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Drawings of Representational Images by Upper Paleolithic
Humans and their Absence in Neanderthals Reflect Historical
Differences in Hunting Wary Game

Richard G. Coss

Abstract

One characteristic of the transition from the Middle Paleolithic to the Upper Paleolithic
in Europe was the emergence of representational charcoal drawings and engravings by
Aurignacian and Gravettian artists. European Neanderthals never engaged in represen-
tational drawing during the Middle and Early Upper Paleolithic, a property that might
reflect less developed visuomotor coordination. This article postulates a causal relationship
between an evolved ability of anatomically modern humans to throw spears accurately
while hunting and their ability to draw representational images from working memory.
Unlike Neanderthals, archaic and anatomically modern humans in sub-Saharan Africa
adopted longer-range hunting practices using hand-cast spears as a compensation for the
emergence of increasingly wary game. For Neanderthals, paleoclimatic fluctuations likely
precluded consistent hunting of cold-adapted game, a property making game more
approachable for close-range hunting with thrusting spears. As evidence of less historical
wariness of humans, many of the species hunted by Neanderthals were eventually domes-
ticated. Due to strong sources of natural selection on archaic and anatomically modern
humans for effective hunting, the parietal cortex that integrates visual imagery and motor
coordination expanded progressively, yielding the globular shape of the human cranium
that is not evident in Neanderthals. To characterize how the cognitive properties employed
for throwing spears and drawing line work are similar, the Upper Paleolithic drawings of
animals in Chauvet cave, France, are discussed in the speculative context of how these art-
ists engaged simultaneously in overt attention to guide their hand movements and covert
attention to their mental images during the drawing process.

Keywords: anatomicallymodernhumans, Chauvet cave art, representational drawing, Neanderthals,
overt and covert attention, predator—prey arms race, spear throwing and thrusting
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INTRODUCTION

One of the important and highly controver-
sial issues in archaeology is interpreting how
advancements in lithic technologies during the
transition from the Middle Stone Age (MSA)
to the Late Stone Age (LSA) in southern Africa
about 70 ka (thousand years ago) is indica-
tive of the enhanced cognitive capabilities of
anatomically modern Homo sapiens (AMH).

This article focuses on one unique property of
this advancement—the drawing of recognizable
images on cave walls by AMH newly arrived to
Europe. This artistic ability contrasts mark-
edly with its absence in Eurasian Neanderthals
(H. neanderthalensis). To address this issue,
I will review the archaeological evidence show-
ing progressive technological advances by AMH
and the relative stability of Middle to Early
Upper Paleolithic Neanderthal technology.
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Although neurobiological study of how visual
imagery is translated into artistic expression is
in its early stages of enquiry, I will speculate on
the different types of neurological constraints
that might have restricted Neanderthal artistic
ability.

To construct a model of how visual imagery
was expressed in complex drawings by AMH,
but not Neanderthals, the first section of this
article reviews the important role of hunting
game that required advanced visuomotor
coordination. I will argue that the ecological
challenges of hunting progressively wary game
in sub-Saharan Africa for speculatively more
than 500,000 years reflected the effects of a
multispecies “arms race” of predator—prey
interactions. Successfully evasive behavior
by prey and successful hominin hunting
practices acted as strong sources of natural
selection, enhancing prey wariness that led
to the counteracting adoption of long-range
projectiles. Prior to the arrival of AMH in
Europe -40 ka, the large game hunted by
Neanderthals would not have experienced
the same intensity and duration of natural
selection from hominin hunting as that
experienced by sub-Saharan African game. As
such, European game presented less complex
hunting challenges that promoted strategic
hunting innovations.

The second section reviews studies of visuo-
motor imagery employed in athletic activities
relevant to hunting, such as using visual imag-
ery in event rehearsal. I will then bridge rele-
vant empirical studies of visuomotor imagery,
several of which employed brain imaging, with
anecdotal observations of artistic practices. The
overall conceptual framework of this article
provides an evolutionary explanation of why
hunting less challenging game never fostered
Neanderthal artistic abilities. This construct
is contrasted with how hunting wary game by
AMH employed advanced forms of visuomotor
imagery that could be co-opted for other cre-
ative activities, including the drawing of recog-
nizable images.

HUMAN HUNTING HYPOTHESIS

Cognitive Arms Race of Human Ancestors and
their Prey

Hunting game for the energetic properties of
meat has likely had a long evolutionary history
in the human lineage prior to hominins evolv-
ing obligate bipedalism. It probably originated
as cooperative hunting using arboreal tactics
similar to those employed by common chim-
panzees (Pan troglodytes) hunting red colobus
(Colobus badius) monkeys (Boesch 1994).
With the advent of bipedalism (Richmond
and Jungers 2008) more than 6 Ma (million
years ago) followed by the earliest fossil evidence
of long legs in H. erectus ~1.8 Ma, the putative
ability to run down small or disabled prey to
exhaustion (Bramble and Lieberman 2004) pro-
vided the initial source of natural selection on
these prey for their inclusion of hominins into
their guild of predators. A long history of hunting
in this manner might have initiated the first
selective sweep of cognitive adaptations in rela-
tively small prey in which foraging bipeds were
no longer perceived as nonthreatening agents.
Because this selective sweep would be distrib-
uted spatially and temporally across numerous
species, recognition by prey that H. erectus was
dangerous would indubitably have been slow
in the ecological time frame. Nevertheless, it
would eventually engender a multispecies arms
race in which prey could anticipate potential
danger from hominins via their distinct per-
ceptual features, such as body odor, dark skin,
upright bipedal gait, and vocal emissions. The
cognitive ability of terrestrial prey to recog-
nize the facing orientation of hominins would
already have been established earlier because
recognition of two facing eyes is essential for
assessing the intentions of other predators
(Coss and Goldthwaite 1995). Coincident with
the increasing wariness of smaller prey that
H. erectus was dangerous, the reciprocally
greater difficulty in capturing prey by H. erectus

very likely acted as a major source of selection
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for enhanced social cooperation, communica-
tion, and technological innovations in hunting.

Since the focus of this article is identi-
fying the cognitive factors that support the
ability to draw that differentiated AMH and
Neanderthals, I will focus on the perceptual-
cognitive aspects of visuomotor imagery
employed for hunting that are also useful for
drawing. The ability to employ visual imagery
is very important in assessing prey behavior
while preparing an attack and organizing the
action patterns to carry out the attack. This
ability requires the anticipation of prey defen-
sive responses in a manner analogous to how
“mirror neurons” are activated when one
observes the action of another conspecific, thus
recreating a preparatory pattern of neural activ-
ity to replicate this action (Buccino et al. 2001).
Natural selection from predation has also
shaped in some prey the heterospecific analog of
a mirror-neuron system. For example, there are
numerous daytime observations during game
drives in grassland habitat of foraging antelope,
zebras, and warthogs appearing to ignore rest-
ing lions at relatively close distances (Brubaker
and Coss 2015). This form of heterospecific
threat assessment can be interpreted within
the Theory of Mind framework, notably “sec-
ond-order intentionality” in which an assessor
believes that other individuals have beliefs and
desires (Dennett 1983). Visual imagery could
play an important role in this form of hominin
assessment of heterospecific intentions which
could extend more generally into anticipating
the utility of nearby sites for processing kills that
afforded protection from scavenging carnivores
(Dominguez-Rodrigo 2001). Due to the phylo-
genetic breadth of mirror-neuron and adjunct
motor-imagery systems in related primates, it is
reasonable to argue that the common H. erectus
ancestor of AMH and Neanderthals more than
800 ka (Green et al. 2010) was similarly capable
in this domain.

