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Abstract

Evolvability refers to the capacity, ability, or potential of an organism to generate
heritable variation. Under this view, much extragenetic inheritance is regarded not
as noise, fine-tuning, or a luxury add-on to genetic inheritance but as an essential
tool for short-term adaptation. With respect to humans, the cultural contribution to
evolvability is key to understanding evolution. In many instances, cultural inherit-
ance directs genetic inheritance, not the other way around. Culture, being relatively
free from the genetic leash, can produce change that genetic inheritance cannot. Soft
inheritance—the view that heredity can be changed by an organism’s experiences—
has been disdained for over a century, but in light of the recent outpouring of data
demonstrating extragenetic inheritance, defining evolution only in terms of genetic
change ignores half the adaptive process, discarding much of what is interesting and
relevant. Archaeologists can play a key role in evolvability research, given their con-
tributions to topics such as niche construction, modularity, mosaic evolution, and
developmental bias.

Keywords Developmental bias - Evolvability - Exploratory mechanisms - Extended
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Introduction

Evolvability is an important yet slippery biological concept, with myriad facets and
definitions, which easily leads to misunderstandings (Riederer et al., 2022; Snie-
gowski & Murphy, 2006; Wagner & Altenberg, 1996). Pigliucci (2007, p. 2746)
makes this point: “the field is plagued by a variety of hurdles, not the least of which
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there seems to be a variety of (related but not identical) meanings floating around for
the word ‘evolvability.”” Brown (2014) refers to it as being conceptually confusing.
We return to the issue of exactly what evolvability entails in the following section,
but one definition that should find a comfortable home in archaeology is “a property
of living systems that refers broadly to their capacity, ability, or potential to evolve”
(Villegas et al., 2023, p. 35). This equates with “an organism’s capacity to generate
heritable phenotypic variation” (Kirschner & Gerhart, 1998, p. 8420), rather than
having to rely solely on genetic inheritance.

The term evolvability itself has evolved and now is often regarded as a defining
concept within both evolutionary developmental biology (Brookfield, 2009; Brown,
2014; Hendrikse et al., 2007; Kirschner & Gerhart, 1998) and the “extended evo-
lutionary synthesis” (EES) (see below) (Laland et al., 2015; Miiller, 2007, 2017;
Pigliucci, 2008; Pigliucci & Miiller, 2010; Wagner & Draghi, 2010). It has also been
championed as central to mainstream quantitative genetics (Hansen, 2006; Hansen et
al., 2023), molecular evolution, paleontology, and network analysis (Crother & Mur-
ray, 2018; Nuiio de la Rosa, 2017; Wagner & Draghi, 2010). We believe it should be
a key component of archaeological thought too, given the increasing attention paid
to the role of such things as stone tools, ceramic vessels, and the like in human evo-
lution (Leonard & Jones, 1987; O’Brien & Holland, 1995). Conversely, we submit
that if things such as stone tools and ceramic vessels are not regarded as outcomes
of adaptive evolution, it is because researchers (e.g., Bamforth, 2002; Gabora, 2006)
are operating under a narrow understanding of evolution or adaptation that does not
fully recognize the biological significance of cultural adaptation.

Humans, along with many other animals, evolve through both a cultural evolu-
tionary process (Whiten et al., 2011, 2012) and a conventional genetic evolutionary
dynamic, with the two processes closely interacting. Here, culture refers to group-
typical behavior patterns shared by members of a community that rely on socially
learned and transmitted information. It encompasses “all that individuals learn from
others” and provides a flexible means to adjust to new conditions and thus modify
natural selection (Whitehead et al., 2019). However, the vast majority of the litera-
ture on evolution and evolvability largely ignores a role for culture. For example, as
we point out elsewhere (Laland & O’Brien, 2023), the term goes unmentioned in
the leading evolutionary-biology textbook (Futuyma, 2013), which defines evolution
as “the origin and subsequent alteration of the frequencies of genotypes from gen-
eration to generation within populations” (p. 2) and is explicit in asserting that “the
changes in populations that are considered evolutionary “are those that are passed
via the genetic material from one generation to the next” (p. 2; italics added).

Under this view, cultural inheritance plays little or no causal role in evolution,
either because genes are deemed to control almost everything, including culture, or
because adaptive change arising through extragenetic processes (any form of hered-
ity that does not involve genetics) is defined as not being a part of evolution. Granted
this is an undergraduate textbook, but care should be taken in relying only on a gene-
based definition, which is little more than a gussied-up version of the ‘“Weismann
barrier,” a nineteenth-century genetic principle that hereditary information moves
only from genes to body cells, never in reverse. Under this perspective, “adaptation
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is always asymmetrical; organisms adapt to their environment, never vice versa”
(Williams, 1992, p. 484).

In one respect, this is a curious omission, and it biases researchers’ understanding
of the capacity of organisms, especially humans, to evolve and bring about changes
not only in their environments but in themselves as well (Laland & O’Brien, 2011).
If, however, one claims that culture cannot evolve, except perhaps in terms of the
discredited unilinear schemes proposed by nineteenth-century ethnologists such as
Tylor (1871) and Morgan (1877) and which became popular throughout much of
the twentieth century (e.g., Carneiro, 1973; Steward, 1956; White, 1959), then the
issue is moot. Then there are those—for example, Stephen Jay Gould—who con-
sistently have referred to cultural evolution as merely “cultural change,” albeit with
an “explosive Lamarckian mode” (Gould, 2002, p. 914). Gould was “convinced
that comparisons between biological evolution and human cultural or technologi-
cal change have done vastly more harm than good—and examples abound of this
most common of intellectual traps. Biological evolution is powered by natural selec-
tion, cultural evolution by a different set of principles that I understand but dimly”
(Gould, 1987, p. 18).

Finally, there are those who hold the view, dating back decades (e.g., Simpson,
1949), that when culture appeared, humans became exempt from further evolution.
For example, biologist Ernst Mayr opined that “there’s absolutely no chance of the
human species evolving. First of all, we can never speciate. We cover every niche,
every spot on the earth, so there’s no opportunity for isolation. Moreover, I do not
feel there’s any natural selection in any positive sense going on right now” (Angier,
1997, p. 10). Such an argument raises the question of when in the course of a homi-
nin lineage’s history culture became so plastic that it created a shield that natural
selection could not penetrate (Lyman & O’Brien, 1998). The answer, of course, is
that it never did. Recent studies provide clear evidence for natural selection continu-
ing to operate on humans (Beauchamp, 2016; Stearns et al., 2010), often in pulses
(O’Brien et al., 2023), as it has for the last two-million-plus years.

Going hand in hand with the neglect, or denial, of cultural evolution is the fact that
within evolutionary biology, gene-centric, Standard evolutionary theory models con-
tinue to assume primacy. SET emphasizes that relevant variation arises only through
random genetic mutation, relevant inheritance occurs only through DNA, and the natu-
ral selection of genetic variation is the sole cause of adaptation (Laland et al., 2015).
Traditionalists characterize genetic changes as an essential component of adaptation
and speciation, but at best they view extragenetic processes as sometimes playing a bit
part—a nonessential “add-on” (Wray et al., 2014)—in how and why organisms evolve.

