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ABSTRACT

Behavior mediated by symbols —commonly termed ‘symbolic behavior’ —is widely recognized as a defining fea-
ture of human cognition. In deep history, its emergence is frequently inferred from artifacts or features that appear
to lack utilitarian function and are thus interpreted as ornamental or representational artifacts potentially carry-
ing symbolic meaning. However, such interpretations have been contested and have become a topic of increas-
ing scrutiny due to the inherent ambiguity of both the archaeological data and the conceptual frameworks used
to analyze them. This paper reviews the ambiguities inherent in the conceptual framework used to define and
identify ‘symbols’ in Paleolithic contexts and explicitly outlines and interrogates its logic and applicability while
attempting to suggest alternatives.

We confirm that the dominant theoretical frameworks fail to establish a coherent inference chain from “artifact’ to
‘symbol.” These approaches are often either ad hoc or grounded in Peircean semiotics, which relies heavily on the
role of the interpretant, a process that poses significant challenges in prehistoric contexts given its dependence on
knowledge of prehistoric social conventions. We argue that archaeologists often fail to reconstruct symbols, but
rather construct them. Moreover, if the criteria for identifying symbolic behavior were consistently applied across
species, many non-human animals would qualify. This undermines the analytical utility of symbolism when used
as a marker of humanness, as it often has been done over the past two decades. We contend that the prevailing
symbolic framework is symptomatic of a deeper issue, namely a longstanding research tradition marked by a
problematic nature/culture dualism. To move beyond these limitations, we advocate a longue durée perspective
that integrates recent developments in evolutionary theory, particularly the Extended Evolutionary Synthesis,
with insights from the philosophy of technology, especially the work of Simondon and Boéda. In doing so, we aim
to move away from a fixation on discrete symbolic objects and toward a more processual and theoretically robust
understanding of early human behavior.

INTRODUCTION

hroughout the history of research on human evolu-

tion, the use of symbols has played a central role in
defining what it means to be human. Theoretical concerns
about symbolism in archaeology emerged as early as 1954
(Hawkes 1954: 164) and have remained a topic of debate
(e.g., Binford 1962; Chase and Dibble 1987; Coolidge et
al. 2024; Friedrich 1970; Hodder 1982; Kissel and Fuentes
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2017; Lindly et al. 1990; Robb 1998; Wadley 2003). Within
the framework of human evolution, symbolic capacity was
championed by proponents of the ‘Human Revolution’
model, which identified it as a core component of the so-
called ‘modern package’ (Klein 1995; Marean et al. 2007;
Mcbrearty and Brooks 2000; Mellars 1989; Nowell 2010).
Despite critiques of the essentialist and exceptionalist
thinking long embedded in paleoanthropology (Cartmill
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1990; King 1994), particularly the notion of ‘policing the
human/animal boundary’ (Cartmill 1990: 178), the Human
Revolution paradigm gained dominance in the late 1980s
and 1990s. This model drew a sharp distinction between
‘archaic’ behavior and the symbolic behaviors attributed
to behaviorally modern humans, and became synonymous
with Culture, with a capital ‘C,” indicating essential, excep-
tional human forms of behavior. For example, Noble and
Davidson (1991: 224) cite Geertz’s (1964: 39) definition of
culture as “the imposition [of an arbitrary framework] of sym-
bolic meaning upon reality”, reinforcing the binary opposi-
tion between ‘nature’ and ‘culture.” Symbolic behavior thus
became conceptualized as an epistemic boundary marking
entry into the human domain.

In this period, the empirical and theoretical underpin-
nings of recognizing symbols in the archaeological record
has also started to become a topic of debate within the field
of archaeology (e.g., Byers 1994; Chase 1991; Davidson and
Noble 1992; D’Errico and Villa 1997; Hays 1993; Hodder
1982; Nowell 2006; Wadley 2003; Wynn 1991). Theoretical
discussions emerged focusing on how symbolic behavior
(defined by Byers (1994: 369) as: “intentional behaviour
subsumed under or governed by rule.”) could be inferred
from artifacts (Byers 1994; Chase 1991, 1999; Donald 1991;
Dutff et al. 1992a; Wynn 1991, 1996). While there was a gen-
eral consensus that symbols are of an arbitrary nature, the
theoretical discussion of how arbitrariness could be in-
ferred from the archaeological record has been a matter of
debate (Chase 1991). While for some scholars recognition of
style (the imposition of arbitrary standardized forms) were
enough as an indication for symbolic behavior as their
forms were conventional (Sinclair 1995; Wynn 1991, 1996),
other scholars (Chase 1991, 1999; Duff et al. 1992a) claimed
that stylistic standardization and symbolic arbitrariness
are categorical different meanings of ‘arbitrariness;” ‘style’
could be a result of functional, social, or cognitive restraints.
Due to conceptual tensions surrounding ‘arbitrariness’
and ‘symbols,” this period also saw a renewed interest in
the work of the 19th century semiotician Charles Sanders
Peirce (Chase 1991; Deacon 1998; Dulff et al. 1992a). Chase
(1991: 195) extends the notion of the ‘symbol” beyond its
Saussurian linguistic sense to Peirce’s broader theory of
signs, which includes, but is not limited to, linguistic sign.

Although it was generally accepted that Upper Paleo-
lithic figurative art and many decorative artifacts consti-
tuted clear evidence of symbolic behavior (however, see
Conkey 1987 for a critique of how ‘art’ has been concep-
tualized in Paleolithic contexts), this did little to explain
how such behavior emerged (Clark (1994, CA comment on
Byers 1994); Duff et al. 1992b). In tandem with theoretical
developments, empirical methods began to focus on de-
termining intentionality in, for example, the perforation
of beads (Bednarik 2005; d’Errico et al. 2005; Kuhn et al.
2001), engravings (d’Errico and Villa 1997; Marshack 1991),
intentional burials (cf. Gargett et al. 1989; Riel-Salvatore
and Clark 2001), and the material representation of art in
general (White 1992). This methodological turn reflected a
broader attempt to ground claims about cognition and sym-

bolism in observable criteria—intentional production was
taken as a more secure inferential bridge between material
traces and behavioral interpretations. Techniques such as
microscopic use-wear analysis, experimental replication,
and contextual association were employed to distinguish
deliberate modification or placement from natural or inci-
dental processes. However, while this empirical emphasis
provided a more rigorous framework for interpreting the
archaeological record, it also exposed a deeper tension—
establishing intentional manufacture is not equivalent to
demonstrating symbolic intent (Duff et al. 1992), and in
many cases the symbolic dimension remained a theoretical
problem.

By the early 2000s, the concept of Modern Behavior was
criticized for its Eurocentrism, essentialism, and reliance
on Western assumptions of human nature (Corbey 2005;
Corbey and Roebroeks 2001; Garofoli 2016; McBrearty and
Brooks 2000; Porr 2010). Scholars such as Nowell (2010) and
Marean et al. (2007) noted that symbolic capacity had be-
come central to definitions of modern behavior, effectively
reducing the concept to a single marker—symbolic activ-
ity. This shift reified the symbolic as the defining feature of
humanness. This view, initially restricted to Homo sapiens,
has since been expanded to include Neanderthals, largely
based on claims of symbolic artifacts (e.g., Finlayson et al.
2023; Hoffmann et al. 2018; Pitarch Marti et al. 2021) and
burials (Dibble et al. 2015; Pomeroy et al. 2020; Rendu et al.
2016). Critics argue that such interpretations reflect shifting
goalposts in an ongoing exceptionalist discourse (e.g., Cart-
mill 1990; Sterelny and Hiscock 2025; Stoczkowski 2002).

Despite the conceptual, empirical and theoretical chal-
lenges, symbolic behavior remained firmly embedded in
debates over behavioral modernity. As archaeologist and
anthropological theorist John E. Robb noted, “archaeolo-
gists probably disagree about symbols more than anything
else they dig up” (Robb 1998: 329). This discussion has been
ongoing due to new excavation results, theoretical develop-
ments, and improved methodologies (Camards et al. 2017;
Clark 2006; Coolidge et al. 2024; Currie et al. 2024; d’Errico
et al. 2009; Gontier et al. 2024; Hoffmann et al. 2018; Men-
eganzin and Currie 2022; Nowell 2006, 2010; Rodriguez-
Vidal et al. 2014; Shea 2011; Sterelny and Hiscock 2014; van
Mazijk 2024; Wadley 2003; Wisher et al. 2023; Zilhao 2006).
A notable contribution comes from the framework of cogni-
tive archaeology, which has sought to explain the origins of
symbolic behavior through models of cognitive evolution
and neuropsychology (Coolidge and Wynn 2016; Currie et
al. 2024; Dehaene et al. 2022; Kerkoerle et al. 2023; Renfrew
1994; Wynn et al. 2024). Coolidge et al. (2024), for example,
recognize the conceptual issues that surround the terms
symbolism, and symbolism and symbolling and reject the
“archaeologists’ rudimentary commonsense and diction-
ary definitions of symboling” (Coolidge et al. 2024: 310).
They argue for a program that is more rooted in cognitive
principles such as learning, theory of mind, and working
memory, arguing instead for an approach grounded in cog-
nitive principles. They also caution against collapsing high-
ly diverse artifacts such as engraved ochre, incised bones,
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and figurative art into a single symbolic category, since this
obscures the different cognitive demands involved in their
production. Similarly, contemporary semioticians have ar-
gued for a more structured approach to semiosis contrary
to Peircean semiotics (van Heusden, 2023)

Other scholars have moved to a longue durée approach
grounded in robust data (Baker et al. 2024; Culley 2016;
d’Errico et al. 2023; 2025; Hovers and Belfer-Cohen 2024;
Man-Estier and Paillet 2019; Miller and Wang 2022), focus-
ing more on social networks, transmission, and continuity
of behaviors. While the alleged symbolic content in these
studies takes a back seat (i.e., there is less focus on mean-
ing), it is still assumed that a symbolic content is present in
these artifacts.

Despite shifts and diversification in theoretical framing
(from style and arbitrariness, to Peircean semiotics, cogni-
tive models, and longue durée perspectives), the central
concern of the debate has remained remarkably stable—
determining when (and in which species) symbolic capac-
ity evolved. Whether framed as uniquely modern, gradu-
ally emerging, or shared across multiple hominin taxa,
‘the symbolic’ has often been treated more as a marker for
classification than as a phenomenon to be examined in its
own right. This has kept the debate focused on who gets
counted as part of the ‘symbolic’ in-group, while leaving
largely unexamined the inferential logic by which artifacts
are classified as symbolic in the first place.

In this paper, we critically examine the epistemic limi-
tations inherent in the framing of symbolic behavior. Our
primary focus is on inferences grounded in semiotics, the
study of signs and meaning-making. The semiotic reason-
ing that underpins the classification of certain behaviors or
artifacts as ‘symbolic’ remains under-examined and epis-
temically problematic. This paper adopts a trans-species
perspective. Ornamental artifacts have been attributed to
several species of Homo, and we do not assume that orna-
mentation is the exclusive domain of any single taxon.