Anecdotal reports of human endanger-
ment by African wildlife inspired the Human
Hunting Hypothesis, which focused initially on

Drawings of Representational Images by Upper Paleolithic Humans

developing an evolutionary model to explain
why African bush elephants (Loxodonta afri-
cana) were more consistently dangerous to
humans than Asian elephants (Elephas maxi-
mus). The primary argument was that Asian
elephants experienced less consistent hunting
from archaic humans (presumably H. heidel-
bergensis, see Sankhyan et al. 2012) in South
Asia “until modern humans colonized south-
ern Asia with their well-honed lithic traditions,
developed originally for hunting reclusive
African game” (Thuppil and Coss 2012, 178).
Following the arrival of AMH in Central Asia
~40 ka, large megafauna, such as ancestral
horses (Equus caballus), experienced human
hunting for a period hypothesized as insuffi-
cient in duration to promote the evolution of
antihuman behavior (Brubaker and Coss 2015).

Habituation as a Contextual Process Useful
for Human Hunting

In developing my argument about the sources
of natural selection from hunting that shaped
modern cognition relevant to drawing, I have
expanded the construct of the Human Hunting
Hypothesis to include European megafauna
hunted by Neanderthals. A major component
of this hypothesis is the differential ability of
a particular species to habituate completely
to humans; complete habituation to humans
is defined herein as the behavioral context in
which humans become ecologically irrelevant as
predictors of danger when viewed repeatedly in
nonthreatening situations.

For species with a long history of terrestrial
predators, evolved antipredator responses can
be modulated by short-term habituation that
fosters the ability of prey to forage near pred-
ators if there are no threatening consequences.
In the context of daily exposure to benign
humans for long periods, wild horses (£. c.
ferus) at the Assateague National Seashore, an
island near the eastern shore of Maryland, can
undergo complete habituation to humans as
evidenced by their grazing inattentively within

ESIC| Vol. 1| No. 2 | Fall 2017
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touching distances of beachgoers. Repeated
exposure to an environmental attribute without
an important consequence engenders continu-
ous perceptual updating with learning that this
particular attribute does not have predictive
properties and thus can be ignored. However,
with multiple episodes of preexposure without
consequences, the attention-regulating proper-
ties of habituation lead to “latent inhibition”
that retards learning that this attribute is a
reliable predictor of an important consequence
(Lubow and Moore 1959). Latent inhibition
by prey exhibiting short-term habituation to a
predator previously in view is likely to engender
a slower flight-reaction time when the predator
charges suddenly from cover. Such ambush
attacks from concealment might have been
employed as a hunting tactic by both AMH
and Neanderthals for prey that had habituated
previously to human presence. In species with-
out a natural aversion to humans, latent inhi-
bition can buffer the effects of repeated human
harassment, leading to crop-raiding pests. For
example, archacological evidence in Borneo
suggests that the bearded pig (Sus barbatus)
and barking deer (Muntiacus spp.) were hunted
persistently in Borneo by AMH for at least
40,000 years (Barker et al. 2007). Rather than
being highly vigilant near human settlements,
both species raid crops repeatedly despite con-
sistent human harassment (Fredriksson 2005).
Such assertive behavior suggests that the dura-
tion of natural selection from hunting was
insufficient to promote in these species cog-
nitive changes in which humans are innately
recognized as predators.

The aforementioned model of historically
inconsistent hunting of large game in Central
Asia, leading to their ability to habituate well to
humans, was tested experimentally by compar-
ing the flight-initiation distances of plains zebras
(E. quagga) to a person approaching steadily on
foot (Brubaker and Coss 2015). Zebras in east-
ern and southern Africa living near settlements
with high exposure to humans were compared
with zebras living far from settlements with low

human exposure. Wild horses from Nevada with
similar high and low human-exposure levels
were selected for comparative study. Prior to
domestication ~5.5 ka, ancestral horses adapted
to cold climatic conditions in Central Asia are
speculated to have been hunted only episodi-
cally by Late Archaic hominins (Neanderthals
and Denisovans) during warmer interstadial
and interglacial periods until the arrival of
AMH about 40 ka. Despite domestication, wild
horses with low exposure to humans exhibited
an average flight distance (146 m) even larger
than that of plain zebras (105 m) with low
exposure to humans, a property indicating that
domestication has not blunted horse antipreda-
tor behavior. As predicted, horses from high
human-exposure areas exhibited a much larger
degree of habituation than similarly exposed
plains zebras, yielding an average flight distance
of 17 m compared with 37 m for plains zebras.
This longer zebra flight distance is just outside
the effective range of poisoned arrows shot by
Hazda and San hunter-gatherers in eastern and
southern Africa (Brubaker and Coss 2015). The
flight distances of impala (Aepyceros melampus)
and greater kudu (7Zragelaphus strepsiceros) are
also longer than poison-arrow range (Tarakini
et al. 2014, 80). As mentioned previously, wild
horses habituate readily to benign humans and
can be adopted out quickly to private care fol-
lowing roundups by the U.S. Bureau of Land
Management or other wildlife management
agencies. Plains zebras have never been domes-
ticated despite repeated attempts, the context
of which suggest that they “might be adap-
tively constrained in habituating completely
to humans, a process making them unman-
ageable for domestication” (Brubaker and Coss
2015, 374). Again, it is reasonable to suggest
that extinct European caballoid horses (E. ferus
gallicus), like their aforementioned modern
counterpart, were capable of habituating to
humans moving about at a distance, but would
be very cautious when approached directly on
foot in full view. As discussed further below,
the inattentiveness of horses to nondangerous
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ungulates, such as reindeer (Rangifer tarandus)
and bison (Bison priscus), might have been
exploited by Neanderthals and later by AMH
using animal skins as subterfuge.

Advances in Archaic and Modern Human
Hunting Technologies

In this section, I will focus on the effects of the
predator—prey arms race from the AMH perspec-
tive in sub-Saharan Africa and how it might have
enhanced perceptual-motor coordination useful
for drawing cave art. This brain-enhancement
process will be contrasted with the different hunt-
ing challenges faced by Neanderthals, arguing
that the cold-adapted mammalian prey hunted
by Neanderthals had not evolved the same degree
of antihuman behavior as sub-Saharan African
species. I will contrast this conjecture with the
advancement in hunting technology exhibited
by early AMH in southern Africa to cope with
the increasing wariness of humans by a diverse
number of prey species.

Close-Range Hunting Tactics by Neanderthals

Middle Pleistocene (-300 ka) wooden spears
pointed at both ends, ranging in length from
1.8 m to 2.5 m, were discovered at a late
H. heidelbergensis or early Neanderthal occu-
pation site in Schéningen near Helnstedt,
Germany (Thieme 1997; Conard et al. 2015;
Schoch et al. 2015). Spears of this type might
have been used to hunt horses (butchered at
this site) at close range. The thick shape of these
spears coupled with strike-force simulations
suggest that they were likely used as bimanual
thrusting spears rather than hand-cast ones
(Schmitt, Churchill, and Hylander 2003).
Examination of Neanderthal shoulder morphol-
ogy and muscle insertion sites lends further sup-
ports to the argument that Neanderthals applied
underhand thrusting forces for penetrating game
with spears at close range. Nevertheless, this
“Spear Thrusting Hypothesis” is controversial.
The alternative explanation for Neanderthal

Drawings of Representational Images by Upper Paleolithic Humans

shoulder morphology is that the repetitive scrap-
ing of hides requires even more muscle action
than spear thrusting, and such intensive activity
might account for shoulder remodeling (Shaw
etal. 2012). It is reasonable to argue in the con-
text of this study that Neanderthal hide-scrap-
ing ability could have been applied to scraping
figurative designs on the walls of caves and
rock shelters, as was done by Upper Paleolithic
AMH, but there is no current evidence that they
ever engaged in this activity.