We agree that genes are important components of adaptation, speciation, and
inheritance; how could it be otherwise? Rather, our point is that a gene-centric focus
fails to capture all the processes that direct evolution, including how physical devel-
opment influences the generation of phenotypic variation (developmental bias); how
the environment directly shapes organisms’ traits (plasticity); how organisms mod-
ify environments (niche construction); and how organisms transmit more than genes
across generations (Laland et al., 2015). For more traditionally minded researchers,
these phenomena are simply outcomes of genetic evolution. That standpoint shapes
questions and answers alike and leads researchers into viewing some processes as
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uninteresting transients; into assuming that change must be the result of exogenous
triggers; and into thinking that “any and all features of an adapted system should
match some feature of an environment that is external and autonomous” (Andersson
etal., 2014, p. 155).

Conversely, EES, with its emphasis on the developmental processes that cre-
ate novel variants, contribute to heredity, generate adaptive fit, and thereby direct
the course of evolution, turns the analytical focus to the active and central role that
organisms play in shaping not only their own evolution but also the evolution of their
evolution. Two features of EES significant to evolvability are constructive develop-
ment and reciprocal causation. The former refers to an organism’s ability to shape
its own developmental trajectory by continually responding to, as well as altering,
internal and external states; the latter refers to the idea that developing organisms
are not solely products but also causes of evolution (Laland et al., 2015).

While the EES has garnered some attention in anthropological and archaeologi-
cal publications (e.g., Fuentes, 2016; Kissel & Fuentes, 2021; Murray et al., 2021;
Piperno, 2017; Zeder, 2016), we could find no references to evolvability, although it
is hinted at occasionally (e.g., Andersson et al., 2014). We strongly believe, however,
that evolvability can and should be a central focus in all human sciences because
“the nature of human culture becomes less mysterious as allied manifestations are
charted among non-human animals and early hominins, and inferences drawn about
the evolutionary foundations of humanity’s distinctive cultural faculties” (Whiten et
al., 2011, p. 938). From our perspective, culture should be viewed less as a unique
property of our own species and more as a uniquely potent yet general propensity for
adaptive plasticity observed in many animals.

Several years ago, we helped introduce “niche construction theory” (NCT) into
archaeology specifically (Laland & O’Brien, 2010) and the human sciences gener-
ally (Laland & O’Brien, 2011, 2015; see also Smith, 2007a, 2007b). Niche construc-
tion is the process whereby organisms, through their activities, interactions, and
choices, modify their own and each other’s niches, thereby acting as codirectors of
their own evolution as well as that of others (Odling-Smee et al., 1996, 2003). Niche
construction is a key contributor to evolvability because it creates conditions that
lead to “constructing” traits and “recipient” traits being co-expressed (Odling-Smee
et al., 2003), making it possible for selection to operate on those traits together, and
hence for selection to modify the interactions that support them. As such, niche
construction can be viewed as a form of developmental bias that generates clus-
ters of correlated variation among traits (epistasis), making it easier to evolve in
some directions than in others. Because it extends and builds on traditional dual-
inheritance (genetic and cultural) models of cultural evolution that have provided
key insights into human behavior (e.g., Boyd & Richerson, 1985; Cavalli-Sforza &
Feldman, 1981; Feldman & Laland, 1996), NCT is sometimes referred to as “triple-
inheritance theory” (genetic, cultural, and ecological) (Odling-Smee et al., 1996,
2003). NCT is heuristically valuable precisely because it draws our attention to a
range of phenomena that are both important and easy to overlook using only stand-
ard perspectives (O’Brien & Bentley, 2018).

Mathematical models suggest that niche construction resulting from cultural pro-
cesses is likely to be even more potent than gene-based niche construction (Laland
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et al., 2007; Odling-Smee et al., 2003), meaning that cultural niche construction can
modify selection on human genes and actually drive genetic evolutionary events
(Feldman & Laland, 1996; Gerbault et al., 2011; Laland et al., 2001, Laland et al.,
2010; Rendell et al., 2011; Richerson et al., 2010). In short, humans are “the ulti-
mate niche constructors” (Odling-Smee et al., 2003)—a perspective that is right at
home in archaeology, given its long history of investigating human-land relation-
ships (e.g., Adams, 1962; Flannery, 1969; MacNeish et al., 1972; Steward, 1937,
Zubrow, 1971). This recognition on the part of archaeologists undoubtedly led to the
recent attention paid to NCT, and we expect the same will be true of evolvability.

NCT was fairly well-known in the biological sciences by the time our original
article appeared, alongside several experimental archaeological papers (Bleed &
Matsui, 2010; Broughton et al., 2010; Riel-Salvatore, 2010), in a special issue of the
Journal of Archaeological Method and Theory. Our goal was to show that consider-
able archaeological thought fits neatly under the NCT banner. Within a few years,
there were dozens of articles that used NCT to examine a host of issues both in
archaeology (e.g., Bentley & O’Brien, 2019; Boivin et al., 2016; Brock et al., 2016;
Collard et al., 2012; lovita et al., 2021; Murray et al., 2021; O’Brien & Laland,
2012; Riede, 2011, 2019; Riede ef al., 2019; Smith, 2007a, 2007b, 2011a, 2011b;
Stiner & Kuhn, 2016; Thompson et al., 2021; Veatch et al., 2021; Wollstonecroft,
2011; Zeder, 2016) and in other human sciences (e.g., Creanza et al., 2012; Fuentes,
2016; Kendal, 2011; Kendal et al., 2011; Laland & O’Brien, 2015; Odling-Smee
& Turner, 2012; Ready & Price, 2021; Rowley-Conwy & Layton, 2011; Wal-
lach, 2016). Many of those studies were related to plant and animal domestication,
which has long been a focus of both archaeology and anthropology (e.g., Binford,
1968; Braidwood, 1960; Flannery, 1973; Gremillion et al., 2014; Hole et al., 1969;
Kennett, & Winterhalder, B. (Eds.)., 2006; Manning et al., 2014; O’Brien, 1987,
O’Brien & Laland, 2012; Piperno, 2011; Richerson et al., 2001; Rindos, 1984;
Zeder, 2012, 2015).

The strong reception that NCT has received in archaeology can also be tied to a
dramatic rise in the use of evolutionary principles in archaeology generally, espe-
cially given the recognition that artifacts play a significant role in our understanding
of evolution. Stone tools and other artifacts, of course, did not exist in a vacuum;
rather, they reflect concepts, knowledge, and ideas in human brains and expressed in
human behavior. Thus, they were shaped by the same evolutionary processes (e.g.,
selection and drift) as were the somatic (bodily) features of the makers/users of the
artifacts (Dunnell, 1989; Laland, 2004; Leonard & Jones, 1987; O’Brien & Holland,
1995). In other words, “all activities (behaviors) involve artifacts, and so artifacts
don’t just express behaviors, they are part of it” (O’Brien et al., 2005, p. 240).