We begin by reviewing the historical development and
underlying logic of the framing of symbolic behavior, and
we critically assess the validity of what we call the ‘arti-
fact-to-symbol” inference. Instead of attempting to refine or
expand this inference logic, we argue for its suspension in
archaeological contexts where no clear interpretive conti-
nuity with historically attested symbols can be established.
This position is motivated not only by the epistemic weak-
nesses of the inference itself, but also by our contention
that symbolic behavior, when framed as an essential or
uniquely human trait, does not withstand critical scrutiny.
With this, we side with a growing number of scholars who
are critical of inferences based on Peircean semiotics, on the
grounds that such approaches rest on abductive reasoning
that cannot be independently verified within the archaeo-
logical record (e.g., Coolidge et al. 2024; Iliopoulos 2016;
lliopoulos and Malafouris 2021; van Mazijk 2024). Subse-
quently, we explore alternative theoretical frameworks for
interpreting ornamental artifacts and consider the broader
implications of essentialist narratives in archaeological dis-
course. Finally, we situate our conceptual analysis within

a wider theoretical landscape by integrating insights from
evolutionary theory and the philosophy of technology. We
advocate for a shift toward a longue durée or deep history
approach to the interpretation and reporting of ornamental
artifacts.

SEMIOTICS AND SYMBOLISM IN

ARCHAEOLOGICAL INTERPRETATION
In the 1990s and early 2000s, symbols in archaeological
contexts were conceptualized to be especially recognizable
when they were functioning as external devices storing
symbolic meaning outside the human body (Donald 1991;
Wadley 2003). These included items such as jewelry and en-
gravings. This theoretical framework was used, for exam-
ple, by d’Errico et al. (2005) in their influential publication
on shell beads from Blombos Cave in South Africa. Another
marker of symbolic behavior is the exhibition of a specific
‘style’, defined by Wynn (1996, cited by Wadley (2003) as
“repeated patterning that is geographically and chronologically
restricted”. Wadley’s definition of a symbol is based on the
work of Terrence Deacon (1998), who argued “that symbols
are higher-order concepts than icons or indexes and that symbols
point arbitrarily to their referents” (Wadley 2003: 248). Dea-
con’s theory is itself grounded in the semiotics of Charles
Sanders Peirce (1839-1914) (de Villiers 2007) and Peirce’s
philosophy has had a broad influence on archaeological
theory (e.g., Baron 2021; Guibert et al. 2023; Iliopoulos 2019;
Preucel 2010). In this paper, we limit our discussion to how
Peircean sign theory has been applied to interpret orna-
mental artifacts, such as engravings, collected bird feathers,
beads, hand stencils, and pigment use in caves, as evidence
for symbolic behavior. Burials are also included within this
scope, since their interpretation as symbolic likewise relies
on reading material traces such as grave goods, body posi-
tioning, and ochre use as signs of meanings or intentions.
Following Peirce, Deacon (1998) classifies symbols as one of
three types of semiotic signs, alongside indexes and icons.
He uses the triadic terms Object, Representamen, and In-
terpretant, which we adopt here as well (for an overview
of Peirce’s technical terminology, see Noth (2011). Funda-
mentally, the Peircean sign consists of three components,
configured in a triadic relationship (Deacon 1998; Eco 1986;
Peirce 1974):

e The Object: the element of the sign that is referred to

® The Representamen: the component that refers to the
object

e The Interpretant: the means by which the sign is inter-
preted.

If any of these elements is missing, the sign cannot
exist. The key distinction between icons, indexes, and
symbols lies in how the Representamen refers to the Ob-
ject (Deacon 1998; Eco 1986; Peirce 1974). An icon refers
through resemblance (a drawing of a house refers to a
house); an index, through physical or causal connection
(smoke refers to fire); and a symbol, through arbitrary or
socially constructed convention (the dove as a sign of peace
in Christian ontology). To illustrate this with some archae-
ological examples, an icon could be a carving of a human
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face representing a human face, a statue of a bull repre-
senting a bull, a wooden duck toy representing a duck.
There might be more meaning to these objects, but their
iconic representation by means of resemblance is clear.
Examples of indexes are ash layers for fire pits, use-wear
for the use of tools, and cut marks as signs of butchering
animals. These signs represent a direct result of something
else, or another physical or causal connection. Examples of
symbols are hieroglyphics representing words, a mason’s
mark on a cathedral stone identifying a particular mason,
or a cross symbolizing Christianity. These signs represent
in an arbitrary and/or conventional manner, and as such,
are the only type of sign whose relation to their object is not
grounded directly in physical reality, but in shared habits
and agreements. Importantly, signs can be interpreted on
multiple levels. A sign, for example, can both be an icon
and a symbol; an image of a lion iconically refers to a lion,
but the lion also symbolizes courage in multiple cultures.

Returning to the symbol in archaeological contexts,
what is physically excavated is the Representamen part of
the sign, specifically the representamen of a symbol stored
outside the human body (Donald 1991; Wadley 2003). For
example, in the case of beads, the Object (e.g., “status or
group identity is symbolized in artifact X”) and the Inter-
pretant (e.g., “ethnographic parallels suggest social mean-
ing”) are allegedly reconstructed by the archaeologist.
This completes the Peircean triadic structure, effectively
interpreting the material artifact as a symbolic sign. Conse-
quently, archaeologists working within this semiotic model
tend to focus on the relationship between the Representa-
men and the Object. If that relationship is considered arbi-
trary or socially conventional, the artifact is identified as
a symbol. Thus, to claim that an artifact is a symbol in the
Peircean sense is to assert that the connection between the
object and its representamen is not inherent, but conven-
tional —an assertion that presumes the existence of a social
agreement or shared interpretive framework in deep pre-
history.

A notable contribution to this issue comes from Kissel
and Fuentes (2017: 387), who explicitly address what they
term ‘the meaning problem’: “archaeologists and palaeoanthro-
pologists have struggled to find ways to identify symbols without
knowing what they stand for (their meaning)”. To address this
issue, they suggest focusing on how the sign refers rather
than what it refers to. By analyzing the class of the repre-
sentamen—with qualisign (a quality of a sign that cannot
exist on its own: bright red), sinsign (an instance of a sign:
the flashing light at the end of the tunnel), and legisign (the
sign as a convention: red lights indicate a warning), they at-
tempt to circumvent the meaning problem by interrogating
how a sign represents. However, this strategy still assumes
that a sign exists in the first place. If no sign is present, then
there is no representamen to analyze, bringing us back to
the original problem of how meaning is inferred from ar-
chaeological evidence. A recurring difficulty here is that the
status of artifacts as signs is often taken for granted rather
than critically examined. Much recent work, particularly

drawing on Peircean semiotics, devotes extensive effort to
classifying putative signs into categories (icon, index, sym-
bol; qualisign, sinsign, legisign) or to debating the arbitrari-
ness of their forms (e.g., Culley 2016; lliopoulos and Mala-
fouris 2021; Kissel and Fuentes 2017). Yet such analyses
presuppose signhood from the outset, thereby bypassing
the more fundamental question of whether it is method-
ologically or empirically warranted to treat these artifacts
as signs at all. This results in what might be described as a
displacement of the central problem —elaborate theoretical
discussion about the kinds of signs we might be dealing
with obscures the fact that the initial inference to ‘sign-
hood’ is itself underdetermined. While such approaches
often present themselves as pragmatist in orientation, they
risk drifting into abstraction, producing frameworks that
appear theoretically sophisticated but remain unanchored
to the empirical constraints of the archaeological record.
They start with the result of archaeological work, rather
than taking the whole process from unearthing to classification
into account and all the decisions that are explicitly or implicitly
made in the course of this process.

In a later study, Kissel and Fuentes (2021) reframed the
discussion of ‘modern humans,” symbolic behavior, and or-
namentation, within the framework of the Extended Evolu-
tionary Synthesis. Rather than focusing solely on the pres-
ence or absence of symbols, they emphasize investigating
how, when, and where meaning-making emerges in the ar-
chaeological record. Their approach incorporates concepts
like niche construction, multiple inheritance systems, and
dynamic causal relationships between body, environment,
and meaning-making. This shift moves the emphasis away
from artifacts as binary markers of symbolic status and to-
ward broader evolutionary and developmental processes.

Other recent studies (d’Errico et al. 2023, 2025; Miller
and Wang 2022) adopt a longue durée approach, focusing
less on individual objects or assemblages and more on
macro-scale processes that generate and sustain particular
artifact forms. For instance, d’Errico et al. (2023) trace the
emergence of body-related technologies over 500,000 years.
While they still use the term ‘symbolic’ for many artifacts,
they insist on grounding interpretations in well-dated,
robust datasets'. Their focus is on identifying behavioral
continuities rather than isolating symbolic thresholds. In
a similar longue durée perspective, Miller and Wang (2022)
use ostrich eggshell beads to reconstruct ancient social net-
works over 50,000 years. While they still attribute symbolic
significance to the beads, their primary interest lies in how
bead morphology correlates with environmental conditions
and social structures. They show that stylistic changes of-
ten coincide with environmental shifts, suggesting links be-
tween ecology, group dynamics, and ornamentation. Other
time-oriented approaches similarly treat ornamentation as
reflecting group identity and social boundaries, without as-
suming that such artifacts necessarily function as symbols
in the strict Peircean sense (e.g., Baker et al. 2024; Hodder
1982; Rigaud et al. 2018; Robb 1998).
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THE EPISTEMICALLY FRAGILITY OF THE
‘ARTIFACT-TO-SYMBOL’'INFERENCE
Inferences about cognitive capabilities based on artifactu-
al evidence have long been the subject of critical scrutiny
(e.g., Botha 2010; Hawkes 1954; Hodder 1982; Porr 2010;
Robb 1998; Stibbard-Hawkes 2024). Of particular relevance
here is the work of Botha (2010), who analyzed claims by
Henshilwood et al. (2004) and Henshilwood and Benoit
(2009) regarding the presence of ‘modern’ or ‘fully syntac-
tical’ language, claims based on the discovery of pierced
shell beads dated to approximately 75,000 years ago at
Blombos Cave, South Africa. Botha examined the inferen-
tial structure underlying these claims, identifying a critical
step in the argument—the assumption that “the beads are
symbols.” We refer to this step as the ‘artifact-to-symbol’
inference. Although Botha, writing as a linguist, provision-
ally accepted this inference for the sake of argument, he ac-
knowledged that it merited further critical evaluation (Bo-

tha 2010: 353). In this section, we adopt a similar strategy.

