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towards displaying a lesser degree of sexual dimorphism as compared to
other hominoids, as “...the relatively small sex difference in stature ( 7%)
and its decrease during human evolution have been widely presumed to
indicate decreased male contest competition for mates...” (Lassek & Gaulin,
2022), hence towards a monogamous society.

Fossil records suggest a gradual decrease in sexual dimorphism from
Plio-Pleistocene hominins such as species of the genera Australopithecus
and Paranthropus (which exhibit a similar degree of dimorphism compared
to extant hominoids e.g. gorillas) to the early Homo species (e.g. H. erec-
tus) up to anatomically modern humans which have the least degree of
dimorphism (McHenry, 1991a; 1991b; Harmon, 2006; Villmoare et al., 2019).
Humans, therefore exhibit a clear divergence from the extant apes (Lassek
& Gaulin, 2022) and | cannot but remark that there is a correlation between
encephalisation (with its implications towards complex sociality) and degree
of sexual dimorphism.

| shall therefore suggest that non-human primates, in general, could have
evolved towards a higher degree of sexual dimorphism as resulting from a
completely different response to predator pressure as opposed to hominin
species and later humans, who in parallel, had the degree of complexity of
their society increase through increasing compassion and cooperation and
where there is a number of males who can share the task of foraging and
defending the colony more efficiently against predators.

Size of group and predator pressure

In most prey species, for example ungulates, the herd or group size cor-
relates with the degree of threat of predation (predator pressure) (Creel et
al., 2014). The group size is large so that nearly all of them can flee to safety
when a predator or predators manage to bring one of them down and the
degree of threat of predation seems unrelated to the number of males in the
group, quite logical if we consider that while males contribute less to group
vigilance, they are not there to defend the group as they would also flee at
the first alarm (Childress & Lung, 2003). This strategy of flight in wholesale
number guarantees the survival of the species in the long term as regards
to predation. There are other checks to optimise the size of their population
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such as natural disasters (drought, for instance) but they are not relevant to
the discussion here.

As for primates, it has been observed that species living on the ground
and in smaller groups suffer higher predation rates than those in large groups
(Shultz et al., 2004). This observation already led to an earlier-mentioned dis-
cussion on increased sociality in primates as a consequence of predation. But
unlike in ungulates where predation pressure was unrelated to the number
of males, there is an observed correlation between predation pressure and
the number of males in a S. entellus group (Schaik & Hoérstermann 1994),
and of course with the size of the group also as explained above.

During a predator threat, langur males actually form the first line of
defence and display aggressivity and other aposematic tactics to allow the
female and young to flee to safety (Ibid). Expanding this hypothesis to hu-
mans, where native tribes in some countries, | point that this behaviour
has been observed and documented, amongst others, in Amerindian tribes
during the great Indian wars of the 19th century (Brown, 1972) where the
predator threat was in the form of an offensive human enemy army. This
latter hypothesis test result fits the model | am trying to develop here.

Predation pressure and construction of shelter

Observed in some fish species which “...neither suffer from habitat satu-
ration, nor are their groups composed primarily of relatives...”, it was found
that “...enhanced safety from predators by cooperative defence and shel-
ter construction are the primary benefits of sociality...” (Groenewoud et al.,
2016). In human tribes, who had developed a form of social (or collective)
intelligence, such benefits are obvious from an evolutionary point of view.
They had several males cooperating for defence of the community, who were
skilled craftsmen through development of the culture for tool industry (both
for foraging and non-foraging), which included language and other forms of
communication. So, it follows from the previous cited conclusion that they
were apt to build shelters as the ultimate benefit of their sociality. And if
we go back to see where this whole process started, we observe that it was
because of predators.
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So, in this paper | would ultimately suggest that the evolution of the
human society and ultimately civilisation is a consequence from the defence
against predators.

Conclusion

Anatomically modern humans do not need to defend against predators
anymore. Such could be a condensed tagline of this paper.

However, this had not been the case at the start of our evolutionary
period. The evolution from its roots, from the most basal hominins, more
arboreal than terrestrial, at the near bottom of the food chain with very
limited self-ability for defence, to the undisputed top predator place has
taken only a few million years.

During this period of evolution, specific characters had been either ac-
quired or improved, all of which makes us human and each of them played
their part to reverse the hierarchy between us and the top predators. These
are:

1. encephalisation: for increased sociability and compassion, creative

skills and cooperation for foraging and non-foraging.

2. diet: entering in direct competition with predators.

3.  post-cranium morphology: for power and precision grip to handle

tools and become skilled craftsmen.

4.  tool technology: arising from spread of culture, and which kept on

improving and upgrading.

It is also pointed out that the domestication of fire and the arrival of the
dog in the human tribe contributed further towards keeping predators away
from the settlement. As a result of those evolutions the balance of power
between humans and predators started shifting from being the hunted to
being the hunter.

Since all those aspects of human evolution were in parallel with the
evolution of the means of defence against predators, a correlation had been
observed. So, in short, it is predator pressure that shaped the evolution of
humans and its society.

As such, a model of human evolution was constructed with defence
against predators being the driving force for the enhanced cooperation be-
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tween more male members of a group of humans to form a settlement with
the building of shelters to provide more protection for the group.

To put it simplest possible: Evolution of defence from predators in hu-
mans, has set the base for civilisation, not by the survival of the fittest but
by the survival of the smartest.

Analysing the models proposed for the conference

Referring to the “Call for abstracts” listed in Appendix 1

| note that there are several models which fit partially with the model
that | developed. But some models do not fit in at all.

So, | shall make a brief recap of these models and see where they fit, if
partially or not at all.

Model 1: “No defense strategies were required for early humans, as they
lived in an environment lacking dangerous predators.”

This model is eliminated as humans evolved in Africa, the renowned land
of predators and fossil of early hominins display clear evidence of predation.

Model 2: “No defense strategies were required as early humans were
the top predators and ruthless killers of their ecosystem.”

This model is true only now, after civilisation has been established and
most large predators exterminated. But this was not true in earlier periods,
even some centuries ago as shown.

Model 3: “Early humans were not big game hunters, but scavengers.”

Unfortunately, | have not been able to ascertain at 100% if the earliest
archaic human, Homo habilis was a scavenger (passive or aggressive) or if
it was already a hunter. But this model cannot be discounted as there is a
good probability that early archaic humans were scavengers. So potentially
this model contains some elements of truth.

Model 4: “Early human ancestors were not powerful predators, but a
weak prey species, with their best survival option still to climb trees.”

The earliest human ancestors (H. habilis again) were most probably not
powerful predators but only ambush hunters as | argued in this paper. So,
this model fits only if we consider the early human ancestors as from H.
erectus and H. Heidelbergensis. But definitely early human ancestors were
not fast climbers compared to non-hominid primates as | demonstrated. So
it was not one of their survival options.
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Model 5: “Early humans used various defenses, still not well-studied and
understood.”

This model seems the most appropriate of all and it fits many aspects
developed in my paper. However, | consider that | have explored almost all
the defensive arsenal, from tools to cooperation to fire to dogs and finally
construction of shelter.

Model 6: “Early humans used an aposematic strategy of defense.”

| accept that non-human primates certainly do use aposematic strategies
of defence, even the powerful gorilla male shows teeth, beats things around
and mocks charges in the presence of a threat. But in this paper | showed
that early human ancestors (of the Homo genus) did not display aposematic
tactics for defence. But it is well documented that even some modern human
tribes use aposematic tactics to steal prey from predators but not so much
for defence.

In my model proposed, humans evolved to assemble in communities
composed of several males (an upgrade from the primitive tribe) as a re-
sult of cooperation in defence against predators. This cooperation widens to
provide care and to be compassionate towards the members of the group,
for foraging and building of shelter. At this stage of their evolution, humans
were highly apt to spread their culture, particularly in tools industry and
technology, and were skilled craftsmen. Therefore, they easily expanded in
number and in range, until they colonised all the habitable continents. It
can therefore be resumed that predator pressure is the driving force behind
human evolution towards civilisation.

Analysing the key questions to be addressed at the conference

Referring to Appendix 2.

1. How do monkeys and apes deal with the problem of predation?

This question has been addressed in this paper. It was inferred that the
preferred strategy of defence of monkeys against predation was flight in
trees instead of fight. Some monkeys do display aposematic tactics but for
generally flight in trees was the preferred tactic. Apes, on their part, are
semi-arboreal or mostly terrestrial for some and depending on the predator
or threat, they either flee in trees, display aposematic tactics, or even defend
aggressively by throwing stones or using sticks.
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2. How do predate or defense strategies differ among terrestrial and
arboreal species?