According to Bent Sorensen, the Neanderthals
had high mobility during the warmer Eem
interglacial period and concentrated on
procuring mostly meat from large game
(Serensen 2009). The species hunted frequently
were horses and reindeer (Grayson and Delpech
2002). Larger, more challenging game would
have included red deer (Cervus elaphus),
bison (Bison bonasus), woolly rhinoceros
(Coelodonta antiquiratis), and woolly mam-
moth (Mammuthus primigenius). Among these
species, reindeer might have been the easiest to
huntbecause current research indicates that their
flight distances are seasonally variable (as close
as 22 m prior to seasonal hunting). Importantly,
wild reindeer reduce their flight distance about
6 m when approached repeatedly on foot the
same day (Reimers et al. 2009). Genetic analy-
sis suggests that wild reindeer, like wild horses
that can be casily tamed and bred, probably
habituated rapidly to captive management
when introduced to domestic herds (Reed
etal. 2008). Red deer are also amenable to farm-
ing, and wild red deer habituate well to human
presence if they are not confined immediately
(Goddard, Gordon, and Hamilton 1996).

If unhabituated reindeer hunted by
Neanderthals exhibited similar flight distances
as modern reindeer, Neanderthals must have
employed stealthy hunting tactics to attack game
at close range, either from cover or approaching
them slowly in open habitat to engender habit-
uation. The bulky animal skins they wore for
keeping warm could have disguised their body
shapes deceptively with the familiar appearances

ESIC| Vol. 1| No. 2 | Fall 2017
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of nondangerous species. Animal disguises are
especially useful for hunting species with long
flight distances. As apparent in their rock art,
San hunter-gatherers in South Africa have had
a long history of wearing deceptive animal dis-
guises to approach prey to within poison-arrow
range (Thackeray 1983). There is also skeletal
evidence that killing large game up close was
clearly dangerous for Neanderthal hunters and
possibly involved wrestling by several hunters to
stabilize floundering game for more spear pene-
trations. This idea is supported by evidence that
some Neanderthals experienced traumatic inju-
ries to the neck and head not unlike those of
injured rodeo performers (Berger and Trinkaus
1995),and the Neanderthal genome shows pos-
itive selection for fast blood clotting to limit
blood loss during injury (Simonti et al. 2016).

Longer-Range Hunting Practices of
Anatomically Modern Humans

More than 1 million years ago, meat procured
by H. erectus through killing small animals
and scavenging larger carcasses was processed
using early Acheulian biface tools employed
as scrapers, picks, and robust hand axes. More
advanced large-flake Acheulian tools began to
appear in East Africa -1 million years ago, and
in India and southern Europe, the latter exhib-
iting a temporal discontinuity due to the inten-
sification of high-latitude glacial cycles affecting
human occupation (Sharon 2010).

The next major technological change by
African hominins began during the last half of
the Middle Pleistocene, characterized ~500 ka
by fluctuating episodes of manufacturing pre-
pared core flake and blade tools in eastern
and southern Africa (Johnson and McBrearty
2010; Wilkins and Chazan 2012), where blades
were possibly used as tips of hand-delivered
spears (Wilkins et al. 2012). The presence of
cleavers suggests a gradual functional shift
from Acheulian to early MSA technologies.
This widespread geographic emergence of
MSA technology was preceded by changes in

the intensity and phase of the Indian mon-
soon, leading to a faunal turnover in eastern
and southern Africa resulting from range con-
traction, migration, and extinction due to
increased aridity and expanding grasslands
(deMenocal 2004; Faith and Behrensmeyer
2013). The extinction of several species with
specialized diets led Richard Potts to develop
his “Variability Selection Hypothesis,” arguing
that paleoclimatic fluctuations generated eco-
logical challenges to hominins that were dis-
ruptive, engendering differential selection for
greater hominin behavioral flexibility (Potts
1998). The Human Hunting Hypothesis dis-
cussed in this section pinpoints a more explicit
source of natural selection shaping human cog-
nitive capabilities—the historic filtering out of
unsuccessful hunter-gatherer groups in sub-
Saharan Africa that were less capable of coping
with the difficulty of hunting wary game in
open habitat.

Prior to the emergence of drier habitat
during the Middle Pleistocene, Acheulian
hunters in Ethiopia would, presumably,
have had much less difficulty hunting large
game that failed to perceive them as preda-
tory threats. As seasonal rainfall changed in
northeast Africa, species like the Nubian ass
(E. africanus africanus), which adapted well to
arid conditions, would have experienced pro-
longed relaxed selection from hominin hunt-
ers (Rabinovich, Gaudzinski-Windheuser, and
Goren-Inbar 2008) and large felid predators
like lions (Panthera leo) that depended on daily
sources to water. The Nubian ass is the only
African species that was later domesticated
(Orlando 2015), possibly by early Saharan
herders more than 5 ka, thereby becoming the
donkey (E. asinus). Unlike sub-Saharan ungu-
lates that coevolved with hominins, the Nubian
ass appears more curious than fearful when
approached on foot, a level of boldness that has
led to its endangerment by poachers. Genetic
evidence suggests that wild stock was recruited
repeatedly to expand managed groups in a pro-
cess similar to that of goats (Kimura et al. 2010).
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Such repeated introductions presumably reflect
the ease in which Nubian asses habituated well
to humans. In contrast, there is no evidence
to my knowledge of any wild-caught sub-Sa-
haran ungulates habituating completely to
humans the way horses and donkeys do. The
eland (Zaurotragus oryx), a species hunted for a
considerable period of time as shown in scenes
from southern African rock art (Thackeray
2005), does habituate to humans under benign
care, but these timid antelope can become
dangerous when cornered. Despite numerous
domestication attempts, a well-funded interna-
tional team concluded that the eland was not
a good candidate for domestication in Kenya
(Wirtu 2004, 87).

Sub-Saharan ungulates exhibit a common
suite of defensive behaviors after detecting
approaching humans on foot that typically
include head-up alert postures, alarm vocaliza-
tions (e.g., snorting), tail- flicking, foot-stamp-
ing, stotting (e.g., Thomson’s gazelles, Gazella
thomsonii), and evasive flight (Caro 1994).
A complementary observation that Thomson’s
gazelles recognize the human body form as dan-
gerous was reported by Fritz Walther (1969).
When Walther stepped into full view of a
nearby gazelle after being visually occluded by
his vehicle, the gazelle fled immediately. Such
observation of human recognition is comple-
mented by experimental study in which spring-
bok (Antidorcas marsupialis) skin disguises
yielded a reliably shorter average flight dis-
tance to human approaches than undisguised
approaches (Thackeray 1983). Following flight
to a safe distance from a person approaching
on foot, Grevy’s zebras (E. grevyi) may fan out
defensively as if anticipating a simultaneous
attack from several predators, including human
hunters (Brubaker and Coss 2016).