Two broad inferential strategies can be identified in lit-
erature where artifacts are classified as symbolic. The first
is an ad hoc theoretical approach, in which the label ‘sym-
bol’ is applied without definition. In these cases, authors
refer to previous studies involving similar artifacts that had
already been interpreted as symbolic (e.g., Alvarez-Alonso
et al. 2025; Hoffmann et al. 2018; Leder et al. 2021; Pitarch
Marti et al. 2021; Rodriguez-Vidal et al. 2014; Romandini et
al. 2016; Zilhao et al. 2010). These works typically lack any
bridging theory or formal framework, relying instead on
analogical reasoning and assumed consensus.

This first category of inference often points to a second,
more structured category, in which researchers construct
explicit arguments based on semiotic theory, especially
Peircean semiotics (e.g., Chase and Dibble 1987; d’Errico
et al. 2005; Henshilwood 2014; Kissel and Fuentes 2017;
Mithen 2014; Prévost et al. 2022). These studies often cite
foundational works by Deacon (1998), Donald (1991) or
Wadley (2003). Within this semiotic discourse, it is fre-
quently claimed that “a key characteristic of all symbols is
that their meaning is assigned by arbitrary, socially con-
structed conventions” (d’Errico et al. 2005: 4).

Because the first type of inference relies heavily on the
authority of the second, our critical analysis will focus on
this more theoretically grounded category, where semiotics
is employed to justify symbolic interpretation. Botha (2010:
348) argued that each inferential step requires support from
a bridge theory —an intermediate framework that connects
data to interpretation. To be epistemically valid, such a the-
ory must satisfy three conditions:

1. It must be testable.
2. It must be supported by empirical evidence.
3. It must not be ad hoc.

The inferential chains used by many of the authors
cited above can be summarized in the following schematic
form:

a. The artifact lacks an apparent utilitarian function;
Conclusion 1: Therefore, it must be ornamental.
b. Ornaments are symbols.

c. Symbols are evidence of symbolic behavior;
Conclusion 2: The artifact is evidence of symbolic be-
havior.

Of these steps, inference (b) is particularly problematic
and requires a robust bridge theory, one that is often lack-
ing. In many cases, there is no explanation of what a sym-
bol actually is, why a given artifact should be interpreted
as such, or how such artifacts directly imply symbolic be-
havior.

Another problematic inference concerns the cognitive
capacities of hominin species. Once an artifact is classified
as a symbol, a generalization frequently follows:

a. Archaeological artifact Y is a symbol.

b.  Archaeological artifact Y was made by individual X.

c¢. Individual X belongs to species Z; Conclusion 3:
Therefore, all individuals of species Z were capable of
symbolic behavior.

This move represents a leap from singular evidence to spe-

cies-wide capability. It is a sweeping generalization not ad-

equately supported by the data, and it exemplifies the over-
stretching of symbolic inferences in paleoanthropology.

FROM SHARED SOCIAL PRACTICES TO
SYMBOLS? INDEXICALITY AND THE
CONFLATION OF SIGNALING WITH
SYMBOLIC COMMUNICATION

Ornamental artifacts that resemble historical or contempo-
rary ones are frequently treated as privileged evidence for
symbolic interpretation. Perhaps the most explicit articu-
lation of the ornaments-to-symbol inference can be found
in d’Errico et al. (d’Errico et al. 2005: 4), who state: “(...)
personal ornaments and art are unquestioned expressions of sym-
bolism that equate with modern behaviour”. In support of this
position, they cite Wadley (2003: 248) who writes: “artefacts
are not automatically imbued with symbolism; this happens only
when they become important within human social life. Stone
spearheads or bone points plainly become symbolic when they are
metaphors for an aspect of social behaviour or when they begin to
define individual or group identity”. We agree with Wadley’s
assertion that artifacts are not inherently symbolic. Howev-
er, the relationship she proposes between material culture
and social identity warrants closer scrutiny. In our view,
this relationship is more accurately described as indexical
rather than symbolic. That is, artifacts do not necessarily
refer arbitrarily to abstract concepts; rather, they point to
social identities or practices through their embeddedness
in repeated behavioral contexts.

Indexical signs function via causal or contextual as-
sociation rather than through arbitrary conventions. Thus,
whether ornamental or not, the artifact does not function
as a symbol in the strict Peircean sense, but as an index,
an indicator of shared social practice. This distinction is
clearly demonstrated in the work of Miller and Wang
(2022), who infer aspects of social dynamics from patterns
of shared practice and ornament use, with minimal refer-
ence to symbolic behavior. Other forms of collective or
ritualized behavior can also be understood through indexi-
cal frameworks (cf. Barzilai et al. 2024; Donald 1991: 174-
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176). For example, the association between ostrich eggshell
beads and social interaction is not necessarily symbolic, but
rather indexical, grounded in recurrent use within specific
social contexts. The repeated deployment of such artifacts
in socially meaningful activities produces an indexical link
between the object and group identity.

The failure to distinguish between semiotic catego-
ries—iconic, indexical, and symbolic—risks conflating
distinct interpretive possibilities. When all ornaments are
interpreted as symbols by default, analytical nuance is lost,
and the broader range of possible meanings or functions is
obscured. In modern sociology, non-bodily ornamentation,
such as lipstick, jewelry, or piercings, is not automatically
imbued with symbolic content. Most of these artifacts are
not arbitrary signs referring to a conventional meaning.
Rather, they serve aesthetic, signaling or indexical pur-
poses that are enhancing perceived attractiveness, signal-
ing status, or group affiliation. Certain ornaments, such as
wedding rings, can have a clear symbolic meaning and may
also have other layered semiotic meanings, but this does
not automatically imbue every ornament with symbolic
content (Mithen 2014). There is no reason to assume that
the same necessarily held in the Paleolithic. Animal signal-
ing behaviors show similar patterns. For instance, Schaede-
lin and Taborsky (2009) describe non-bodily signals in vari-
ous species that do not rely on arbitrary conventions, yet
still convey information effectively within social contexts.

SUMMARY: CLASSIFYING PALEOLITHIC
ARTIFACTS AS SYMBOLIC IS TENUOUS
Because symbols rely on arbitrary meaning and culturally
specific conventions, their identification in the archaeologi-
cal record is inherently problematic, especially when the
contextual information required to infer such meaning is
absent. One cannot meaningfully argue that an artifact is
symbolic if the Object and the Interpretant are unknown.
The reconstructed sign does not necessarily correspond to
the original sign, if one existed at all. The inference from ar-
tifact to symbol becomes an act of interpretation, not of em-
pirical reconstruction (cf. Camards et al. 2017; Rodriguez-
Vidal et al. 2014). As a result, the artifact-to-symbol claim
typically remains an abductive hypothesis, a proposed ex-
planation for an observation (Peirce 1974: 171), rather than a
conclusion that can be tested and independently supported
through induction. Many artifacts cited as evidence of sym-
bolic behavior, such as engravings and personal ornaments
(e.g., Henshilwood et al. 2009; Leder et al. 2021; Rodriguez-
Vidal et al. 2014), are treated as decisive despite lacking the
empirical scaffolding needed for evaluation. They may be
a testimony of symbolic behavior, but this cannot currently
be confirmed or falsified. Consequently, conclusions about
symbolic behavior are often stronger than the available evi-
dence warrants, even though they are used to support far-
reaching claims about humanness, modernity, and species
distinctions.

SYMBOLIC BEHAVIOR IS NOT AN
ESSENTIAL/UNIQUELY HUMAN TRAIT
Wadley (2003) regards the emergence of geographically
and chronologically varied ‘styles” as a marker of symbolic
behavior using a more flexible definition of ‘symbolic be-
havior,” one that encompasses non-utilitarian or appar-
ently arbitrary actions. Yet many animals are now known
to exhibit behaviors that fit this definition and in many
animal species, culture appears to influence gene selec-
tion (Lala and O’Brien 2023). Madden (2007), in her study
of bowerbird culture, documents significant variation in
vocalizations across populations that cannot be attributed
to genetic differences and suggests that this geographi-
cally structured behavioral variation is likely transmitted
culturally. It is sometimes argued that such behaviors are
genetically hardwired, i.e., that birds are ‘cultural one-trick
ponies’ (Aplin 2019: 180). However, many bird species ex-
hibit a wide range of socially transmitted behaviors across
multiple domains (Aplin 2019; Gordinho et al. 2015; Piers-

ma 2011; Tello-Ramos et al. 2024).

The spontaneous emergence, transmission, and reten-
tion of a socially learned, arbitrary trait has been observed
in a wild chimpanzee group (van Leeuwen et al. 2014). A
female chimpanzee named Julie began placing grass straws
in her ears (Figure 1), a behavior with no obvious utilitarian
purpose. Remarkably, other group members copied this
behavior, and it persisted even after Julie’s death.

Perhaps an even more striking example of arbitrary be-
havior in animals is found in the recent study by Hersh
et al. (2022) on sperm whale clans showing that whale
clans use arbitrary vocal patterns as ‘cultural” identifiers
of “clan’ membership. These strongly resemble the cultural
signaling practices seen in human ethnic groups (Hersh et
al. 2022: 6). While one might argue that such practices are
more indexical than symbolic, many archaeologists accept
similar forms of group signaling as evidence for symbolic
cognition.

The examples above meet the definitional criteria
commonly invoked in archaeology, style, arbitrariness,
ornamentation, non-utilitarianism, yet they are typically
dismissed as non-symbolic solely because their agents are
classified as animals rather than humans. This reveals a
deeper essentialist bias, as described by Corbey and Roe-
broeks (2001), and reflects a longstanding tendency in pa-
leoanthropology to enforce species boundaries through
interpretive double standards. Like the Paleolithic record,
the semiotic worlds of animals are largely opaque to us. We
lack the interpretant necessary to reconstruct the Peircean
triad as discussed above for the Paleolithic record. Hersh
et al. (2022) constructed a partial ‘dictionary’ of whale vo-
calizations, but we have no such interpretive guide for the
Paleolithic. The symbolic ‘language’ is dead, and we pos-
sess no Rosetta Stone. This critical difference undercuts the
application of Peircean semiotics to deep time archaeology.
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Figure 1. Julie the chimpanzee displaying the ‘grass-in-ear’ behavior that fits Wadley’s (2003) definition of style via Wynn (1996)
(Image from van Leeuwen et al. (2014; reprinted with permission © 2014 Springer Nature).

To be clear, our critique is epistemological. It applies
across taxa and does not deny the possibility of complex
cognition among ancient hominins or among animals. In
short, symbolic behavior—as currently conceptualized —is
not archaeologically assessable. It cannot be conclusively
demonstrated or refuted. Its identification rests on inter-
pretive leaps that conflate signs, meanings, and social roles
without sufficient empirical grounding. In the following
section, we turn to alternative evolutionary perspectives
that might offer a different entry point into these questions,
and which allow us to reframe the relationship between
material culture, behavior, and meaning without relying
on symbolic inference.

