CHAPTER ONE

“Do humans only do what they are good at?”.
Distinguishing between daily behaviors and evolved
functional adaptations in fossil hominins

Fotios Alexandros Karakostis"?3

Abstract

In the introductory chapter of this edited volume, | argue that paleoanthropologi-
cal research on hominin behavioral evolution tends to overlook the conceptual
distinction between a species’ basic anatomical capacity to carry out a certain
physical task (e.g., the ability to climb), its evolved biomechanical efficiency in
performing that activity (e.g., arboreal climbing efficiency), and each individual's
habitual physical activities (e.g., frequency and intensity of climbing throughout
life). Using a few key examples from the literature, | posit that the lack of this theo-
retical distinction can compromise the integrity of paleoanthropological hypoth-
eses and interpretations surrounding hominin biocultural evolution. Lastly, this
chapter encourages future evolutionary studies to always strive to address all
three behavioral components (capacity, evolved efficiency, and habitual behav-
ior), relying on appropriate methods (and morphological traits) for each of them.

INTRODUCTION

Reconstructing habitual behavior in the past comprises a major objective
of archaeological sciences centered on bio-cultural evolution. One of the
most fundamental components of a population’s behavior involves its
daily bodily activities, which form the physical expression of its cultural
and subsistence practices in response to the dynamic conditions of the
surrounding environment. Essentially, reconstructions of physical activ-
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ity attempt to answer the fundamental question of “What did people do
in the past?”, seeking to piece together mild and fragmentary reflections
of hominin daily life, subsistence strategies, social hierarchy, symbolic
behavior, and cultural practices. The importance of this difficult objec-
tive, which is sometimes referred to as the “Holy Grail of
Bioarchaeology” (Jurmain et al. 2011), has led to the emergence of an
entire field of evolutionary research, involving a plethora of proposed
theoretical concepts, methods, and techniques (e.g., Karakostis and
Harvati 2021; Kivell 2016; Wallace et al. 2017). Naturally, reconstruct-
ing human behavior based on dry skeletal remains is always an arduous
endeavor due to the inherent complexity and diversity of human behav-
ior, combined with the multifactorial etiology of bone morphological
variation (Pearson and Lieberman 2004; Ruff et al. 2006; Schrader 2019;
Wallace et al. 2017).

In evolutionary anthropology, numerous previous studies have relied
on reconstructions of physical activity to address some of the most funda-
mental questions on human evolution, such as the emergence of obligate
bipedal locomotion in early hominins (e.g., Daver et al. 2022; Richmond
and Jungers 2008), the earliest evidence of habitual stone tool use (e.g.,
Karakostis et al. 2021; Kivell 2015; Marzke 1997, 2013), behavioral and
cultural differences across recent hominins (e.g., Neanderthals and mod-
ern humans; see Bardo et al. 2020; Karakostis et al. 2018; Maki and Trin-
kaus 2011; Niewoehner 2006; Pearson et al. 2006), the tool-making abil-
ities of enigmatic fossil hominins (i.e., Homo naledi, Homo floresiensis,
and Homo luzonensis; see Détroit et al. 2019; Kivell et al. 2015; Tocheri
et al. 2007), or the proposed emergence of key aspects of behavioral
modernity in Homo sapiens, including division of labor, greater environ-
mental adaptability, and the production of sophisticated artifacts (e.g.,
see Estalrrich and Rosas 2015; Karakostis et al. 2020; Niewoehner
2001).

Typically, most anthropological studies addressing these major evolu-
tionary questions have relied on comparing skeletal functional morphol-
ogy across diverse hominin species and comparative samples of extant
species (e.g., Dunmore et al. 2020; Kivell 2015; Marzke 2013; Marzke et
al. 2010). Such morphological markers of activity are associated either
with species-wide evolutionary adaptations to increased biomechanical
efficiency (e.g., bone shape and joint configurations that allow efficient
climbing locomotion or dexterous “in-hand” manipulation of objects) or
lifetime alterations in bone morphology due to phenotypic plasticity and
biomechanical loading history (Ruff et al. 2006). The latter mainly
involve variation in long bone cross-sectional geometry, trabecular mor-
phology, pathological lesions potentially associated with intense physical
stress (e.g., osteoarthritis), and the morphology of muscle attachment
sites on the bone surface (or “entheses”) (e.g., Kivell 2016; Schrader
2019; Stock and Shaw 2007; Wallace et al. 2017). The basic premise of
reconstructing activity based on most of these activity markers relies on
the broad concept of “bone functional adaptation”, according to which
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bone form (size and shape) is expected to adapt to altered physical sti-
muli both before and after adulthood (Pearson and Lieberman 2004; Ruff
et al. 2006).