Rather than fleeing, several larger mammals
will engage in defensive mobbing of humans,
like that observed when lions attack individu-
als in herds of Cape buffalo (Syncerus caffer).
Humans suddenly encountering Cape buffalo
on foot are greatly endangered, and guides

Drawings of Representational Images by Upper Paleolithic Humans

consistently warn tourists on walking safaris
to maintain long distances from these animals.
Along with Cape buffalo, hippos (Hippopotamus
camphibious) are considered by some tour
guides as perhaps the most dangerous African
species because of their stealthy mobbing tactic
of capsizing small boats (Penkunas, Coss, and
Shultz 2014, 34). Like Asian elephants, bush
elephants can attack without warning, a pro-
cess augmented by learning which groups of
humans are dangerous by using odor cues
(Soltis et al. 2014).

There is still a debate about whether hunt-
ing was a prominent activity during the Middle
Pleistocene, because assemblages of large game,
such as hippos, suids, equids, giraffes, and
bovids at butchering sites, do not reveal the
methods of game procurement by H. erectus
that could have involved intentional hunt-
ing or carcass scavenging. Evidence of carcass
processing is unambiguous when bones and
Acheulian stone tools are found together, as
was evident for a hippopotamus (Hippopotamus
¢f amphibious) butchered in Ethiopia (Gallotti
et al. 2010). Nevertheless, one important
attribute indicative of consistent hunting by
H. erectus is the repeated processing of com-
plete carcasses at the same site (Endicott, Ho,
and Stringer 2010).

The aforementioned faunal turnover 400 to
500 ka in eastern Africa due to changes in sea-
sonal rainfall (Faith and Behrensmeyer 2013)
and spread of open grasslands with grazing
species adapted to drier habitat restricted the
suitable hunting of archaic H. sapiensto game
pathways where water was available. Analyses
of the impact scars (microfractures) of ~279 ka
MSA points in Ethiopia are consistent with
experimental evidence of the forces produced by
hand-cast projectiles (Sahle et al. 2013). South
African MSA faunal assemblages at kill-butch-
ery sites and occupation sites in rock shelters
provide evidence of the sizes and range of spe-
cies hunted by early AMH at a site older than
115 ka (Wurz 2002). At Klaisie River Mouth,
Richard Klein (1976) examined the frequency
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of mammals of different sizes, ranging from
small blue duikers (Philantomba monticola),
medium-sized species like plains zebras, and
large species represented by the Cape buffalo
and extinct giant buffalo (Pelorovis antiquus).
The tactic of face-to-face hunting with spears
is suggested by the discovery of a giant buf-
falo vertebra with a stone point embedded at
a low angle (Milo 1998). In contrast, hunting
of prey evolutionarily naive to humans must
have been easy because there are abundant
bones of Cape fur seals (Arctocephalus pusillus)
and penguins dated at the Eem interglacial
~125 ka when elevated sea level allowed easier
access to aquatic sources of meat (Klein 1976).
More recent MSA faunal assemblages asso-
ciated with the Howiesons Poort Industry in
Sibudu Cave, South Africa, provide evidence
that a moderate number of plains zebras were
hunted by AMH in southern Africa between
62 and 65 ka. Species with a larger presence in
Sibudu Cave assemblages are the Cape buffalo,
steenbok (Raphicerus campestris), and bush-
pig (Potamochoerus larvatus). Interestingly, the
diminutive blue duiker dominates the assem-
blages, indicating a concentrated effort at hunt-
ing this skittish forest-living species (Wadley
2008). Conversely, the grey duiker (Sylvicapra
grimmia) is infrequent, a finding that might
reflect the challenges of hunting a wary species
in open habitat.

The Howiesons Poort Industry at Sibudu
Cave overlies the Still Bay Industry, providing
the opportunity to evaluate changes in hunting
technology at two intervals separated by 5,000
to 8,000 years. As pre—Howiesons Poort tech-
nology, the Still Bay points exhibit advanced
manufacturing techniques, using hard and
soft (wood or bone) hammers for knapping,
heat treatment before flaking, and pressure
flaking to produce serrated edges (Lombard et
al. 2010; Henshilwood 2012). Pressure flaking
in particular made bifacial lanceolate-shaped
points remarkedly similar in appearance to
much later European Solutrean points made
by AMH. Further evidence of new functional

insights within the Still Bay Industry is found
in Blombos Cave with ages between 70 and
77 ka. Some of the points show evidence of
having been hafted axially as weapon tips (Villa
et al. 2009). An important innovation of the
later Howiesons Poort Industry was the man-
ufacturing of backed points possibly used as
projectile tips (Pargeter 2007; Lombard 2011).
The viscosity of plant-gum adhesives employed
for mounting these tips required well-controlled
temperature regulation (Wadley, Hodgskiss,
and Grant 2009). More importantly from the
standpoint of hunting innovations, some of the
backed quartz microliths and the bone pointsin
the Howiesons Poort assemblage might repre-
sent the earliest use of bow and arrow (Blackwell,
d’Errico, and Wadley 2008; Lombard 2011).
The South African Still Bay and Howiesons
Poort Industries characterize the use of projec-
tile technology that would allow effective hunt-
ing of large, dangerous game by early AMH at
relatively safe distances (Shea 2006). The wide-
spread adoption of Howiesons Poort microlith
technology along the South African coast and
in places with higher rainfall illustrates their
hunting utility. Along with the development
of advanced projectiles, other artifacts, such as
engraved ochre and perforated shells for adorn-
ment, indicate an emerging sense of symbolic
thinking and appraisal of beauty (Henshilwood
and d’Errico 2011). Irrespective of these nota-
ble innovations, Still Bay and Howiesons Poort
Industries were historically transient, and these
industries are separated by an interval of low
and variable rainfall that impacted game and
edible plant availability (Wurz 2013). It seems
reasonable to suggest that the advanced cogni-
tive capabilities that fostered these industries
were already present in other AMH populations
in eastern and northeastern Africa and contrib-
uted to the dispersal of AMH from Africa into
Eurasia ~70 to 80 ka during a humid interval
(cf. Blome et al. 2012; Mellars et al. 2013;
Groucutt et al. 2015; Clarkson et al. 2017).
Research on six sub-Saharan hunter-gatherer
genomes shows that they share a common
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ancestry distinct from agriculturalist popu-
lations; the highest genetic diversity is most
evident in the click-speaking #Khomani and
Namibian Bushmen, suggesting a southern
rather than eastern African origin for the AMH
population that left Africa (Henn et al. 2011).

Considering that the founding populations
entering Eurasia during the late MSA would
have had the same cognitive capabilities as
their sub-Saharan counterparts, the next sec-
tion examines how visuomotor coordination for
hunting wary game could have been co-opted for
making well-illustrated cave drawings of animals.
Before proceeding, there is one conundrum that
needs to be addressed—the ~30-ka delay in the
expression of representational rock art by African
AMH (Vogelsang et al. 2010) and its appear-
ance in divergent AMH populations dispersing
to Eurasia and Australia (Powell, Shennan, and
Thomas 2009). Ecological factors associated
with hunting might have contributed to this
delay. For African AMH, one possibility was
the advent of poison-arrow hunting (d’Errico
etal. 2012) that increased the efficiency of game
procurement, even though tracking large, slowly
dying animals could be time-consuming and
energetically costly. Nevertheless, it is reasonable
to suggest that an increase in hunting efficiency
coupled with sharing dried meat and storable
plant foods allowed more time to conceptualize
various types of causal inferences with spiritual
components that promoted representational
drawing (see Solomon 2008). The congruent
reduction of hunting effort in AMH encoun-
tering less wary European game and completely
human-naive game in Australia might have
promoted representational art similarly (Moore
and Brumm 2005; Roberts and Brook 2010;
Clarkson et al. 2017).