AN ALTERNATIVE EVOLUTIONARY
APPROACH: TRACING BEHAVIORS
THROUGHOUT HUMAN EVOLUTION
The Extended Evolutionary Synthesis (EES) has recently
gained traction among scholars studying human evolution
(e.g., Kissel and Fuentes 2021; Lala and O’Brien 2023; Liu
and Stout 2023; Stock et al. 2023). Within the framework of
the EES, evolution is shaped not only by genes and natu-
ral selection, but also by developmental, ecological, and
cultural processes that can actively influence evolutionary
change (Lala et al. 2024; Laland et al. 2015; but see Baedke et
al. 2020; dos Reis and Aratjo 2020; Scott-Phillips et al. 2014).
Many of the core concepts of the EES (for example, niche
construction, culture-gene coevolution, phenotypic plastic-
ity) are already present in archaeological theory (Corbey
2020; d’Errico and Colage 2018; Zeder 2018). d’Errico and
Colage (2018: 222) argue that writing “is too recent to be
an outcome of genetic evolution (...)” and the neural in-
frastructure that was a prerequisite for reading and writ-
ing was already present to a certain extent when writing
appeared. d’Errico and Colage (2018) suggest that that
these neural pathways were then ‘exapted’ (i.e., evolved
a secondary function) to better suit reading and writing
and refer to this as ‘cultural neural reuse.” This proposed
mechanism exemplifies how developmental plasticity and

cultural practices (both key components of the Extended
Evolutionary Synthesis) can be seen as agent reorganizing
behavior without genetic change while simultaneously re-
shaping the selective environment, potentially guiding ge-
netic evolution in subsequent generations. Recent studies
have approached human ornamentation from a biological
standpoint (Borau and Bonnefon 2020; Dixson 2019; Luoto
2019a, 2019b; Lynn et al. 2019), interpreting ornaments as
extended phenotypes, i.e., “the part of the phenotype expressed
beyond the body [including] any feature in the environment re-
sulting from a manipulative action or construction behaviour of
an individual” (Bailey (2012: 84) (cf. Bailey 2012; Dawkins
2016; Hunter 2018; Laland 2004; Schaedelin and Taborsky
2009).

For Luoto (2019a: 53; Luoto 2019b) and Dixson (Dixson
2019), shelter construction directly contributed to fitness of
Paleolithic hunter-gatherers. These shelters later developed
an exapted signaling function, as structures that indicate
access to resources or social standing (Dunn and Hill 2014).
Luoto however, influence sexual selection even in absence
of the phenotype proper. The theoretical framework of hu-
man sexual selection is updated in this article by unifying
four theoretical approaches and conceptualizing non-bodi-
ly traits as extended phenotypic traits.\nMethods Existing
research is synthesized with extended phenotype theory,
life history theory, and behavioral ecology. To test popu-
lation-level hypotheses arising from the review, ecological
and demographic data on 122 countries are analyzed with
multiple linear regression modelling.\nResults A four-fac-
tor model of intelligence, adolescent fertility, population
density, and atmospheric cold demands predicts 64% of
global variation in economic complexity in 1995 and 72%
of the variation in 2016.\nConclusions The evolutionary
pathways of extended phenotypes frequently undergo a
categorical broadening from providing functional benefits
to carrying signalling value. Extended phenotypes require
investments in skills and bioenergetic resources, but they
can improve survival in high latitudes, facilitate the extrac-
tion of resources from the environment, and substantially
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TABLE 1. KEY DIFFERENCES BETWEEN THE SEMIOTIC AND BIOLOGICAL APPROACHES.

Semiotic framework

Extended Evolutionary Synthesis framework

Requires reconstruction of arbitrary meanings
and conventions

Depends on observable evolutionary and
technological processes

Based on idealized binaries
(symbolic/non-symbolic; human/non-human)

Based on gradual, testable mechanisms
(e.g., signaling, niche construction)

Focuses primarily on Homo sapiens

Applicable across species

Difficult to test or falsify

Open to empirical validation

influence sexual selection outcomes. Bioenergetic invest-
ments in extended phenotypes create individual- and
population-level tradeoffs with competing life history pro-
cesses, exemplified here as a global tradeoff between ado-
lescent fertility and economic complexity. The merits of the
present model include a more systematic classification of
sexual traits, a clearer articulation of their evolutionary-
developmental hierarchy, and an analysis of ecological,
genetic, and psychological mechanisms that modulate
the flow of energy into extended phenotypes and cultural
innovations.”,” container-title”:” Adaptive Human Behav-
ior and Physiology”,”DOI"”:”10.1007/s40750-018-0103-
6”,”ISSN”:"2198-7335",”issue”:”1”,”journal Abbreviation”:
”Adaptive Human Behavior and Physiology”,”language”
?’en”,”page”:”48-102",”source”:”DOLorg (Crossref(2019a)
also discusses clothing as a flexible, non-bodily ornament
and vehicles as signals of wealth or identity. All of these
represent extended phenotypes that have acquired exapted
signaling functions. Similar behaviors have also been doc-
umented in animals (e.g., Blamires et al. 2018; Schaedelin
and Taborsky 2009).

This same perspective can be applied to the Paleolithic.
Signaling traits and adaptive functions of symbolic behav-
ior in general have been already proposed by Byers (1994)
and Clark’s commentary on Byers (1994: 382), and Mithen
(1991). As such, it is not a stretch to regard ornamental arti-
facts in the Paleolithic as exapted. The cross-cultural univer-
sality of non-bodily ornamentation and art-like behaviors
among humans strengthens the case for an evolutionary
origin. The labor investment and consistency of forms sug-
gest these artifacts held fitness-related significance. The in-
vestment of time and energy in bead manufacture suggests
they served a significant function rather than being trivial.
While not direct evidence of natural selection, such behav-
iors are consistent with evolutionary explanations and can
be tested against findings on ornament use in modern hu-
mans (Chais in Byers 1994; Carmen et al. 2012; Luoto 2019a;
Lynn et al. 2019; Mithen 1991). Schaedelin and Taborsky
(2009: 84, quoting Bolhuis and Giraldeau (2005) define a
signal as: “something evolved to transmit information”. They
argue that extended phenotypes are often used as signals,
especially among animals. Humans, particularly those in
the genus Homo, have long relied on extended phenotypes.

It is therefore reasonable to suppose that some ornamenta-
tion behaviors gradually evolved signaling functions. The
‘sexy handaxe’ theory (Burriss 2009; Chang and Nowell
2009; Hayden and Villeneuve 2009; Hodgson 2009; Kohn
and Mithen 1999), and later interpretations of the handaxe
as a ‘bird’s nest’ (Corbey et al. 2016; Wynn and Gowlett
2018), already hinted at this possibility. Likewise, the Bald-
win Effect has been invoked to explain how extended phe-
notypic traits might become genetically or culturally cana-
lized over time (Corbey 2020).

By foregrounding the signaling dimension of orna-
mental artifacts and suspending semiotic assumptions, ar-
chaeological interpretation can become more empirically
grounded. This approach helps avoid projecting cultur-
ally specific meanings onto material remains, especially
in deep-time contexts. Table 1 lists some of the major ad-
vantages of using a framework supported by the Extended
Evolutionary Synthesis versus a framework supported by
semiotic.

FROM ARTIFACTS TO ARTIFACTS LINEAGES
AND TECHNO-LOGIC

If we move beyond semiotic interpretations and use an
evolutionary perspective, the question can become not
whether an artifact “is” a symbol, but rather, how did it
evolve, what is its functional or communicative trajectory,
and what kinds of behaviors led to its proliferation?

To that end, lineage-based and processual frameworks
derived from the philosophy of technology may be useful
to analyze ornamental artifacts not as isolated symbols, but
as evolving technical objects with a developmental histo-
ry. A particularly fruitful source of inspiration here is the
work of Gilbert Simondon, as adapted by archaeologists
such as Boéda (2023; Simondon et al. 2017). In Simondon’s
philosophy, artifacts are not static or ideal types; they are
components of technical lineages that is a concept analo-
gous to biological phylogenies. Each lineage expresses a
trajectory of development, from abstract multifunctional
forms to more integrated and specialized objects. Concreti-
zation is the key mechanism —as artifacts evolve, they shed
functional redundancies and become optimized for specific
uses. For example, in the case of ornamental artifacts, one
might trace the development from:
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* Multipurpose tools with incidental aesthetic qualities
(e.g., handaxes with symmetry), to

* Modified tools occasionally used for display or per-
sonal marking, to

® Specialized artifacts (beads, pendants, engravings) ex-
plicitly designed for bodily adornment or signaling.
This reflects a shift from exapted function to dedicated

function that is a form of technological speciation. Boéda’s

approach, though primarily applied to lithics, provides an
analytical structure for understanding this progression. Si-
mondon’s notion of lineage also entails that:

e standardization emerges not from imposed norms, but
from the internal evolution of the object.

e Artifacts respond to environmental, social, and func-
tional constraints, becoming more stable over time.

e The resulting “techno-logic” reveals the logic of human
behavior embedded in material form, without needing
symbolic inference.

What this alternative framework also offers is a devel-
opmental perspective. Rather than relying on the binary
logic of ‘the symbol,” which tends to group all ornamental
artifacts into a single, undifferentiated “semiotic pile,” this
approach may allow tracking gradual changes in the form,
use, and distribution of ornaments throughout the archaeo-
logical record. Take beads, for instance. Despite their wide
temporal and geographic range, they are still often uniform-
ly labelled as ‘symbols.” This practice limits interpretive nu-
ance. If the first hominin places a “symbol” on their body,
then—according to this binary logic—the body is already
considered fully “acculturated.” Such reasoning halts fur-
ther investigation, leaving no room for understanding how
ornamentation practices might have evolved incremental-
ly. There is little doubt that ornamental artifacts increased
in number and diversity over the course of the Paleolithic,
especially in the case of beads (d’Errico et al. 2023; Mill-
er and Wang 2022). The technological development and
long-term patterning of ornaments remain relatively un-
derexplored. While their symbolic meaning is inaccessible,
large and well-structured datasets—like that of d’Errico
et al. (2023)—could be used to further explore changes in
manufacturing techniques, material sourcing, standard-
ization, or regional transmission. At a broader scale, one
might explore the potential transition from multipurpose
artifacts with incidental aesthetic features (e.g., symmetri-
cal handaxes) to artifacts explicitly created for display or
social signaling (e.g., pendants, beads). This transformation
could then be viewed as a technical and behavioral shift,
rather than as evidence of an immediate symbolic revolu-
tion. While a full elaboration of this method lies beyond
the scope of this paper, we hope to have raised awareness
about its potential. Rather than speculating about meaning,
such a framework could offer a robust structural and epis-
temological basis for understanding change, continuity,
and innovation in ornamental practices.

