; Lombard
and Haidle, 2012; Wadley, 2013; Haidle, 2014; Stolarczyk and
Schmidt, 2018; Coolidge et al., 2016).

Group identity and social networks are a hallmark of extant
human societies and are ethnographically documented around the
world, from computer-based social networks to those of modern
hunter-gatherers (e.g., Wiessner, 1983). At their core, dispersed
social networks foster co-reliance and the pooling of
riskdobservations that have greatly impacted archaeology in-
terpretations of Pleistocene artifacts (Gamble, 1982; McCall, 2007;
Tostevin, 2012). Such work also showed the pitfalls of making as-
sumptions based on technological similarities across assemblages.
For example, Wiessner (1983) also showed that mutually unintel-
ligible non-risk-sharing San groups of the Kalahari shared 90% of
Table 1
List of key traits thought to reflect the hallmarks and spectrum of behavioral complexity or
Brooks, 2000; Henshilwood and Marean, 2003; Conard, 2015).

Trait Inference

cLong-distance transport, e.g., of raw
material, shells, etc.

Social networks, exchange

Standardization of regionally distinctive
artifacts and tool forms (e.g., point
forms, backed pieces)

Social networks, signaling of
emblematic style

Notching, incision, patterns, art Intentional designs, abstract thinking,
intragroup codification, and symbols
with language?

Collections of shells, some intentionally
perforated

Personal ornamentation, esthetics,
symbolism? collections of sets

Intentional burial Coping mechanisms for grief, shared
values, belief systems

Artifact diversity in form, material and
method; hafting and composite
tools; pigment use

Task specialization, innovation,
teaching, planning depth, memory,
abstract thought?

Structured living spaces Group cohesion, planning depth, social
order

Diet breadth Adaptability, flexibility, and plasticity of
behavior

Expanded ecological niche Innovation, planning, experimentation,
flexibility, and plasticity of behavior

Diverse use and control of fire Cooking, heating including heat
treatment of raw materials, control of
plant life and ecosystems

Seasonal habitation or resource
exploitation

Planning depth, understanding of
cyclicity and periodicity
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their material culture as a result of shared environments. For these
reasons, archaeological focus on recognizing social networks has
tended to search for evidence of long-distance transfers, and the
standardization of point forms in particular (Table 1). Evidence for
some long-distance transfers of raw material exists from slightly
before 300 ka (Brooks et al., 2018). The inland transfer of marine
shells, whether intentionally perforated or not, also points to other
forms of material transfer by the Late Pleistocene (d'Errico et al.,
2009). Although this is not direct evidence of social networks, the
idea that they existed is also reflected in the standardization of
regionally distinctive MSA point forms (e.g., Scerri, 2013a; Wadley,
2015). The theory behind this view lies in ethnographic work (e.g.,
Wiessner,1997) showing that points are, by their nature, taken onto
the landscape for hunting reasons. It is in this wider landscape that
encounters with other hunting groups are most likely, and there-
fore where the need for emblematic social signaling arises
(Lechtman, 1977; Binford, 1989; Sackett, 1990; Tostevin, 2012). The
combination of the long-distance transfer of different materials,
including exotic ones, and the standardization of point forms,
therefore, presents good evidence for the existence of social net-
works and risk-pooling groups. Standardization in other tool forms,
such as (microlithic) backed pieces and their spatial dispersion, has
likewise been argued to reflect underlying mental templates
related to social connectivity and increased long-distance social ties
(Wurz, 1999; Way et al., 2022).

Personal and intragroup communication, the codification of
referents, and shared beliefs represent an entirely different
dimension of complex culture and require abstract thinking. If
networks and emblematic signaling focus on intergroup coopera-
tion or recognizing the lack of it, other lines of evidence point to
within-group communication and shared beliefs. For example,
intentional burial with ‘goods’ such as wrappings (e.g., Martin�on-
Torres et al., 2021) may indicate this, although further evidence is
required to make arguments for systematic practices beyond
emotional attachment to the dead. Other lines of data, such as
collections of sets of objects like marine shells (Gamble, 2007;
‘modern behavior’ and respective bridging theories (see text and e.g., McBrearty and

Bridging theories

Social groups pooling risk in situations of demographic stress

Representation of group identity, shared concepts and signaling potentially
linked to risk-pooling groups

Representation of identity (personal or group), the intersection of habitual
disposition and concrete social conditions that create meaningful visual codes

Personal ornamentation points to sense of identity of self vs. others, collections
indicate concepts of esthetics and value
Mortuary treatment relates to bonds of affection and group identity. Burial
ethnographically also relates to systems of shared belief
Task specialization drives social cohesion, and may also require language.
Diversity in use of forms, materials and methods including composite products
implies advanced cognitive processes, increased creativity and problem-
solution distances, and expanded subsistence and lifeways
Denotes an understanding of the optimal organization of space relative to
lifeways and subsistence
Humans are ‘generalist specialists’ whose specialty is to rapidly adapt to new
environments and foods
Ability to test and learn new adaptive strategies and pass these horizontally and
vertically within group
Using fire to control landscapes, food, and raw material demonstrates
unprecedented control of the natural environment

Ability to project and plan into the future based on modeling of the past
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d'Errico et al., 2009; Wilkins et al., 2021) whose rarity may even
communicate their worth as ‘something special,’ may also point
toward shared concepts of esthetics and value. Finally, artifact di-
versity in used materials, form and manufacture point toward
increased creativity and the sorts of required specialisms that
promote social cohesion within groups (e.g., collection and flaking
of raw material, manufacture of bindings and resins, production of
wooden shaft, etc.). This includes the capacity to combine materials
not found together in nature in newways in long procedural chains
of action and transform them such as in compound adhesives or
bow-and-arrow sets, involving multitasking and increasedworking
memory (e.g., Wadley et al., 2009; Lombard and Haidle, 2012;
Coolidge et al., 2016). Taken together, these mixtures of traits
provide good evidence for the accumulation of cognitive capital,
often expressed as intragroup strategies. Other classes of objects,
while ‘symbolic’ in some capacity are not clearly emblematic vs.
arbitrary in nature. For example, the decoration of ostrich eggshells
(OESs), possibly used as water carriers, may represent a form of
shared esthetic or even symbol within a group, personal style or
even emblematic style if water carriers are reasonably thought to
be carried out there ‘in the landscape of encounters’ (Henshilwood
and Marean, 2003; Texier et al., 2010, 2013; Henshilwood et al.,
2014).

More clearly collective behavior exists in the evidence for the
expansion of diet breadth, the transcendence of biogeographic
barriers, and the expansion of the ecological niche, all of which
point toward adaptability, flexibility, and the power to innovate
specialist tools and/or behaviors which become relevant to a group
or population (Kandel et al., 2016; Roberts and Stewart, 2018). Part
of this expanded ecological niche may also include the control of
landscapes and plant growth through controlled burning
(Thompson et al., 2021). Further evidence for the understanding of
the environment, innovation, and planning also comes from the
seasonal exploitation of different resources (e.g., Steele and
�Alvarez-Fern�andez, 2011; Kyriacou et al., 2014).

Together, the aforementioned data have generally been used to
support the theory that the capacity for complex culture emerged
sometime with or after the earliest manifestations of H. sapiens
morphology. However, there are several issues and caveats with
this view that have appeared over the last two decades of research.
The most obvious is that a good number of these traits can now also
be linked to Neanderthals. For example, Neanderthals have now
been found to have engaged in long-distance transport (Porraz and
Negrino, 2008; Spinapolice, 2012; Doronicheva et al., 2019), buried
their dead, structured their living spaces, and had increased diet
breadth (Vaquero et al., 2001; Henry et al., 2014; Gabucio et al.,
2018; Will et al., 2019b). Neanderthals also standardized their
point forms in the Levant and clearly featured a diverse array of tool
forms (see e.g., Groucutt, 2014). These discoveries somewhat
problematize trait lists used for the MSA and undermined the idea
of ‘modern behavior’ as something exclusive to H. sapiens (Zilh~ao,
2007; d'Errico and Stringer, 2011; Villa and Roebroeks, 2014).
Does this mean there are no differences between the MSA record of
H. sapiens and the Middle Paleolithic record of Neanderthals? On
the contrary, there are differences in the intensities of manifested
traits listed in Table 1, with examples of similar behaviors among
H. sapiens being more widely expressed and more strongly man-
ifested. Other behaviors, such as perforating shells, creating bow-
and-arrow sets, and landscape-scale burning, are so far only
known in the MSA, as opposed to the Neanderthal-associated
Middle Paleolithic. These multifacetted and often gradual differ-
ences (see also Will et al., 2019b) suggest either a higher order
cognition among H. sapiens or that the conditions for the expres-
sion of complex culture varied considerably between Neanderthals
and H. sapiens, the reasons for which are currently unclear. Recent
4

summaries of the archaeological and inferred cognitive differences
between Neanderthals and modern humans have likewise argued
for a middle position (Conard, 2015; Wynn et al., 2016).