Despite the enthusiastic reception that NCT has received in archaeology, there
have been fits and starts with successful implementation, some of which seem to
stem from an underappreciation for the kinds of data required for NCT to be more
than simply a new metaphor for human behavior (Brock et al., 2016; O’Brien &
Bentley, 2021; Piperno, 2017; Piperno et al., 2017; Stiner, 2021)—something that
archaeology has seen before (Hardesty, 1980). NCT has steep data requirements and
thus “is no panacea for difficult theoretical and methodological issues. Put bluntly,
it will not ‘magic up’ answers to challenging and often long-standing puzzles”

@ Springer



1084 M. J. O'Brien, K. N. Lala

(O’Brien & Laland, 2012, p. 462). It can, however, greatly assist us in posing ques-
tions that might have escaped attention under standard approaches to the evolution
of human behavior (Fuentes, 2016). The same is true for evolvability. While it is no
panacea for solving tough problems, it, like NCT, has the ability to lead research-
ers to pose important questions that might otherwise have escaped attention. Here,
archaeology already has a head start. Even though the term does not appear in the
archaeological literature, the everyday work of archaeologists is already based on
aspects of evolvability, including niche construction, modularity, plasticity, and
developmental bias, all which we discuss later.

Our goal in the pages that follow is first to describe and then broaden the con-
cept of evolvability, then show how it can play a key role in how we think about the
archaeological record, and then present several examples of how archaeologists have
already contributed to the conversation. We make no claim that evolvability should
immediately become a central focus of the discipline, but as we noted above, we
believe that it can lead to fruitful lines of research, just as NCT has in a short time.
We see our discussion as more or less a primer on the complex topic of evolvability,
leaving it to others to decide its merits (if any) for their own research. For a more
detailed treatment of the topic, especially with respect to the evolvability of early
hominids, readers might want to refer to Laland and O’Brien (2023).

What Exactly Is Evolvability?

Sansom (2008) credits Dawkins (1988) with coining the term “evolvability,”
although it appears that Scottish biologist Sir J. Arthur Thomson (1931) beat him to
the punch a half century earlier (Crother & Murray, 2018). Over the almost one hun-
dred years since Thomson coined the term, there have been countless definitions of
evolvability put forward, and if there is one common theme, it would be “the ability
to evolve” (Crother & Murray, 2018; italics added). There is, however, a subtleness
to that definition. All organisms have the potential to evolve, but is it equal across
all lifeforms? The answer is decidedly “no” because the potential itself is evolvable.

One way of visualizing the plethora of definitions of evolvability is not to view
it as a single idea but rather as “a family of connected but partially distinct ideas
under [a] general umbrella” (Pigliucci, 2008, p. 76). Heritability obviously lies at
the heart of evolvability because without it (as well as variation and sorting mecha-
nisms), nothing can evolve. Some authors explicitly treat heritability as a measure of
evolvability, such as Flatt (2005, p. 306): “the ability of a population to respond to
selection,” whereas others, such as Griswold (2006), focus on the rate of evolution
of a given phenotypic character. Still others define evolvability as “the propensity to
evolve novel structures” (Pigliucci, 2008, p. 76).

To many evolutionary geneticists, the capacity to evolve depends largely on how
much genetic variation there is in a trait. Hence, evolvability equates not only with
the concept of heritability but also with related concepts such as the genetic coef-
ficient of variation (Charlesworth et al., 2017; Houle, 1992). There are advantages
to this perspective, including its wide applicability to diverse biological systems,
accessibility to measurement, and use in short-term prediction (Brigandt et al.,
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2023; Hansen, 2006; Nufio de la Rosa, 2017). One drawback, however, is that by
tying evolvability to statistical patterns of genetic variation and covariation, we over-
look insights into the developmental-mechanistic properties that allow some traits
to evolve more readily than others (mosaic evolution). Our view of evolvability tran-
scends genes and refers to any heritable variation, including cultural traits (Laland
& O’Brien, 2023; Lyman & O’Brien, 1998). A second, obvious drawback to the
standard definition is that it fails to consider how different groups might take differ-
ent pathways to evolutionary change and adaptation.

Following Jablonka and Lamb (2014), we suggest that extragenetic inheritance
should be regarded as an essential tool for short-term adaptation. Different inherit-
ance pathways complement, but do not dominate, each other (Adrian-Kalchhauser
et al., 2021), allowing the system as a whole to respond to features in the environ-
ment that change at different spatial and temporal scales. Only a subset of epigenetic
inheritance has been found to be tightly associated with genetic variation (Jablonka &
Lamb, 2014), and the same holds true for cultural variation (Durham, 1991; Hoppitt
& Laland, 2013; Laland, 2017; Richerson & Boyd, 2005; Whiten et al., 1999). Tight
genetic regulation of epigenetic or cultural inheritance would be maladaptive in rap-
idly changing conditions, given that genetic evolution is too slow to track that change.
That is why culture has a degree of autonomy from genetics: the “leash” (Lumsden
& Wilson, 1981) can’t be too tight, otherwise culture cannot do its evolutionary job.

The Evolution of Evolution

A key question regarding evolvability is whether and how the evolutionary process
itself evolves (Kirschner & Gerhart, 1998; Maynard-Smith & Szathmary, 1995;
Pigliucci, 2008; Uller et al., 2018). Brookfield (2001, p. R107) framed it this way:
“once we think of evolvability as a quantitative trait, merely documenting examples
of evolvability is inadequate. We may say that organisms are evolvable, but com-
pared to what? The danger of evolvability becoming a platitude is obvious, unless
we have a theory predicting that it will itself evolve.”

Given the wide range in lifeforms that exists and has existed—from bacteria,
which are microscopic, asexual, ubiquitous, single-cell organisms, to mammals,
which are macroscopic, sexual, ecologically constrained, multicellular, and often
highly social organisms—is it so difficult to believe that such taxonomic extremes
not only evolve in different ways but have evolved the ability to evolve (Kirschner &
Gerhart, 1998, 2005; Laland & O’Brien, 2023)? For example, animal design since
the pre-Cambrian has involved a succession of new attributes that impacted evolv-
ability, ranging from conserved intercellular signaling pathways and regulatory cir-
cuits, to stable body plans, to the evolution of exploratory mechanisms (discussed
later) and forms of extragenetic inheritance (Kirschner & Gerhart, 1998, 2005).

The important point—and one that is difficult to overemphasize—is that not only
do organisms and their genotypic and phenotypic packages evolve, so too does their
ability to evolve, with organisms and their traits varying in the extent to which they
can generate selectable phenotypic variation, generate fitness difference among her-
itable phenotypes, and inherit those phenotypes through diverse processes (Endler,
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1986). In other words, evolution itself has the capability and ability to evolve. The
same is true for culture, the nongenetic inheritance system that can lead to increased
evolvability of humans, but we need to make a clear distinction—pointed out by one
of our reviewers—between the evolvability of human culture and the evolvability of
humans through culture. Culture evolves but so, too, do its components such as tech-
nology and other aspects of the human-made environment, all of which can make us
more evolvable.

Variation and Variability

Underlying many of the debates over evolvability—and often forgotten in archae-
ology—is the important distinction between variation and variability (Wagner &
Altenberg, 1996), the former being the actual current trait differences within a pop-
ulation and the latter the propensity of characters to vary (Hansen, 2006; Nuiio de la
Rosa, 2017; Pigliucci, 2008). If variation is operationalized through the concept of
heritability, by contrast variability is typically implemented as mutational effects on
diverse traits (Jones et al., 2007). The reasoning here is that the evolvability of traits
depends on the probability that the raw material of novel phenotypic variation will
be generated through mutation and the extent to which mutations affecting one trait
affect, and are affected by, others. We return to this point in the following section.