Even though the reliability of many of these activity markers has been
often questioned due to (mainly) their multifactorial etiology and the lack
of supporting laboratory evidence (Schrader 2019; Wallace et al. 2017;
Wallace et al. 2022), some of them have been repeatedly validated
through extensive experimental work (e.g., Lieberman et al. 2004; Shaw
and Stock 2009; Wallace et al. 2022). This includes a method I intro-
duced in 2016 (Karakostis 2015; Karakostis and Lorenzo 2016), recently
named the “Validated Entheses-based Reconstruction of Activity”
(VERA) approach (see literature reviews by Karakostis 2022, and Kara-
kostis and Harvati 2021), whose reliability has been supported in several
studies involving diverse laboratory animals (e.g., Castro et al. 2022;
Karakostis, Jeffery, et al. 2019, Karakostis, Wallace, et al. 2019; Kara-
kostis and Wallace 2023) as well as human skeletons with a universally
unique level of long-term occupational documentation (Karakostis et al.
2017; Karakostis and Hotz 2022). In this volume, a detailed critical
review of most of the above activity markers has been provided in the
chapter of this book authored by Dr. Jane Buikstra.

This chapter posits that the conceptual distinction between habitual
physical activity and evolutionary functional adaptation is often unclear
in the paleoanthropological literature centered on hominin biocultural
evolution. In contrast, the above skeletal markers of “habitual activity”
and “biomechanical efficiency” are typically lumped together as vague
indicators of human behavior. This misconception, however, implies that
an individual’s daily living conditions and activities directly reflect its
species’ evolutionary history, thus underestimating the crucial effects of
environmental and/or cultural factors on an individual’s behavior. Here, I
argue that this practice directly compromises the reliability of our
hypotheses and interpretations surrounding the evolution of hominin
behavior. This commentary paper, which forms the introductory chapter
of this edited volume, is divided into three main sections:

1. Habitual activity versus evolved efficiency

2. Fake it until you make it? Habitual tool use versus tool-using
dexterity in early hominins

3. Neanderthals: Strong yet precise?

HABITUAL ACTIVITY VERSUS EVOLVED EFFICIENCY

By inferring hominin daily physical behavior based on skeletal markers
of species-wide biomechanical efficiency (e.g., manual dexterity), it is
effectively implied that hominin individuals habitually performed what
they were best adapted for (from birth). This viewpoint blatantly over-
looks the existence of ecological constraints that regulate the conditions
of a population’s fitness within an everchanging environment, which are
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bound to vary greatly in time and space throughout a species’ evolution-
ary history. Moreover, in an evolutionary context, it seems unlikely that
the efficient performance of an activity can be naturally selected before
this behavior is even practiced at all (at least to some degree) by a species
or population that had not yet developed such efficiency (with the excep-
tion of behaviors that depend on functional traits resulting from exapta-
tion). Furthermore, using evolved traits to reconstruct habitual activity
also underestimates the weight of cultural variability that may often be
unrelated to the biomechanical constraints of our evolutionary history.
This is especially the case for the more recent and larger-brained homi-
nins (e.g., Neanderthals and early modern humans), who have been asso-
ciated with sophisticated cultural practices (Villa and Roebroeks 2014).

The importance of conceptually distinguishing between skeletal
markers of habitual activity (associated with phenotypic plasticity) and
biomechanical efficiency (resulting from evolutionary adaptation) is
graphically demonstrated in the example of Figure 1 (more information
provided in its legend), which focuses on arboreal climbing behaviors in
chimpanzees and modern humans (Fig. 1). As presented in that graph,
humans and chimpanzees share the basic functional capacity for per-
forming arboreal climbing (represented by the left circle of the figure).
Nevertheless, due to a series of evolutionary species-wide adaptations,
chimpanzee bodies are much more efficient in climbing trees (the high-
lighted area of the left circle). If this comparative framework was used to
infer daily behavior in individuals of these species, the conclusion would
be that no modern human is habitually involved in arboreal climbing.
However, as shown in the examples of the two bottom pictures, there are
humans who habitually climbed throughout their lives (and cases of
chimpanzees that never did; see Wallace et al. 2020). The behaviors
depicted in these examples are in line with the specific individuals’ envi-
ronmental contexts and demands (represented by the right circle of the
figure).