A key point to make here, however, is that the variable
expression of human cognitive capacity is linked not just to
cognition itself but also to other factors such as demography,
inherited (material) resources, anatomy, and environmentdthe
interaction and feedback of which can lead to very different phe-
notypes (see e.g., Laland et al., 2000; Henshilwood and Marean,
2006; Hussain and Will, 2021). A second important point, harking
back to the beginning of this section, is that the archaeological traits
viewed as indicative of ‘modernity’ (expressed in the singular) are
in fact reflective of collective behaviors rooted in cultural inheri-
tance and group learning. The traits identified in the archaeological
record are therefore one of many possible phenotypic expressions,
as well as the expressions of various group behaviorsdboth of
which are context-dependent.

Building on this, for both H. sapiens and large-brained hominins
such as Neanderthals and Denisovans, complex behavior and cul-
ture can be viewed less as a real package but more as a general
capacity, which is often underexpressed (Haidle, 2010, 2016; Haidle
et al., 2015; Kandel et al., 2016). The important viewpoint proposed
in these publications differentiates between empirically traceable
behavioral performances and cognitive capacities that are theo-
retical constructs. In other words, behavior is about application, not
ability, whereas cognition is about abilities, and not necessarily
their application, which is context-dependent and relies on various
demographic, social, and environmental aspects (see also Lahr and
Foley, 1998). As an example, the focus on art and symbol as evi-
dence for abstract thinking, theory of mind, language, and so forth,
is understandable, but its lack does not necessarily reflect a lack of
such human traits (see e.g., Henrich, 2004; Haidle, 2010, 2016).
Unfortunately, only the reflections of behavior are directly
observable, and much of the capacities available might remain
unexpressed and archaeologically invisible. This raises the question
as to whether the point where we see the various applications of
complex cognition in the archaeological record is really the time
when modern cognition emergesdparticularly if strong parallels to
the Neanderthal record exist.

If understanding complex cognition is not a black-and-white
question but rather a matter of frequency, intensity, particular
trajectories, historical contingencies, and interactions, are trait lists
even useful? Or are trait lists encouraging the identification of the
contents of modernity packages post hoc? As discussed, the traits
listed in Table 1 can arguably provide meaningful links to (modern)
behavioral and even cognitive complexity (e.g., Henshilwood and
Marean, 2003; Haidle, 2010; Lombard and Haidle, 2012; Wadley,
2013, 2015) though they might be indicative of different aspects
and expressions of it. On a pragmatic note, consideration of the
traits linked to complex behaviors also allows for rapid assessment,
permitting researchers to break down the record into directly
observable, measurable, and quantifiable components of signifi-
cance that play to the strengths of archaeology. As such, all
archaeological assessments up to date have been based on some
kind of (implicit or explicit) trait list and this is rooted in the very
nature of our scientific discipline. However, which traits and
archaeological finds are considered important may vary in much
the same way as they do in paleoanthropological debates and traits
have become much more complex, often consisting of multiple
components (see Table 1). With that in mind, it is therefore the
inferences based on such traits which are of central importance. For
example, some traits were originally considered important in
relation to the dominant theories of the time. Blades were once
considered a key component of ‘modernity,’ simply because they
were common in the Upper Paleolithic (Mellars, 1989, 1994; Straus,
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1996). However, the production of blades can also relate to other
factors, such as the need to maximize raw material volume, and it
can be disputed whether blade making requires more planning
depth than the production of recurrent Levallois flakes, for example
(e.g., Muller et al., 2017, 2022). The argument that blades have
special significance in view of their dominance in the Upper
Paleolithic is therefore somewhat circular and indeed they are now
recognized as a frequent element of MSA assemblages across Africa.

With these issues in mind, we review the state of knowledge on
behavioral complexity in the MSA in different regions of Africa. We
refrain from focusing on the presence or absence of singular classes
of archaeological finds (e.g., art) or a categorical definition of ‘cul-
tural modernity’ that refers to a predefined package of specific
traits. Instead, we consider relevant empirical data in the form of
diverse traits listed in Table 1 as heuristic devices that are variably
manifested in the archaeological record and allow further in-
ferences on various and distinct aspects that together make up
human collective behavioral and cultural complexity. We follow a
perspective that seeks to understand what these traits might refer
to and the interactions of diverse variables that favor the processes
expressing degrees of complex culturedand what this means for
the emergence of ‘modern human behavior.’

3. Reviewing the empirical evidence

3.1. Beginnings: Lithic technology of the Early/Middle Stone Age
transition

At the root of both our species and previous thinking about a
‘package’ concept, is the MSA itself. The MSA, as defined by
Goodwin (1928), follows the ESA (and Lower Paleolithic in Africa's
neighboring regions) whose latest phases already begun to be
marked by a greater degree of complexity and sophistication in
lithic technology such as examples of Victoria West and ‘proto’-
Levallois cores (Raynal et al., 2010; Zaidner and Weinstein-Evron,
2016; Li et al., 2017). Unlike the ESA, the MSA lacks abundant
large cutting tools and is focused on the production of flakes struck
from prepared cores, some of which were subsequently retouched
into a variety of forms not seen in the archaeological record before
(e.g., Scerri and Spinapolice, 2019). The appearance of the MSA has
been viewed as a profound shift in the conceptualization and
manufacture of stone implements and the general behavioral ca-
pacities of its makers. Alongside the probable mounting of stone
tips onto wooden hafts (Wilkins et al., 2012; Barham, 2013), the
MSA itself marks the manifestations of consistently larger absolute
and particularly relative brain size in the fossil record (Ruff et al.,
1997; Rightmire, 2004; Shultz et al., 2012). This archaeological re-
cord shows intensified evidence for idiosyncratic variation of ma-
terial culture restricted in both space and time associated with a
higher tempo of technological change. This regional and temporal
diversity (Clark, 1988; Barham, 2001) perhaps reflects the spread of
an early H. sapiens metapopulation and a degree of adaptation to
diverse environments (Scerri et al., 2018, 2019).

In the following presentation of empirical evidence, we pursue a
geographically explicit approach considering that Africa as a single
analytical unit masks the huge size of the continent as well as its
enormous topographic, climatic, and environmental variability that
was also relevant for the Pleistocene (see e.g., Lahr and Foley, 1998;
Blome et al., 2012; Lahr and Foley, 2016). Recent paleoanthropo-
logical and genetic research has also suggested that instead of a
single pan-mixing ancestral population of H. sapiens in the late
Middle and Late Pleistocene, spatial and temporal structures exis-
ted (Gunz et al., 2009; Harvati et al., 2011; Lahr, 2016; Scerri et al.,
2018; Bergstr€om et al., 2021). While numerous divisions of the
African continent are possible, we broadly follow the United
5

Nations geoscheme (United Nations, 2019) splitting the continent
into southern, eastern, northern, central, and western Africa.
Although to a certain extent arbitrary when applied to the Pleis-
tocene, this portioning has the advantages of being explicit,
encompassing contiguous areas likely affected by similar climatic
effects in the Pleistocene (Blome et al., 2012; Lahr and Foley, 2016),
and following to a certain extent the research history of the MSA
record. In a modern geographic and climatic sense, northern Africa
is largely defined by the Saharan region; western Africa is bounded
by the Sahara to the north and the central rainforests to the east;
the Central African area is characterized by its rainforests; eastern
Africa is defined by its highland regions and mosaic of different
habitats, including lacustrine and fluvial corridors; and southern
Africa is bounded by deserts and rainforests to the northwest and
north-central and defined by its distinctive climate systems.

The transition to the MSA already features a degree of diversity
inmaterial culture that appears to be rooted in geographic distance.
By the Middle Pleistocene, several changes are observed in the
archaeological record. Previously, and for most of the Acheulean
between ~1.8 and 0.3 Ma ago in Africa, assemblages are dominated
by core tools and bifacial assemblages with wide geographic spread
and comparatively little change over time. While patterns of
regional typo-technological differentiation within Africa are not
readily visible, some localized spatial structure and temporal
changes, such as smaller and thinner handaxes with increased
refinement and symmetry more often shaped by soft hammer
percussion, have been observed in the Middle Pleistocene (Kuman,
2014; Lotter and Kuman, 2018; Schick and Toth, 2017). Based on this
substrate, in North Africa, the transition from the ESA to the MSA
sees bifacial tools becoming, on average, more symmetrical.
Cleavers are rare and there is an increase in discoidal cores for the
production of flakes (Raynal and Sbihi-Alaoui, 2009). Some of these
flakes were retouched and turned into scrapers, notches, and
denticulates, heralding the forms that would dominate the MSA
(Raynal et al., 2001). By the late Acheulean, sites show evidence for
an increased use of flakes from discoidal cores; ovate forms of
handaxes made from flakes and cleavers become extremely rare
(Raynal et al., 2001; Raynal and Sbihi-Alaoui, 2009). The end of the
Acheulean goes beyond 200 ka at Cap Chatelier (Raynal et al., 2001),
overlapping with the MSA to a significant degree. This assemblage
is characterized by the production of predetermined flakes and
small, thin bifaces, a diverse set of tools on flakes, and a very few
cleavers. This Late Acheulean can even be defined as a transitional
industry and was at one time thought to represent the technolog-
ical reservoir fromwhich the MSA emerged at Jebel Irhoud (Raynal
et al., 2001), now known to date to ~315 ka (Richter et al., 2017).