Although the focus on variability brings advantages with respect to predicting
long-term evolutionary change (Houle et al., 2017), in biology it remains tied to
genetic change, where a statistical approach provides little insight into the mecha-
nistic bases of the character change and little understanding of how different organ-
isms might evolve in different ways (Cordell, 2002). Whether the focus is on vari-
ation or variability, it is difficult to evaluate how the characteristics of cellular,
developmental, and physiological mechanisms might affect the quality and quantity
of phenotypic variation exposed to natural selection (Kirschner & Gerhart, 1998).
For Kirschner and Gerhart, evolutionary change in complex organisms, including
humans, occurs primarily through the mix and match of conserved core units—in
other words, through alterations in the regulatory control of developmental modules,
which channel random mutations into generating adaptively biased patterns of phe-
notypic variation. Kirschner and Gerhart (2005) argue that animals (and many other
organisms too) reduce the number of mutations necessary to produce novel pheno-
typic traits by generating adaptively biased phenotypic variation.

Plasticity and Gene-Culture Co-evolution

To researchers interested in human evolution, gene-centric definitions of evolvabil-
ity are of limited utility because they overlook the fact that, confronted with new
ecological or social challenges, human populations most likely will respond through
cultural rather than genetic evolution. Again, if evolvability refers to a capacity, or
an ability, to evolve (Kirschner & Gerhart, 1998), then to ignore culture is to neglect
the principal means by which our species, and many others as well, generate adap-
tive responses (Avital & Jablonka, 2000; Hoppitt & Laland, 2013; Laland, 2017;
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Whitehead & Rendell, 2014; Whiten et al., 2017). There is now strong evidence
that human evolution, and the evolution of cultural animals in general, has been
shaped by a process of gene—culture coevolution in which cultural processes facili-
tate genetic evolution (Feldman & Zhivotovsky, 1992; Henrich, 2016; Laland, 2017,
Laland et al., 2010; Richerson et al., 2010; Whitehead et al., 2019), including alter-
ing the direction and rate of genetic change. Gene—culture coevolution appears to be
a major form of human evolutionary adaptation (Durham, 1991; Feldman & Laland,
1996; Laland et al., 2001, Laland et al., 2010; Richerson et al., 2010), in part
because there is reliable transmission of behavioral information (Riede, 2019). The
reliability of transmission will differ among traits, but culturally modified selective
environments can produce unusually strong selection that is directionally consistent
over time (e.g., Bersaglieri et al., 2004). Numerous theoretical studies have found
that gene—culture co-evolution is usually faster than conventional biological evolu-
tion, in part because cultural evolution occurs at faster rates than biological evolu-
tion (Henrich, 2016; Laland, 2017; Laland et al., 2010; Richerson & Boyd, 2005).
The contribution of gene—culture coevolution to our ancestors’ evolvability was
probably initially modest but grew over time, as our cultural capacity was enhanced
and our control of the environment increased incrementally (Laland, 2017).

Some of the most compelling examples of plasticity-led evolution (West-Eber-
hard, 2003) arise as genetic evolutionary responses to the cultural activities of
humans (e.g., Laland et al., 2019, 2022; O’Brien & Laland, 2012; Whitehead et
al., 2019). For example, Laland et al. (2010) collated 27 separate genes in humans
believed to have been subject to recent selection and for which the inferred selec-
tion pressure was a change in diet associated with the advent of agriculture. In other
words, the initial and dominant causal effect is (almost certainly) that culture gener-
ated the natural selection of genes, not the other way around, although subsequent
feedback from modified genetics to the cultural trait is also likely. The list of genes
includes those expressed in lactase persistence; the metabolism of carbohydrates,
starch, proteins, lipids, phosphates, plant secondary compounds, and alcohol; and
jaw-muscle fiber and tooth-enamel thickness. Laland and colleagues also collated 30
cases of genes that provide some immunity from, or resistance to, disease or patho-
gens thought to have been promoted by agriculture or other farming practices, with
anemia—malaria resistance being one of the more prominent examples (Durham,
1991). These cases, together with many more identified over the last decade, are
excellent examples of the contribution of human niche construction to evolvability.

Exploratory Mechanisms

Of all the features that contribute to evolvability, exploratory mechanisms are among
the most important (Gerhart & Kirschner, 1997; Kirschner & Gerhart, 1998, 2005;
West-Eberhard, 2003). These complex developmental (key word) systems generate
variation by exploring possibilities, largely at random; testing the functionality of
variants; and then selecting what appear to be the best solutions for regeneration, all
in an iterative developmental process. This process resembles adaptation by natural
selection except that it allows for information gained within a lifetime rather than
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strictly conventional genetic information gained across multiple generations (Laland
& O’Brien, 2023). Across a broad range of conditions, especially in the face of unan-
ticipated circumstances, organisms can often produce highly functional responses
because their exploratory mechanisms confer the flexibility to render workable oth-
erwise disruptive internal changes. The adaptive immune system provides an obvi-
ous example, but there are many more (Gerhart & Kirschner, 1997). Exploratory
mechanisms are tolerant of mutation, internal failure, environmental novelty, noise,
errors, and injury (Gerhart & Kirschner, 1997; Kirschner & Gerhart, 1998, 2005),
and within limits, they are self-correcting in relation to functional demands. They
can adapt to evolutionary changes in other parts of the organism—if, for example,
sensory fields grow or shrink, and the corresponding cortical areas adjust automati-
cally (Gerhart & Kirschner, 1997).

Diverse biological processes, such as the anatomical organization of the brain,
exhibits this form of adaptability. During development, the nervous system gener-
ates excess neurons and neuronal connections and then prunes them, retaining only
those that are needed. Thus, it is not surprising that the vertebrate brain leans heav-
ily on experience (Gerhart & Kirschner, 1997). Exploratory mechanisms also allow
vertebrates to remodel bone and soft tissue in order to respond to various functional
demands (Hall, 2015).

Such processes are extremely relevant to the topic of evolvability because they
reduce the number of mutational steps necessary for adaptive change. For exam-
ple, evolutionary modifications of the shape and size of the vertebrate limb are trig-
gered by mutations in bones that do not require additional and matching mutations
in muscle, nerve, and vascular systems. The latter ride along for free, since they
arise through exploratory mechanisms that search for pathways in which muscles,
nerves, and blood vessels automatically adjust to the skeletal structure (Gerhart &
Kirschner, 1997; West-Eberhard, 2003). As we will see, these “hitchhikers” play an
important role in human evolvability.

Understanding the role of exploratory mechanisms allows us to bypass some of
the arguments that have taken place in archaeology (and biology) with respect to
selection and intent. For example, Huxley (1956) argued that because cultural evo-
lution was “superorganic”—a term made popular by anthropologist A. L. Kroeber
(1917)—and involved the psychosocial realm, it could be directed by human intent
alone. In archaeology, intent and adaptation are often seen as being intertwined.
They also are invoked as “explanations,” being viewed as products of vaguely refer-
enced “selective agents”—elements of the natural or cultural environment that force
human groups to change or face decline or extinction (O’Brien & Holland, 1992).