Since the act of drawing enhances obser-
vational skills, perhaps these drawings were
useful for conceptualizing hunts, evaluating
game attentiveness, selecting vulnerable body
areas as targets, and fostering group cohesive-
ness via spiritual ceremonies. To evaluate AMH
ability to draw and its absence in Neanderthals,

Drawings of Representational Images by Upper Paleolithic Humans

I will speculate on how visuomotor imagery
facilitated the expression of highly advanced
drawings at one cave site, Chauvet cave in
Vallon-Pont-d’Arc, Ardéche, France. The char-
coal drawings of animals in this cave are among
the oldest in Europe, with radiocarbon dates of
about 32 ka near the beginning of the Upper
Paleolithic (Cuzange et al. 2007). Chauvet cave
was occupied during two periods separated
by 5,000 years. Both periods exhibit cave art
that provides insight into how visual imagery
was transformed into targeted arm movements
during drawing, analogous to the imagery
employed when hunters assessed the trajectories
of spears about to be thrown at animal targets.

The Perceptual Relationship between Drawing
and Spear Throwing

The dispersal of AMH across Europe signi-
fies the transition from the Middle Paleolithic
that lasted about 200,000 years to the Upper
Paleolithic. Paul Mellars (2005, 13) lists a series
of technological innovations that appeared
abruptly in the Early Upper Paleolithic, the
most relevant for this article being the complex
and varied art forms (engraving, sculptures,
cave paintings). Mellars also questions whether
Neanderthals contributed to any substantial
Upper Paleolithic innovations. And the long
period of the Middle Paleolithic technology in
Europe suggests relative stability in Neanderthal
hunting practices constrained by their low
subpopulation densities affecting the cultural
transmission of information (Powell, Shennan,
and Thomas 2009). Nevertheless, Neanderthals
were capable tool makers, using precision-knap-
ping with mostly their right hands (Uomini
2011; Villa and Roebroeks 2014). Repetitive
arm motions similar to those used for scrap-
ing hides were used to engrave eight somewhat
regularly spaced lines on the floor of Gorham’s
Cave, Gibraltar, dated ~39 ka (Rodriguez-Vidal
et al. 2014). Attributed to Neanderthals, this
engraving is the first known for an inhabited
area of a cave. About the same age, a bird bone

ESIC| Vol. 1| No. 2 | Fall 2017

23

This content downloaded from 99.113.71.51 on Fri, 13 Jul 2018 21:34:54 UTC
All use subject to http://about.jstor.org/terms



Richard G. Coss

with regularly spaced notches associated with
the Chatelperronian stone industry was found
at the Grotte du Renne, Arcy-sur-Cure, France
(d’Errico et al. 1998). I am not surprised that
Neanderthals were capable of engraving regu-
larly spaced patterns since stone knapping gen-
erates some degree of visual-pattern regularity.
Parallel lines were also engraved by AMH on
ochre at Klaisies River Mouth and Blombos
Cave ~75 to 100 ka, and ostrich shells show
regularly spaced engravings at Howiesons Poort
levels at Diepkloof Rock Shelter (d’Errico
and Henshilwood 2011; Mellars et al. 2013,
10701). Even more impressively, a much older
(~430 to 540 ka) example of equally spaced par-
allel and zig-zag lines engraved on a fossil shell
was found in Indonesia and presumably made
by H. erectus (Joordens et al. 2015). It must
be noted here that perception of pattern reg-
ularity, such as cross-hatching and ladder-like
designs (Coss 2003), has had a long ecologi-
cally important history in the primate lineage
because it has been useful for the rapid detec-
tion of snake scales and scale patterns of poten-
tially dangerous snakes (Meno, Coss, and Perry
2013; Isbell and Etting 2017).

CONSTRAINTS ON NEANDERTHAL DRAWING

Evidence of complex tool fabrication and very
rare pattern-engraving activity by Neanderthals
suggests that their lack of drawing representa-
tional images is not based on any decrement in
small, visually guided motor movements needed
for tool fabrication and spear-tip hafting. My
conjecture is that Neanderthals could mentally
visualize previously seen animals from working
memory, but they were unable to translate these
mental images effectively into the coordinated
hand-movement patterns required for drawing.

Exteriorizing mental images by drawing
them requires the integration of three mental
processes: (1) the ability to generate vivid
and relatively coherent static and dynamic
images from working memory based on
actual experiences; (2) the ability to rearrange

these mental images into novel combinations
and generate entirely novel images; (3) the
ability to focus attention overtly on specific
features of these mental images to initiate the
line drawing while simultaneously attending
covertly to other features of the mental image
for stopping the drawing action. As typically
studied experimentally, covert attention is the
process of shifting attention from a visually
fixated target to a peripheral (nonfoveal) cue
without moving the eyes in that direction (see
Kelley et al. 2008). Rather than uncoupling
attention to a peripheral cue from a visu-
ally fixated one, the act of drawing requires
expanded attention to peripheral parts of the
mental image during visually fixated guid-
ance of the drawing hand.

The inability of Neanderthals to draw
recognizable images would not be costly for
survival because the evolutionary changes in
Neanderthal brain organization and plasticity
(Wynn, Overmann, and Coolidge 2016)
appear to have achieved a steady state due
to stabilizing selection (Siegal and Bergman
2002) sufficiently well-adapted for coping with
the complexity of environmental challenges
Neanderthals faced. With further respect to
Neanderthal brain evolution, the pattern of
morphological transformations from neonatal
to adult endocranial shapes in modern humans
and Neanderthals is similar, but Neanderthals
typically had longer brain cases with larger
brain volumes (Neubauer 2014). Unlike AMH,
Neanderthal skulls never underwent a globu-
larization (dorsal and lateral cranial bulging)
transformation. Based on endocranial differ-
ences that include older H. Heidelbergensis,
Bruner, Manzi, and Arsuaga (2003) conclude
that AMH and Neanderthal brain development
exhibited distinct ontogenetic growth trajecto-
ries, notably the early increase in dorsal brain
volume that induced AMH cranial globulariza-
tion of infant skulls. This increase in AMH cra-
nial globularity implies that their parietal cortex
was larger than that of Neanderthals (Bruner
and Iriki 2016).
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The parietal cortex is the integrative nexus
of prefrontal, somatosensory, and visual corti-
ces, and a smaller Neanderthal parietal cortex
might explain the absence of drawing abilities.
Drawing is a visually creative process, espe-
cially for the expression of new ideas (Fish
and Scrivener 1990). One way to pinpoint the
contribution of the parietal cortex during a
creative act is using functional magnetic reso-
nance imaging (fMRI) to study the redirection
of blood flow in tiny capillaries as a proxy signal
of neuronal activity. In a study of design deci-
sion—making, design majors with two years of
training and nondesign majors were asked to
imagine new pen designs while looking at pen
images from inside an fMRI scanner (Kowatari
etal. 2009). Subjects then drew their pen designs
after brain scanning. Analysis revealed that both
expert and novice designers showed elevated left
to right activity of the prefrontal cortex coupled
with suppression of activity most strongly in
the left parietal cortex. Nondesign majors with
the most original pen designs showed more left
parietal cortex suppression than novices with
less creative designs. These researchers make
the conjecture that prefrontal inhibition of the
left parietal cortex reduced any interference on
novel imagery generation by prefrontal cortex.
In a different study (Mechelli et al. 2004), sub-
jects in an fMRI scanner viewed faces, houses,
and chairs and then imagined them. Brain
activity was different for the viewed and imag-
ined images, with the process of viewing images
activating mostly early visual cortex (areas 17
or 18) due to the low cognitive load. Similar
to the previous study, the generation of “vivid”
imagery of faces, houses, and chairs elevated
neural activity in both the prefrontal cortex,
interpreted as the content-sensitive brain area
for developing mental images, and the supe-
rior parietal cortex as the brain area mediating
attention to the imagined images. During the
Visual-imagery task, the precuneus, a postero-
medial brain region in the posterior parietal
cortex, was similarly activated. Along with
the dorsal premotor cortex, the precuneus is