This question was addressed in reference to monkeys that live in trees
and the first hominins that became more terrestrial than arboreal. It was
inferred that both species had recourse to flight in trees. When hominins
became fully terrestrial, they used their hands to grab a stick or threw stones
as a means of defence.

3. Why do most large predators in the wild avoid humans on foot?

In the paper, it was found that the height of humans due to their bipedal-
ism (or upright walking) were not a deterrent for predators (Lions still attack
12 feet giraffes without giving a second thought.) But from what Corbett says,
a predator will avoid humans except when defending their young or territory
or kill and when in dire necessity of food as a result of either incapacity or
old age and | would add, if there is no prey as well.

It was then inferred that humans have almost exterminated wild preda-
tors except in Africa where they are relatively higher in numbers than else-
where. | shall therefore suggest that a predator will avoid a human as they
know by instinct that humans are very dangerous.

4. How could our ancestors defend themselves while sleeping on the
open ground?

For this question there was no answer given for early hominins as there
was no evidence collected for that. But for more later archaic humans and
modern humans, the use of caves, use of camp fire and thorns, and the dog
were the means of defence as given in the paper.

5. Are the origins of human bipedalism connected to predation control?

This paper answers a formal NO to this question. It was found that bi-
pedalism occurred much earlier than thought, even before our ancestors
first became fully terrestrial.

6. Were early humans big game hunters or scavengers?

It was difficult to give an answer without some uncertainty in it. While
the first signs of butchery on animals and a possibility of ambush hunting
appears in the in the first Homo species, we cannot say for sure if the butch-
ered remains found were that of a scavenged corpse or a kill from a hunt.

7. How effective was early human use of projectiles and other tools
available to them?
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It has been found in this paper that H. heidelbergensis and H. erectus
were the first archaic human species to use projectiles to hunt. Wooden
spears, or stone-tipped spears were found and some animals fossils found
in association with those hunting tools ascertain the effectiveness of such
primitive projectile weapons

8. What can we learn from contemporary African hunter-gatherers?

First it is suggested in this paper that these contemporary tribes use per-
haps the same means of defence against predators as more primitive tribes
of the past (fire, dog, thorn enclosures). The method of hunting too should
be characteristic of archaic or early humans. Humans are not adapted for fast
sprints but for marathon-type of running, the morphology of their feet shows
this. So, the method of hunting of wearing down preys over long distances
by hit and chase would the same employed by our ancestors.

9. What can we learn from contemporary human-animal conflicts?

A lot has been said in this paper as answer for this question. It will be
too long to re-enumerate them here.

10. Could some well-known human art forms (like choral singing, syn-
chronous dancing, body painting) evolve as defense strategies against pre-
dation and competitors?

In this paper, the case of the Tsavo man-eaters showed that the lions
attacked at night despite the aposematic tactics of group singing or battle
trance. The lions did not attack the group (who would have done so?) but
the forms of aposematism did not cause them to leave the camp area at all
and waited until they could find a leak to get through for their next victim.
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Appendix 1 - Call for abstracts: Models for investigation

Scholarly Background of the Conference: The purpose for such a scholarly
meeting is to address the glaring gap in the existing literature on defense
strategies in early human evolution. Although defense strategies in the ani-
mal kingdom have been an important topic for decades, the defense strate-
gies of early humans are still surprisingly neglected. There are several reasons
for this disregard for such an important topic. We can probably distinguish
six historically formulated models on human defense against predators:

Model 1: “No defense strategies were required for early humans, as
they lived in an environment lacking dangerous predators.” This model was
proposed by Charles Darwin in his book on human evolution (1871). Dar-
win mused, that humans probably evolved on a big warm island (either in
Australia, Borneo, or New Guinea) with no major predators. Today scholars
are sure that humans evolved in Africa, which abounds in large predator
species (including fierce competition among them), but Darwin’s model of
human evolution, based predominantly on the forces of sexual selection, still
remains very popular among many contemporary scholars.

Model 2: “No defense strategies were required as early humans were
the top predators and ruthless killers of their ecosystem.” This model,
known as the “Killer Ape hypothesis,” was proposed by the “Father of Aus-
tralopithecine” Raymond Dart (1949), and popularized by Robert Ardrey
(1961). This model had a powerful grip on the human psyche, and the image
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of our ancestors as powerful big-game hunters still has an influential place
in scholarship, although the progress of an alternative hypothesis that our
ancestors were more scavengers than apex predators (see the next model)
has somewhat eroded the popularity of the “killer ape” hypothesis.

Model 3: “Early humans were not big game hunters, but scavengers.”
This model developed as an alternative of the “Killer Ape hypothesis” during
the 1980s “new archaeology” revolution (e.g., Binford, 1985). Two modes of
scavenging were proposed: (1) confrontational (aggressive, power) scaveng-
ing, in which the original killer is chased from the carcass, and (2) passive
scavenging, in which the carcass is accessed only after the original killer has
left. Current consensus favors the confrontational scavenging in early human
evolution.

Model 4: “Early human ancestors were not powerful predators, but
a weak prey species, with their best survival option still to climb trees.”
This model, known as the “man the hunted” hypothesis, was based on the
diligent study of taphological early human remains by Charles Brain (1981,
2004) and further developed by Donna Hart and Robert Sussman (2008).
This model acknowledges the immense pressure of predators on early hu-
mans, but finds it difficult to explain how such a weak primate prey species
without any serious means of defense managed to live on open savannah
and to travel outside of Africa, gradually becoming the widest distributed
species on the planet.

Model 5: “Early humans used various defenses, still not well-studied
and understood.” This model, potentially uniting many possible strategies,
can be attributed to Adriaan Kortlandt, Dutch ethnologist, a rare exception
among scholars, who was deeply interested in early human defense strate-
gies. In the 1960s and 1980s he proposed that early humans probably used
sticks and rocks as contemporary apes do, and possibly also thorny branches
to secure themselves from powerful African predators of the time.

Model 6: “Early humans used an aposematic strategy of defense.” The
origins of this model can be traced to Lewis Leakey, who tried to explain the
fact that wild lions rarely attack humans, proposing that lions are deterred
by human unpalatability (1967). The idea was further developed by Paul
Weldon, who proposed that humans were chemically aposematic (2018),
and also by Joseph Jordania (2014, 2017), who proposed that during early
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stages of evolution humans used a wide arsenal of audio, visual, olfactory
and behavioral intimidation displays to defend themselves against African
predators, gradually becoming the apex aggressive scavengers (links to model
3) in the African savannah and the widest distributed species on earth.

Appendix 2 - The Themes of the Conference

There were not any strict thematic restrictions on the participating schol-
ars, so all the presentations that deal in any way with defense strategies
from predators were valuable for the conference. It should be remembered
that the conference was planned as a multi- and inter-disciplinary forum to
address this important topic. Here are several suggested themes, formed as
questions, that was hoped to be addressed during the conference:

1. How do monkeys and apes deal with the problem of predation? The
discussion of various predator defense strategies used by animal species (and
particularly by monkeys and apes) is very useful in order to have a perspec-
tive of the evolutionary options available to our distant ancestors while they
lived in the trees and when they moved to the ground.

2. How do predator defense strategies differ among terrestrial and arbo-
real species? During the early stages of evolution our ancestors underwent
a crucial change from an arboreal to an arguably more dangerous terrestrial
ecosystem. We want to discuss the kind of challenges they had to overcome,
for example, why virtually all the primates that became terrestrial, increased
the size of their canines, whereas human ancestors’ canines gradually de-
creased.

3. Why do most large predators in the wild avoid humans on foot?
Avoidance of humans on foot by all major animal species is well document-
ed in scholarly literature, and we would like to discuss the possible reasons
for this phenomenon, as it might not be connected to their fear of armed
humans instilled during the last few decades or centuries.

4. How could our ancestors defend themselves while sleeping on the
open ground? This is possibly one of the hardest questions to answer about
our ancestors who managed to survive living in the open savannah. Adriaan
Kortlandt proposed that the same way as chimpanzees often organize noisy
evening displays in order to scare away possible predators before they go
to sleep, some contemporary African tribes also organize evening (or night)
loud “concerts,” arguably with the same goal of securing the safety of their
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night’s sleep. Human body smell as a deterrent at night was also considered
by Leakey, Weldon, and Jordania.

5. Are the origins of human bipedalism connected to predation control?
Bipedal posture as a “threat display” in many animal species is widely known.
This mode of locomotion was proposed to be a strategy for predator defense
in early humans for at least two reasons: (1) watching out for predators,
and (2) intimidating predators with an in-creased height. Even today, big
predators more readily attack crouching humans than fully erect ones, and
the advice given to those who suddenly find themselves facing dangerous
predators is to stay tall and even raise hands.