Lest we be misunderstood, certainly a person who, say, sits down to make
a ceramic vessel will often have an intended outcome in mind. Decision making
serves an important role in introducing variation into a cultural system (O’Brien &
Holland, 1992; Rindos, 1989), but as Flannery (1967, p. 122) pointed out, although
“individuals do make decisions ... evidence of these individual decisions cannot
be recovered by archaeologists.” This does not inevitably produce a conundrum
because evolutionary explanations often focus on why particular behaviors become
fixed, rather than on the sources and kinds of initial variation (Dunnell, 1981).
Exploratory mechanisms in diverse organisms can generate developmental biases
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in the rate of introduction of phenotypic variation, an observation that renders any
focus on human “intent” unnecessarily anthropocentric.

Learning as a Key Exploratory Mechanism

Organisms’ reliance on genetic information constitutes a gamble that current envi-
ronments will resemble past environments, such that traits selected in the past
remain adaptive. However, genes can provide only a long-term forecast based on
what worked previously. Except for microorganisms, genetic evolution is not fast
enough to allow organisms to adjust to sudden or unanticipated changes in condi-
tions. Yet, organisms cannot afford to wait around hoping for a suitable mutation to
save them; they need a capability to cope with their changing and variable environ-
ment now. For many organisms, especially humans, this is where learning, espe-
cially social learning, comes into play. Many animals use social learning—learning
by observing, or interacting with, others (Heyes, 1994)—for any number of adaptive
purposes (Whiten, 2017). Copying others is itself a set of competing strategies, in
that one might preferentially copy by identifying skill level as the main criterion—
copy those who are better at something than you are, copy good social learners, or
copy those who are successful—whereas others might base their decisions on social
criteria—copy the majority, copy kin or friends, or copy older individuals (Kendal
et al., 2018). Social learning is cumulative over generations, as individuals continue
to learn from others, improve on what they learned, and transmit traits to the next
generation, where they might be improved again (Boyd & Richerson, 2005; Tennie
et al., 2009).

Connected to these points is the issue of what makes cumulative cultural evolu-
tion (CCE) an apparently open-ended process in humans (Dean et al., 2014). For
example, to the extent that some nonhuman animals are capable of cumulative cul-
ture, for example by facing the same problem repeatedly, they are seemingly incapa-
ble of producing complex, evolvable traditions as humans do. Pigeons, for example,
can cumulatively evolve a behavior and transmit it through social learning (Sasaki
& Biro, 2017), but they will rapidly reach an optimum where the trajectory of a
cultural lineage is no longer evolvable. Humans seem to be better at getting out of
dead ends—"‘optimization traps”—than other organisms because their traditions are
so evolvable, or “open-ended” (Charbonneau, 2015).

In that vein, Derex (2022) makes a useful distinction between what he calls Type
1 CCE and Type II CCE. Both are involved in improving cultural traits, but Type
1 is capable of exploiting only a given set of natural phenomena, whereas Type 11
recruits additional natural phenomena in order to push the improvement process
further and/or create new cultural traits, thus escaping optimization traps. Winters
(2019) and Charbonneau (2015) argue that this ability is due to the search mecha-
nisms unique to humans, such as the capacity for combinatorial invention. This
aspect of evolvability will come up later in our discussion of modularity and mosaic
evolution.

Socially acquired knowledge can be adaptive because it skims off what appear
to be the best ideas and refines them through a few rounds of cultural and natural
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selection. As with genetic inheritance, here, too, there is a danger that environmental
change will render that information obsolete, but this risk is reduced by the fact that,
compared to genetic evolution, cultural evolution samples relatively recent genera-
tions iteratively, similar to Bayesian updating (Richerson, 2019). In addition, safe-
guards evolve, such as the rapid abandonment of outdated or dysfunctional cultural
knowledge (Rendell et al., 2010). Humans, because of our extremely high degree
of phenotypic plasticity, have the unique and useful ability not only to learn from
others but to learn exactly ~iow and when to learn from others—*"“the social learning
of social learning” (Mesoudi et al., 2016, p. 215)—which is a key component of
human evolvability.

Although the behavioral sciences tend to emphasize social learning, which is not
surprising given the extraordinary ability humans have for substantially accumulat-
ing and retaining socially learned information over generations (Tennie et al., 2009),
humans are not purely social learners. Without individual learners to constantly
sample the environment and produce updated information useful to the group,
it becomes difficult for social learners, who are busy tracking others, to also track
environmental change, unless there is extensive copy error (Rendell e al., 2010)
or recombination of cultural traits (Henrich, 2016). Without a source of variation,
agents simply copy themselves into stasis, which potentially is a recipe for disaster
in the face of a rapidly changing environment (Aoki et al., 2012). Relative to social
learning, learning individually is typically a slow process in which agents use trial
and error to modify existing behaviors to suit their needs. More commonly, a learner
obtains the basic behavior from a parent or master and then begins to tinker with it
with no influence from other people. He or she can then pass the behavior on to oth-
ers—one of the key components of human evolvability.

Invention and Innovation

Phenotypic products that result from learning are inventions and innovations, which
are products of different combinations of individual and social learning. Although
the two terms are often used interchangeably, including in the animal-behavior lit-
erature (e.g., Reader & Laland, 2003), as this article is targeted to archaeologists,
who often make a distinction between the two (see references below), we take a
somewhat more conservative position, defining invention as a novelty and innova-
tion as a novelty that has diffused through a population. If an invention does not
diffuse, then it is not an innovation. This distinction follows the work of Austrian
economist Joseph Schumpeter (1942), and it allows us to keep separate two dis-
tinct processes: the production of variants and the subsequent diffusion of a subset
of those variants. For humans, invention and innovation are obvious processes for
creating new variants (Leonard & Reed, 1993; O’Brien & Holland, 1990, 1995; see
papers in O’Brien et al., 2010), the vast majority of which spread more quickly than
genetic mutations because, again, social learning operates at a faster rate than bio-
logical evolution (Feldman & Laland, 1996).

Biologists grappled with the concept of innovation throughout much of the
twentieth century, in part because there was no agreed-upon definition (Lyman &
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O’Brien, 1998). Mayr (1960, p. 351), for example, defined an innovation as “any
newly arisen character, structural or otherwise, that differs more than quantitatively
from the character that gave rise to it” or “any newly acquired structure or prop-
erty which permits the assumption of a new function.” A few years later he defined
an innovation as “any newly acquired structure or property that permits the perfor-
mance of a new function, which, in turn, will open a new adaptive zone” (Mayr,
1963, p. 602). On the anthropological side, Durham (1991, p. 24), stated that forces
and processes giving rise to cultural innovations have “approximate equivalents” in
genetic mutation and biological speciation. Feldman et al. (1994, p. 49) noted that
the “analogy in culture to mutation in biology is invention and innovation.”