Evidently, these daily physical practices are not expected to silence
the presence of genetically determined anatomical traits associated with
climbing efficiency in a species (e.g., the occurrence of curved phalanges
in chimpanzees), as previously demonstrated (e.g., Wallace et al. 2020).
These habitual activities, however, might influence the morphology of
bone traits affected by biomechanical stress throughout life (see section
above), including internal bone structures and entheseal 3D surface mor-
phology (e.g., Karakostis et al. 2019; Karakostis and Harvati 2021;
Kivell 2016; Macintosh et al. 2017; Shaw and Stock 2009; Wallace et al.
2017).

"FAKE IT UNTIL YOU MAKE IT?": HABITUAL TOOL USE VERSUS TOOL-
USING DEXTERITY IN EARLY HOMININS

The origins of human-like stone tool use represent one of the most crucial
research questions in human evolutionary sciences. Traditionally, habit-
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Habitual

Behavior

Increased \
Efficiency

Example: Arboreal Climbing
Capacity: Pan and Homo
Evolved Efficiency: Pan > Homo
Habitual Behavior depends on Conditions

ual stone tool use had been broadly associated with the emergence of the
genus Homo. However, this viewpoint has now shifted due to the recent
discovery of proposed stone tool industries predating our genus
(Harmand et al. 2015) and the identification of australopithecine hand
skeletons bearing anatomical indications of increased manual dexterity
(e.g., Dunmore et al. 2020; Kivell 2015; Kivell et al. 2018). For instance,
Australopithecus sediba and—to a lesser degree—Australopithecus afa-
rensis exhibit a thumb that is proportionally much longer than in chim-
panzees, arguably facilitating the efficient performance of human-like
precision grips involving interactions between the thumb and the fingers
(Kivell et al. 2018). Relying on such observations, previous research sug-
gested that these species may have been the producers and users of early
stone tool industries (Kivell 2015). Based on a similar theoretical princi-
ple, a previous biomechanical modeling study proposed that
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Fig. 1.

Above: Graphic summary of
the distinction between the
three components of human
behavior discussed in this
chapter, defined as “Capacity”
(both anatomical and cogni-
tive), “Efficiency” (evolved
species-wide functional adap-
tations), and “Habitual
Behavior” (physical activities
frequently and/or intensively
performed by an individual).
Each individual has the basic
ability to perform an extensive
range of physical tasks (left
circle representing
“Capacity”). Nevertheless,
some species are better
adapted for some of these
activities compared to others
(lower area of left circle, rep-
resenting “Efficiency”).
Depending on the environmen-
tal and cultural conditions of a
geochronological context (right
circle), the “Habitual
Behavior” of an individual (or
population) may potentially
include daily activities for
which its species is not best
adapted (in comparison to
other species).

Below: When focusing on the
simple example of arboreal
climbing (lower part of the
graph), both humans and chim-
panzees show the ability to
carry out this physical task,
with chimpanzees being more
efficient (due to extensive evo-
lutionary functional adapta-
tions). Nevertheless, there are
modern humans known to
habitually climb trees through-
out their lifetime (bottom right
picture, freely accessible at
the website www.pexel.com)
and chimpanzee individuals
that never climbed a single
tree (bottom left picture,
derived from a panel of a figure
previously published in
Wallace et al. 2020; License:
CC BY-NC-ND 4.0; https://cre-
ativecommons.org/licenses/by-
nc-nd/4.0/).
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Australopithecus afarensis was likely not the producer of the oldest pro-
posed stone tools (the Lomekwian industry) because of its fifth digit’s
low force-producing efficiency, which might have prevented it from
habitually manipulating the large Lomekwian cores and tools (Domalain
etal. 2017).

However, despite the great importance of these functional adaptations
and their crucial implications for the biomechanical evolution of hominin
dexterity, the etiology of these traits seems to be unrelated to phenotypic
plasticity and daily manual behavior. As summarized in Figure 2, all
hominins seem to have been capable of human-like precision grasping,
regardless of the suggested comparatively low efficiency of some homi-
nins (e.g., Australopithecus) in opposing their thumb and fifth rays
(Domalain et al. 2017; Hopkins et al. 2002; Karakostis et al. 2021;
Marzke et al. 1999). Assuming that the cognitive capacity of a fossil
hominin species would have permitted its individuals to mentally con-
ceive the production of stone tools, and that using tools would have been
both feasible and beneficial within a particular environmental context, it
seems nonsensical that these individuals would decide not to use stone
tools because their hands were comparatively less dexterous than those
of another hominin species (i.e., our comparative samples in an analysis).
In fact, considering that early hominins were probably fully capable of
precise manipulation (such as all extant great apes; Hopkins et al. 2002),
it seems very unlikely that they would only start using stone tools after
their manual efficiency gradually increased. In contrast, unless hominin
tool-using behaviors arose and evolved exclusively through exaptation, it
seems more plausible that the adaptive value of tool-using dexterity grew
in hominins who were already using stone tools (at least to some degree)
and whose fitness could thus directly benefit from higher manipulatory
efficiency (see discussion in Kunze et al. 2022).