CONCLUSIONS
Contemporary Homo sapiens live in a world saturated with
symbols. Language, art, institutions, and rituals form com-

plex systems of meaning-making that shape our behavior
and cognition at every level. Given this reality, it is tempting
for archaeologists to search for the origins of this symbolic
condition in deep time. However, as we have shown, this
search can be hampered by problematic assumptions and
epistemologically fragile inferences. Binary distinctions
(symbolic/non-symbolic, human/animal, modern/archaic)
may hinder our understanding of complex and evolving
phenomena such as symbolic behavior. When symbolic be-
havior is treated as a threshold marker for “humanness,”
it invites circular reasoning —we first assume that only hu-
mans have symbols, and then define symbolic artifacts as
being made by humans. This notably applies to Paleolithic
contexts where, as we have argued, semiotic frameworks
become questionable because of our limited capacity to re-
construct the cultural context in which these symbols once
functioned. The triadic relationship between object, rep-
resentamen, and interpretant—so central to Peircean the-
ory— becomes a hypothetical one. We would argue that,
rather than reconstructing the original meaning of signs,
archaeological research often creates parallel signs, project-
ing modern interpretations onto ancient materials without
the ability to verify whether our interpretations are com-
patible with the meaning these symbols once had. This re-
sults in a troubling asymmetry; if the same criteria used to
identify symbolic behavior in the Paleolithic were applied
to non-human animals, then many species—from whales
to birds to chimpanzees—would qualify as symbolic. This
challenges the idea that symbolic behavior is uniquely hu-
man and calls into question the use of symbolic behavior as
a defining trait. Or, to put it differently, if we use the term
‘human’ in such a way (defining human beings as symbolic
beings to an exceptional degree) it becomes a metaphysical
category rather than a biological one. That is not necessarily
objectionable, as long as we are aware of it. We recommend
suspending the concept of symbolic behavior in contexts
where no interpretive continuity with historically attested
symbolism can be established. We encourage a shift toward
processual, evolutionary, and techno-logical frameworks
that allow for gradual, testable, and comparative analysis
of ornamental artifacts, dovetailing with current debates in
contemporary archaeology.

Instead of asking whether an artifact “is” a symbol, we
suggest focusing on exploring how it came into being—
what technological, social, or ecological processes shaped
its production and distribution, and what behaviors or
constraints it reflects. This perspective shifts the focus from
semiotic interpretation toward evolutionary and techno-
logical analysis, which offers different kinds of empirical
and theoretical traction. The approach resonates with the
Extended Evolutionary Synthesis and with work in the phi-
losophy of technology, both of which view artifacts as com-
ponents of evolving material systems rather than as static
symbols. From this angle, artifacts can be studied in terms
of their lineages, functional specialization, and signaling
roles without requiring recourse to speculative symbolic
meanings.

We have argued that symbolic behavior is a problem-
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atic concept because, due to the incompleteness of the ar-
chaeological record, it cannot be conclusively demonstrated
or refuted whether particular artifacts were symbols, nor
can we determine with certainty what they once meant in
Paleolithic contexts. More specifically, we have pointed to
the problematic nature of a binary use of the concept of sym-
bolic behavior in contexts where no interpretive continuity
with historically attested symbolism can be established. In-
stead, we encourage a shift toward processual, evolution-
ary, and techno-logical frameworks that allow for gradual,
testable, and comparative analysis of ornamental artifacts,
dovetailing with current debates in contemporary archae-
ology. In doing so, we will free ourselves from essential-
ist legacies appearing in the binary distinctions (symbolic/
non-symbolic, human/animal, modern/archaic) often used
in the current discourse on symbolic behavior. Instead, we
will begin to construct a more pluralistic, grounded, and
dynamic understanding of human evolution, one that hon-
ors both the complexities of past behavior and the limits of
our interpretive reach.

ENDNOTE

!The call for robust data sets is not new. This has been an ongoing discus-
sion and has been addressed explicitly by Hodder (1982) and Robb
(1998).

ACKNOWLEDGEMENTS

We would like to thank Julien Kloeg for helpful edits and
comments. We would also like to thank Leonardo Carmi-
gnani for our sparring sessions about Eric Boéda and Gil-
bert Simondon. This publication is part of the project en-
titled Neanderthals and “us”: how the golden age of Neanderthal
research challenges human self-understanding with file number
406.21.FHR.011 which is financed by the Dutch Research
Council (NWO).

DATA AVAILABILITY AND PERMITS
No new data were generated or analyzed in this study.

AUTHOR CONTRIBUTIONS:

CREDIT TAXONOMY
K.]J. Kuipers: conceptualization, funding acquisition, meth-
odology, project administration, visualization, writing
original draft, writing review. H. Zwart: funding acquisi-
tion, project administration, supervision, writing review
and editing, validation. M.A. Soressi: conceptualization,
funding acquisition, supervision, validation, writing re-
view and editing.

This work is distributed under the terms of a

Creative Commons Attribution-NonCommer-

cial 4.0 Unported License.

REFERENCES
Alvarez-Alonso, D., de Andrés-Herrero, M., Diez-Herrero,
A., Miralles-Mosquera, S., Sastre Barrio, M.C., Maté-
Gonzdlez, M.A., Nieva Gémez, E., Diaz Delgado, M.R,,
Ruiz Mediavilla, E., 2025. More than a fingerprint on

a pebble: a pigment-marked object from San Lazaro
Rock-Shelter in the context of Neanderthal symbolic
behavior. Archaeol. Anthropol. Sci. 17(6), 131. https://
doi.org/10.1007/s12520-025-02243-1

Aplin, L.M., 2019. Culture and cultural evolution in birds:
a review of the evidence. Anim. Behav. 147, 179-187.
https://doi.org/10.1016/j.anbehav.2018.05.001

Bailey, N.W., 2012. Evolutionary models of extended phe-
notypes. Trends Ecol. Evol. 27(10), 561-569. https://doi.
org/10.1016/j.tree.2012.05.011

Baker, J., Rigaud, S., Pereira, D., Courtenay, L.A., d’Errico,
F., 2024. Evidence from personal ornaments suggest
nine distinct cultural groups between 34,000 and 24,000
years ago in Europe. Nat. Hum. Behav. 8(3), 431-444.
https://doi.org/10.1038/s41562-023-01803-6

Baron, J.P., 2021. Peirce and archaeology: recent approach-
es. Ann. Rev. Anthropol. 50. 187-202. https://doi.
org/10.1146/annurev-anthro-101819-110112

Barzilai, O., Marder, O., Tejero, ].-M., Ayalon, A., Bar-Mat-
thews, M., Abulafia, T., Lavi, R., Goder-Goldberger, M.,
Shemer, M., Edeltin, L., Wiegmann, A., Frumkin, A,
Karasik, A., Yasur, G., Yeshurun, R., Zohar, 1., Berna, F.,
Hans, M., Goldberg, J.S., McDermott, Y., Spurlock, L.,
Pokhojaev, A., Habashi, W., May, H., Sarig, R., Hersh-
kovitz, 1., 2024. Early human collective practices and
symbolism in the Early Upper Paleolithic of southwest
Asia. Proc. Nat. Acad. Sci., U.S.A. 121(51), e2404632121.
https://doi.org/10.1073/pnas.2404632121

Bednarik, R.G., 2005. Middle Pleistocene beads and sym-
bolism. Anthropos 100(2), 537-552.

Binford, L.R., 1962. Archaeology as anthropology. Am. An-
tiq. 28(2), 217-225. https://doi.org/10.2307/278380

Blamires, S.J., Martens, P.]., Kasumovic, M.M., 2018. Fitness
consequences of plasticity in an extended phenotype.

J. Exp. Biol. 221(4), jeb167288. https://doi.org/10.1242/
jeb.167288

-

Boéda, E., 2023. Techno-Logic & Technology: A Paleo-His-
tory of Knapped Lithic Objects. Routledge, London.

Bolhuis, J.J., Giraldeau, L.-A., 2005. The Behavior of Ani-
mals: Mechanisms, Function, and Evolution. Blackwell
Publishing, Malden.

Borau, S., Bonnefon, J.-F., 2020. Gendered products act as
the extended phenotype of human sexual dimorphism:
they increase physical attractiveness and desirabil-
ity. J. Bus. Res. 120, 498-508. https://doi.org/10.1016/].
jbusres.2019.03.007

Botha, R. 2010. On the soundness of inferring mod-
ern language from symbolic behaviour. Cambr. Ar-
chaeol. J. 20(3), 345-356. https://doi.org/10.1017/
50959774310000454

Burriss, R.P., 2009. Symmetry is sexy: reply to Hodgson’s
‘Symmetry and Humans.” Antiquity 83(322), 1170-
1175. https://doi.org/10.1017/50003598X00099452

Byers, A.M., 1994. Symboling and the Middle-Upper Pal-
aeolithic transition: a theoretical and methodological
critique. Curr. Anthropol. 35(4), 369-399. https://doi.

org/10.1086/204291
Camards, E., Cueto, M., Teira, L., Miinzel, S.C., Plassard, F.,




240 * PaleoAnthropology 2026:1

Arias, P., Rivals, F., 2017. Bears in the scene: Pleistocene
complex interactions with implications concerning the
study of Neanderthal behavior. Quatern. Int. 435, 237—
246. https://doi.org/10.1016/j.quaint.2015.11.027

Carmen, R.A., Guitar, A.E., Dillon, HM., 2012. Ultimate
answers to proximate questions: the evolutionary mo-
tivations behind tattoos and body piercings in popular
culture. Rev. Gen. Psychol. 16(2), 134-143. https://doi.
org/10.1037/a0027908

Cartmill, M., 1990. Human uniqueness and theoretical con-
tent in paleoanthropology. Int. J. Primatol. 11(3), 173—
192. https://doi.org/10.1007/BF02192868

Chang, M., Nowell, A., 2009. The case against sexual selec-
tion as an explanation of handaxe morphology. Paleo-
Anthropology 2009, 77-88.

Chase, P.G., 1991. Symbols and Paleolithic artifacts: style,
standardization, and the imposition of arbitrary form.
J. Anthropol. Archaeol. 10(3), 193-214. https://doi.
0rg/10.1016/0278-4165(91)90013-N

Chase, P.G., 1999. Symbolism as reference and symbol-
ism as culture. In: Dunbar, R.I.M., Knight C., Power
C., (Eds.), The Evolution of Culture: An Interdisciplin-
ary View. Edinburgh University Press, Edinburgh, pp.
34-99.

Chase, P.G., Dibble, H.L., 1987. Middle Paleolithic sym-
bolism: a review of current evidence and interpreta-
tions. J. Anthropol. Archaeol. 6(3), 263-296. https://doi.
0rg/10.1016/0278-4165(87)90003-1

Clark, A., 2006. Material symbols. Phil. Psychol. 19(3), 291-
307. https://doi.org/10.1080/09515080600689872

Conkey, M.W., 1987. New approaches in the search for
meaning? A review of research in “Paleolithic art.” J.