We need to insert a caveat because the words “approximate equivalents” and
“analogy” are misleading and play into a perspective held not only by some biol-
ogists but also by a subsection of the archaeological and cultural-evolution com-
munities (e.g., Bamforth, 2002; Gabora, 2006; Guillo, 2007) that cultural evolu-
tion, although analogous to genetic evolution, is not biological evolution (Laland
& O’Brien, 2023). The problem lies not with the view that cultural evolution is not
genetic evolution; it obviously is not. Rather, the problem lies with the view that
cultural evolution is analogous to genetic evolution. Again, it is not; for many ani-
mals, certainly humans, culture is a vital and central aspect of organic evolution-
ary adaptability. It is a second inheritance system based on learning from others—
what Whiten (2017, p. 1) termed “the extension of biology through culture.” And
nowhere is that extension more evident than in human evolution.

Cultural Traits and Evolvability

Cultural evolution lies at the heart of human evolvability, and cultural traits are
its primary currency. Traits have earned a place of importance in anthropology,
with the twentieth century playing witness to dozens if not hundreds of definitions
(Driver, 1965; Lyman & O’Brien, 2003; McNett Jr., 1979)—similar to the 300-plus
definitions of “culture” that Kroeber and Kluckhohn (1952) cataloged midcentury.
Cavalli-Sforza and Feldman (1981, p. 73) defined a cultural trait in terms that are
applicable to the archaeological record: “the result of any cultural action (by trans-
mission from other individuals) that can be clearly observed or measured on a dis-
continuous or continuous scale.” This includes innovations, skills, and objects.
Like others (e.g., Krause, 1985; Schiffer & Skibo, 1987), we see analytical value
in viewing phenotypic traits as recipes, which include the materials (ingredients)
required to make something, say, a ceramic vessel, and the behavioral rules (instruc-
tions) required to construct and use it. Recipes are often hierarchically structured
(Charbonneau, 2015; Lyman & O’Brien, 2003; Mesoudi & O’Brien, 2008; O’Brien
et al., 2010), with the finished product comprising several behavioral subroutines—
for example, preparation of material, production, and use—each of which in turn can
be subdivided into a sequence of constituent lower-level actions required to com-
plete each subroutine. Hierarchical organization is evolutionarily advantageous when
subunits are repeated in one or more recipes, as repeated subunits must be learned
only once and so reduce the overall costs of learning. This re-use of developmental
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modules is a general feature of evolution (Kirschner & Gerhart, 2005; West-Eber-
hard, 2003) but is no less true of behavior that is organized hierarchically, with sub-
routines and where learning is associated with some degree of both error and cost
(e.g., foraging and tool making). If errors are localized, they are far less likely to
lead to failure. Given the prevalence of hierarchical learning, we would expect to
find evidence of repeated subunits in the archaeological record—for example, where
the same technological component is repeated in a single tool (Mesoudi & O’Brien,
2008). Here is where modularity, mosaic evolution, and developmental bias come
into play.

Modularity

Modularity is a concept with a long history in biology (e.g., Bolker, 2000; Bonner,
1988; Lewontin, 1978; Riedl, 1977; Winther, 2001). It refers to the organization of
an entity, whether an organism or a clay pot, that favors evolvability by allowing
one integrated internal component — a module — to change without interfering with
the rest of the entity: “Simultaneous random changes in many parts of a highly inte-
grated structure are not likely to improve its function, as the chance improvement of
one part will almost always be swamped by deleterious effects in many other parts.
But if the parts are variationally independent, selection gets the chance to tune them
one at a time, thereby improving the probability of finding improvements” (Hansen,
2003, p. 84). Jablonski (2022) makes the point that factors that evidently can pro-
mote evolvability include modularity, albeit contingent on selection being aligned
with either modular structure or morphological integration.

Modularity, at least in concept if not in name, has long been a focus in anthro-
pology (Lyman & O’Brien, 2003) and is playing a growing role in archaeology as
we understand more about complex tools (Charbonneau, 2016), which are often “so
complex that they have to be dissected into simpler components or aspects for an
analysis to be useful” (Cavalli-Sforza & Feldman, 1981, p. 73). This harks back to
Clements’ (1928) remark that the more complex a trait is, the greater number of
“specific elements” it will contain. As Shott and Otarola-Castillo (2022, pp. 80-81)
point out, “even the smallest hafted [projectile] point is made up of parts. To its
users, the different segments or ‘modules’ of a point served different purposes and
were treated differently. From the perspective of hunters, minimally, tip modules ini-
tiated wounds in animal prey, blade modules deepened them, and stems articulated
the exposed blade to the composite tool.”

Numerous studies have examined modularity in projectile points (e.g., Gonzélez-
José & Charlin, 2012; O’Brien et al., 2014; Smallwood et al., 2019; Smith et al.,
2021; Smith & Goebel, 2018). One example is Buchanan ef al.” (2018) analysis of
two readily distinguishable projectile-point types from western North America—
Clovis and Folsom—both of which exhibit fluted bases, with the fluting on Fol-
som points being much more distinctive because of the length of the flutes. Around
12,700-12,600 cal B.P., Clovis points were beginning to be replaced by Folsom
points. The elongation of the channel flake in Folsom points could have been a
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consequence of knappers identifying the benefits of a flute and attempting to aug-
ment those benefits by increasing its length (Buchanan et al., 2018).

It had long been assumed that the shape of Folsom points was more standard-
ized than that of Clovis points, but that proposition had never been tested. Buchanan
and colleagues used geometric morphometric techniques to capture point shape and
then conducted statistical analyses of the variation in Clovis and Folsom bases and
blades. Their results demonstrated that Folsom bases and blades were less variable
than those on earlier Clovis points, which indicated an increase in point standardiza-
tion. That the base and blade portions of Folsom points were less integrated than
they were in Clovis points lends support to the hypothesis that the separate por-
tions of Folsom points were independent modules, one for precise hafting and the
other for penetrating prey. Buchanan and colleagues suggested that several classes of
points intended for different functions may have been in use during the Clovis period
and that, during the subsequent Folsom period, points may have served exclusively
as weapon tips for hunting. This finding forces us to reconsider Shott and Otérola-
Castillo’s (2022) blanket statement cited earlier that different segments or modules
of a point served different purposes and were treated differently. It’s more accurate
to say that in some cases they were treated differently, whereas in others, including
in the case of Clovis, they were not.

One final note on modularity and evolvability: the difference in complexity of
modules. Developmental processes are modular and combinatorial (West-Eberhard,
2003), and the same holds for human developmental processes, including those
expressed in the manufacture of artifacts. This combinatory quality is highly rel-
evant to evolvability. A hafted stone hammer, for example, might have several mod-
ules—a handle, the join, and the working tip—each of which can evolve in its own
way with more or less linkage between component modules. Handles could be made
of, say, wood or metal without changing the tip part. In contrast, a house has many
more potential modules than does the hammer—beams, walls, flooring, location of
windows and entrances, orientation to sun/local winds—and so on. Thus, houses are
generally much more evolvable—as technologies—than hammers because there are
more combinatorial dimensions. However, there are limits to modularity. No mod-
ule is entirely autonomous, and an artifact, like an organism, is a mosaic of inter-
acting elements, with some parts more connected than others. For these reasons,
some human traits, including cultural traits (lineages/traditions) are themselves more
evolvable than others.!