6. Were early humans big game hunters or scavengers? The question
whether our distant ancestors were big game hunters or scavengers (more
likely aggressive scavengers) had been in active discussion since the 1980s.
We are happy to review the contemporary evidence on this important topic
and discuss the various viewpoints on this issue.

7. How effective was early human use of projectiles and other tools
available to them? Use of projectiles has been long known as one of our
ancestors’ potent means of defense and attack, although the technical details
of the efficient use of projectiles by early humans is still unknown. The male
shoulder shows a remarkable adaptation for this kind of physical activity.
We also would like to discuss the use of projectiles both for attack (within
the viewpoint of model 2, the killer ape model), and for defense (within the
viewpoint of model 3, the scavenging model) in early human evolutionary
history.

8. What can we learn from contemporary African hunter-gatherers? The
perspective from some of the contemporary African tribes that until recently
employed the elements of hunter-gatherer lifestyle (like the Hadza, Pygmies,
or San people), and particularly the existing records about their habits in
dealing with predators before wide contact with Europeans, can allow us to
illuminate new possibilities in discussing the possible defense strategies of
our distant ancestors.

9. What can we learn from contemporary human-animal conflicts? The
problem of man-eating animals is still active in many regions of the world,
some more (such as India or Africa, mostly with tigers, lions, and leopards)
and some less (such as North America with mountain lions and grizzly bears).
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Doing a comparative study between ancient and contemporary human pop-
ulations, we can learn in both ways: understanding the evolutionary strate-
gies of our ancestors from knowledge of the current state of this problem
in contemporary populations, as well by implementing our knowledge and
insight of evolutionary strategies for the better defense of contemporary
populations in vulnerable regions.

10. Could some well-known human art forms (like choral singing, syn-
chronous dancing, body painting) evolve as defense strategies against pre-
dation and competitors? At least the above-mentioned aposematic model of
defense in human evolution (model 6) proposes that some forms of human
arts (rhythmically united group singing and dancing, as well as the universal
human tradition of body painting) primarily had the function of defense from
predators by using them as elements of multi-modal aposematic displays,
and at the same time, profoundly transforming the mental state of the par-
ticipating members of the group.



246

Possible Role of the Tree-to-Ground Sleep Transition
in the Imagination of Defense Strategies by Means of
Music, Song, Dance, and Pantomime in Early Hominins

Alejandra Wah (Netherlands)

Abstract. Music, song, dance, and pantomime may have evolved as de-
fense strategies in early hominins. In this chapter | examine what we so far
know about the emergence of these behaviors by focusing on the human
cognitive capacity to imagine. Based upon archaeological records, | first ex-
plore fossil evidence on the emergence of these behaviors. Drawing on cog-
nitive archaeology, | subsequently focus on the possible emergence of the
cognitive capacities underlying the experience of music, song, dance, and
pantomime in hominin evolution. To fully understand these human abilities,
| propose to consider the cognitive processes of interoceptive perception;
an imaginative triadic system consisting of mental space travel, mental time
travel, and mental mind travel, metacognition; and episodic memory — to-
gether constituting a cognitive capacity that | call reflective imagination — a
capacity which seems to have begun to emerge in early hominins. Based
on sleep science, | conclude that tree-to-ground sleep transition facilitated
the evolution of reflective imagination in early hominins, allowing them to
imagine defense strategies by means of music, song, dance and pantomime.

Introduction

The study of the emergence of music, its relation to song, dance, and
pantomime is central to the evolutionary study of human behavior. Music,
song, dance, and pantomime may have evolved as defense strategies in early
hominins. For instance, rhythmically united group singing and dancing have
been argued to function as defense from predators by using them as ele-
ments of multi-modal aposematic displays (Jordania 2014; 2017; in the same
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Volume). What can be explored that can constitute “music,” “song,” “dance,

and “pantomime” that is evident in human behavior cross-culturally?
Humans have the universal capacity not only to move rhythmically but

to entrain, that is, to synchronize their movements in a rhythmic fashion
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to an external timekeeper, such as a conspecific or a beating drum. This
human ability to keep time should be distinguished from the ability of most
nonhuman animals to move in a metric, alternating fashion (Brown et al.
2000). It is because of this capacity for rhythmic motor entrainment, that
music, song, and dance can be treated as intrinsically related or as different
manifestations of the same phenomenon. Nonetheless, music is mostly de-
pendent on sound made on external objects; song on voice; and dance on
bodily movement and gesture (Wah 2022). Behaviors that can be termed
musical across cultures have been described as foundationally interactive,
participatory, and social. This is evident from caregiver-infant interaction to
rituals, particularly at times of significant life transitions (Cross 2016). The
universality of singing in humans, and their singing faculties, strongly op-
poses the idea that singing behavior originated late in hominins. Singing
among human ancestors must have started at the time when they still lived
in the trees. Unlike other apes, who became silent in order to survive on
the ground, human ancestors must not only have continued to sing, but in
order to make their sound louder, must have developed the phenomenon
of rhythmically united choral singing (Jordania 2011).

Archaeological, developmental, cross-cultural, and comparative evidence
alsoillustrates the centrality of dance in human life and experience. Cross-cul-
tural universals in dance styles and usages abound, indexed by universal pref-
erences for particular movements. This suggests that the degrees of freedom
of all possible movements of the human body depend on how many articu-
latory joints are involved and their rotational properties, and that a common
human cognitive structure underlies the creation of dance (Christensen et
al. 2017). Several researchers agree that in the evolution of hominin com-
munication a mimetic or pantomimic stage was present, and consider this to
be the basis of human linguistic narrative abilities (e.g., Donald 1991; Boyd
2009; Zlatev 2014; Corballis 2015; Ferretti et al. 2017). Taking into account
the inherently narrative character of verbal language, pantomime must have
been the nonverbal, mimetic means to communicate mental patterns to
others using a narrative format (sequence of events) (Ferretti et al. 2017).

Based upon archaeological records, in this chapter | first explore fossil
evidence on the emergence of music, song, dance, and pantomime in early
hominins. Drawing on cognitive archaeology, | subsequently focus on the
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possible emergence of the cognitive capacities underlying the experience of
these behaviors in hominin evolution. To fully understand these human abil-
ities, | propose to consider the cognitive processes of interoceptive percep-
tion, an imaginative triadic system consisting of mental space travel, mental
time travel, and mental mind travel; metacognition, and episodic memory
— together constituting a cognitive capacity that | call reflective imagination
— a capacity which seems to have begun to emerge in early hominins. Based
on sleep science, | conclude that tree-to-ground sleep transition facilitated
the evolution of reflective imagination in early hominins allowing them to
imagine defense strategies by means of music, song, dance and pantomime.

1. Archaeological Evidence on the Emergence of Music, Song, Dance,
and Pantomime in Early Hominins

Drawing on archaeological records, what do we so far know about the
emergence of music, song, dance, and pantomime in early hominins?

Australopithecines and early Homo

About 5-7 million years ago (mya) hominins last shared a common an-
cestor with chimpanzees. Over this time they went through a series of evo-
lutionary changes in anatomy, cognitive function, and social structure (Don-
ald 2013). Evidence pointing to the emergence of musical behaviors can be
found in the human fossil record. This record suggests that musicality does
not emerge as a full-blown capacity but rather that subcomponents of that
capacity emerge at different times, and probably in response to different
selection pressures. The capacity to entrain or synchronize with others to
an external perceived rhythm, pulse, or beat, characteristic of music, song,
and dance must have arisen at some point in the hominin lineage over 5-7
mya (Cross 2016).

Early hominin ancestors, the Australopithecines (4.2 mya) share several
anatomical features with other great apes such as a narrow scapula and long,
curved phalanges; which are clear indicators of arboreal adaptation (Samson
& Nunn 2015). The strong curvatures displayed in their finger bones thus
suggest that australopithecines were tree climbers. They seem to have sought
the shelter of trees to escape predators, especially at night (Gurche 2013).
However, terrestrial habits evolved in australopithecines (Jerison 2000). The
shift from quadrupedal to bipedal locomotion demanded substantial changes
in the body’s anatomical structure. The fossil record, in particular their angled
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knee, also suggests that although australopithecines retained some anatomical
features of tree dwellers, they were biped (Corballis 2011; Gurche 2013).
The possible connections between bipedalism and entrainment remain to be
established. At this stage their inner ear bony labyrinth could not yet have
provided full balance for walking, but as Steven Mithen states, the better our
ancestors walked, the more rhythmic they became; and the more rhythmic
they became, the better they walked (Mithen 2005). It was about 3 mya that
the primate foot with an opposable digit suitable for grasping and climbing
evolved, specialized for walking and running (McKee, Tobias, & Clarke 1996).