In eastern Africa, the late or final Acheulean between ~500 and
200 ka is characterized by the selection of finer rawmaterials, more
intense bifacial shaping with smaller, thinner, and more symmet-
rical handaxes, and the first occurrence of the Levallois method
(Schick and Clark, 2000; Tryon et al., 2005; Gilbert et al., 2016). The
earliest MSA is equally ancient as in northern Africa and dated to
between 320 and 305 ka (Deino et al., 2018). Yet, Acheulean as-
semblages appear to have persisted contemporaneously in areas of
eastern Africa into the end of the Middle Pleistocene, with han-
daxes and cleavers associated with Levallois flakes, points, and
blades dating to 210 ka inMieso (de la Torre et al., 2014) and surface
finds of handaxes in the Upper Herto Member attributed to ~160 ka
(White et al., 2003). Work in the Kapthurin Formation of Kenya
found a complex pattern of handaxes interstratified with points
and Levallois technology at various sites, suggesting both the
contemporaneous use of various technologies and the origin of the
earliest MSA technology present before 285 ka (Tryon and
McBrearty, 2002; Tryon et al., 2005). Overall, the context of the
emergence of the MSA in this region is comparable to that of North
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Africa, and the technology is very similar, featuring prepared cores
and retouched points (Brooks et al., 2018). At the same time, there
are also differences in the frequencies of different tool types and
retouch techniques thatmay reflect sample size differences ormore
profound regional traditions. For example, the early MSA at Olor-
gesailie and Kapthurin features blade cores as well as basal thinning
on flakes and tools (Tryon et al., 2005; Brooks et al., 2018).

In southern Africa, sites from the period of the transition from
the ESA to MSA are much less prevalent compared to the Late
Pleistocene (Wurz, 2013; Wadley, 2015). The late Acheulean in the
region sees the emergence of Victoria West cores (McNabb and
Beaumont, 2012; Li et al., 2017) but is otherwise comparable to
eastern and northern Africa. The so-called Fauresmith is a transi-
tional industry between the ESA and MSA, somewhat poorly dated
to ~500e300 ka and characterized by the presence of a low number
of small handaxes, associated with Levallois-like cores, blades, and
points (Herries, 2011; McNabb and Beaumont, 2012; Wilkins and
Chazan, 2012; Kuman et al., 2020). The last large cutting tools in
southern Africa appeared at the end of the Middle Pleistocene at
Duinefontein (Klein et al., 1999). Interestingly, the site of Kathu Pan
has evidence for the manufacture of blade technology, hafted stone
points, and pigments potentially dating to ~500e300 ka (Wilkins
et al., 2012; Watts et al., 2016), but the ages are controversial and
not unanimously accepted.

Less is known about the transition to the MSA in western and
central Africa. ESA artifacts have been documented in different
ecological zones (e.g., Braucher et al., 2022), highlighting a need to
document evolutionary processes in tropical forests, that may have
included refugia suitable for hominins (Blinkhorn et al., 2022;
Scerri et al., 2022). ‘Transitional’ ESA to MSA industries have not yet
been reported, although this is likely to change with the increased
focus on these less well-documented regions. Certainly, Middle
Pleistocene MSA dates are now known for both western and central
Africa (Barham, 2000, 2002; Clark, 2001; Soriano et al., 2010; Niang
et al., 2018; Braucher et al., 2022).

While the transition to the MSA represents a profound shift, it is
also clearly rooted in the increasing sophistication and complexity
of the Late Acheulean and indeed overlapped with it in various
African regions. These advances soften the concept of an MSA
‘revolution’ and emphasize a complex pattern of the Late Acheu-
lean/early MSA transition, both of whose makers may well have
been the earliest H. sapiens. This pattern of complex overlapping at
the end of the Acheulean might even be a global phenomenon (Key
et al., 2021).

3.2. Developments: Lithic technology of the Middle Stone Age
during the late Middle and Late Pleistocene

The early MSA in Africa does not substantially change in the
following millennia but becomes the substrate upon which other
behaviors and technologies build. In North Africa, early MSA sites
such as Jebel Irhoud (~300 ka), Benzú Cave (~250 ka), Sai Island Site
8-B-11 and Kharga Oasis (both ~220 ka), and Ifri n'Ammar (~170 ka)
are variable but predominantly flake-based, with an emphasis on
local raw materials, Levallois and/or discoidal technology, high
proportions of scrapers, points, and denticulates, and in some cases
rare heavy-duty implements such as core-axes (Van Peer et al.,
2003; Nami and Moser, 2010; Ramos-Munoz et al., 2016; Richter
et al., 2017). The subsequent innovation of stemmed (‘peduncu-
lated’/‘tanged’) Aterian tools broadly emerges with the Last Inter-
glacial around 130 ka (Richter et al., 2010; Doerschner et al., 2016;
Campmas, 2018). Many classic MSA forms are manufactured with
basal stems or tangs, from points to side and end retouched tools,
alongside other basal alterations such as thinning (Scerri, 2013a,
2013b, 2017a). In addition to this, other basal modifications such as
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thinning and shouldering mark a general intensive concern with
hafting (Rots et al., 2011; Scerri et al., 2014; Tomasso and Rots,
2018). Tanged tool assemblages also have an enormous spread
broadly corresponding to the modern extent of the Sahara and the
North African littoral and hinterland regions, but they are
completely absent elsewhere (Scerri, 2012, 2013a, 2017a). Beyond
the Western Desert and the Nile, other MSA assemblage forms
dominate. In addition to purely technological changes, the Aterian
or tanged tool assemblages also feature the long-distance transport
of exotic rawmaterials (Clark et al., 2008), possible pressure flaking,
and small points that may indicate the presence of bow and arrow
technology (Scerri, 2017a).

In eastern Africa, MSA lithic technology shows a patchwork of
variation through time and space, with variability often empha-
sized as a key component, despite long periods of relative homo-
geneity also being evident (Shea, 2008; Tryon and Faith, 2013; Lahr
and Foley, 2016; Blinkhorn and Grove, 2018). While research has
shown a general decline in the average size of points over time
(Tryon and Faith, 2013), there are no formally defined temporally or
regionally specific ‘diagnostic tools.’ Nothing is comparable to the
close-by Aterian in the north and northwest, with the possible
exception of ‘tranchet-shaped points’ from Gademotta and Kulku-
letti (Douze and Delagnes, 2016; but see Sahle and Braun, 2018;
Douze et al., 2018). Long-distance transport of lithic raw materials
has been intensely studied in eastern Africa due to the telltale
geochemical signatures of obsidian outcrops. Site-to-source trans-
port distances for obsidian of >50 km are already known by the
earliest MSA of the region, increasing later to distances up to
around 200 km (Negash et al., 2011; Blegen et al., 2018; Brooks
et al., 2018). A characteristic feature of the eastern African MSA is
the variable presence of bifacial points, which occur in the region
from most sites and spanning the late Middle Pleistocene until the
beginning of the Holocene (e.g., Tryon and Faith, 2013; Blinkhorn
and Grove, 2018). Some of the earliest MSA points of the region
have been interpreted as systematic tranchet removals (Douze and
Delagnes, 2016) or as projectiles delivered at high velocity as the tip
of spears (Sahle et al., 2013; but see Douze et al., 2018). No in-
dications of bow and arrow technology have yet been presented for
this region, although it seems probable that such evidence will be
uncovered in the future. Unlike other regions of Africa, an early
potential transition from the MSA to LSA might appear already by
71 ka (Shipton et al., 2018) or more frequently observed around
50e40 ka (Ambrose, 1998; Miller and Willoughby, 2014; Tryon
et al., 2018) depending on the definitions used for these periods.
In any case, an increase in small, backed pieces and diversification
in nonlithic material culture characterizes the MSA from Marine
Isotopic Stage (MIS) 3 more generally in this region and is worth
mentioning here due to the early dates which are well within a
classic MSA time frame elsewhere in Africa.