Drawings of Representational Images by Upper Paleolithic Humans

considered an important area involved in
visuospatial imagery (Oshio et al. 2010). It
plays an essential role in the visual guidance
of hand movements, also coordinated by the
cerebellum (Gowen and Miall 2007). The pre-
cuneus makes extensive subcortical and corti-
cal projections, notably to the prefrontal and
parietotemporal association areas that integrate
visual, auditory, and somatosensory informa-
tion (Cavanna and Trimble 2006). Compared
with the flatter Neanderthal brain cases, the
evolutionary enlargement of the precuneus is
thought to have been a contributor to AMH
cranial globularity (Bruner et al. 2016).

A summarizing point relevant to drawing
imagined images is that the posterior parietal
cortex is involved in the retrieval of mental
images from prefrontal cortex and it integrates
visual input and motor activity that involve
regulation of attention and hand-eye coordi-
nation (Orban et al. 2006). The same visuo-
spatial and ocularmotor networks revealed by
fMRI are activated when subjects overtly and
covertly attend to targets on a computer screen,
although overt attention has much stronger
activating properties (Beauchamp et al. 2001).
As will be emphasized in the analysis of Chauvet
cave drawings, overt and covert attention to
mental images during the drawing process can
be viewed as analogous to attending overtly and
covertly to real objects (Posner 1980).

What would have been the ecological cir-
cumstances that promoted AMH parietal
expansion? Viewed from the assertions of the
Human Hunting Hypothesis, the killing of
elusive African game required extensive expe-
rience observing animal behavior, especially
subtle changes in the vigilance of focal animals
in herds where multiple individuals might have
been vigilant simultaneously. Upright head
and ear orientations, indicating an immedi-
ate change in monitoring their surroundings
(Beauchamp 2015, 39), would prompt hunt-
ers to decide whether they had been detected
and whether to continue their hunt. Mirror
neurons assessing the actions of another species
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as found in macaque monkeys (Buccino et al.
2004) would play a critical role in evaluat-
ing whether hunters were detected by game.
For European game that would have a higher
degree of habituation potential to human pres-
ence, both Neanderthals and later Aurignacian
hunters would have likely engaged in similar
decision-making for initiating and terminat-
ing hunts. Cognitive differences would emerge
in how hunting was carried out. Through
repeated experience, spear throwing at game by
Aurignacian hunters would have entailed care-
ful targeting of vulnerable body areas coupled
with possible mental rehearsal of spear trajec-
tory and impact. Close-range spear thrusting by
ambushing Neanderthals would have also likely
entailed mental rehearsal of spear-thrusting
action coupled with complex group coordi-
nation for applying multiple spear thrusts to
subdue large game.

Another facet of hunting is anticipating
the direction prey will take during evasive run-
ning and the contingencies that might emerge
as animals in groups panic during an attack.
Attacking coyotes appear to anticipate the
direction ground squirrels run and have been
observed to take shortcuts to capture them
before they reach their burrows. In cooperative
human hunting, also observed in lions (Stander
1992), one or more hunters approaching game
can act as a distraction, inducing a predict-
able pattern of prey retreat in the direction of
ambush sites. Similar tactics might have been
employed much eatlier in coordinated group
hunting by H. erectus. There is no reason to
consider that Neanderthals would have been
deficient in employing mental imagery for coor-
dinating group activity to deal with evasive prey
or for close-range spear thrusting. Nevertheless,
it is reasonable to argue that, historically, over-
hand spear throwing by AMH involved much
greater vividness in imagining the trajectory
spears would take to reach their targets.

Spear throwing has biomechanical and
perceptual properties similar to baseball

and dart throwing and can employ mental-
imagery rehearsal to enhance performance.
For dart throwing, the immediate feedback
of targeting results complements the mental
practice of throwing darts with eyes closed
by imagining the “feel” of the darts, sight of
the target, and hearing the darts hit the target
(Mendoza and Wichman 1978). Mental-
practice improvements might result from
the repeated activation of mirror neurons in
premotor cortex if the imagery process simu-
lates watching others perform the same tasks.
In a related study, subjects with eyes closed
and little body movement engaged in multi-
ple trials of imagining that they threw a soft
baseball covered with Velcro at a target of
concentric rings. This imagery practice was
followed by tossing the baseball. Subjects who
imagined the action of baseball throwing were
consistently better throughout a seven-inning
testing period than individuals who threw the
baseball without imagery practice (Surburg,
Porretta, and Sutlive 1995). Driskell, Copper,
and Moran (1994, 489) suggest, however,
“that the effect of mental practice was stron-
ger the more the task required cognitive activ-
ities.” That is, a well-developed mental plan
based on previous experience allows more
effective mental practice because of sche-
matic knowledge of the physical task. Actual
knowledge of the task results is thought to
act as reinforcement, allowing motor-pat-
tern modification. However, in a study of
beanbag tossing at a target, subjects imagin-
ing the entire beanbag toss without making
any body movements still showed subsequent
tossing improvements. This finding illustrates
that mental playbacks alone can enhance
motor memory of the sequence of tossing
movements in the absence of direct feedback
(Zecker 1982). An important attribute of
mental rehearsal is learning the appropriate
sequence of movements. Errors in motor-skill
learning guided by visual coordination can
affect imagery rehearsal because they interfere
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with learning correct action sequences.
Opverlearning a motor task induces automatic-
ity in motor coordination that overrides any
interference from the visual modality (Rémy

et al. 2010).

Visuomotor Imagery and Drawing Automaticity

The expression of representational drawings
by young children (Baker and Kellogg 1967)
indicates the presence of neural circuits oper-
ating early in development capable of fostering
the ability to draw. Rapid learning of sequen-
tial hand movements using pen and pencils
to create images can occur with one episode
of drawing. In my early academic career as a
teacher in a university art department, I taught
a basic undergraduate drawing course for
design majors. In the introductory part of the
course emphasizing visualization, I capitalized
on the effects of visuomotor imagery to accel-
erate students’ drawing performances. This
was accomplished by sitting next to the stu-
dents, taking their hands, holding their pencils
with my left hand (for right-handed students),
and then making repetitive counterclockwise
circular movements of circles and multiple
ellipses simulating the sequential photographic
frames of a flipping coin. If students’ hands
were not relaxed, I could make errors in these
circular and elliptical drawings that students
repeated (sometime for hours) until corrected
by another bout of hand-guided drawing.
Another way to accelerate drawing was
having students trace professional architec-
tural illustrations, a process that yielded motor
movements of sketching surface textures and
vegetation that had a professional appearance
and transferred well to drawing actual build-
ings and landscape vegetation. I have used
this hand-guiding technique multiple times
with different children, and in one very pre-
cocious case, a 21-month-old toddler (my
son, Craig) drew a circular face with two dots
for eyes and two horizontal lines as arms. As a

Drawings of Representational Images by Upper Paleolithic Humans

demonstration for this article, I took the hand
of a boy (age 4 years 11 months) and drew an
image of a dog seen on the screen of an iPad
Mini. The boy’s attention was more focused
on my hand guiding his relaxed hand than
looking at the image of the dog being drawn.
Without further instruction, the child pro-
ceeded to trace the hand-guided drawing and
then he quickly drew the dog by himself. He
then redrew a reasonable facsimile of the dog
nine days later and retained some drawing
automaticity four months later (figure 1). This
demonstration shows how a young child can
draw a realistic-looking animal with the rapid
induction of visuomotor memory.