Musical behaviors might have driven brain expansion. Paleoneurology
provides direct evidence regarding brain history by relating changes in its
external appearance (as mirrored in casts molded by the cranial cavity) to
the evolution of behavior and cognition. Because brain size and complexity
are intimately related, the evolution of musicality must be correlated with
the evolution of cognitive capacities and associated encephalization (Jerison
2000). Australopithecines had brain sizes similar of those of extant chimpan-
zees (around 400 cc). The external cranial base in australopithecines is within
the chimpanzee range, and generally flatter than that of later hominins. This
is true of all but an australopithecine specimen from east Turkana, (ER 406),
dated to about 1.6 mya (Wolpoff 1996). No significant increase in relative
brain size occurred until about 2.5 mya, with the advent of hominins assigned
to the genus Homo. Homo habilis had a brain size around 650 cc (DeLouize,
Coolidge, & Wynn 2016; Coolidge and Wynn 2016).

Fossil records contribute to an understanding of the evolution of singing.
In other apes and australopithecines, the nasal bones are flat (Franciscus
and Trinkaus 1988). This lack of an external nose and their long, narrow
palates may explain why other apes lack the ability to produce consonants
(Savage-Rumbaugh and Lewin 1994). With regard to the rib cage, australo-
pithecines had funnel-shaped chests, which do not permit sufficiently fine
control over phonation to make the subtly differentiated vocal sounds re-
quired for singing (Cross 2016). However, the reconstructed thorax of late
australopithecines (Lucy), dated at around 3.2 mya, has been described as
somewhere between the funnel-shaped chest, like that of chimpanzees, and
the barrel-shaped chest, like that of humans (Gurche 2013). Among some of
the possible proto-musical and proto-singing behaviors present in late aus-
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tralopithecines are a rich repertoire of calls (entailing pitch changes) used to
express affection and emotions (Falk 2000; Jerison 2000), hand clapping, foot
stamping, whistling, chorusing, and drumming on the chest or on external
objects (Wescott 1973; Jordania 2011).

Findings in the reconstruction of vocal anatomy also contribute to an un-
derstanding of the evolution of singing. Limited fossil records, data, and in-
ferences from bony regions surrounding critical areas for the production of
human speech sounds, indicate that the ability to produce the sounds of song
and language appeared in early Homo, dated to around 1.5 mya (Frayer and
Nicolay 2000). In early Homo populations, the lungs (as measured by the rib
cage) attained an extant human shape (Frayer and Nicolay 2000). Around 2
mya bipedalism became obligate rather than facultative, freeing the hands
and arms for manipulative purposes, including manual gestures (Corballis
2011). Again, before verbal language evolved, human ancestors probably
developed nonverbal skills for reading each other’s minds through vocal
modulation and whole-body gesticulation preceding dance and pantomime.

Homo ergaster or African Homo erectus

In the artification hypothesis Ellen Dissanayake argues for the origin of be-
havioral entrainment, proto-musical, proto-singing, and dance-like behaviors
in the adaptive ancestral mother-infant interaction. This interaction seems to
have evolved around 1.7 mya, but perhaps earlier. It must have been present
in Homo ergaster or African Homo erectus, and have helped to address the
skeletal alterations in the birth canal required by upright posture in bipedal-
ism in the Pleistocene. These skeletal alterations conflicted with continuing
encephalization or brain enlargement, resulting in a gradual reduced gesta-
tion length and a greater physical helplessness of the human infant at birth
(Leakey 1994; Dissanayake 1992, 2000a, 2000b; Morgan 1995; Falk 2004).
The modifier “proto” indicates that these behaviors were spontaneous, non-
conscious, and unintentional (Dissanayake 2009).

By about 2 mya, Homo erectus seem to have evolved new behaviors and
adaptations. They were fully bipedal, almost 2 meters tall, weighed about 60
kilograms, had an active lifestyle, and made the complete transition to ter-
restrial life (Coolidge 2020). Brain size in early Homo had somewhat increased
compared with the brains of australopithecines, but was little more than half
the size of the average human brain. The endocast of the left frontal lobe of
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a Homo rudolfensis specimen (KNM-ER 1470) revealed sulci that delimit Bro-
ca’s speech area in humans and are not seen in brains of australopithecines
(Tobias 1981; Falk 1983). At that time, the brain shape also changed due to
apparent expansion in the prefrontal cortex (Falk 1983). Homo erectus had an
increase in relative brain size, about 950 cc. The size of extant human brains
is 1,350 cc. When Homo erectus first appeared about 1.9 mya their brain thus
was about sixty-five percent the size of extant brains. After the appearance
of Homo erectus’ handaxe, about 1.5 mya, their brains approached eighty
percent of extant human brain size (Coolidge 2020).

With Homo ergaster or Homo erectus, the barrel-shaped chest is fully
present, and the capacity to control fine-grained sounds, such as sing-song
vocalizations, can be fully postulated (Frayer and Nicolay 2000; Morley 2013;
Cross 2016). The earliest appearance of an extant human rib cage occurs
at about 1.5 mya in the Nariokotome boy (WT 15000) from west Turkana,
Kenya (Jellema, Latimer, and Walker 1993). A distinctly humanlike external
nose also makes its appearance in fossils by about 1.5 mya, identified as
Homo ergaster or African Homo erectus (ER 3733). Singing requires a much
greater control of airflow than does speaking, in terms of duration, ampli-
tude, and pitch range of sound. Paleontological evidence also suggests that
by 1.5 mya, both the respiratory and nasal systems of hominins assumed
the same form as that of extant humans. It seems likely that by this date a
singing capacity was present in hominins (Frayer and Nicolay 2000). Thus,
drawing on fossil records, it is reasonable to suggest that proto-musical, pro-
to-singing, and dance-like behaviors emerged in early hominin ancestors at
least around 2.0-1.5 mya, if not earlier — and that musical, singing, dancing,
and pantomiming behaviors must have been in place with Homo ergaster
or African Homo erectus.

2. Cognitive Archaeology on the Emergence of Reflective Imagination
(the Cognitive Process Underlying the Experience of Music, Song, Dance,
and Pantomime)

Drawing on cognitive archaeology, | now focus on the possible emergence
of the cognitive capacities underlying the experience of music, song, dance,
and pantomime in hominin evolution. To fully understand these human abil-
ities, | propose to consider the cognitive processes of interoceptive percep-
tion, an imaginative triadic system consisting of mental space travel, mental
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time travel, and mental mind travel; metacognition, and episodic memory
— together constituting a cognitive capacity that | call reflective imagination
(Wah 2019, 2020, 2022). The degree of these processes present in humans
seems to underlie the ability to experience preverbal and nonverbal narra-
tives by means of music, song, dance, and pantomime — a capacity which
seems to have begun to emerge in early hominins (Wah 2019; 2022).

The recursive modes of thought underlying the human narrative capac-
ity seem to have been gradually shaped during the Pleistocene (Corballis
2011). All human cultural manifestations, including the arts, philosophical
inquiry, and the sciences seem to have emerged from feeling, that is, from
interoceptive perception, because all these make use of a broad range of
feelings and in turn contribute to their homeostatic effects. For instance,
the emergence of music seems linked to the resolution of problems posed
by feelings, and musical behaviors are both a product of feeling and pow-
erful inducers of feeling. The emotive responses and the ensuing feelings
caused by the sound in music, the voice in song, and the body in dance and
pantomime would have been welcomed by early hominins. As movements,
sounds, and gestures were added together, they could produce layers of
effect, mimic objects and events in a sequence, and begin to tell a story or
narrative (Damasio 2018).

The imaginative cognitive processes underlying the characteristically hu-
man narrative ability, including nonverbal and verbal narratives, seem to
be global coherence (the capacity to relate events causally), and particular
degrees of mental space travel (the capacity to imagine spatial locations
decoupled from the immediate external environment), mental time travel
(the capacity to imagine oneself or others at different times, distinguishing
between past, present, and future), and mental mind travel (the capacity to
attribute mental states to oneself or others, also referred to as mindread-
ing or theory of mind) (Ferretti et al. 2017; Wah 2019). In humans, these
imaginative processes seem to be closely related to interoceptive percep-
tion, metacognition, and episodic memory. For instance, mental time travel
involves the use of episodic memory and episodic future thinking (Schacter
et al. 2018; Suddendorf and Corballis 2007).