In southern Africa, Middle PleistoceneMSA occurrences without
Acheulean elements called ‘early MSA’ date between 280 and
130 ka. They are quite variable but mostly encompass flake-based
assemblages with few retouched forms and a focus on local raw
materials, though some sites feature large blades and bifacial points
(Lombard and Haidle, 2012; Wurz, 2013; Schmid et al., 2016;
Chazan et al., 2020). The oldest of these assemblages at Florisbad
(~280 ka) is of similar age as the cranium from the same site, which
some researchers interpret as an early H. sapiens (e.g., Grün and
Beaumont, 2001; Kuman et al., 2020). Suggestions that some of
these early MSA tools in southern Africa might have been produced
by the recently discovered remains of Homo naledi (Berger et al.,
2017) remain speculations as these fossils are so far not associ-
ated with any lithic artifacts. The Late Pleistocene archaeological
record (~120e30 ka) reveals a marked increase in sites and artifact
density with a higher tempo of technological change, forming the
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basis of numerous technocomplexes separated mostly in time and
sometimes in space (Wurz, 2013; Wadley, 2015; Will et al., 2019a).
FromMIS 5 onwards, lithic assemblages bear frequent evidence for
the manufacture of large, standardized blades sometimes produced
by soft and organic hammers (Wurz, 2002;Will et al., 2014; Schmid
et al., 2019), backed pieces and bladelets (Lombard, 2009; Brown
et al., 2012; de la Pe~na, 2015; Blessing et al., in press), and care-
fully shaped unifacial and bifacial points with different regional and
temporal expressions (Villa et al., 2009; Conard et al., 2012; Porraz
et al., 2013; Archer et al., 2016; Will and Conard, 2018; Bader et al.,
2022), the latter also manufactured by pressure flaking (Mourre
et al., 2010; Rots et al., 2017). Small, backed pieces and their haft-
ing traces have been interpreted as reflecting the origin of bow and
arrow technology already at ~60 ka (Lombard and Phillipson, 2010).
MSA people produced compound adhesives, often featuring both
ochre and plant material, for their use in composite implements
and weapons (Lombard 2006; Wadley et al., 2009). Frequent
import and use of nonlocal raw materials of high quality, and
potentially other natural materials (Wilkins et al., 2021) is a phe-
nomenon covering much of the Late Pleistocene (Will and Mackay,
2017), with distances up to >200 km for silcrete in Botswana (Nash
et al., 2013, 2016). There is also abundant evidence for the heat
treatment of silcrete beginning in MIS 6 and continuing through
until MIS 3 (Brown et al., 2009; Schmidt et al., 2013; Schmidt and
Mackay, 2016).

While still heavily understudied, some new data have emerged
from central and western Africa since 2000 that provide key
reference points in poorly understood regions. In central Africa, the
MSA archaeology of the late Middle Pleistocene features both
bifacial shaping of finely made large lanceolate points and the
manufacture of small backed pieces in central Africa within a
Lupemban context (earliest ages currently coarsely estimated to be
~270e170 ka at Twin Rivers and Kalambo Falls; e.g., Barham, 2000,
2002; Clark, 2001; Taylor, 2022). Long-distance transport of stone
tools is rare but documented at Mumbwa Caves up to 200 km
during MIS 5e (Barham, 2000). During MIS 4, there is again some
evidence for the presence of bifacial lanceolate points in central
Africa.

Novel data surfacing from western Africa demonstrate that this
region features a long duration of the MSA from the end of the
Middle Pleistocene all the way until the Terminal Pleistocene/Ho-
locene boundary, persisting alongside penecontemporaneous LSA
assemblages (e.g., in Senegal until ~12 ka; Chevrier et al., 2016;
Scerri et al., 2017, 2021). Relatively well-studied sites in western
Africa (i.e., in Senegal) yield both a temporal signal of high vari-
ability regarding both core reduction and tool assemblages with
rapid rates of change (Robert et al., 2003; Scerri, 2017b; Chevrier
et al., 2018), as well as areas of longer-term stability (Niang et al.,
2020). From MIS 5, crudely shaped bifacial tools have been found
together with more typical MSA forms, including scrapers and
notches (Douze et al., 2021). Other types of small bifacial foliate
points are known from western Africa, but only in pulses during
MIS 4e2 (Scerri, 2017b; Chevrier et al., 2018; Scerri et al., 2021),
with some evidence for their production via pressure flaking at
least from one site (Schmid et al., 2022).

3.3. Indicators for ecological flexibility and social complexity:
Nonlithic archaeological material from the Middle Stone Age

As can be seen from the aforementioned summary, the MSA, as
defined by its (lithic) technology, features a number of changes that
cover a gamut of complex behaviors, many of which already made
the ‘trait lists’ and packages used for charting ‘modern human
behavior’ in the Upper Paleolithic in the 1990s (Mellars, 1989, 1994;
Mellars and Stringer, 1989) before being identified in the MSA
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(McBrearty and Brooks, 2000). New innovations have also been
identified since then, including heat treatment, pressure flaking,
hafting styles, novel tool forms, and complex armatures, which all
speak to planning, memory, cooperation, forms of communication,
and task specialization, since they all require a series of stages of
manufacture that also involve the use of different materials and
treatments (see Table 1; Scerri, 2013b; Schmidt and Mackay, 2016;
Rots et al., 2017). The long-distance transport of raw materials
might also imply the presence of some type of exchange network
and perhaps even concepts of value, esthetics, and ritual. The value
of stone tools in particular lies in their abundance, demonstrating
that such complex behaviors were relatively widespread. Signifi-
cantly, these MSA assemblages are also associated with other
nonlithic remains that attest to complex behaviors not observed
previously, which wewill discuss in relation to notions of ecological
flexibility and social complexity (see Table 1).

Archaeological work since 2000 has uncovered substantial ev-
idence that the MSA features a novel degree of flexibility in sub-
sistence, diet breadth, and the types of occupied ecological niches.
From the early MSA, there is evidence for plant processing through
grinding (Van Peer et al., 2003) and the exploitation of diverse
resources. The latter ranged from the intensified occupation of
coastal landscapes and exploitation of marine resources in both
northern and southern Africa (summarized inWill et al., 2019b) to a
broad range of prey animals, including large and dangerous species
markingMSA people as capable, sophisticated hunters (Faith, 2008;
Dusseldorp, 2010; Clark and Kandel, 2013). Plant use is more
widespread in the MSA than previously believed, with the excep-
tionally well-preserved record from southern Africa demonstrating
the dietary use of grass seeds (Mercader, 2009), cooking and con-
sumption of geophytes (Wadley et al., 2020a), and the use of sedges
for bedding and as insect repellents by 200 ka, and continuing well
into the Late Pleistocene (Goldberg et al., 2009; Wadley et al., 2011,
2020b; Sievers et al., 2022). New raw materials also become more
frequently incorporated into people's technological repertoire.
Various types of formal bone tools occur for the first time in
northern and southern Africa as part of new hunting weapons but
also domestic tools (Henshilwood et al., 2001; Backwell et al., 2008;
d'Errico et al., 2012; Stoetzel et al., 2014; Campmas, 2018), with
some being linked to the removal of fur in potential clothes making
(Hallett et al., 2021).

MSA sites also have a much broader distribution than ESA sites
and are not tethered to water sources (Basell, 2008), as highlighted
by McBrearty and Brooks (2000). The discovery in southern Africa
of decorated ostrich eggs has been argued to indicate the presence
of water storage technology that may partly explain differences in
the spatial patterning of sites, at least in the Late Pleistocene (Texier
et al., 2010, 2013; see also Mackay et al., 2022). The decoration of
practical objects like water carriers also points to a coevolution and
fusion of the mundane and the symbolic, an aspect that has been
less well considered. This notwithstanding, increased diet breadth
and the colonization of diverse environments, from islands to
lowland tropical forests is described as one of the signatures of
modern behavior (McBrearty and Brooks, 2000). Recent finds
extend this ecological flexibility to high-altitude environments
(Ossendorf et al., 2019) and are generally being characterized as the
manifestations of a ‘generalist specialist niche’ specific to humans
(Roberts and Stewart, 2018). Such niche expansion and environ-
mental versatility have also been documented quantitatively for
the southern African MSA (Kandel et al., 2016; Lombard, 2016;
d'Errico et al., 2017). Other behaviors attest to the attempts to
control and modify environments as well as adapt to them. There is
evidence of widespread burning in Malawi from around 90 ka,
influencing vegetation composition, controlling wildfire outbreaks,
and perhaps modifying hunter-gatherer returns (Thompson et al.,
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2021). Another instance of widespread niche construction concerns
the generation of artificial landscapes made up of the long-term
procurement, knapping, and transport of lithic material, known
from open-air MSA contexts (Foley and Lahr, 2015; Braun et al.,
2021). Such materially enriched landscapes acted as external raw
material reservoirs for groups of mobile hunter-gatherers and
entrenched their own position in the wider coordinate system of
land use through repeated hominin visits and material input over
time (Hussain and Will, 2021). The same argument of an increas-
ingly ‘cultured’ landscape can be made for focal loci in landscapes
such as rock shelters and caves with their cumulative build-up of
knapped rocks. Mining activities known at least by 100 ka for chert
in Egypt (van Peer et al., 2010) and by >30 ka for ochre (Bader et al.,
2021) further attest to the capabilities of MSA humans to be the
cause of permanent to semipermanent changes in landscapes.