FIGURE 1 Progression of drawings by Connor
McMillan: A. Photograph of dog model. B. Hand-guided
drawing in which Connor’s right hand is relaxed
and the author moves Connor’s hand to outline the
dog’s head, beginning with the dog’s forehead.
C. Connor’s tracing of drawing B with paper overlay.
D. Connor’s uninstructed drawing shows visuomotor
automaticity when his drawing starts with the dog’s
forehead. E. Connor’s drawing nine days later also
begins with the dog’s forehead. Drawings are 7 to
8 cm wide.

Analyses of Animal Drawings in Chauvet Cave

Chauvet cave had two periods of occupation,
one during the Aurignacian period ~32 ka and
another during the Gravettian period -27 ka
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(Cuzange et al. 2007). I will focus my analysis
on individual drawings and discuss composite
drawings of adjacent animals in the context of
drawing automaticity, presumably by the same
artist. To evaluate the drawing process used
by these artists, I examined animal images in
Chauvet cave published on the Web and as
illustrations in articles and books. My most rel-
evant source was the 2011 film Cave of Forgotten
Dreams (Werner Herzog, director), which pre-
sented dynamic, well-illuminated views of
the drawings and cave-wall surfaces. Shifts of
camera location and lighting revealed varia-
tion in the application of charcoal and insight
into the sequence of drawing actions. Video
still frames of these drawings were then used
to create the animal images described herein.
Many of the drawings and engravings were cen-
tered near eye level and were sized vertically and
horizontally to accommodate the left-to-right
or right-to-left reach of artists’ hands holding
charcoal sticks.

The orientation of animal heads and level
of drawing detail entailing greater mental-im-
age vividness might reveal the artists’ handed-
ness. In a study of forced-choice recognition
of two side-by-side faces flipped to face oppo-
site directions, the right-facing heads were
more likely to be remembered correctly by
lefc-handed subjects and left-facing heads
were more likely to be remembered correctly
by right-handed subjects. Congruent with
this finding, greater numbers of right-handed
subjects drew left-facing faces and left-
handed subjects drew right-facing faces, an
effect that appears to be face specific and not
evident for recognizing other objects or for
drawing left- or right-facing bicycles (Martin
and Jones 1999).

Close-up photographs of the charcoal
drawings prompted educated guesses about
how visual imagery was employed during the
drawing process under hazy torchlight. None
of the animals are facing the artists directly
(frontal views) or have their heads turned
toward the artist where both eyes were drawn.

This observation of profile (side-view) drawing
is important because, if the visual imagery
employed in drawing was based on scenes from
nature, then some of the animals drawn should
have their heads facing the artist with both eyes
in view. Lack of frontal views of animals might
reflect the vividness of the hunting experience
in which dead and butchered animals on their
sides were inspected closely. A more reason-
able explanation is that side views of animals
present more species-recognizable cues for the
artists and audiences. Although not facing
directly, several drawings depict animals turned
obliquely toward the artists in perspective
(figures 2 and 3). Still, the abundance of side
views of animals suggests that they were easier
to draw and possibly preferred for ritual pur-
pose or teaching because side views more clearly
depict vulnerable body areas for targeting with
spears and arrows (Guthrie 2006, 94).

FIGURE 2  Perspective drawing of woolly rhinoceros
(Coelodonta antiquitatis) in Chauvet cave by pre-
sumably a right-handed artist. Drawing is based on
a video still frame from the movie Cave of Forgot-
ten Dreams (Peter Zeitlinger, photography director).
Rhinoceros contours were extracted by tracing the
inner and outer edges of well-defined charcoal lines.
The artist conceivably projected the mental image of
the rhinoceros at a three-dimensional oblique angle
and then started drawing the horn to visually anchor
the drawing. It is reasonable to posit that the art-
ist drew the rhinoceros’s shoulder and back before
drawing the limbs, using serial bouts of overt atten-
tion at the mental image to coordinate hand move-
ments. The eye probably was positioned last to give
life to the drawing metaphorically.
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FIGURE 3 Perspective drawing of cave lion (Pan-
thera spelaea) head from the movie Cave of For-
gotten Dreams. The lion’s nose might have been
the anchoring point for initiating the sweeping line
characterizing the forehead and neck by presumably
a left-handed artist. The asymmetric nose and ear
positions indicate that the artist was visualizing the
lion in three dimensions. The eye and whisker spots
were possibly added last to complete the drawing.

Based on video scenes of people standing
near the drawings, the heights and widths of
the drawings reflect eye-level positioning of
standing artists who would have been able to
draw entire animals without moving laterally.
Some of the charcoal line work is delicate,
suggesting that Aurignacian and Gravettian
artists used pointed sticks with burnt tips as
drawing implements. Shading of the drawings
to enhance the illusion of three-dimensional
animal bodies might have employed the
pelage of animal skins for smearing applied
charcoal repeatedly. In some drawings, scrap-
ing of the cave wall enhanced the contrast
of the charcoal outlines of animal heads
and eyes. Charcoal shading near the eyes
of horses, contrasted by unshaded light-
brown eye-rings (similar to the light-brown
eye-rings of Przewalski’s horses), might reflect
natural facial-pattern variation in these
extinct horses.

Many of the animals appear to have been
drawn using large sequential sweeps of the
hands, a process employed in contemporary

Drawings of Representational Images by Upper Paleolithic Humans

student drawing exercises labeled as “contour
drawing” in which the artist looks at the object
being drawn and creates an outline of its shape
without lifting the pencil off the page. In blind
contour drawing, the artists must not look at
their drawings until they are finished (Hobart
2005). In the latter process, visuomotor imag-
ery predominates, and prepubescent children
can be quite adept in making outline drawings
that resemble the objects or models viewed
(Pariser 1979). Due to the presence of long
continuous lines in some animal drawings in
Chauvet cave, I consider them the equivalent of
contour drawings.

The process of making a continuous line in
a contour drawing while looking at the model
involves covert attention directed at the line’s
stopping point without taking the eyes off the
model. More specifically, the drawing can be
completed while maintaining visual fixation of
the starting point on the model, or the artist
can visually trace the contours of the model
while guiding her or his hand movements
covertly. When the artist draws the model and
alternates back and forth in transferring his
or her visual image of the model to paper, the
dynamic feedback of viewing changes in hand
position allows rapid anticipatory adjustments
in hand position. This alternation between
looking at the model and looking at the hand
does not necessarily disrupt the mental image
transferred to paper. As an example of covert
and overt attention directed at an imagined
image, I had the opportunity to demonstrate
for the American space program the accuracy
of an early eye-tracking device that employed
electro-oculography (Coss 1969). I first imag-
ined a fastback sports car and then “projected
this mental image on the screen” one meter in
front of me. By stabilizing my mental image
of the car (-1 m width), I could visually trace
its outline and wheels with one uninterrupted
sequence of saccades (figure 4). This example
shows direct exteriorization of mental imagery
without manual feedback. Analogous to con-
tour drawing, accurate overarm spear throwing
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would employ intense visual fixation of the
target combined with kinesthetic feedback of
arm position and covert monitoring of the spear
tip. Further discussion of the role of covert
attention at real and imagined images appears
in Laeng and Teodorescu (2002).