Metacognition is self-awareness or self-reflective consciousness, making
it possible for humans to escape from the immediacy of exteroceptive per-
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ception and emotion, that is, to escape from being stimulus bound (mental
space travel); to pre-experience in the imagination, foresee and evaluate
events beforehand (mental time travel); to take another’s viewpoint (mental
mind travel); and to reflect upon, and change, own behaviors and actions
and their outcomes (Metcalfe 2008). To explain the characteristic degree of
metacognition present in humans, Endel Tulving (1972) proposed the term
autonoesis. Autonoetic consciousness refers to the unique human ability to
become aware of the subjective nature of time allowing mental time travel
and involving the use of episodic memory. The function of episodic memory
seems thus to remember and reconstruct relevant personal episodes and to
simulate alternative future scenarios and outcomes. Greater working mem-
ory capacity would allow to actively choose or create an action based on
one’s past successes and failures to solve novel problems by actively com-
paring multiple simulated scenarios and combining them into novel actions
(Schacter et al. 2011; Baddeley 2012; Coolidge 2020).

Nonhuman animals seem to evolve their own different levels of conscious
awareness, including degrees of imagination, metacognition, and episodic
memory (Romanes 1885; Clayton et al. 2001; Reiss and Marino 2001; Nel-
son 2005; Plotnik et al. 2010; Corballis 2013). The fact that these capacities
exist to some extent in nonhuman animals suggests that they precede ver-
bal language (Ferretti et al. 2017). Nonetheless, no evidence of narrative
consciousness or of understanding anything like a story has been reported
in nonhuman animals (Nelson 2005; Wah 2020). Drawing on cognitive ar-
chaeology, when might the particular degrees of these cognitive capacities
have emerged in early hominins?

Australopithecines and early Homo

Cognitive archaeologist Merlin Donald argues that the evolutionary
source of the human capacity to imagine is in what he calls mimesis. He
explains that this mimetic capacity emerged around 3.4 mya, had its origins
in late australopithecines, and can be fully found in Homo ergaster. This cog-
nitive capacity depended upon changes in the nervous system, and meant a
radical change in hominin evolution. Previously, the action systems in every
known mammalian species were focused on the environment rather than
internally on the action itself. Inward-directed attention allowed humans to
focus in detail on their own actions, to evaluate them, and to change them
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on the basis of an imagined idea, which may have originated in the event
structure of the environment or in the acts of themselves or others. A mi-
metic act is thus a performance that reflects, reenacts, or recreates an event.
Its cognitive core is kinematic imagination, the ability to envision one’s own
body in motion (Donald 1991, 2001, 2006, 2013).

Mimesis has three behavioral manifestations: mime, in which one repro-
duces patterns of action, usually of others; rehearsal of skill, in which the
actor imagines and reproduces recalled actions with a view to improving
them; and nonlinguistic gesture, in which an action communicates an inten-
tion through resemblance. Metacognition (self-awareness) and sophisticated
event representation (imagination) seem to be the neurocognitive mechanisms
underlying mimesis. The emergence of mimetic skills was accompanied by
some pedagogical capacity. This involves imagining and planning a motor act,
executing it under conscious metacognitive supervision, predicting and ana-
lyzing the outcome, practicing and refining the final form of the action-pat-
tern, and copying and profiting from the skill of others. Intentionally created
stone tools evidencing the emergence of mimetic capacities thus date as
early as 3.4 mya. Irrefutable evidence of intentionally created stone tools
is found in the Oldowan industrial complex in South Africa, dated 2.3 mya
(Donald 2013). Thus, although Homo habilis were thought to be the first to
make stone tools, the almost 3.4 million-year-old stone tools discovered in
Lomekwi, west Turkana, Kenya evidence that australopithecines also made
and used sharp flakes. Based on these recent findings, cognitive archaeologist
Frederick Coolidge argues that either the genus Australopithecus should now
be changed to Homo or Homo habilis should be changed to Australopithecus
habilis (Coolidge 2020).

The stone tools of australopithecines and habilines were relatively simple:
mostly sharp stone flakes struck from a pebble core. These tools were used
to butcher animal carcasses obtained through scavenging, and this access to
higher quality nutrition arguably powered the increase in cognitive capacities
(DelLouize, Coolidge, and Wynn 2016; Coolidge and Wynn 2016). Archaeo-
logical evidence thus suggests that late australopithecines and early Homo
made and used stone tools; activities which are intrinsically rhythmic and
require some initial capacity to imagine space from different perspectives,
or mental space travel (Wah 2022). Mental time travel has been suggested
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to have been present in Homo rudolfensis (Corballis 2011). The evolution-
ary source of the human capacity to imagine seems thus to have begun to
emerge around 3.4 mya having its origins in late australopithecines and can
be fully found in Homo ergaster or African Homo erectus (Donald 2013).

Homo ergaster or African Homo erectus

An important transition in hominin cognitive evolution appears with
Homo erectus about 2 mya (Donald 1991; 2013). Homo erectus must have
had episodic memories. Evidence of episodic memory is found in the stone
materials they used for knapping. These materials often came from long
distances evidencing conscious decision-making and novel problem solving.
It is still unclear whether this ability was autobiographical in the autonoetic
sense. Increase in brain size and brain shape influence cognitive change.
Paleoneurologists have shown that the shape of Homo erectus’ brain was
changing compared to that of australopithecines and habilines (see Bruner
and Holloway 2010). Homo erectus had slightly wider frontal lobes; which
are involved in decision-making and theory of mind. Although Homo erectus
may not have possessed higher levels of theory of mind, this shift in brain
shape does seem to evidence the presence of elements of theory of mind or
mental mind travel. Homo erectus also had the vocal and breathing apparati
to produce language-like sounds (see Walker and Leakey 1993). They commu-
nicated with one another and must have had some form of protolanguage
with many different sounds that probably included exclamatives, imperatives,
declaratives, and interrogatives (Coolidge 2020).

The Acheulian industrial complex appears in the Lower Paleolithic at
about 1.8-1.6 mya with teardrop-shaped bifacial symmetrical hand axes (As-
faw et al. 1992; Chazan et al. 2008). These hand axes demand considerable
exertion of time and effort (Stout 2002). They suggest constant monitoring
and correcting of achieved results, and evidence not only imitation but also
signs of a mind predisposed to innovate (Nielsen 2012). Homo erectus made
these hand axes by trimming around the margins of a large flake to produce
a sinuous cutting edge. In doing so, they gave the tool a bilateral symmetry.
This process clearly required spatial cognitive abilities and hierarchical or-
ganization of action, relying on mechanisms of cognitive control whose use
was not evident in the stone tools of earlier hominins (Hecht et al. 2014;
Wynn 2002). About 1.75 mya, their handaxes show greater working memory
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capacity. There seems to be a strong correlation between working-mem-
ory capacity and the ability to solve novel problems (Shelton et al. 2009;
Coolidge and Wynn 2016; Coolidge 2020). 500,000-year-old Acheulian han-
daxes, so-called S-twist handaxes, evidence greater spatial cognition (Wynn
and Coolidge 2016; Coolidge 2020). Further archaeological evidence includes
500,000-year-old engraved shells found in Java, Indonesia (Joordens et al.
2015). These geometric and symmetric zigzag engravings show that Homo
erectus were producing drawings with a meticulous attention to detail.

Within just a few hundred thousand years of their first appearance, Homo
erectus groups began to expand to other parts of Africa, the Middle East, and
Europe. About 1.7 mya, Homo erectus populated Southern Asia, India, and
Southeast Asia and Indonesia (Coolidge 2020). The fact that Homo erectus
quickly spread from Africa into Asia and to the border of Europe evidences
spatial mapping skills (Gurche 2013). The fact that they also controlled fire
(Gowlett 2016), and took their tools with them to different locations also
suggests their foresight, or mental time travel capacity (Gurche 2013). Fred-
erick Coolidge and Thomas Wynn hypothesize that the mental space travel
capacity in Homo erectus may have been facilitated by physiological chang-
es in sleep patterns related to the tree-to-ground sleep transition. A single
integral sleeping period on the ground would allow for better sleep and for
extended periods of SWS and REM sleep, this would allow for the consoli-
dation and enhancement of procedural and declarative memories, having a
possible correlation with creativity and the ability to solve novel problems
(Coolidge and Wynn 2006, 2009, 2016; Samson and Nunn 2015; Shelton et
al. 2009); and thus with the capacity to imagine defense strategies by means
of music, song, dance, and pantomime — as | will explain in the third section.