Field Archaeol. 14(4), 413-430. https://doi.org/10.1179/

jfa.1987.14.4.413
Coolidge, F.L., Overmann, K.A.,, Wynn, T., 2024. On the

problem of the interpretation of symbols and symbol-
ism in archaeology. In: Overmann, K.A., Coolidge, F.L.
(Eds.), Oxford Handbook of Cognitive Archaeology.
Oxford University Press, Oxford, UK, pp. 299-316.

Coolidge, F.L., Wynn, T., 2016. An introduction to cogni-
tive archaeology. Curr. Dir. Psychol. Sci. 25(6), 386-392.
https://doi.org/10.1177/0963721416657085

Corbey, R., 2005. The Metaphysics of Apes: Negotiating
the Animal-Human Boundary. Cambridge University
Press, Cambridge, UK.

Corbey, R., 2020. Baldwin effects in early stone tTools. Evol.
Anthropol. 29(5), 237-244. https://doi.org/10.1002/
evan.21864

Corbey, R., Jagich, A., Vaesen, K., Collard, M., 2016. The
Acheulean handaxe: more like a bird’s song than a
Beatles” tune? Evol. Anthropol. 25(1), 6-19. https://doi.
org/10.1002/evan.21467

Corbey, R.H.A., and W. Roebroeks. 2001. Biases and double
standards in palaeoanthropology. In: Corbey, RH.A,,
Roebroeks, W. (Eds.), Studying Human Origins. Am-
sterdam University Press, Amsterdam, pp. 67-76.

Culley, E.V., 2016. A Semiotic Approach to the Evolution
of Symboling Capacities During the Late Pleistocene

with Implications for Claims of “Modernity” in Early
Human Groups. Ph.D. Dissertation. Arizona State
University. ProQuest Dissertations & Theses Global
(1827604236).

Currie, A., Killin, A., Lequin, M., Meneganzin, A., Pain, R,,
2024. Past materials, past minds: the philosophy of cog-
nitive paleoanthropology. Phil. Compass 19(6), e13001.
https://doi.org/10.1111/phc3.13001

Davidson, 1., Noble, M., 1992. Why the first colonisation of
the Australian region is the earliest evidence of modern
human behaviour. Archaeol. Ocean. 27(3),135-142.

Dawkins, R., 2016. Extended Phenotype: The Long Reach
of the Gene. University Press, Oxford, UK.

Deacon, TW., 1998. The Symbolic Species: The Co-Evolu-
tion of Language and the Brain. W.W. Norton & Com-
pany, New York, NY.

Dehaene, S., Al Roumi, F., Lakretz, Y., Planton, S., Sablé-
Meyer, M., 2022. Symbols and mental programs: a hy-
pothesis about human singularity. Trends Cogn. Sci.
26(9), 751-766. https://doi.org/10.1016/j.tics.2022.06.010

d’Errico, F., Baker, J., Pereira, D., Alvarez-Fernandez, E.,
Laznickova-Galetova, M., Rigaud, S., 2025. Multivari-
ate analyses of Aurignacian and Gravettian personal
ornaments support cultural continuity in the Early Up-
per Palaeolithic. PLoS One 20(6), e0323148. https://doi.
org/10.1371/journal.pone.0323148

d’Errico, F., Colage, 1., 2018. Cultural exaptation and cul-
tural neural reuse: a mechanism for the emergence of
modern culture and behavior. Biol. Theory 13(4), 213—
227. https://doi.org/10.1007/s13752-018-0306-x

d’Errico, F., Henshilwood, C., Vanhaeren, M., van Niekerk,
K., 2005. Nassarius kraussianus shell beads from Blom-
bos Cave: evidence for symbolic behaviour in the Mid-
dle Stone Age. J. Hum. Evol. 48(1), 3-24. https://doi.
0rg/10.1016/j.jhevol.2004.09.002

d’Errico, F., van Niekerk, K.L., Geis, L., Henshilwood, C.S.,
2023. New Blombos Cave evidence supports a multi-
step evolutionary scenario for the culturalization of
the human body. J. Hum. Evol. 184,103438. https://doi.
0rg/10.1016/j.jhevol.2023.103438

d’Errico, F., Vanhaeren, M., Barton, N., Bouzouggar, A.,
Mienis, H., Richter, D., Hublin, J.-J., McPherron, S.P.,
Lozouet, P., 2009. Additional evidence on the use of
personal ornaments in the Middle Paleolithic of North
Africa. Proc. Nat. Acad. Sci. U.S.A. 106(38), 16051-
16056. https://doi.org/10.1073/pnas.0903532106

d’Errico, F., Villa, P., 1997. Holes and grooves: the contri-
bution of microscopy and taphonomy to the problem
of art origins. J. Hum. Evol. 33(1), 1-31. https://doi.
0rg/10.1006/jhev.1997.0141

de Villiers, T., 2007. Why Peirce matters: the symbol in Dea-
con’s symbolic species. Lang. Sci. 29(1), 88-108. https://
doi.org/10.1016/j.langsci.2006.07.003

Dibble, H.L., Aldeias, V., Goldberg, P., McPherron, S.P.,
Sandgathe, D., Steele, T.E., 2015. A critical look at evi-
dence from La Chapelle-Aux-Saints supporting an in-
tentional Neandertal burial. J. Archaeol. Sci. 53, 649—

657. https://doi.org/10.1016/].jas.2014.04.019




Inferences About Symbolic Behavior * 241

Dixson, B.J.W., 2019. Sexual selection and extended pheno-
types in hHumans. Adapt. Hum. Behav. Physiol. 5(1),
103-107. https://doi.org/10.1007/s40750-018-0106-3

Donald, M., 1991. Origins of the Modern Mind: Three Stag-
es in the Evolution of Culture and Cognition. Harvard
University Press, Cambridge, MA.

Duff, AL, Clark, G.A., Chadderdon, T.J., 1992a. Symbolism
in the Early Palaeolithic: a conceptual odyssey. Cam-
br. Archaeol. J. 2(2), 211-229. https://doi.org/10.1017/
50959774300000597

Dunn, M.J., Hill, A., 2014. Manipulated luxury-apartment
ownership enhances opposite-sex attraction in females
but not males. J. Evol. Psychol. 12(1), 1-17. https://doi.
org/10.1556/jep.12.2014.1.1

Eco, U., 1986. Semiotics and the Philosophy of Language.
Reprint edition. Indiana University Press, Blooming-
ton, IN.

Finlayson, C., Zollikofer, C., Ponce de Ledn, M., Finlayson,
G., Carrion, J., Finlayson, S., Guzman, F.G., Shea, ],
2023. Close encounters vs. missed connections? A criti-
cal review of the evidence for Late Pleistocene hominin
interactions in Western Eurasia. Quatern. Sci. Rev. 319,
108307. https://doi.org/10.1016/j.quascirev.2023.108307

Friedrich, M.H., 1970. Design structure and social inter-
action: archaeological implications of an ethnograph-
ic analysis. Am. Antiq. 35(3), 332-343. https://doi.
org/10.2307/278343

Gargett, R.H., Bricker, H.M., Clark, G., Lindly, J., Farizy, C.,
Masset, C., Frayer, D.W., Montet-White, A., Gamble,
C., Gilman, A., Leroi-Gourhan, A., Martinez Navarrete,
M.E., Ossa, P., Trinkaus, E., Weber, A.W., 1989. Grave
shortcomings: the evidence for Neandertal burial [and
Comments and Reply]. Curr. Anthropol. 30(2), 157-
190. https://doi.org/10.1086/203725

Garofoli, D., 2016. Cognitive archaeology without be-
havioral modernity: an eliminativist attempt. Qua-

tern. Int. 405, 125-135. https://doi.org/10.1016/].
quaint.2015.06.061

Geertz, C., 1964. The transition to humanity. In: Tax, S.
(Ed.), Horizons of Anthropology. Routledge, Chicago.

Gontier, N., Lock, A., Sinha, C., 2024. The Oxford Hand-
book of Human Symbolic Evolution. Oxford Univer-
sity Press, Oxford, UK.

Gordinho, L.D.O., Matheu, E., Hasselquist, D., Neto, ].M.,
2015. Song divergence between subspecies of reed bun-
ting is more pronounced in singing styles under sex-
ual selection. Anim. Behav. 107, 221-231. https://doi.
org/10.1016/j.anbehav.2015.06.024

Guibert, J., Pérez-Balarezo, A., Forestier, H., 2023. Signs of
prehistory. A Peircian semiotic approach to lithics. Ar-
chaeol. Dialogues 30(1), 31-49. https://doi.org/10.1017/
S5138020382300003X

Hawkes, C., 1954. Wenner-Gren Foundation supper con-
ference: archeological theory and method: some sug-
gestions from the Old World. Am. Anthropol. 56(2),
155-168.

Hayden, B., Villeneuve, S., 2009. Sex, symmetry and silli-
ness in the bifacial world. Antiquity 83(322), 1163-1170.

https://doi.org/10.1017/S0003598X00099440

Hays, K.A., 1993. When is a symbol archaeologically mean-
ingful?: meaning, function, and prehistoric visual arts.
In: Yoffee, N, Sherrat, A. (Eds.), Archaeological Theory:
Who Sets the Agenda? Cambridge University Press,
Cambridge, UK, pp. 81-92.

Henshilwood, C., 2014. Origins of symbolic behaviour. In:
McGraw-Hill Yearbook of Science & Technology. Mc-
Graw-Hill, New York.

Henshilwood, C.S., Dubreuil, B., 2009. Reading the arti-
facts: gleaning language skills from the Middle Stone
Age in southern Africa. In: Botha, R., Knight, C. (Eds.),
The Cradle of Language, Oxford University Press, Ox-
ford, UK, pp. 41-61.

Henshilwood, C., d’Errico, F., Vanhaeren, M., van Niekerk,
K., Jacobs, Z., 2004. Middle Stone Age shell beads from
South Africa. Science 304(5669), 404—-404. https://doi.
org/10.1126/science.1095905

Henshilwood, C.S., d’Errico, F., Watts, 1., 2009. Engraved
ochres from the Middle Stone Age levels at Blombos
Cave, South Africa. ]. Hum. Evol. 57(1), 27-47. https://
doi.org/10.1016/j.jhevol.2009.01.005

Hersh, T.A., Gero, S., Rendell, L., Cantor, M., Weilgart, L.,
Amano, M., Dawson, S.M., Slooten, E., Johnson, C.M.,
Kerr, I, Payne, R., Rogan, A., Antunes, R., Andrews, O,
Ferguson, E.L., Hom-Weaver, C.A., Norris, T.F., Bark-
ley, Y.M., Merkens, K.P., Oleson, E.M., Doniol-Valcroze,
T., Pilkington, J.F., Gordon, J., Fernandes, M., Guer-
ra, M., Hickmott, L., Whitehead, H., 2022. Evidence
from sperm whale clans of symbolic marking in non-
human cultures. Proc. Nat. Acad. Sci. U.S.A. 119(37),
€2201692119. https://doi.org/10.1073/pnas.2201692119

Hodder, 1., 1982. Symbolic and Structural Archaeology.
Cambridge University Press, Cambridge, UK.