Several Chauvet cave drawings of animals
provide subtle indices of the direction of arm
motion as the artist projected his or her mental
imagery on the cave wall and traced essen-
tial contours with few interruptions in hand
motion. Figure 5 depicts a contour drawing of
a cave lion (Panthera spelaea) with an attentive
posture. Note the vertical stripe below the eye
similar to that of African cheetahs (Acinonyx
jubatus). Several lion drawings depict eye pat-
terns typical of all extant Panthera, such as dark
vertical eye bars and whitish patches below the
dark lower eyelids. An exception is the absence
of the whitish chins typical of Panthera. On
the whole, the anatomical detail of the lion
drawings is remarkable and likely reflects the
perceptual salience of lions and its influence
on visual imagery. In two recent studies of lion
salience, images of target lions in visual arrays
of antelope, engendered faster detection times
by children and adults than target antelope

FIGURE 4 Drawing of imagined fastback sports
car using electro-oculography and X-Y plotter. The
imagined car (above) was mentally stabilized on a
screen and then the contours were visually scanned
(below), starting with the upper rear deck and trav-
eling counterclockwise to complete the drawing in
approximately 6 seconds.

in visual arrays of lions (Penkunas and Coss
2013). A follow-up eye-tracking study of adults
using the same experimental protocol showed
that lions prompted faster eye saccades to lion
targets than antelope targets (Yorzinski et al.
2014).

The similarities of adjacent drawings of
bovids, horses, and lions suggest that the pro-
cess of visual imagery in drawing might have
been subordinated by visuomotor imagery
enhanced by previous drawings of the same
animal species. Several drawings of animal
heads exhibit nearly identical head contours
(figure 6) and could have been made succes-
sively within hours to weeks by the same artist.
The aforementioned example of hand-guided
drawing by a child that yielded drawing auto-
maticity (sometimes referred to as “canonical
drawing,” see Willats 1977) is very typical of
young children. As posited by Karmiloff-Smith
(1990, 74) with respect to children drawing
houses, “an already compiled house-drawing
procedure is run off fast and automatically and,
although repeated drawings may involve minor
changes at the level of denotation (e.g., addition
of a door knob, an extra window), initially they
do not involve changes in sequential order.”

FIGURE 5 Contour drawing of a cave lion from
the movie Cave of Forgotten Dreams by a likely
left-handed artist. Numbered dashed lines are an
attempt to show the starting and stopping sequenc-
es of hand movements in which the artist used overt
attention to guide the drawing action. The numbered
arrowheads theoretically characterize sequential
bouts of covert attention at the mental image for
planning each drawing movement.
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Similarities in the adjacent drawings of
Aurignacian and Gravettian artists would not
reflect age-related perceptual constraints in
children because these artists could clearly visu-
alize and draw animals in three dimensions.
The closely packed drawings of rhinoceroses
depicted as a series of seven long upsweep-
ing horns and three aurochs (Bos primigenius)
with virtually identical curvilinear horns might
reflect the spatial limitations of smooth cave-
wall surfaces and possible symbolic references to
the grouping behavior of ungulate herds under
threat. Some groups of horses and rhinoceroses
appear to be grazing inattentively, whereas all
the lions appear to be vigilant.

Although drawing automaticity is defined
by highly repetitious line work influenced by
visuomotor imagery, drawing standardization
exemplifies the larger framework of an artis-
tic style (Sackett 1977). Besides the influence
of visuomotor imagery, the standardization of
many animal drawings, including the absence
of frontal views, might simply reflect the artist’s
frequent exposure to the previous drawings of
other artists coupled with social reinforcement
of the artist’s own drawings. From this stand-
point, style can be viewed as a social process in
which frequently seen two-dimensional contour
features (lineaments) in design and art become

FIGURE 6 Drawings of adjacent heads of cave
bears (Ursus spelaeus) from the movie Cave of
Forgotten Dreams, possibly done successively by
the same artist, who appears to be right handed.
The two heads have been aligned at the same angle
to compare the nose-to-forehead contours that are
remarkable similar and possibly indicate drawing
automaticity.

Drawings of Representational Images by Upper Paleolithic Humans

preferred aesthetically, and social reinforcement
promotes the standardization of these “canoni-
cal lineaments” (Coss 2005).

The standardization of the closely packed
drawings (notably lions and horses) might
reflect an urgency to complete the drawings
quickly due to environmental constraints, such
as the noxious inhalation of torchlight smoke
and smoke produced during the production
of fresh charcoal. In light of this speculation,
it must be noted that modern humans exhibit
a genetic adaptation to counter smoke toxicity
that is not present in Neanderthals and Asian
Denisovans (Hubbard et al. 2016). Another
time constraint might have been a buildup of
carbon dioxide emitted from the roots of sur-
face vegetation that restricted the time frame for
the film crew during the production of Cave of
Forgotten Dreams.

From a neurobiological perspective, draw-
ing standardization is a higher-order cogpnitive
process involving the interplay of pattern recog-
nition while viewing actual objects, visual imag-
ery from working memory of similar-looking
objects, and visuomotor imagery from previous
drawing activity. As mentioned previously in
the comparison of design majors and nonde-
sign majors, neural activity in the left parietal
cortex was suppressed when students engaged
in greater design innovation (Kowatari et al.
2009). In some studies, visual imagery enhances
neural activity in early visual cortex that routes
topographically organized visual features for
assembly into recognizable Gestalts in the infe-
rior temporal lobe and image manipulation
in prefrontal cortex. Projections back to early
visual cortex are thought to aid the reassembly
of the original visual experience, but this imag-
ery reassembly does not necessarily engender
the conscious experience of visual imagery
(Kosslyn and Thompson 2003). Nevertheless,
visual input during a drawing task coordinated
by parietal cortex might have distractive prop-
erties during imagery generation by working
memory in prefrontal cortex (Sauseng et al.
2005). Automaticity in drawing using tightly
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coupled visuomotor imagery would likely
reduce bottom-up interference with higher-
order imagery generation, allowing the roaming
of covert attention over the mental image for
planning the next drawing action.

CONCLUSION

The focus of this article has been how hunting
wary African game engendered evolutionary
changes in AMH brain organization that fos-
tered the ability to draw representational images,
an aptitude never expressed by Neanderthals.
Such artistic exteriorization of visual think-
ing allowed others to participate in the artist’s
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visualization process. There are enormous social
implications in this ability to share mental images
with group members. Deep within Chauvet
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shifting shadows indubitably enhanced the emo-
tions of perceivers (see Verpooten and Nelissen
2010). Clusters of cave lions with heads and
eyes outlined by scraped reflective surfaces and
the provocative horns of aurochs and rhinocer-
oses must have provided dramatic experiences to
the successive Aurignacian and Gravettian cave
occupants. We will never know how this drama
was interpreted symbolically and its implications
for group cohesiveness.
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