3. Possible Role of the Tree-to-Ground Sleep Transition in the Imagina-
tion of Defense Strategies by Means of Music, Song, Dance, and Pantomime
in Early Hominins

All animals exhibit a form of sleep. Sleeping is a period of immobility
during which one responds to internal stimuli but disconnects from the ex-
ternal environment. Sleep states are constrained by the light—dark cycle and
by seasons. Some organisms reverse these patterns in order to improve or
to avoid predation (Coolidge 2020). Changes in sleep are central to human
evolution. Although along the human lineage we still know little about the
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specifics of sleep, sleep science is already beginning to shed light on the
emergence of cognitive processes and behaviors in the evolution of early
hominins (Samson and Nunn 2015).

Sleep science points out four sleep stages in humans. Wakefulness is
characterized by exteroceptive perception, sustained attention, learning, and
recalling of memories to solve novel problems. Wakefulness is accompanied
by rapid cortical brain waves, while periods of resting or daydreaming are
accompanied by alpha waves. Of the four human sleep stages, (1) Stage 1
is a transition stage from wakefulness to sleep; it is the lightest stage from
which to awaken, and consists of waves of low amplitude, irregular, and
desynchronized. (2) Stage 2 is also a light stage of sleep, consisting of waves
similar to stage 1, with two additional waves: sleep spindles and K-complex-
es. (3) Slow-wave sleep (SWS) is the deepest stage of sleep; it consists of
delta waves, which are the slowest but have the highest amplitude. During
this stage the parasympathetic system dominates and the gastrointestinal
system becomes more active. Degrees of SWS sleep have been observed in
all mammals, birds, and some fishes and reptiles. (4) Rapid eye movement
sleep (REM) is associated with dreaming, accompanied by fast cortical brain
waves, and characterized by muscle atonia (voluntary muscle paralysis). De-
grees of REM sleep have been observed in mammals, birds, and some liz-
ards. In human infancy and early childhood, REM sleep accounts for most
of a total sleep period. By adolescence the percentage drops to about one
fourth of a total sleep period, and this declines slightly after sixty years of
age. Associated with human REM sleep are highly detailed images and stories
(Coolidge 2020).

An important reason for the evolution of sleep in humans seems to be
the processing of newly learned information, its storage, and its integration
with previous memories (Coolidge 2020). While humans are awake, synaps-
es are strengthened by learning and the formation of memories, placing
extra demands on neurons and their supporting glia. During sleep, synaptic
strengths seem to renormalize, restoring the ability to learn (Tononi and Cire-
[li 2014). SWS and REM sleep seem to play an important role in processing
relevant daily information into long-term memory, consolidating procedural
memories, and processing emotionally valent declarative memories, that is,
episodic memories (Samson and Nunn 2015). Moreover, SWS sleep appears
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to reinforce memories in an “uncoordinated” fashion, suppressing coherent
thoughts, whereas REM sleep binds and reinforces memories in a “coordi-
nated” fashion. Cycles of uncoordinated reinforcement of memories during
SWS, followed by coordinated reinforcement of memories during REM sleep,
seem to have cognitive benefits (Kavanau 2002). Apparently one of the major
biological functions of dreaming is to simulate threatening events. This is
demonstrated in nightmares and dreams after trauma (Revonsuo 2000). By
means of dreaming, REM primes sleepers, rehearsing threatening events or
social scenarios that may occur in their waking environments (Samson and
Nunn 2015). When might these sleep stages and the tree-to-ground sleep
transition have emerged in early hominins?

Australopithecines and early Homo

Among primates, sleeping terrestrially is unusual. The ancestral primate
was probably arboreal. Small-bodied primates often use tree-holes to care
for their young, to stay within optimal temperatures, and to avoid predators
and mosquito vectors that spread parasites. As primate body mass expanded,
a transition occurred from fixed-point nest sleep to tree-branch sleep. The
“sleep-quality hypothesis” suggests that, in great apes, more stable sleeping
sites allowed deep and sustained sleep and thus enhanced cognitive func-
tion. By contrast, the “engineering hypothesis” argues that greater cognitive
performance enabled them to build nests. It could be that increased com-
plexity in construction of sleeping platforms improved cognition, which in
turn enhanced nest-building potential (Samson and Nunn 2015). Interesting
to note here is a phenomenon during the onset of sleep in most primates:
the hypnic jerk. This is a sudden reflexive muscle movement that commonly
awakens the sleeper. It seems to be an archaic response to misinterpretation
of the muscle relaxation characteristic of the onset of sleep as a signal that
the sleeping primate is “falling out of a tree” (Coolidge 2006; Coolidge 2020).

Their smallish bodies compared to their longer limbs indicate that aus-
tralopithecines travelled on the ground while foraging, but probably slept in
nests in trees. They had diets that included meat, but they seem to have
resembled other apes in terms of brain size, brain shape, and behaviors
(Coolidge and Wynn 2016). The body proportions of Homo habilis remained
similar to those of australopithecines (longer limbs, shorter and lighter bod-
ies), suggesting that they also probably still slept in trees (DeLouize, Coolidge,
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and Wynn 2016; Coolidge and Wynn 2016). Homo habilis, like australopith-
ecines, thus appear to have maintained their largely arboreal lifestyle and
restricted range. Although they spent time on the ground, foraging and scav-
enging for meat, australopithecines and habilines probably slept in trees for
protection from predators. Both australopithecus afarensis (Lucy) and Homo
habilis must have had SWS and REM sleep (Coolidge 2020).

Homo ergaster or African Homo erectus

About 1.9 mya, Homo erectus made a full transition to terrestrial life,
including sleeping on the ground instead of in nests in trees (Coolidge 2020).
Homo erectus seems to have been the first obligate biped with limb pro-
portions that would make it difficult to facilitate arboreal sleep. Due to dra-
matic morphological changes and increasing body volume, they appear to
have been the first full-time terrestrial ground-sleeping hominin (Samson
and Nunn 2015). Homo erectus also seem to have been the first hominins to
have relatively uninterrupted sleep, which preserves the integrity and ben-
efits of SWS and REM cycles on learning and memory, including the replay
of episodic memories during these periods. They may have been the first
hominins to have derived cognitive benefits from qualitatively better sleep
and a single, integrated sleeping period. All the benefits of sleep would have
been enhanced because they slept on the ground, in shelters, and in much
larger social groups (Coolidge 2020).

Drawing on findings in evolutionary anthropology and sleep biology,
David R. Samson and Charles L. Nunn (2015) propose the “sleep intensity
hypothesis”. According to this hypothesis, early hominins sleeping in novel
terrestrial environments must have experienced selective pressures, such as
increased predation risk and threats from intergroup conflict, to fulfill sleep
needs in the shortest time possible. Shorter and deeper sleep would also
enable more net hours of activity and increased social interaction in which
to acquire and transmit new skills and knowledge. Samson and Nunn ar-
gue that deeper sleep led to both cognitive and behavioral benefits in early
hominins. Of the cognitive benefits, increased sleep intensity conferred at
least three: threat priming, memory consolidation, and increased innovation,
all of which would probably improve survival in challenging novel terrestrial
environments. Human sleep patterns are the shortest recorded among pri-
mates, and seem more efficient because the sleep is shorter and deeper, and
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exhibits a higher proportion of REM than the sleep in nonhuman primates.
By means of dreaming, a higher proportion of REM sleep may have resulted
in greater creativity, insight, and innovation (Samson and Nunn 2015).

For hominins, the transition from tree to ground life posed a challenge,
as living on the ground entailed a greater risk of predation. To make the
terrestrial sleep transition, early hominins seem to have evolved behavior-
al adaptations to counteract the risks and the loss of benefits of arboreal
platforms. These new behaviors include defense strategies against predation
such as the management of fire (Coolidge 2020). Homo erectus seems to have
been the first hominin ancestor to use fire (Samson and Nunn 2015). Fire
tending has been proposed as essential to make sleep possible in terrestrial
environments. Fire at night would have helped to scare off predators, keep
individuals warm during cold nights, and fumigate sleep sites with smoke
to avoid biting insects (Coolidge 2020). For Homo erectus, fire management
would also have allowed for increased group cohesion.