Mosaic Evolution

Like modularity, mosaic evolution has long played a significant role in biological
evolutionary theory (e.g., Stanley, 1979) and paleoanthropology (e.g., Foley, 2016;
Skelton & McHenry, 1998), and it is beginning to play a similar role in archaeol-
ogy (e.g., Darwent & O’Brien, 2006; Mesoudi & O’Brien, 2008; O’Brien et al.,
2010; Prentiss et al., 2016; Smallwood et al., 2019; Smith & Goebel, 2018). Mosaic
evolution depends on the presence of modularity so that modules can evolve inde-
pendently (Carroll, 1997; Foley, 2016). However, as stressed above, not all traits are
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modular, depending on how tightly integrated its components, and no modules are
entirely independent. Where modules are tightly integrated, they may not be able to
evolve independently, or may do so only slowly. Also, ancestral selection can favor
pleiotropic interactions—one trait affecting multiple traits—that organize pheno-
typic variation along a small number of major dimensions (Kirkpatrick, 2009). As
there is greater variability along the dimension than orthogonal to it, it is easier for
the population to evolve in some directions than others.

The rate of change in the evolution of one trait can differ from the rate of change
in another (Smallwood et al., 2019), which corresponds to a difference in evolv-
ability. “Thus, different traits appear and change at different times, and the rates of
evolution vary not just between periods but also between elements of the . . . phe-
notype” (Foley, 2016, p.12). This is not so different from how rates of change work
with the evolution of organisms (Earl & Deem, 2004). To draw a contrast between
modularity and lack thereof, let’s return to our discussion of the difference between
the evolution of Clovis and Folsom points. Recall that the base and blade of Clovis
points evolved together, meaning there was greater covariation between the two—
weak modularity—whereas the base and blade components of Folsom points exhib-
ited lower covariation—strong modularity—than did Clovis points (Buchanan et al.,
2018).

In mosaic evolution, traits can hitchhike, which occurs when two or more traits
are mechanically linked, for instance, through reliance on shared modules, but only
one is being sorted by selection. As a result of the linkage, the “hitchhiker” is also
sorted. This is a general issue within evolutionary biology, where selection for one
character can lead to the selection of other mechanistically linked characters. Sober
(1984) presents a useful example: balls of four different sizes and colors are inserted
into a plastic cylinder that contains four levels, each of which contains holes of equal
size. The holes on each level are larger than those on the levels below. The object is
to get as many balls as possible to the bottom of the cylinder. Shaking the cylinder
distributes the balls to their respective levels. After performing the operation, we
notice that all the balls on the bottom level are green and the balls on each of the
other levels are also segregated by color. The selection process obviously selected
the green balls, so there must be some reason why. In other words, they must have
some property that was being selected for. But is that property smallness or green-
ness? Obviously, it is smallness. There was selection of green objects, but no selec-
tion for greenness. Put another way, we can speak of selection of objects and selec-
tion for properties.

An archaeological example is the use of limestone as a temper in ceramic vessels
from the American Midwest. Around 200 B.C., some small-scale societies began
experimenting with limestone as the primary temper added to clays used to man-
ufacture ceramic cooking and storage containers, and by A.D. 750, limestone had
begun to replace grit in many locales. Limestone offers several experimentally dem-
onstrated benefits to vessel manufacture, including easier workability in some (but
not all) clays. Increased workability facilitates the creation of larger and thinner ves-
sels (Bebber, 2017). Limestone-tempered vessels are also lighter in weight—4.5%
in one unpublished study (M. Bebber, pers. comm.). The question is, which trait
was the target of selection? Careful analysis of a variety of evidence, together with
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applying the principle of parsimony to weed out possible candidates, identified wall
thickness as the major target of selection, with clay workability and vessel weight
being hitchhikers (Mika et al., 2023). Here, the archaeologist is playing the role of
the developmental biologist or evolutionary developmental (“evo-devo”) researcher,
in identifying the underlying mechanistic detail(s) necessary to specify which trait is
“selected for,” which trait or traits are the result of “selection of,” and, crucially, why
these traits are selected together.

Developmental Bias

To place developmental bias in perspective, we have to first introduce the concept
of constraint, which is one of the most misunderstood, and hence misused, concepts
in evolutionary biology (Antonovics & Van Tienderen, 1991; Laland & O’Brien,
2023)—and in archaeology as well. Evolutionary constraints are “restrictions, limi-
tations, or biases on the course or outcome of adaptive evolution. The term usually
describes factors that limit or channel the action of natural selection. Constraints
occur when a trait is precluded from reaching, shifted away from, or slowed down
in its approach to a (defined) selective optimum” (Hansen, 2015, p. 1; italics added).
However, the concept of “constraint” understood in this way is of limited explana-
tory value, as it can at best explain why evolution or adaptation has not occurred.
Quite naturally, evolutionary researchers focus on what they perceive to be the
causes of adaptation and diversification rather than on factors that thwart such
processes.

Conversely, the term developmental bias, which has derived currency in the field
of evo-devo, captures the idea that developmental systems tend to generate some
characters or trait combinations more readily than others (Uller et al., 2018). It is
not simply the inverse of constraint, given that traits arise in a probabilistic rather
than an all-or-nothing manner. From an evo-devo perspective, developmental bias
partly explains what does occur rather than what does not, since it is focused on the
variation that is commonly produced. Crucially, it is relevant to explaining adap-
tive evolution—and not only of neutral traits, as is often assumed. Researchers have
established that it is possible to understand some patterns of natural variation, rang-
ing from the number of rodent teeth to the shape of fruit-fly wings, as prevalent
because those variants are more likely to arise through developmental processes.
This does not mean that there is no role for natural selection but rather that it can
operate only on the variation that arises. In other words, selection takes populations
along pathways in phenotype space created by the mechanisms of development. This
makes developmental bias a much more significant concept in evolutionary explana-
tion than developmental constraint. In the same way that rodents’ teeth are develop-
mentally biased to evolve collectively as a unit, and that different features of fruit fly
wings are biased to coevolve, so too were the bases and blades of Clovis points.

That said, however, we emphasize that we are not implying that developmental
constraint plays no role in evolution. Constraint can be viewed as one end of a prob-
abilistic continuum of biased variation, the end at which the probability of certain
forms arising is close to zero. For example, Charbonneau (2018, p. 79) asks why a

@ Springer



1096 M. J. O'Brien, K. N. Lala

stone trilobate arrowhead—one that has three wings or blades—is not found in the
archaeological record and then provides an answer:

This has to do with the constraints imposed by the conchoidal fracturation
process exploited by traditional flintknapping techniques. When a knapper
produces such fractures on a core through percussion or pressure, the fissures
travel roughly parallel to the surface of the core until they reach one of the
core’s surfaces. Knapping trilobate arrowheads would necessitate that frac-
tures stop somewhere halfway through the core and then come back toward
the hammered platform’s surface, which contradicts the physical nature of the
fracturing process.

Eren er al. (2018, p. 70) put it even more simply: “A knapper cannot strike a
spherical flake. Nor can a knapper remove a cylindrical flake from the center of a
core.” Back to trilobate arrowheads, it’s critical to note that the constraint on that
form of arrowhead is not universal; they have been found in the archaeological
record made from bone, ivory, and metal—but not from stone (Delrue, 2007). This
suggests that metal, for example, is more “plastic” than stone, making metal technol-
ogy potentially more malleable/evolvable than stone-based technology.