Hodgson, D., 2009. Symmetry and humans: reply to
Mithen’s ‘Sexy Handaxe Theory.” Antiquity 83(319),
195-198. https://doi.org/10.1017/S0003598X00098197

Hoffmann, D.L., Standish, C.D., Garcia-Diez, M., Pettitt,
P.B., Milton, J.A., Zilhao, J., Alcolea-Gonzalez, ].]J.,
Cantalejo-Duarte, P., Collado, H., de Balbin, R., Lor-
blanchet, M., Ramos-Mufioz, J., Weniger, G.-Ch., Pike,
AW.G,, 2018. U-Th dating of carbonate crusts reveals
Neandertal origin of Iberian cave art. Science 359(6378),
912-915. https://doi.org/10.1126/science.aap7778

Hoffmann, D.L., Angelucci, D.E., Villaverde, V., Zapata,
J., Zilhao, J., 2018. Symbolic use of marine shells and
mineral pigments by Iberian Neandertals 115,000 years
ago. Sci. Adv. 4(2), eaar5255. https://doi.org/10.1126/
sciadv.aar5255

Hovers, E., Belfer-Cohen, A., 2024. A Pleistocene record
of making symbols. In: Wynn, T., Overmann, K.A,,
Coolidge, F.L. (Eds.), Oxford Handbook of Cognitive
Archaeology, Oxford University Press, Oxford, UK,
pp. 485-504.

Hunter, P., 2018. The revival of the extended phenotype.
EMBO Rep. 19(7), e46477. https://doi.org/10.15252/
embr.201846477

Iliopoulos, A., 2016. The evolution of material significa-




242 * PaleoAnthropology 2026:1

tion: tracing the origins of symbolic body ornamenta-
tion through a pragmatic and enactive theory of cog-
nitive semiotics. Signs Soc. 4(2), 244-277. https://doi.
0rg/10.1086/688619

lliopoulos, A., 2019. Material engagement theory and its
philosophical ties to pragmatism. Phenom. Cogn.
Sci.18(1), 39-63. https://doi.org/10.1007/s11097-018-
9596-5

lliopoulos, A., Malafouris, L., 2021. Symbols and material
signs in the debate on human origins. In: Gontier, N.,
Lock, A., Sinha C., (Eds.), The Oxford Handbook of
Human Symbolic Evolution. Oxford University Press,
Oxford, UK, pp. 369-399.

Kerkoerle, T. van, Pape, L., Ekramnia, M., Feng, X., Tas-
serie, J., Dupont, M., Li, X, Jarraya, B., Vanduffel,
W., Dehaene, S., Dehaene-Lambertz, G., 2023. Brain
mechanisms of reversible symbolic reference: a po-
tential singularity of the human brain. https://doi.
0rg/10.1101/2023.03.04.531109

King, B.J., 1994. Evolutionism, essentialism, and an evolu-
tionary perspective on language: moving beyond a hu-
man standard. Lang. Commun. 14(1), 1-13. https://doi.
0rg/10.1016/0271-5309(94)90016-7

Kissel, M., Fuentes, A., 2017. Semiosis in the Pleisto-
cene. Cambr. Archaeol. J. 27(3), 397—412. https://doi.
0rg/10.1017/50959774317000014

Kissel, M., Fuentes, A., 2021. The ripples of modernity: how
we can extend paleoanthropology with the extended
evolutionary synthesis. Evol. Anthropol. 30(1), 84-98.
https://doi.org/10.1002/evan.21883

Klein, R.G., 1995. Anatomy, behavior, and modern human
origins. ]J. World Prehist. 9(2), 167-198. https://doi.
org/10.1007/BF02221838

Kohn, M., Mithen, S., 1999. Handaxes: products of sexu-
al selection? Antiquity 73(281), 518-526. https://doi.
0rg/10.1017/S0003598X00065078

Kuhn, S.L., Stiner, M.C., Reese, D.S., Giileg, E., 2001. Or-
naments of the earliest Upper Paleolithic: new insights
from the Levant. Proc. Nat. Acad. Sci. U.S.A. 98(13),
7641-7646. https://doi.org/10.1073/pnas.121590798

Lala, K.N., Uller, T., Feiner, N., Feldman, M., Gilbert, S.F.,
2024. Evolution Evolving: The Developmental Origins
of Adaptation and Biodiversity. Princeton University
Press, Princeton, NJ.

Lala, K., O’'Brien, M.]., 2023. The cultural contribution to
evolvability. Special Issue: Niche Construction, Plastic-
ity, and Inclusive Inheritance: Rethinking Human Ori-
gins with the Extended Evolutionary Synthesis, Part
1. PaleoAnthropology 2023(2), 164-180. https://doi.

org/10.48738/2023.is52.115
Laland, K.N., 2004. Extending the extended phenotype.

Biol. Phil. 19(3), 313-325. https://doi.org/10.1023/
B:BIPH.0000036113.38737.d8

Laland, K.N., Uller, T., Feldman, M.W., Sterelny, K., Miil-
ler, G.B., Moczek, A., Jablonka, E., Odling-Smee, ]J.,
2015. The extended evolutionary synthesis: its struc-
ture, assumptions and predictions. Proc. R. Soc. B:

Biol. Sci. 282(1813), 20151019. https://doi.org/10.1098/

rspb.2015.1019
Leder, D., Hermann, R., Hiils, M., Russo, G., Hoelzmann,

P., Nielbock, R., Bohner, U., Lehmann, J., Meier, M.,
Schwalb, A., Troller-Reimer, A., Koddenberg, T., Ter-
berger, T., 2021. A 51,000-year-old engraved bone re-
veals Neanderthals’ capacity for symbolic behaviour.
Nat. Ecol. Evol. 5(9), 1273-1282. https://doi.org/10.1038/
541559-021-01487-7

Lindly, ].M., Clark, G.A., Bar-Yosef, O., Lieberman, D., Shea,
J., Dibble, H.L., Chase, P.G., Gamble, C., Gargett, R.H.,
Jacobs, K., Mellars, P., Pike-Tay, A., Smirnov, Y., Straus,
L.G,, Stringer, C.B., Trinkaus, E., White, R., 1990. Sym-
bolism and modern human origins [and Comments
and Reply]. Curr. Anthropol. 31(3), 233-261. https://
doi.org/10.1086/203836

Liu, C., Stout, D., 2023. Inferring cultural reproduction
from lithic data: a critical review. Evol. Anthropol.
32(2), 83-99. https://doi.org/10.1002/evan.21964

Luoto, S., 2019a. An updated theoretical framework for hu-
man sexual selection: from ecology, genetics, and life
history to extended phenotypes. Adapt. Hum. Behav.
Physiol. 5(1), 48-102. https://doi.org/10.1007/s40750-
018-0103-6

Luoto, S., 2019b. Response to commentaries: life history,
genetics, fluid intelligence, and extended phenotypes.
Adapt. Hum. Behav. Physiol. 5(1), 112-115. https://doi.
org/10.1007/s40750-019-0109-8

Lynn, C.D., Puckett, T., Guitar, A., Roy, N., 2019. Shirts or
skins?: tattoos as costly honest signals of fitness and
affiliation among US intercollegiate athletes and oth-
er undergraduates. Evol. Psychol. Sci. 5(2), 151-165.
https://doi.org/10.1007/s40806-018-0174-4

Madden, J.R., 2007. Do bowerbirds exhibit cultures? Anim.
Cogn. 11(1), 1-12. https://doi.org/10.1007/s10071-007-
0092-5

Man-Estier, E., Paillet, P., 2019. See how they fly! Some con-
siderations on symbolic transfers and territories at the
end of Upper Paleolithic. Quatern. Int. 503, 248-253.
https://doi.org/10.1016/j.quaint.2017.12.041

Marean, C.W., Bar-Matthews, M., Bernatchez, ]., Fisher, E.,
Goldberg, P., Herries, A.LR., Jacobs, Z., Jerardino, A.,
Karkanas, P., Minichillo, T., Nilssen, P.J., Thompson,
E., Watts. I, Williams. H.M., 2007. Early human use
of marine resources and pigment in South Africa dur-
ing the Middle Pleistocene. Nature 449(7164), 905-908.
https://doi.org/10.1038/nature06204

Marshack, A., 1991. The Tai plaque and calendrical nota-
tion in the Upper Palaeolithic. Cambr. Archaeol. J. 1(1),
25-61. https://doi.org/10.1017/5S095977430000024X

van Mazijk, C., 2024. Symbolism in the Middle Palaeolithic:
a phenomenological account of practice-embedded
symbolic behavior. In: Wynn, T., Overmann, K.A,,
Coolidge, F.L. (Eds.), The Oxford Handbook of Cog-
nitive Archaeology. Oxford University Press, Oxford,
UK, pp. 1129-1148.

McBrearty, S., Brooks, A.S., 2000. The revolution that
wasn’t: a new interpretation of the origin of modern
human behavior. J. Hum. Evol. 39(5), 453-563. https://




Inferences About Symbolic Behavior * 243

doi.org/10.1006/jhev.2000.0435

Mellars, P., 1989. Major issues in the emergence of modern
humans. Curr. Anthropol. 30(3), 349-385. https://doi.
org/10.1086/203755

Meneganzin, A., Currie, A., 2022. Behavioural modernity,
investigative disintegration & rubicon expectation.
Synthese 200(1), 47. https://doi.org/10.1007/s11229-022-
03491-7

Miller, ].M., Wang, Y.V., 2022. Ostrich eggshell beads re-
veal 50,000-year-old social network in Africa. Nature
601(7892), 234-239. https://doi.org/10.1038/s41586-021-
04227-2

Mithen, S., 2014. The cognition of Homo neanderthalensis
and H. sapiens: does the use of pigment necessarily
imply symbolic thought? In: Akazawa, T., Ogihara, N.,
Tanabe, H.C., Terashima, H. (Eds.), Dynamics of Learn-
ing in Neanderthals and Modern Humans, Volume 2.
Springer Japan, Tokyo, pp. 7-16.