Musical, singing, dancing, and pantomiming behaviors also seem to have
been crucial for group cohesion in early hominins. Robin Dunbar argues that
behaviours, including singing and dancing, act functionally in humans. These
emerged as forms of social grooming, as they are capable of triggering the
endorphin system, functioning as group-bonding mechanisms, reducing ag-
gression and enhancing social cohesion (Dunbar 2020). According to Joseph
Jordania, rhythmically united, synchronous singing together with dancing,
trigger a mental state characterized by analgesia (painlessness) and aphobia
(fearlessness). Jordania describes this collective experience as an effective
survival strategy, as well as a defense or attack system for critical moments
such as wars. This experience creates a collective identity and a strong bond
between group members, and sends a strong message to the predator about
the unity and determination of the group (Jordania 2011). Loud evening
group musical behaviors may have been organized in order to scare potential
predators and secure nocturnal sleep (Kortlandt 1973). Human choral singing
may have been used to defend territory (Hagen and Bryant 2003; Geissmann
2000; Rice 2014; Jordania 2014, Nettl 2022; Jordania in this Volume). Audio
signals seem also to have been augmented by visual displays of threatening
body movements, such as coordinated dance movements and pantomimic
gestures (Jordania in this Volume).



Possible Role of the Tree-to-Ground Sleep Transition in the Imagination of Defense Strategies 261

Musical, singing, dancing, and pantomiming behaviors seem thus to have
been crucial for group cohesion in early hominins. As discussed in the first
and second section, these behaviors seem to have emerged in late australo-
pithecines and early Homo, and appear to be fully found in Homo ergaster
or African Homo erectus. The tree-to-ground sleep transition seems to have
facilitated the evolution of reflective imagination in early hominins, which
in turn would allow them to imagine defense strategies by means of music,
song, dance and pantomime. Future research and new findings will continue
to shed light on the emergence of these behaviors as defense strategies in
early hominins.

Conclusions

In this chapter | have examined what we so far know about the emer-
gence of music, song, dance, and pantomime in early hominins by focusing on
the human cognitive capacity to imagine. Based upon archaeological records,
| first explored fossil evidence on the emergence of these behaviors. Drawing
on cognitive archaeology, | subsequently focused on the possible emergence
of the cognitive capacities underlying the experience of music, song, dance,
and pantomime in hominin evolution. To fully understand these human abil-
ities, | proposed to consider the cognitive processes of interoceptive percep-
tion; an imaginative triadic system consisting of mental space travel, mental
time travel, and mental mind travel; metacognition; and episodic memory
— together constituting a cognitive capacity that | call reflective imagination
— a capacity which seems to have begun to emerge in early hominins. Based
on sleep science, | concluded that tree-to-ground sleep transition facilitated
the evolution of reflective imagination in early hominins, allowing them to
imagine defense strategies by means of music, song, dance and pantomime.
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The Lions and the San
Elizabeth Marshall Thomas (USA)

In the scientific world, an interesting question has arisen regarding our
ancestors, formerly known as Bushmen, now known as San. For thousands of
years the San lived in parts of Africa with a large number of lions and other
important predators, and unlike our earlier ancestors, the apes who lived
in the trees, the San lived on the ground where predators could find them.

How did they do this? What were their defense strategies? How were
they able to sleep on the ground at night when such major predators as
lions, lion-sized hyenas, and leopards were prowling around them?

It might seem strange but it is a fact that most scholars of human evolu-
tion haven’t seemed interested in how our ancestors defended themselves
from predators. Darwin (1871), for example, was sure that humans evolved
in the safe environment of a large warm island with no predators, and that
the biggest evolutionary force for human evolution was sexual selection. Ray-
mond Dart and his follower Robert Ardrey (1961) believed that our human
ancestors did not need a defense against predators because they themselves
were apex predators, ruthless killers and cannibals. Taking a different point
of view, Charles Brain (1981) and later Robert Sussman and Donna Hart
(2005) suggested that our human ancestors were a humble species whose
best defense was to climb a tree.

Studies trying to find the relevant strategies of defense from predators
were almost non-existent. As a rare exception | should mention Adriaan
Kortlandt (1965, 1980), a scholar who suggests that our ancestors defend-
ed themselves from predators by using sticks, stones, and thorny bushes.
There are also recent suggestions that our ancestors were using the so called
“aposematic” strategy of defense, which means they tried to scare away the
predators by standing up, shouting and singing, clapping and stomping, and
throwing sticks and stones.

Scholars are beginning to see that we need more research of this import-
ant topic, and an international conference was held in June 2023, thanks in
large part to Dr. Joseph Jordania, who is and has been one of surprisingly
few people who sees that the many thousand years survival of our ancestors
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the San has yet to be explained or understood. In the light of everything
mentioned above, the experience of the San who managed to live among
lions for tens of thousands of years can provide a window to the co-existence
of humans and lions, and also to the cultural differences of lions. Lions in
different areas have different cultures just like we do.

Make no mistake, lions were rightly seen as the most dangerous preda-
tors. The other large cats, the cheetahs and leopards, were not as dangerous
— cheetahs were too small to successfully hunt people and leopards were
easy to discourage — | knew a San woman who drove a leopard away with
a stick, preventing him from attacking her sleeping husband.

Compared to the larger predators, the San were fairly small — a man
might be about five feet tall and weigh a little over a hundred pounds, and
although the San could run fast, “fast” for humans isn’t much more than
twenty miles an hour. In contrast, a lion can weigh five hundred pounds and
run at fifty miles an hour, as | discovered when | was young and strong and
living in what then was South West Africa.

| was almost killed by a lioness who saw me from afar and started running
toward me. | ran faster than I'd ever run before and jumped into the truck
I'd arrived in right before she would have caught me. In just a few seconds
she ran three times as far as | did, and perhaps sixty years later | remember
the experience as if it had happened this morning.

The San lived mostly on vegetable foods but lions lived on the meat
of large hoofed mammals such as antelopes, all of whom ran faster, some
much faster, than the San. The San also ate large hoofed mammals maybe
once every two or three weeks, so for hunting they had poison arrows. But
defending yourself against a lion with anything less than a gun is pretty much
doomed to failure, and more so if you're counting on one of the San’s poison
arrows, because the poison takes days to do its work.

This brings us to the question that now interests the scientists. How did
the San survive as a species when living among large, successful predators
while seeming like easy prey?

The answer is simple but hard to believe, and has to do with culture.
Humans have cultures — quite various ones, as all of us know — but most
of us are unaware that lions have various cultures too. | have seen lions of
two different cultures starting with the culture of the lioness who chased
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me. This lioness was in Etosha Park, Namibia, and | later learned that the
lions there were so dangerous to humans that while Namibia was fighting
for independence, the lions prevented well-armed freedom fighters from
entering Namibia from the north.

In contrast were the lions in a huge, “unexplored” area that existed until
the 1960s and included much of the Kalahari Desert with parts of Namibia
and Botswana, an area the San had inhabited for thousands of years and the
white people hadn’t yet messed up. This area was the last part of unspoiled
southern Africa and the lions who lived there did not harm people. To do
so was against their culture.

The San and these lions were alike. Both were intelligent, both lived in
groups, both lived near water, and both hunted the same large antelopes in
the same way — they’d creep up on the victim for about the same distance,
then a lion would charge or a San would shoot a poison arrow. Both attacks
were fatal but the San’s took longer to get a result because the poison worked
so slowly — the hunters had to follow the victim, often for several days, until
the victim stopped walking or died. The big difference between the lions
and the San was that the lion prides had chiefs or headmen but the groups
of San did not. The San believed that everyone was equally important and
they didn’t need special people to guide them.

Starting in 1950, it was my good fortune to visit the San and the lions
in this vast, “unexplored” land. My parents, Laurence and Lorna Marshall,
with my brother John, age eighteen, and me, age nineteen, went there to
learn about the San, and because | learned | continue to put quote marks
around “unexplored.” For thousands of years the San who lived there knew
everything there was to know about every life-form big enough to see — ev-
ery insect, reptile, bird, and mammal, every bush and tree. The area should
have been called “The Perfectly Understood Area,” but since those who un-
derstood it had dark skins, wore animal hides for clothing, couldn’t read or
write and didn’t speak Afrikaans or English, their knowledge didn’t seem
like knowledge and didn’t count. Many years later, after multiple studies
had been done, | heard a Harvard professor say that the San “know almost
as much as we do” about their ecosystem. This stayed with me. Any teen-
aged San knew more about that ecosystem than all the Harvard professors
together.
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Most of the vast “unexplored” land had no surface water. During the
dry season, the only water was in waterholes and most of these were hard
to find — you could be standing near one and not know it was there. Some
animals get what moisture they need from plants and morning dew, but lions
and people need drinking water and during the dry season the area around
each and every waterhole was home to a group of San and also a pride of
lions. The San would make a camp somewhere near the waterhole, my family
would make a camp next to them, and the lions would find a resting place
out of sight of the San — we never saw the lions unless they came to see us.
The San and the lions kept apart quite carefully, not wanting to involve each
other. The San were active in the daytime and the lions were active at night.