Social complexity is now likewise evident from several inde-
pendent lines of evidence. MSA assemblages are associated with
both naturally and intentionally perforated marine shells that may
represent personal ornaments (Steele et al., 2019) and shared social
norms based on the specific ways of their manufacture (d'Errico
et al., 2005; Vanhaeren et al., 2013). Perforated marine shells are
particularly abundant in the northern African MSA, deriving from a
total of nine sites between ~140 and 80 ka with a preference for
Nassarius shells (Bouzouggar et al., 2007; d'Errico et al., 2009; Nami
and Moser, 2010; Dibble et al., 2012; Stoetzel et al., 2014; Sehasseh
et al., 2021). In southern Africa, MSA shell beads have so far been
found only in MIS 4 (Will et al., 2019b). The earliest and single case
for marine shell beads (Conus sp.) in eastern Africa comes from
Panga ya Saidi at ~67e63 ka (Shipton et al., 2018). What is certain is
that these perforated shells were collected and transported far from
the coast, indicating local exchange networks focused on some-
thing other than exotic stone (Henshilwood et al., 2004; d'Errico
et al., 2005, 2009; Vanhaeren et al., 2006). MSA people also used
other raw materials for bead making, with particular frequent
beads of OES in the MSA of eastern Africa beginning by ~50 ka
(Miller and Willoughby, 2014; Tryon et al., 2018; Miller and Wang,
2022), with lower numbers and examples of drilled bones reported
from MIS 3 contexts in southern Africa (e.g., Steele et al., 2016).
Similar ways of manufacture and variability in OES bead forms
speak to both a connection to social groups and exchange between
people (Stewart et al., 2020; Miller and Wang, 2022).

The collection and use of pigments has been reported from a
large number of sites across Africa (Fig. 1), starting already between
320 and 200 ka in central and eastern Africa (Clark, 2001; Barham,
2002; Brooks et al., 2018), and ochre processing is very frequent in
the Late Pleistocene of the latter region (Rosso et al., 2016; Shipton
et al., 2018; Tryon et al., 2018; see Dapschauskas et al., 2022 for a
pan-African overview). Northern Africa shows the use of yellow
and red pigments at Sai Island by ~200 ka (Van Peer et al., 2003) but
more frequently in MIS 5 (Nami and Moser, 2010; Barton and
d'Errico, 2012; Campmas, 2018). In southern Africa, there is pat-
chy evidence for pigment use in MIS 8e7, increasing in MIS 6 and
much more frequently as a continuous behavior in MIS 5e3 (Watts,
2010; Watts et al., 2016; Hodgskiss, 2012; Dayet et al., 2013;
Wadley, 2015). The use of pigments is linked to other lines of evi-
dence indicating art or ritual, such as ochre crayon ‘drawings’ and
etched designs from Blombos Cave (Henshilwood et al., 2009,
2018), as part of two ochre-processing kits at ~100 ka for the pro-
duction of paint (Henshilwood et al., 2011) and as the only evidence
of parietal art from the MSA from Apollo 11 in the form of a painted
slab dated to ~30 ka (Vogelsang et al., 2010). Similar patterns of
abstract designs on engraved OES from sites >300 km distant in
South Africa at Diepkloof (Texier et al., 2010, 2013) and Klipdrift
Shelter (Henshilwood et al., 2014) suggest the existence of long-
range connections and communication systems during MIS 5/4. A
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similar practice of linear engravings on OES fragments was
discovered at Goda Buticha (~43e34 ka; Assefa et al., 2018). While
rare, the oldest known human burials with evidence for the digging
of pits and supplemented with grave goods come from Border Cave
(d'Errico and Backwell, 2016) and Panga ya Saidi (Martin�on-Torres
et al., 2021) that likely indicate coping mechanisms for grief,
shared group values, and potentially even belief systems. Linked to
this phenomenon are the abundant H. sapiens burials from the
Levant dating to as early as ~120 ka, generally regarded as a pop-
ulation of African migrants (Groucutt et al., 2019).

Social boundaries and aggregations may also be manifested in
the available data. For example, Aterian tanged tool assemblage
types common in different regions of North Africa are found
together at a site in the central Sahara, with all the examples of
these elaborate tool types (i.e., foliates, points) made on the same
exotic raw material (Scerri et al., 2014). The bounded geographic
nature of the Aterian and the fact that it does not appear to cross
the major rivers may also partly be explained through cultural or
social choices and constraints, although this is much harder to
demonstrate. Some of the spatiotemporal patterning of idiosyn-
cratic lithic artifacts among the technocomplexes in the southern
African MSA might also delineate bounded groups with ongoing
social exchange of information (H€ogberg and Lombard, 2020; Way
et al., 2022). In a study of strontium isotope analyses of OES beads,
Stewart et al. (2020) were able to identify their long-distance ex-
change, indicating the existence of macroscale, transbiome social
networks over many hundreds of square kilometers in south-
eastern Africa that stretch back to the later MSA at ~33 ka. A more
recent study from eastern and southern Africa may confirm the
existence of such large-scale social networks, with eggshell bead
technology spreading from its likely origin in eastern Africa
southward approximately 50e33 ka (Miller and Wang, 2022).

In sum, our review of empirical data from the MSA since 2000
provides a wide range of new evidence from lithic and nonlithic
material culture that match with and add to McBrearty and Brooks'
(2000) ‘signatures of modern behavior’ (see also Table 1). These
traits allow inferences on ecological flexibility, symbolic behavior,
economic and social organization, technological innovation, and
standardization of early H. sapiens and are likely in partdthough
not comprehensivelyddue to an underlying increase in cognitive
capacities. New data strengthen the claim for an African origin of
many of these traits and have provided novel innovations that also
originated in the MSA in different regions, such as abstract en-
gravings, plant beddings, heat treatment, or compound adhesives.
In the next section, we discuss new perspectives about how the
current empirical data can best be viewed and interpreted to un-
derstand the patterns of cultural evolution in early H. sapiens.

4. Patterns in the record: Inferring a complex mosaic of
cultural evolution in the Middle Stone Age

As discussed above, the dominant model for the origins of
modern behavior shifted from a revolution to a gradualistic model,
in which ‘stepwise’ (McBrearty and Brooks, 2000) changes in the
archaeological record were related to ideas of a ratchet effect, or
ideas of cumulative culture for the evolution behavioral complexity
in H. sapiens. But does this gradualistic aspect of the model fit the
empirical evidence as reviewed above? At the root of the discussion
of a gradualistic emergence of behavioral complexity is the MSA
itself. Historically, the MSA was defined on purely lithic terms and
inserted as a third period between the already existing classifica-
tions of the ESA and LSA. The technology of theMSAwas neither ESA
nor LSA, such as lacking in handaxes and other large core tools of the
former and microliths of the latter (Goodwin 1928; Goodwin and
van Riet Lowe, 1929). Defined in part on what it was not, attempts



Figure 1. Map illustrating the distribution of stratified Middle Stone Age (MSA) sites from the ‘ROCEEH - Out of Africa database’ (www.roceeh.net) and a summary diagram for the
appearance and timing of selected elements of complex material culture and behavioral innovations during the MSA from ~300 to 30 ka by the different regions (this is a subset of
traits from Table 1 excluding additional aspects such as burials, heat treatment, or increased diet breadth for reasons of comprehensibility). Note the divergent trajectories between
different parts of the African continent.
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to characterize the MSA more positively included traits such as
flake-based industries with the appearance of facetted and
convergent flakes, with various smaller-sized tool type-
sdparticularly unifacial and bifacial pointsdmade on these flakes
(Goodwin and van Riet Lowe, 1929; Clark, 1959; Klein, 1970). Today,
the hallmark of theMSA consists of the production of various blanks
with predetermined size and shape fromprepared cores, such as the
Levallois method (e.g., Clark, 1982, 1988; Wurz, 2014). With much
ongoing and enduring criticism concerning high-level classificatory
units and their many problems (e.g., Clark et al., 1966; Clark and
Kleindienst, 2001), most prehistorians today use the MSA as a
descriptive shorthand for a temporal stage to describe assemblages
of the late Middle and Late Pleistocene, loosely associated with the
lithic definitions before. The classification and assessment of the
MSA is further confounded by general differences observed be-
tween the MSA prior to the Late Pleistocene and after this point.
Broadly speaking, after the Last Interglacial, the MSA substrate be-
comes much more enriched and varied by the appearance (and
disappearance) of different tool types and methods of lithic
manufacture alongside nonlithic elements like shell beads and
decorated OESs, as discussed above (e.g., Tryon et al., 2005; Tryon
and Faith, 2013; Wurz, 2013, 2014; Wadley, 2015). Yet, as shown
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byour reviewof empirical evidence above, any simplistic dividing of
theMSA into twodistinct phases is also belied by the pace of change,
sharp regional variation, and very long periods of stasis that speak to
a surprising lack of cumulative culture.