In two recent studies (Karakostis et al. 2021; Kunze et al. 2022), my
collaborators and I addressed early hominin biomechanical efficiency
and habitual behavior separately, using different methods for each of the
two behavioral components. In Karakostis et al. (2021), we relied on an
integrative biomechanical modeling approach for directly calculating
thumb opposition efficiency considering the effects of both the missing
muscle architecture and bone morphology. The results showed that the
earliest proposed tool-using species, including Australopithecus sediba,
showed a relatively low thumb opposition dexterity. In fact, when our
models assumed a chimpanzee-like muscle force-producing capacity, the
thumb dexterity of that species was similar to that of extant chimpanzees.
Nevertheless, the application of the method VERA on the hand entheses
of Australopithecus sediba indicated the habitual use of a muscle that is
essential for human-like stone tool use (Kunze et al. 2022), while another
study showed that its thumb’s trabecular morphology was found to be
consistent with human-like manipulation (Dunmore et al. 2020). Alto-
gether, these findings suggest that the individual representing this homi-
nin species may have frequently performed human-like hand grips
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regardless of its comparatively low thumb dexterity (Kunze et al. 2022;
also see plot at the bottom of Fig. 2). These opposing trends between
reconstructed efficiency and habitual behavior in Australopithecus
sediba highlight the importance of distinguishing between these two
notions (and associated analytical methods) when approaching the evolu-
tion of hominin behavior.

NEANDERTHALS: STRONG YET PRECISE?

Another interesting example relates to the manual behaviors of
Neanderthals. In comparison to modern humans, Neanderthal hand
bones tend to be more robust and bear more pronounced muscle attach-
ment sites (Niewoehner 2006). Moreover, their thumb presented a rel-
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Fig. 2.

Above: Graphic summary of
the distinction between the
three components of human
behavior discussed in this
chapter (see legend of Fig. 1).
Below: In this example, it is
argued that all hominins were
probably capable of perform-
ing human-like thumb-based
precision grasping (left circle),
similarly to extant great apes.
However, according to hiome-
chanical modeling research
(Karakostis et al. 2021), it
seems that the thumbs of the
genus Homo were clearly more
dexterous than those of aus-
tralopithecines. Nevertheless,
as shown in the bottom princi-
pal component analysis plot
(previously published open
access in Kunze et al. 2022),
the analysis of 3D entheseal
surfaces (using the VERA
method) identified habitual
human-like manipulation pat-
terns in certain australopithe-
cines (Kunze et al. 2022), in line
with analyses of thumb trabec-
ular structures (Dunmore et al.
2020).

17



18

Karakostis

atively (slightly) shorter length, different proportions between the two
adjoining phalanges, and a basal (trapeziometacarpal) joint configuration
consistent with less pollical flexibility in some respects (Churchill 2001;
Niewoehner 2001, 2006; Niewoehner et al. 2003). Based on these
anatomical indications, previous studies hypothesized that the
Neanderthal lifestyle predominantly relied on transverse power-grasping
motions, which were in turn associated with the use of composite tools
and hafting (Niewoehner 2006). More recently, this hypothesis of habit-
ual use of hafted tools received additional support from a biomechanical
study focusing on the thumb’s basal joint (Bardo et al. 2020), which
reported that Neanderthal thumbs were better adapted for performing
thumb extension (i.e., a central component of power grasping) compared
to other hand movements (e.g., the opposition of the thumb for human-
like precision grasping).