Biases can be mechanical, structural, or even cultural and can help explain pat-
terns of parallel cultural evolution observed in the archaeological record (e.g., Adler
et al., 2014; Fitzhugh & Chaussonnet, 1994; McGhee, 2018; O’Brien & McGhee,
2020), just as they can account for the parallel evolution of cichlid jaws and but-
terfly-wing patterns (Laland et al., 2015; Uller et al., 2018). For example, the uni-
formity in shape of Folsom points from across much of the western United States
apparently was the result of strong mechanical biases imposed by preparations for
successful fluting (Buchanan ez al., 2018). Sometimes, however, there are evolu-
tionary workarounds, which illustrates why the all-or-nothing concept of constraint
is suboptimal and developmental bias a more accurate description of the process.
Recall our discussion of the evolution of thin-walled cooking vessels in the Ameri-
can Midwest, which is an excellent example of opening up new structural possi-
bilities by changing the “developmental” construction process. Midwestern potters
were always experimenting with ways to manufacture thinner-walled cooking ves-
sels. The key was switching to limestone as a temper (Braun, 1983; Hoard et al.,
1995), which within several hundred years came to dominate midwestern ceramic
recipes (Mika et al., 2023; O’Brien, 1996; O’Brien et al., 1994). This is conceptu-
ally similar to the butterfly genus Heteropsis, which bucks the general trend in its
clade by having evolved the ability to control each eyespot’s color independently
(Brattstrom et al., 2020). As is often the case, evolution found a work-around.

A third kind of bias is more cognitive. Continuing with our midwestern pottery
example, we cannot imagine that decorations engraved or incised in vessel-wall
exteriors were mechanically or structurally relevant. We might, however, find that,
despite the wide range of decorative variants possible in the world, there are some
that the groups using the pots strongly prefer, perhaps because they carry some
symbolic significance or act as ethnic markers (Braun, 1991; Braun & Plog, 1982;
O’Brien & Holland, 1992). Thus, decorations will be channeled toward a preferred
range of variants, and as long as pottery makers remain within the acceptable or
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appropriate range, their cultural fitness is not affected adversely. But pottery makers
who consistently defy the limits of acceptability could plausibly have their biologi-
cal fitness affected—such as being expelled from a community.

Concluding Remarks

As hopefully is evident by now, our position is that culture evolved as a vehicle
for evolutionary adaptation to rapid environmental change (see Laland & O’Brien,
2023 for a more-extensive treatment). We see this in other cultural animals (Aplin,
2019; Avital & Jablonka, 2000; Hoppitt & Laland, 2013; Laland, 2017; Whitehead
& Rendell, 2014; Whiten, 2012, 2017), but the cultural component of evolvability
hits its stride with humans, who have an ability and capacity for culture, and hence
for evolvability, not seen in other organisms. This need not imply that humans are
more evolvable than other organisms—other taxa may derive their evolvability from
alternative mechanisms, including other forms of extragenetic inheritance. Rather,
recent findings from evolutionary biology mean that we should be open to the idea
that humans might achieve adaptive solutions faster, or slower, than other species
and that human traits will vary in their evolvability too.

As we remarked earlier, evolvability, despite being an “umbrella” for con-
nected but partially distinct ideas (Pigliucci, 2008), has at its core “the ability
to evolve” (Crother & Murray, 2018). Instead of waiting for genetic inheritance
to (hopefully) find a way out of an environmental jam, organisms, especially
cultural organisms, have the potential to generate phenotypic change through a
mix of extragenetic and genetic inheritance. For example, recent research has
shown the possible effects of dramatic climate change in the Early and Middle
Pleistocene, including a depopulation of Europe (Margari et al., 2023) and a
117,000-year bottleneck in Africa and Eurasia that could have resulted in as few
as 1280 breeding individuals remaining (Hu et al., 2023). In those cases, genes
undoubtedly played a role in hominins’ ability to eventually rebound in terms
of numbers, but it seems undeniable that extragenetic inheritance played a sig-
nificant role as well. The important point is not simply that genotypic and phe-
notypic features evolve—we don’t need a concept of evolvability to tell us that.
Rather, the important point is that not only do organisms evolve but so too do
their ability and capacity to evolve. Of specific relevance to archaeologists is the
recognition that the evolution of culture massively souped-up our species’ abil-
ity to evolve, both through cultural change itself, where humans solve numerous
adaptive problems, and through gene—culture coevolution, which often arises
when cultural evolution alone can’t do the job (Laland & Brown, 2006).

The explosion of interest in extragenetic, particularly epigenetic, inheritance
over recent decades (e.g., Bonduriansky & Day, 2018; Danchin et al., 2019;
Jablonka & Lamb, 1995) makes it clear that natural selection operates on epi-
genetic and cultural variation, just as it does on genetic variation. The SET sees
a role for epigenetic and cultural inheritance, but it is a minor one (Wray et al.,
2014). Conversely, the EES views genetic, epigenetic, and cultural variation
to all be targets of selection (Laland et al., 2014, 2015); they are conjoined,
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interacting processes that help the organism adapt to changes in the environ-
ment, whatever the rate of change.

As animal-behavior researchers have shown over the last several decades, no
longer can culture and social learning be viewed as the province of large-brained
mammals, including humans, but rather as widespread phenomena across the ani-
mal kingdom. We know quite a bit about how culture evolved, but we need to ask
why it evolved in the first place. This question may currently be unanswerable, but
significant strides have been made in getting us closer to an answer (Boyd & Rich-
erson, 1985; Henrich 2016). This hinges, though, on a shift in analytical focus from
the slowly changing aspects of evolutionary adaptation—and the most stable com-
ponents of inheritance (genetic processes)—to a focus on the fast-paced aspects of
adaptation that diverse forms of evolvability afford (Laland & O’Brien, 2023).

Houle et al. (2023, p. 384) believe that “one of the reasons that evolvability
research has been and will continue to be productive is that it has provided a theme
that unites disparate fields. This unity serves to explain the disposition of geneticists,
developmental and systems biologists, and paleontologists to exchange ideas about
evolvability.” We agree, but don’t forget the archaeologists. Who better positioned
to take a prominent seat at the table than archaeologists, who have many thousands
of years of data that are relevant to the EES? In addition, archaeologists are already
predisposed to making significant contributions to the study of human evolvability,
given their interest in niche construction, modularity, mosaic evolution, and devel-
opmental biases. We noted in our first paper on NCT and archaeology (Laland &
O’Brien, 2010) that as much as we hoped that archaeologists would begin to use
NCT in their research, we also hoped it would not be an alternative “just-so” evo-
lutionary story nor be so open and vague that it could “explain” any conceivable
dataset. To be useful, it must encourage rigorous science. Given the careful thought
that archaeologists are putting into not only using NCT but adding to the theory, any
fears we had have been largely dispelled. We feel the same about evolvability. All
that is required is to keep front and center the view that “not only has life evolved,
but life has evolved to evolve” (Earl & Deem, 2004, p. 11536).
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