Reviews such as McBrearty and Brooks (2000), as well as many
others, emerged from a context that had previously seen a human
revolution in the European Paleolithic. They therefore under-
standably tend to focus on the appearance of novel features within
the MSA archaeological record over timedand less on their
disappearance or overall geographical spreaddand often treat Af-
rica as a unit of analysis, which is not a coherent biogeographical
reality (with, e.g., northeast Africa having more in common with
the Arabian Peninsula than southern Africa). The picture changes
when we begin to break down this unit of analysis but also look at
more stable components of the record. For example, it is also true
that the generic lithic elements of the MSA that first emerged
around ~300 ka continue, seemingly unchanged, for many thou-
sands of years (Scerri et al., 2017, 2021; Thompson et al., 2018),
which may suggest that such artifacts are not a particularly useful
reflection of cognitive capacity. Yet it may also point to the base-
level manifestation that a major cognitive shift allowed, with sub-
sequent developments based on a cultural, rather than a biological
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scaffold. When looking at different regions of Africa on a conti-
nental scale, the MSA record appears to be peppered with the
appearance, disappearance, and reinvention of key technological
and social innovations alongside the extraordinary long persistence
of the mundane and the unchanging (Fig. 1). At no point, until the
LSA (or Upper Paleolithic), is there a substantial, long-term, sus-
tained cumulative change, and even parts of the LSA record retain a
mosaic-like structure (e.g., Shipton et al., 2018). Does this tally with
a ‘gradualistic view,’ and can behavior be truly ‘modern’ if the only
examples of cumulative culture are temporally and spatially
discrete, and characterized by unimaginably long periods of stasis
(Tennie et al., 2009)?

Our review presented here (see also Scerri et al., 2018;Will et al.,
2019a) indicates that the temporal pattern of technological change
during the African MSA is more complicated than being one of
mostly gradual accumulation or incremental assembly (sensu
McBrearty and Brooks, 2000: 529e531) across Africa. Whereas
McBrearty and Brooks (2000) initially formulated the expectation
that a gradual process need not imply a unidirectional trajectory
that unfolds similarly in each region, they did not take an explicit
spatial approach in the presentation of their results because much
of the data available today was simply not yet discovered. There has
been an exponential increase of MSA studies with a trove of new
discoveries since 2000dparticularly in regard to nonlithic material
culturedcoupled with advances in chronometric controls of find-
ings in methods such as OSL, TL, ESR, and U-Series that have also
provided a much different temporal perspective. As a result, dif-
ferences between their findings and ours appear to largely stem
from a combination of higher quantity and resolution of archaeo-
logical finds and the diverse ways of presenting said data.

A useful analytical strategy for gaining a higher resolution of
patterns of cultural evolution in the MSA breaks down Africa into
different analytical regions, recording the temporal patterns of the
presence and absence of different selected traits in each as done
here (see also Scerri et al., 2018; Will et al., 2019a). The resulting
pattern of this approach shows that the presence, abundance,
timing, and duration of many innovations are often asynchronous
across regions, which can be best characterized as a complex
mosaic (Fig. 1). Multiple pathways of cultural change occur in
different African regions and we found no pan-African trajectory
for the cultural evolution of H. sapiens. Rather than a gradual or
linear accumulation of complex material culture, different African
regions show a mix of continuous and discontinuous traits indic-
ative of behavioral complexitydsometimes even within smaller
areas such as southern Africadand a patchwork of technologies.
Instead of a continent-wide, directional and unilinear models of
cultural change, these data suggest more highly contextualized,
temporally variable, and historically contingent trajectories in
different regions, which one of us has previously discussed under
the concept of ‘complex landscapes of cultural evolution’ (Will
et al., 2019a). Enduring behaviors underlying these patterns can
be found particularly in lithic technology and subsistence, whereas
nonlithic material culture is much more variable and prone to
flickering. Our observations match well with previous research
stating that what is often considered an MSA ‘package’ in Africa is
rather an asynchronous appearance of characteristics, regional
contrasts, and a lack of simple cumulation on a common substrate
(Lahr and Foley, 2016; Spinapolice, 2020). Instead, what does unite
much of Africa are the generic components of the MSA, an early
onset for some innovations close to the beginning of the MSA such
as pigment use, hafting or long-distance transport of materials, and
a general (non-linear) increase in the dynamics of the appearance
(and subsequent disappearance) of complex material culture with
the onset of the Late Pleistocene.
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Based on current data, the manifestations of human cognitive
capacities attested to by examples of behavioral complexity are
certainly polycentric (Conard, 2005, 2008, 2015; Scerri et al., 2018;
Will et al., 2019a). Considering this mounting material evidence
from Africa, the period 300e30 ka can best be characterized by
multiple, temporally variable, and nonlinear trajectories in
different regions. Elements of this model fit with recent theoretical
developments which reject ‘revolution’ narratives but also sce-
narios of strictly gradual and linear trajectories of cultural evolution
for early H. sapiens. Such concepts favor nondirectional patterns of
cultural change with a focus on historical contingency, cognitive
capacities, behavioral flexibility, environmental context, and path
dependence (Kuhn, 2006; d'Errico and Stringer, 2011; Lombard,
2012; d'Errico and Banks, 2013; Haidle et al., 2015; Kandel et al.,
2016; Lahr and Foley, 2016; Wadley, 2021). The complex patterns
for cultural evolution are seemingly complemented by observations
long made by paleoanthropologists who argued for a pan-African
spread of modern morphological traits (Hublin, 1992; Stringer,
2002; Gunz et al., 2009). However, the patterning of the cultural
data in Africa appears to be both nonlinear as well as more patchy,
rather than a gradual scaffold upon which new innovations can
cumulatively build. For example, there seems to be little to no
persistence of the major cultural innovations of the MSA, indicating
that the accumulation of innovations is not stable over long periods.
Indeed, many innovations are reinvented in different places at
different times, such as diverse hafting modifications or the
manufacture of shell beads. Even within periods of cultural efflo-
rescence, such as the Aterian in North Africa, there is significant
stasis after the initial period of innovation during MIS 5 (Scerri,
2017a).

The pattern described above can best be visualized via an
analogy to the concept of fitness landscapes coming from the bio-
logical sciences. Viewing behavioral, cultural, and cognitive per-
formances as complex, multidimensional fitness landscapes draws
on S.Wright's (1932,1982) work on biological systems. His complex
landscapes feature several adaptive peaks and valleys of different
heights, corresponding to local fitness maxima and minima.
Recently, archaeologists have adopted this concept with different
peaks standing for higher behavioral complexity as the result of
diverse influences (Kuhn, 2006; Lombard, 2012, 2016; Will et al.,
2019a). This approach maintains that patterns of cultural evolu-
tion are spatially susceptible, affected by multiple factors, and
historically contingent on the initial conditions of populations
(path dependence). When applied to the African MSA, adding
separate populations in different regions to a ‘continent-wide’
fitness landscape affected by specific geological, social, environ-
mental, biological, and demographic factors will create highly
complex spatial topographies. Based on this topography alone,
single, optimal, and stable pan-African adaptations reflected in
comparable material culture should be the exception. During most
time, early modern humans were confronted with a multitude of
local, suboptimal fitness states varying dynamically by region.
Temporal changewas often asynchronous over the continent due to
different external or internal stimuli. Rarer periods during which
factors acted in a similar way on different regions might result in
broadly comparable solutions and similar patterns of cultural
change. Information transmission between connected groups may
also serve as attractors to reach similar adaptive peaks that result in
more homogeneous signals of cultural change within regions.
Concurrently, this situation creates more divergence at the
boundaries of populations or social networks, based on the
assumption of population substructure on larger spatial scales.
Differences in the trajectory between regions can also be amplified
by inertia effects, with the differential accumulation of past
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material solutions constraining and shaping the paths of subse-
quent decisions.

The complex patterns for our cultural evolution presented above
to a certain extent mirror the patterning of derived morphological
traits. At the beginning of theMSA, these anatomical characteristics
also evolve in a mosaiclike pattern until some point between 100
and 40 ka when the constellation of traits that defines contempo-
rary populations begins to be found in single individuals (Gunz
et al., 2009; Lahr, 2016; Scerri et al., 2018). Primitive morpholog-
ical traits also persist to the terminal Pleistocene (Harvati et al.,
2011), much like the persistence of a classic MSA to the Holocene
transition (Scerri et al., 2021). At the same time, the relationship
between morphology and cognition seems to decouple after the
initial emergence of H. sapiens going along with an increasing au-
tonomy from selective pressures of the immediate environment.
Higher emphasis on cultural and other extrasomatic means of
environmental mediation becomes manifest in the exponential
increase of behavioral options, more frequent niche construction,
and a mismatch between environmental and cultural change at
times is already observed in the MSA (Clark, 2013; Porraz et al.,
2013; Conard and Will, 2015; Tryon and Faith, 2016; Hussain and
Will, 2021). This process culminates in the capacity to react in a
seemingly endless host of different social, economic, and techno-
logical ways to particular environmental circumstances, marking
the behavioral ‘hyperplasticity’ and cultural diversity seen in to-
day's humans (e.g., Conard, 2015).

If ‘gradual’ implies strict accumulation in a linear fashion
through time, this is not something that is supported in the MSA
archaeological record, despite the clear cognitive capacity for it.
Instead, we see a saw tooth pattern of innovation, stasis, and loss
over an MSA substrate, manifested in different ways and at
different times. When projected onto space and time across the
African continent, this patterning takes amosaic-like appearance of
a complex landscape (Fig. 1). What explains this patterning?