However, it could be argued that the above anatomical configurations
are of genetic origin, occurring across Neanderthal skeletons from
extremely diverse geochronological and environmental contexts (Nie-
woehner 2006). Furthermore, previous biomechanical modeling studies
demonstrated that Neanderthal hands were perfectly capable of perform-
ing modern human-like precision grasping involving small objects (Feix
et al. 2015; Karakostis et al. 2021; Niewoehner et al. 2003). On this basis,
by hypothesizing that the above anatomical traits can be used to recon-
struct daily manual activity in Neanderthals, it is indirectly—yet
clearly—assumed that their presumed power-grasping adaptations would
lead them to systematically prefer power grips even in environmental
contexts necessitating precision grasping (for which they were anatomi-
cally capable). This hypothesis contradicts experimental studies suggest-
ing that producing and manipulating the vast majority of small stone
tools commonly associated with Neanderthal contexts (e.g., Mousterian
flakes) would primarily require the use of thumb-index precision grasp-
ing (Key and Lycett 2018). In contrast, direct evidence of hafting (pre-
sumably associated with transverse power grasping) remains extremely
scarce across Neanderthal contexts, while being entirely absent in many
Neanderthal sites with rich lithic assemblages (Claud et al. 2019; Nie-
woehner 2006). Finally, there is an increasing body of archaeological
evidence suggesting that Neanderthals were engaging in various prac-
tices requiring a high level of manual precision, such as the production of
specialized bone tools, making of cordage, and the use of tar (Hardy et al.
2013; Soressi et al. 2013; Villa and Roebroeks 2014)

In a previous study (Karakostis et al. 2018), my collaborators and I
sought to address this controversy between the above-mentioned findings
of biomechanical modeling (showing that Neanderthals had the capacity
to precisely manipulate small objects), archaeological evidence (involv-
ing the use of predominantly “microlithic” tools and precise manual
practices), and functional indications of efficiency (showing that Nean-
derthal hands may have been better adapted for transverse power grasp-
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Neanderthal biological and cultural remains
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ing). This was attempted through the application of my experimentally
validated VERA method (Karakostis 2015, 2022) on a diverse compara-
tive sample of Neanderthals, early modern humans, and recent individ-
uals with extensively documented life histories. The results showed clear
evidence of habitual thumb-index precision grasping in Neanderthals,
contradicting the traditional viewpoint that Neanderthals habitually
relied on power grasping (reflected on their high bone robusticity), and
reflecting the latest archaeological indications on the daily manual beha-
vior of this species. Figure 3 summarizes the proposed distinction among
Neanderthal capacity, efficiency (dexterity), and habitual behavior for
precision grasping behaviors.
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Fig. 3.

Above: Graphic summary of
the distinction between the
three components of human
behavior discussed in this
chapter (see legend of Fig. 1).
Below: This example argues
that Neanderthals are consid-
ered to have been anatomi-
cally capable of performing
both power and precision
grasping, while some studies
reported that their hands were
better adapted (more efficient)
for transverse power grasping
motions (e.g., Niewoehner
2006; Bardo et al. 2020).
However, previous research
on their hand 3D entheses rely-
ing on an experimentally val-
idated approach (VERA,
Karakostis 2015, 2022;
Karakostis and Lorenzo 2016)
found clear evidence of habit-
ual precision grasping (see
bottom plot, previously pub-
lished open access in
Karakostis et al. 2018). This
result fits well with experimen-
tal evidence on the grips
required to produce and
manipulate the — predomi-
nantly — small stone tools
associated with Neanderthals
(Key and Lycett 2018), while
also reflecting the latest
archaeological indications
regarding Neanderthal manual
behavior (see information and
citations in text).
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CONCLUDING REMARKS

The examples provided in this chapter posit that anthropological hypoth-
eses and interpretations surrounding fossil hominin behavior could
greatly benefit from properly distinguishing among the fundamental con-
cepts of broader anatomical capacity, evolved biomechanical efficiency,
and habitual physical activity (Figs. 1 to 3). This distinction can be facili-
tated by the selection of appropriate methods for addressing each of these
three basic components of physical behavior. Anatomical capacity and
efficiency can be best evaluated based on biomechanical modeling tech-
niques, which can be used to directly assess the functional significance
of genetically determined morphological traits (e.g., species-wide overall
bone robusticity trends, joint configuration/orientation, or consistent pro-
portions among different bone elements), while also attempting to
account (as much as possible) for the potential influence of the missing
soft tissue (e.g., Karakostis et al. 2021). However, reconstructing habitual
physical activities of an individual based on its species-wide evolved
functional traits is highly misleading, as it blatantly overlooks the
dynamic environmental and/or cultural factors affecting daily hominin
behavior and subsistence strategies within each species. In contrast, that
objective can be more reliably addressed by studying bone structures that
are experimentally shown to reflect biomechanical loading history
throughout life (for a more detailed perspective, see this book’s dedicated
chapters by Jane Buikstra and Ian Wallace). Any resulting indication on
habitual physical activity should always be interpreted on the basis of
each species’ possible constraints (anatomical and cognitive capacity)
and evolved biomechanical efficiency (e.g., level of dexterity), focusing
on adequately reconstructed paleoenvironmental and/or cultural contexts

(Fig. 1).
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