Mithen, S.J., 1991. Ecological interpretations of Palaeoli-
thic art. Proc. Prehist. Soc. 57(1), 103-114. https://doi.
org/10.1017/S0079497X00004916

Noble, W., Davidson, I., 1991. The evolutionary emergence
of modern human behaviour: language and its archae-
ology. Man 26(2), 223. https://doi.org/10.2307/2803830

Noth, W., 2011. From representation to thirdness and repre-
sentamen to medium: evolution of Peircean key terms
and topics. Trans. Charles S. Peirce Soc. 47(4), 445-481.
https://doi.org/10.2979/trancharpeirsoc.47.4.445

Nowell, A., 2006. From a Paleolithic art to Pleistocene visu-
al cultures (Introduction to Two Special Issues on ‘Ad-
vances in the Study of Pleistocene Imagery and Sym-
bol Use’). J. Archaeol. Method Theory 13(4), 239-249.
https://doi.org/10.1007/s10816-006-9020-2

Nowell, A., 2010. Defining behavioral modernity in the
context of Neandertal and anatomically modern hu-
man populations. Ann. Rev. Anthropol. 39(1), 437-452.
https://doi.org/10.1146/annurev.anthro.012809.105113

Peirce, C.S., 1974. Collected Papers of Charles Sanders
Peirce. Harvard University Press, Cambridge, MA.

Piersma, T., 2011. Flyway evolution is too fast to be ex-
plained by the modern synthesis: proposals for an
‘extended’ evolutionary research agenda. J. Ornithol.
152(1), 151-159. https://doi.org/10.1007/s10336-011-
0716-z

Pitarch Marti, A., Zilhao, J., d’Errico, F., Cantalejo-Duarte,
P., Dominguez-Bella, S., Fullola, J.M., Weniger, G.C,,
Ramos-Mufioz, J., 2021. The symbolic role of the un-
derground world among Middle Paleolithic Neander-
thals. Proc. Nat. Acad. Sci. U.S.A. 118(33), e2021495118.
https://doi.org/10.1073/pnas.2021495118

Pomeroy, E., Bennett, P., Hunt, C.O., Reynolds, T., Farr, L.,
Frouin, M., Holman, J., Lane, R., French, C., Barker, G.,
2020. New Neanderthal remains associated with the
‘flower burial’ at Shanidar Cave. Antiquity 94(373),
11-26. https://doi.org/10.15184/aqy.2019.207

Porr, M., 2010. Identifying behavioural modernity: lessons
from Sahul. Bull. Indo-Pac. Prehist. Assoc. 30, 28-34.
https://doi.org/10.7152/bippa.v30i0.12030

Preucel, R.W., 2010. Archaeological Semiotics. John Wiley
& Sons Ltd., Chichester, UK.

Prévost, M., Groman-Yaroslavski, 1., Crater Gershtein,
KM., Tejero, J.-M., Zaidner, Y., 2022. Early evidence
for symbolic behavior in the Levantine Middle Paleo-
lithic: a 120 ka old engraved aurochs bone shaft from
the open-air site of Nesher Ramla, Israel. Quatern. Int.
624, 80-93. https://doi.org/10.1016/j.quaint.2021.01.002

Rendu, W., Beauval, C., Crevecoeur, 1., Bayle, P., Balzeau,
A., Bismuth, T., Bourguignon, L., Delfour, G., Faivre, J.-
P., Lacrampe-Cuyaubere, F., Muth, X., Pasty, S., Semal,
P., Tavormina, C., Todisco, D., Turq, A., Maureille, B.,
2016. Let the dead speak...comments on Dibble et al.’s
Reply to “Evidence Supporting an Intentional Burial
at La Chapelle-Aux-Saints.” J. Archaeol. Sci. 69, 12-20.
https://doi.org/10.1016/j.jas.2016.02.006

Renfrew, C., 1994. The Ancient Mind: Elements of Cogni-
tive Archaeology. Cambridge University Press, Cam-
bridge, UK.

Riel-Salvatore, J., Clark, G.A., 2001. Grave markers: Mid-
dle and Early Upper Paleolithic burials and the use
of chronotypology in contemporary Paleolithic re-
search. Curr. Anthropol. 42(4), 449-479. https://doi.
org/10.1086/321801

Rigaud, S, Manen, C., Garcia-Martinez de Lagran, I,
2018. Symbols in motion: flexible cultural boundar-
ies and the fast spread of the Neolithic in the western
Mediterranean. PLoS One 13(5), €0196488. https://doi.

org/10.1371/journal.pone.0196488
Robb, J.E. 1998. The archaeology of symbols. Ann. Rev.

Anthropol. 27(1), 329-346. https://doi.org/10.1146/an-
nurev.anthro.27.1.329

Rodriguez-Vidal, J., d’Errico, F., Pacheco, F.G., Blasco, R.,
Rosell, J., Jennings, R.P., Queffelec, A., Finlayson, G.,
Fa, D.A., Gutiérrez Lopez, ]. M., Carrion, ].S., Negro, ].J.,
Finlayson, S., Caceres, L.M., Bernal, M.A., Fernandez
Jiménez, S., Finlayson, C., 2014. A rock engraving made
by Neanderthals in Gibraltar. Proc. Nat. Acad. Sci.

U.S.A. 111(37), 13301-13306. https://doi.org/10.1073/

pnas.1411529111
Romandini, M., Fiore, 1., Gala, M., Cestari, M., Guida, G.,

Tagliacozzo, A., Peresani, M., 2016. Neanderthal scrap-
ing and manual handling of raptors wing bones: evi-
dence from Fumane Cave. Experimental activities and
comparison. Quatern. Int. 421, 154-172. https://doi.
org/10.1016/j.quaint.2015.12.078

Schaedelin, F.C., Taborsky, M., 2009. Extended pheno-
types as signals. Biol. Rev. 84(2), 293-313. https://doi.
org/10.1111/1.1469-185X.2008.00075.x

Shea, J.J., 2011. Homo sapiens is as Homo sapiens was. Curr.
Anthropol. 52(1), 1-35. https://doi.org/10.1086/658067

Simondon, G., Malaspina, C., Rogove, J., 2017. On the Mode
of Existence of Technical Objects. University of Minne-
sota Press, Minneapolis, MN.

Sinclair, A., 1995. The technique as a symbol in late glacial
Europe. World Archaeol. 27(1), 50-62. https://doi.org/1
0.1080/00438243.1995.9980292

Sterelny, K., Hiscock, P., 2014. Symbols, signals, and the ar-




244 © PaleoAnthropology 2026:1

chaeological record. Biol. Theory 9(1), 1-3. https://doi.
0rg/10.1007/s13752-013-0154-7

Sterelny, K., Hiscock, P., 2025. Material symbols and
the archaeological record. Biol. Theory https://doi.
org/10.1007/s13752-025-00504-9

Stibbard-Hawkes, D.N.E., 2024. Reconsidering the link
between past material culture and cognition in light
of contemporary hunter-gatherer material use. Be-
hav. Brain Sci. 48, 1-53. https://doi.org/10.1017/
S0140525X24000062

Stock, J., Will, M., Wells, J.C.K., 2023. The extended evo-
lutionary synthesis and distributed adaptation in the
genus Homo: phenotypic plasticity and behavioral
adaptability. Special Issue: Niche Construction, Plastic-
ity, and Inclusive Inheritance: Rethinking Human Ori-
gins with the Extended Evolutionary Synthesis, Part
1. PaleoAnthropology 2023(2), 205-233. https://doi.
0rg/10.48738/2023.iss2.123

Stoczkowski, W., 2002. Explaining Human Origins: Myth,
Imagination and Conjecture. Translated by Mary Tur-
ton. Cambridge University Press, New York, NY.

Tello-Ramos, M.C., Harper, L., Tortora-Brayda, I., Guillette,
L.M., Capilla-Lasheras, P., Harrison, W.A., Young,
AlJ., Healy, S.D., 2024. Architectural traditions in the
structures built by cooperative weaver birds. Science
385(6712), 1004-1009. https://doi.org/10.1126/science.
adn2573

van Heusden, B., 2023. Signs in time: the semiotics of his-
tory and historiography. In: Biglari, A. (Ed.), Open Se-
miotics. Du Sens. L’'Harmattan, Paris, pp. 173-192.

van Leeuwen, E.J.C., Cronin, K.A., Haun, D.B.M., 2014. A
group-specific arbitrary tradition in chimpanzees (Pan
Troglodytes). Anim. Cogn. 17(6), 1421-1425. https://doi.
org/10.1007/s10071-014-0766-8

Wadley, L., 2003. How some archaeologists recognize
culturally modern behaviour: reviews of current is-
sues and research findings: human origins research in
South Africa. S. Afr. J. Sci. 99(5), 247-250. https://doi.

org/10.10520/EJC97635

White, R., 1992. Beyond art: toward an understanding of
the origins of material representation in Europe. Ann.
Rev. Anthropol. 21, 537-564.

Wisher, 1., Pagnotta, M., Palacio-Pérez, E., Fusaroli, R., Ga-
rate, D., Hodgson, D., Matthews, J., Mendoza-Straffon,
L., Ochoa, B., Riede, F., Tylén, K., 2023. Beyond the
image: interdisciplinary and contextual approaches to
understanding symbolic cognition in Paleolithic pa-
rietal art. Evol. Anthropol. 32(5), 256-259. https://doi.
org/10.1002/evan.21996

Wynn, T., 1991. Tools, grammar and the archaeology of
cognition. Cambr. Archaeol. J. 1(2), 191-206. https://
doi.org/10.1017/50959774300000354

Wynn, T., 1996. The evolution of tools and symbolic be-
haviour. In: Lock, A., Peters, C.R. (Eds.), Handbook of
Human Symbolic Evolution. Clarendon Press, Oxford,
UK, pp. 263-287.

Wynn, T., Gowlett, J.,, 2018. The handaxe reconsidered.
Evol. Anthropol. 27(1), 21-29. https://doi.org/10.1002/
evan.21552

Wynn, T., Overmann, K., Coolidge, F., 2024. The Oxford
Handbook of Cognitive Archaeology. Oxford Univer-
sity Press, Oxford, UK.

Zeder, M.A., 2018. Why evolutionary biology needs an-
thropology: evaluating core assumptions of the ex-
tended evolutionary synthesis. Evol. Anthropol. 27(6),
267-284. https://doi.org/10.1002/evan.21747

Zilhao, J., 2006. Neandertals and moderns mixed, and it
matters. Evol. Anthropol. 15(5), 183-195. https://doi.
org/10.1002/evan.20110

Zilhao, J., Angelucci, D.E., Badal-Garcia, E., d’Errico, F,,
Daniel, F., Dayet, L., Douka, K., Higham, T.F.G., Mar-
tinez-Sanchez, M.]., Montes-Bernardez, R., Murcia-
Mascards, S., Pérez-Sirvent, C., Roldan-Garcia, C., Van-
haeren, M., Villaverde, V., Wood, R., Zapata, J., 2010.
Symbolic use of marine shells and mineral pigments by
Iberian Neandertals. Proc. Nat. Acad. Sci. U.S.A. 107(3),

1023-1028. https://doi.org/10.1073/pnas.0914088107