5. Causes and mechanisms of change

So far, the drivers of behavioral change that underlie the cultural
evolution of modern humans have been left aside for the most part
in this contribution. Models emerging in the last 20 years have
variously cited environmental and climate change (McCall, 2007;
Ziegler et al., 2013; Mackay et al., 2022), dietary factors (Parkington,
2001, 2010; Marean, 2010, 2014), cognitive changes (Deacon and
Wurz, 2001; Wynn and Coolidge, 2008) potentially caused by ge-
netic mutations (Klein, 1994, 2000; Klein and Edgar, 2002), and
changes in demography, communication networks, and social
structures (Lahr and Foley, 1998; Jacobs et al., 2008; Powell et al.,
2009; Sealy, 2016; Tryon and Faith, 2016) as potential causes. The
most prominent explanations that account for the patterning of the
MSA in the past generation while acknowledging its links with
behavioral complexity are typically split between a more biology-
based cognitive framework and a demographic view focused on
population size and spatial distributions.

5.1. Behavioral complexity and changes in the human brain

The biology-based cognitive framework views the capacity for
complex behavior as something that occurred after speciation,
along our trajectory of evolution, caused by some form of a heri-
table biological change (Mithen, 1996; Klein, 2000). This is usually
framed in terms of a neural mutation that gave rise to greater
cognitive complexity (Klein, 1994, 2000, 2009). In such models,
there is usually an abrupt change with a clear difference of before
and after, allowing for a clear point in time to be discerned at which
humans are behaviorally ‘modern.’ According to Klein (1994, 2000,
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2009), a sudden origin of behavioral modernity within Africa
occurred at a late point around ~50e40 ka, exclusive to modern
humans. It is initiated by a genetic mutation that caused neuro-
logical changes in the brain (e.g., linguistic capacities), which
prompted a flourishing of behavioral innovations seen in the MSA/
LSA transition in Africa that is then exported to Eurasia.

While the model has been very influential as seen by frequent
citations inside and particularly outside of the field (e.g., Harari,
2014), there are various issues associated with it. For one, by the
timing proposed at 50e40 ka, modern humans had already split
into separate populations, meaning that either this mutation
occurred independently in different modern human lineages, or
that there was a rise to substantial frequencies after human pop-
ulations had dispersed out of Africawith further world colonization
wave by individuals bearing the mutation, for which we have no
evidence. At least as important, recent studies looking for such
traces found neither neurological nor genetic bases for a revolu-
tionary change in the human genome taking place during MIS 3
(Mallick et al., 2016; Neubauer et al., 2018). Finally, the pattern of
cultural innovations manifested in the MSA archaeological record
presented here negates the model. The MSA records show a suite of
innovations starting already around its beginning without a clear
break or revolution visible at a specific point. Instead, various
complex behaviors can be traced back far in time and were (re-)
invented in various areas at various points in time (e.g., bead
working, bone tools, or abstract signs).

Other scholars have argued that at the beginning of theMSA and
with the origins of the H. sapiens phenotype, the basic cognition of
our species was already in place (e.g., Lahr and Foley, 1998; Marean,
2011; Shea, 2011). In such a scenario, the large (relative) brain size
increases observed in the late Middle Pleistocene and with the
origin of our species laid the groundwork for the behaviors typi-
cally seen today. Yet again, a direct causality of changes in the hu-
man brain and cognition alone falls short as we do not observe an
exponential increase or ‘revolution’ in behavioral complexity in the
archaeological record around ~300 ka (at least not to the levels seen
in the Late Pleistocene; see alsoWadley, 2021). What might explain
this disparity is the distinction between the capacities for complex
behaviors that originated with the origin of our species from the
application of such, which might have needed other factors on top
to be fully expressed (see below). Other approaches linking the
human brain to behavioral complexity have also been discussed.
Instead of mere absolute or relative brain size, changes in brain
ontogeny, organization, and neural connectivity might be more
important (e.g., Gunz et al., 2009; Hublin et al., 2015; Logan et al.,
2018; Neubauer et al., 2018; Bruner, 2021; Zollikofer et al., 2022)
and a way for future studies in this regard. Tracing some of these
changes is, however, challenging and reliant on a small sample of
relevant fossil crania, as is relating them to the pattern seen here.

5.2. Behavioral complexity and human demography

Recently emerging models have suggested that the behavioral
and biological mosaic seen in human evolutionmight be in small or
large parts an outcome of demography and overall metapopulation
size. McBrearty and Brooks (2000: 532e533) already discussed the
potential impact of population size and density on the MSA/LSA
transition and highlighted the fact that the MSA has a much wider
distribution than the Acheulean, and that preservation bias alone is
unlikely to explain this. From a general theoretical perspective,
demographic aspects, including population structure, density, and
interconnectivity, but also the variable pathways of cultural trans-
mission, constitute key variables to explain patterns of recent cul-
tural change, such as the appearance and disappearance of cultural
variants, and their differential uptake and dispersion (Cavalli-Sforza
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and Feldman, 1981; Henrich, 2001; Richerson and Boyd, 2005).
Mathematical models on the relationship between demographical
variables and cultural complexity have reported a positive effect of
increasing population size and social interconnectedness on the
accumulation and retention of beneficial culturally inherited skills
(Shennan, 2001; Henrich, 2004; Muthukrishna et al., 2013). A more
recent model by Creanza et al. (2017) supported the crucial role of
population interaction byways ofmigration or exchange, having the
same effect as a simple increase in numbers. Grove (2016) also
showed that population density had the same effects as higher
levels of mobility on cultural transmission, pointing to a crucial role
of considering both factors. These approaches share similar ideas
with complex systems theory, which found that both the inter-
connectivity and number of agents play a crucial role in governing
cultural complexity and change (Kauffman, 2000; Bentley and
Maschner, 2003; Kohler, 2012). Phrased simply, cumulative cul-
ture requires both specific cognitive capacities and the right social
environment to succeed, the latter also affected by the physical
environment, ecosystem, and climate.

These ideas have also been applied to theMSA and the origins of
modern humans more recently. Powell et al. (2009) modeled the
emergence of so-called modern behavior within a metapopulation
model and argued that the emergence andmaintenance of complex
culture relies on the attainment of critical levels of population
density, migratory patterns, and interactions required for stable
cultural transmission. In other words, after reaching a demographic
tipping point, population density is high enough to successfully
maintain culturally transmitted information over long periods in
which the rate of accumulation of innovations significantly over-
takes its loss. Societies with lower population densities and less
interconnectedness will thus eventually lose innovations over long
timescales. Group-size reduction may have further exposed human
societies to significant risks, including societal collapse and
extinction (see also Derex et al., 2013). Since the publication of this
model, an increasing number of studies in the MSA have invoked
demographic factors as potential drivers for the variable patterns of
cultural change they observed (e.g., Wadley, 2015; Sealy, 2016;
Tryon and Faith, 2016; Scerri et al., 2017; Thompson et al., 2018;
Archer, 2021). In one of the most explicit examples, Mackay et al.
(2014) attribute patterns of intraregional similarities and differ-
ences through time in the southern African MSA lithic record be-
tween MIS 5e2 to variable population interaction and cultural
transmission.

We can now relate these theoretical observations and specific
models to the complex mosaic patterning of innovations observed
for the MSA. When combined, they suggest that while the basic
cognitive capacities for complex behaviors (e.g., Haidle et al., 2015,
2016) were likely in place by the beginning of the MSA (e.g., Lahr
and Foley, 1998; Shea, 2011; Brooks et al., 2018), a change in de-
mographic variables could explain some of the variable and asyn-
chronous innovation, retention and loss of different traits (Table 1)
across different African regions as manifested in the archaeological
record. The frequent and manifold innovations in various socio-
technological domains demonstrate the underlying creativity and
cognitive capacities of modern humans throughout the MSA (see
also Wadley, 2021). Yet, times of low population densities and a
marked population structure with reduced levels of intergroup
interaction may have led to the repeated loss of innovations either
due to failed transmission or the local extinction of groups (see also
Mackay et al., 2014). In such an interpretation, critical thresholds of
effective cultural population density, attained through sheer
numbers or connections between groups (Powell et al., 2009;
Kolodny et al., 2015), appear to have only been reached over long
periods after the end of the MSA allowing for the more consistent
and exponential patterns of cultural change seen in the LSA, Upper
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Paleolithic, and Holocene more broadly. On the level of the entire
continent, these demographic hypotheses remain speculative and
are backed up by relevant archaeological data and rigorous quan-
titative study only in some parts of Africa (e.g., Powell et al., 2009;
Archer, 2021). Analytical testing of such explanatory scenarios on
larger spatiotemporal scales will require further modeling that in-
cludes multiple demographic and non-demographic factors in a
direct engagement with empirical record of the MSA and requires
novel approaches to even better reconstruct information networks
and population sizes during the Pleistocene (see e.g., French, 2016;
Strassberg and Creanza, 2021; Schmid et al., 2022). The appearance
of innovations in the MSA record alongside evidence of increased
task specialization is unlikely to be independent. Research in so-
ciology and economics has long suggested that societies with larger
populations allowmore specialization and division of labor, both of
which add to the corpus of information possessed by the group
(e.g., Durkheim, 1893; Ofek, 2001).