Water may have influenced the peace the residents maintained. If the
two groups harmed each other, one group might want to drive the other
group out of the area, which meant away from a waterhole. If people were
driven off, they could live with friends or relatives at other waterholes, but
if lions were driven off, they’d have to fight the lions at some other water-
hole. Whichever group was driven off would have to survive on morning dew
while waiting for the rainy season. If the water situation made a difference,
as | believe it did, the lions had better reasons than the people for keeping
the peace.

The group of San we knew the best called themselves Ju/’hoansi. Ju
means person, / is a click made by your tongue behind your front teeth
as if you were saying tsk tsk, /’hoan means safe, harmless, and si makes it
plural. They had rightly named themselves “the Harmless People” — they
saw the benefits of peace and of people being equal. Each person owned
very little, so together they shared almost everything they had including a
large tract of land.

The Ju/’hoansi saw the world as filled with interesting lifeforms whose
skills and motives they had worked to understand. In short, they seemed
not only open hearted but also open minded. To show the extent of this, |
point to eighteen thousand kinds of beetles that live in southern Africa. The
larvae of several of these beetles provide the poisons the San put on their
arrows. The Ju/’hoansi called these beetles kua and also /oan (poison), the
scientists called them Diamphidia, and their larvae were found about a foot
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down in sandy ground under Commiphora trees. Nothing seemed to grow
under those trees. Why dig in bare sand where nothing is growing?

But the San favored knowledge over assumption, and would have seen
beetles climbing up and down those trees or burying themselves in the sand,
and then would have dug them up to learn more about them. Perhaps this
summarizes the tie between the San and their world. To explore the contents
of their ecosystem was important to them for the same reason that smart-
phones are important to some of us. We want to know what’s happening
around us.

The lions were also harmless, not to large antelopes of course — -they
were harmless to people. For instance, once in the “unexplored” land, we’d
been traveling in our truck all day and were very tired, so when night came,
instead of making a camp for ourselves we just put our bedding on the
ground and fell asleep. In the morning we found lion tracks around us. They’d
been standing beside us looking down at our faces, wondering what we were
doing on their land. We didn’t look like the San, but they must have decided
we were some kind of human because after they’d examined us they all
walked away. We were thankful, of course, but it’s good we kept sleeping.

My brother and | had an interesting experience when taking a long walk
over the veldt. We were about a mile from our camp when we walked around
a bush and saw a big lion in front of us, not ten feet away. The San had said
that if this happened, we should not run, we should seem uninterested and
walk away at an oblique angle. But we were shocked. We couldn’t think.
We just stood there staring. Meanwhile, the lion was seeming uninterested.
Then he walked away at an oblique angle.

Almost a life-time later | still remember him, needless to say. He was full
grown but still young, his mane was light colored, not dark like that of an
older lion, and he was alone, which could mean he’d been kicked out of his
pride by its male owner who didn’t want to share the pride with another
full-grown male.

Later we had a strange experience with a very large lioness. One night
when we and the Ju/’hoansi were sitting around our campfires, this lioness
walked out of the woods. She had come to tell us something, and began to
walk up and down a little path that ran between our campsites, roaring so
loudly we couldn’t hear ourselves think, and no wonder — a lion’s roar is so
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loud it can be heard five miles away. About twenty of us were sitting beside
our campfires, but there was nothing we could do about the deafening roars
except not move, which we did for what seemed like eternity.

At last the lioness stopped roaring and stood still, looking down at us
fear-stricken humans too terrified to move. She seemed satisfied. Perhaps
she didn’t know we didn’t speak lion. She turned as if her mission was ac-
complished and walked off among the trees. We had no idea what had just
happened to us so we looked at each other, not knowing what to say.

My favorite lion memory is of three lionesses who came to visit at us at
night. We'd see them about twenty feet away, standing among the trees,
quietly watching what we were doing. Soon enough someone would notice
them and one of the Ju/’hoan men would shake a burning stick at them,
telling them politely but firmly to leave. They’d look at him, then at the rest
of us, then at one another, and then they’d walk away.

They came to visit us quite a few times, and | think my family was of
interest to them. Our hair and skins were strange colors and we wore weird
cotton clothes. Obviously we weren’t Ju/’hoansi, but what were we?

To ourselves we seemed careful and normal. To the Ju/’hoansi at least
we seemed careful, and to the lions we seemed like all other humans, a
species they did not eat. My brother, John Marshall, made a study of causes
of death among the San, involving about a hundred people over about a
hundred years. He found one person killed by a lion — a paraplegic girl who
dragged herself along the ground with her hands. Maybe she didn’t seem
human to the lion, or maybe she was so disabled, so very easy to catch at
any moment, that he made an exception to the don’t-eat-people rule. And
he wasn’t the first to do this. Scholars who study the human-animal conflict
have noticed that both lions and tigers are more likely to attack a person if
that person is not standing up (see Blake in this volume).

Here we can also note, that scholars who study the human-animal con-
flict, noticed that lions and tigers are much more inclined to attack humans
when humans do not maintain their usual upright bipedal posture (see Waltl
in this volume).

As for the San, those we knew lived up to being Harmless People. To
maintain good will among themselves, important decisions were made by
the group, and everyone’s voice was heard. Each person owned very little
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so most of their objects were shared, and together each group owned the
huge stretch of land where they lived.

We don’t like to see uninvited strangers on our land, and the Ju/’hoansi
didn’t either, but one day three San men who were not Ju/’hoansi came
onto their land while following an antelope they’d shot with a poison arrow.

The Ju/’hoansi we knew learned about this — | think someone saw the
strangers — and a group quickly gathered to decide what to do. They knew
the intruders were hunting and couldn’t control where their victim would
go, and after their victim died from the arrow poison they’d go back to their
encampment with the body. The group of Ju/’hoansi decided to do nothing
and the trespassers did what was expected of them — they found their vic-
tim and went home. I’'m sure this sounds like nothing much and perhaps it
isn’t much, but it was the one and only time in more than two years that
the Ju/’hoasi we were with had to deal with possible wrongdoing. This kind
of behavior explains why San culture persisted for twenty thousand years.

But the world keeps changing — it has certainly changed for the San. The
“unexplored” area has been thoroughly visited and now is no different from
the rest of Namibia. Some of the San seem to be desperately poor but oth-
ers have permanent living quarters, cloth clothing, computers, telephones,
and automobiles. In some places they’re forbidden from hunting, which |
believe is an effort to protect certain animals from going extinct, and this
seems ironic because while the San were living as they had lived for twenty
thousand vyears, the species that people hunted were not over-killed and
did not go extinct.

The good part is that some of the San have email. I'm in touch with a
splendid person, the grandson of a man we knew well. His name is Leon
Tsamk/ao and | think of how we met his people...we had to bring a truck
with us so we crossed the Atlantic by boat, then we found an interpreter and
with him spent weeks searching the “unexplored” area until one day in the
woods we saw the young man who became Leon’s grandfather. He walked
up to meet us, our study began.

Leon Tsamkgao knows the lions. “Lions only become dangerous,” he says,
“when they have babies or when a lion gets wounded. They don’t eat hu-
mans. The Ju/’hoansi do not have any bad history about lions and other
predators.”
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In contrast, he points out, “the lions at Etosha are different from the wild
ones that the Ju/’hoansi know. The Etosha lions are very aggressive because
they are living among humans, which is what makes them like that. People
come [to Etosha] because they want to see lions, and in the culture of the
Ju/’hoansi there’s no way a person just decides to go see lions. The Ju/’hoansi
do not have any bad history about lions and other predators.”

That’s Leon’s view. My view is that the Ju/’hoansi do not have any bad
history about anything. They survived by maintaining a peaceful relationship
with lions. The San became the ancestors of the rest of us, but not all of
them felt the need to change. Those people kept their marvelous culture,
or the important parts of it, anyway, and evidently, like some of the lions,
they have it to this day.

And today, in 2023, almost 60 years after our first meeting, the study
continues, and we are coming to the realization that we might learn im-
portant details and lessons about our evolutionary history by paying closer
attention to the vast traditional knowledge and wisdom of the San people,
accumulated during their tens thousands of the years of peaceful co-exis-
tence with African lions.
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Adriaan Kortlandt, The memory of whom the con-
ference was dedicated

New building of Grigol Robakidze University in Thilisi, where we initially planned to
have the International Conference “Defense Strategies in Early Human Evolution”
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Mamuka Tavkhelidze, Rector of the Grigol Robakid-
ze University, who opened the conference.
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