How do these considerations fit into the broader picture of the
biocultural evolution of H. sapiens? In general, novel demographic
approaches align with a pan-African structured metapopulation
that ensured the continuity of universally shared traits such as the
‘basic MSA’ and whose local and only loosely connected demes
were the context of the variable emergence and disappearance of
innovations at different places and times. Indeed, along with ge-
netic and fossil information, this cultural data has been used to
suggest that both modern human biology and behavior originated
within a structuredmetapopulation (Scerri et al., 2018, 2019). What
can be reasonably inferred from newer genetic data, complements
these inferences. Specifically, divergences among early H. sapiens
populations in Africa appear to have been gradual, with long-
standing gene flow over tens or even hundreds of thousands of
years (Bergstr€om et al., 2020; Wang et al., 2020), rather than clean,
treelike, splits. The gradual nature of this mixing is consistent with
low migration and an overall low metapopulation size, dampening
innovation and its spread, while ensuring that the elements com-
mon to all demes persisted.

Such a demographic model may also explain better than a
purely cognitive one, whyMiddle Paleolithic Neanderthals lagged a
little behind H. sapiens populations in the number, diversity, and
frequency of cultural innovations, showing the flaws of interpreting
trait lists at face value. Archaeological and genetic evidence sug-
gests a smaller overall metapopulation size and higher inbreeding
for Neanderthals compared to early modern humans (Dal�en et al.,
2012; Bocquet-Appel and Degioanni, 2013; Churchill, 2014; Prüfer
et al., 2014; Sikora et al., 2017), with a collapse in structure
following Ice Age conditions that was likely a contributing factor to
their disappearance in unmixed form (Rodriguez et al., 2018;
Vaesen et al., 2019). Complex behaviors and material culture in the
MSA as well as the Middle Paleolithic needed a critical density of
population to sustain growth and cumulative development. In sum,
the spatial heterogeneity seen in the MSA of Africa might not be at
all contingent on different levels of cognitive capacities but could
be explained in large part by changes in socio-demographic
structure, connectivity between groups, and processes of cultural
transmission.

If demography underlies patterns of cultural evolution found
here, what explains increases in population size, density, and
connectedness? While beyond the scope of this paper, de-
mographic changes could result from various ecological or social
factors that jump-started a positive feedback loop. Increasing the
niche breadth of MSA people (Kandel et al., 2016; d'Errico et al.,
2017; Roberts and Stewart, 2018) might have allowed them to
expand to new habitats. In connection with more varied habitats,
more diverse diets (Clark and Kandel, 2013; Will et al., 2019b;
Wadley et al., 2020a) may have buffered against food shortages,
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decreasing mortality and extinction rates that boosted population
sizes. New ways of social organization that increased the inter-
connectivity between groups can already be seen at the beginning
of the MSA in long-distance transport of raw materials (Brooks
et al., 2018) but likely increased toward the end of the MSA, such
as long-term exchange and/or migration networks suggested by
OES beads reaching back to the Late Pleistocene (Stewart et al.,
2020; Miller and Wang, 2022).

At the end, we are left with a glaringly obvious lack of a ‘revo-
lution’ in the archaeological record, which upholds McBrearty and
Brooks' (2000) primary thesis that modern human behavior has
deep African roots. However, more recent data have also empha-
sized that viewing this behavior in terms of a gradually emerging,
stable package is no longer tenable. Indeed the ‘package’ concept
predates McBrearty and Brooks (2000) and can be linked to the
conceptualization of the European Upper Paleolithic (e.g., Mellars,
1989, 1994; Mellars and Stringer 1989). Instead, new work sug-
gests that demographic variables such as low population numbers
played a critical role in driving the variable expressions of the
modern minddinnovations, their loss, and reinvention. Ultimately,
many ‘human revolutions’ can only be found at the point when
human population sizes were able to grow enough to reach a
critical mass capable of transcending losses at the local level and
permitting culture to become truly cumulative. Even losses and the
collapses of civilizations in recent history have shown how easily it
is for humanity to take ‘backward steps’ without this having any
implications for cognitive capacity.

5.3. Future perspectives

Much progress has been made in developing theoretical per-
spectives on human cultural evolution, with recent scholarship
steering away from concepts of packages or modernity, in favor of
focusing on notions of variability, flexibility, and plasticity
(Malafouris, 2010; Shea, 2011; Conard, 2015; Kandel et al., 2016;
Roberts and Stewart, 2018), but also engaging with a broader range
of potential causal mechanisms. That being said, many models still
pursue monocausal explanations, with an exclusive focus on either
biology, environment, cognition, or demography. There might,
however, be more than one causal factor, and mechanisms are not
always hierarchic and independent, particularly in complex sys-
tems like human behavior and culture. Triggers and drivers can also
(inter-)act in fundamentally different ways on different spatio-
temporal scales (Conard, 2001; Bentley and Maschner, 2003;
d'Errico and Banks, 2013), or even apply successively (Chamberlin,
1890) as well as in an asynchronous manner in different areas of
Africa (e.g., for environmental change see Chase, 2010; Blome et al.,
2012; Lahr and Foley, 2016). On top of this, the principles of path
dependence and contingency so prevalent in human (evolutionary)
history predict that even small initial changes within populations
might have resulted in qualitatively different and unexpected
outcomes owing to the complexities and connectedness of human
societies (Kauffman, 2000; Bentley and Maschner, 2003; Kohler,
2012).

In a recent study modeling cultural evolution, Kolodny et al.
(2015) expanded their initial models by looking at both de-
mographic and environmental parameters. As a result, they were
able to create more realistic patterns of cultural evolution echoing
archaeological patterns, which included exponential and punctu-
ated change but alsomore complex trajectories for the gain and loss
of cultural traits. These findings suggest that cultural change on
large scales may be driven by a complex interaction of population
size, environmental change, stochastic cultural losses, and popu-
lation subdivision, but also depending on general cognitive abilities
that determine the rates of tool invention. To these factors, human
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modification of the environment in the form of niche construction
can be added both from a modeling perspective (Fogarty and
Creanza, 2017) but also borne out by evidence already stretching
back to the MSA (Hussain and Will, 2021; Thompson et al., 2021)
and accelerating thereafter (Boivin et al., 2016). Models of cultural
evolution should also consider constraints and potentials set by
human diet, anatomy, biology, and social structure (e.g., Wells and
Stock, 2007; Parkington, 2010; Hill et al., 2011; Neubauer et al.,
2018; Bruner, 2021), such as a feedback of changes in genetic
makeup and neuroanatomy with cognition, society, and culture
(e.g., Laland et al., 2010; Hublin et al., 2015; Wynn et al., 2016;
Wadley, 2021). Importantly, however, our observations suggest that
not all conceivable causal mechanismswill have equal relevance for
understanding cultural changes in the MSA. Evidence for the
increasing detachment and autonomy of humans from the envi-
ronment and direct selective pressures hint toward factors such as
demography, social structure, and technology-driven feedback
with increasing reliance onmaterial culture as becoming ever more
important factors in the ongoing cultural evolution of our species. It
is perhaps in the intensification of these processes, and their
amplifying feedback loops with demography, that the nature and
prevalence of complex behaviors in H. sapiens can best be seen, in
contrast to what is observed in the Neanderthal record.

As shown here, new theoretical lenses of demography, cultural
transmission, and multidimensional fitness landscapes can provide
helpful bridges between the complex empirical record and further-
reaching interpretations. Such approaches require a geographically
informed perspective and the acknowledgment of a high likelihood
of different demographic and behavioral trajectories within the
vast African continent. Novel models for the behavioral evolution of
modern humans should thus be spatially explicit, and take envi-
ronmental, biological, demographic, cultural, material, and social
factors into account. These factors interact to form a complex
network of causal agents on several scales. Such an approach is
consistent with central tenets of emerging theories for the bio-
cultural evolution of our genus more broadly that emphasize the
role of multiple interacting pathways of intergenerational infor-
mation transfer driving evolutionary pathways (e.g., Cavalli-Sforza
and Feldman, 1981; Richerson and Boyd, 2005; Laland et al., 2010;
Mesoudi, 2011; Jablonka and Lamb, 2014). Providing a holistic view
on the mechanisms and trajectory of the cultural evolution of
H. sapiens in Africa in the 21st century will require both detailed
quantitative observation and modeling of interdisciplinary, pan-
African empirical data as well as nuanced and carefully adjusted
theoretical scenarios. If the past is any guide to the future, the next
20 years of research will provide further unexpected discoveries
and novel approaches that will help to improve our current models
for the origins of H. sapiens behavioral complexity, fleshing out the
picture of becoming human. We see our contribution and its rela-
tion to the lasting legacy of McBrearty and Brooks (2000) in this
spirit.
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