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Statement of Relevance

The prevailing view is that genetic changes initiated the emergence of the human genus Homo.
However, research on predator fear in songbirds and capuchin monkeys, along with its negative effects
on social learning and cultural transmission, points to a non-genetic alternative. In this account, Homo
arose when a group of Australopithecus found a way to gain predator shunning, not attack, freeing them
from constant predation fear. Ending predator fear unlocked previously fivheel-clampedo cognitive and
cultural potentials, triggering a phenotypic change dividing humans from other hominids.

Critically, a plausible mechanism must have enabled Homo to achieve predator shunning to end its
predation. A comprehensive review provides a compelling argument that such a mechanism did indeed
exist and that its past occurrence can be empirically established.

The proposed mechanism centres on two often-overlooked human traits: the conspicuous direction of
our line-of-sight due to white sclera and our unique ability for split-second team coordination. The
proposal posits that Homo emerged when white-sclera-eyed Australopithecus used their conspicuous
line-of-sight to split-second coordinate as teams to get predators to shun them. This perspective
challenges dominant genetic assumptions and identifies unexplored avenues to research human
origins.

Abstract

Palaeoanthropologists have yet to pinpoint how Homo evolved from Australopithecus. | propose niche
construction ending predator ambush and stalking attacks, white sclera, and ultrafast team cognition
were key.

Human white sclera allows the quick, distant detection of line-of-sight. This is unique. In other primates,
predators eliminate conspicuous-eyed individuals. Consequently, nonhuman primates have coloured
sclera, hiding gaze direction broadcasting. Recognizing line-of-sightd split-second changes from a
distance enables the ultrafast detection of attention shifts that support intercoupling cognitions (cognitive
alignment, shared intentionality, and split-second coordination). Under certain conditions, such split-
second coordinated teams can niche-construct predator-shunning safe habitats. Once shunning
replaces hunting, it stops white sclera targeting, allowing it to persist.

Constructing predator-safe habitats ended the flandscape of feardthat limited Australopithecus foraging,
health, and cognitive/cultural development. Once shunned and freed from fear, these safe habitats
allowed previously fwheel-clampedo cognitive potentials, including social learning, to flourish,
revolutionizing hominin capacity for cultural evolution and cumulative culture. Thus, predator-safe niche
construction transfigured Australopithecus®& phenotype into Homo. White-eyed australopiths, | argue,
were the first humans.

Highlights
s Processes under 250 ms were critical to the origins of humans

The cooperative eye hypothesis gets quantitative support from psychophysics

Primate brains extract attention from others 6gaze, reactions, and facial expressions.
White sclera broadcasts coordinating attention through visible line -of-sight .
Nonhuman primates use the initial 250 ms of vigilance to detect/ respond to predators
Humans use the initial 250 ms of vigilance to coordinate turn ~ -taking and teams .
Split-second team coordination lets humans change predator hunting to shunning .
Homo genesis was kickstarted by predator -safe habitat niche construction

Without dark -toned skin aiding line -of-sight visibility, humans might not have arisen.
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. REVISITING HUMAN ORIGINS® Presents core concepts on human uniqueness and origins: white
sclera, team coordination, and shunning by predators.

. FIVE ACTSd Uses a five-act format to explain how Homo& conspicuous white sclera enabled split-
second teamwork that created predator shunning.

. THREE RESEARCH OPENINGS®& Proposes new human-origin research avenues: psychophysics of
line-of-sight, subsecond reactivity neuroscience, and turn-taking attention intercoupling.

DARWING ROAD NOT TAKENJ Examines how predator fear fivheel-clampedo australopith
cognition/ culture and why its ending initiated Homo.

. HUMANS: EASILY KILLED BUT SPURNED AS FOOD & Highlights the enigma between Homo&
vulnerability to predator attacks and its shunning as prey.

. AUSTRALOPITH OLD WINE, HOMO NEW BOTTLE 8 Split-second team coordination upgraded
earlier australopith abilities enabling accurate throwing, chorusing, drumming and thorn weapons.

. THE SOCCER HYPOTHESISS Links football to Homo& split-second teamwork, running endurance
and nonviolent coordination contests against opponents.

. HUMAN SIDE OF STORY®& Details how Homo& fdond kill, win respecto team intimidating did what
nonhuman fexterminate, dloody nose@mobbing could not.

. PREDATOR SIDE OF STORY®d Explains the neurological/ informational factors by which Homo

intimation caused predators to shun them.
1. REVISITING HUMAN ORIGINS

Three quotes introduce the argumentd geniuses seeing what others cannot see,
predators shunning asleep humans as fhot considered foodg and Mr. Worzel, a white
sclera chimp and his conspicuous darting gaze. The proposal focuses on overlooked
split-second team coordination and the conspicuous line-of-sight fbroadcastingd of
attention unique to Homo. Key effects involve predator vulnerability and shared
attention neurocognition derived from white sclera. It lists central statements and
effects, with a graphic on predator mobbing coordination.

Six key Australopithecus traits are outlined: (1) coloured sclera like other primates; (2)
lacked ultrafast team coordination; (3) chaotically and individually mobbed predators,
unlike human split-second coordinated teams; (4) lived in constant fear of unpredictable
attacks; (5) took better-safe-than-sorry precautions that wheel-clamped its cognitive and
cultural potential; (6) maintained constant vigilance to split-second detect and react to
predator attacks. Additional sections examine predator strike speed, teams, white sclera
uniqueness and anatomy.

Three foundational quotes

Schopenhauer & Genius -As-Novel -Seeing Aphorism
Talent hits a target no one else can hit; Genius hits a target no one else can see. [1]

Louis Leakey & Homo & Predation Anomaly
I myself have slept on the Serengeti plains with one African when we could not get back
to camp because of a car breakdown. Five lions came and sniffed at our heads and
around our faces. We were both awake and kept very quiet, but they did not attempt to
kil and eat us. é we wef2e not considered
Goodall & White Sclera Observation
Mr. Worzle had white sclerotics around the iris of his eyes, as do humans. It always
seemed that he was unusually vigilant, for his gaze darted back and forth from side to
side. In fact, such scanning is quite normal (unless the individual is very relaxed or
concentrating on some task), but the white sclerotics drew attention to the movement.
(Note the potential signaling value of the whites of the eyes in our own species,
particularly in a person in a dark place or a dark-skinned individual.) [3]

Mr Worzle (Pan troglodytes) and Louis Leakey (Homo sapiens sapiens) were both hominids.

Yet, their experiences with predators differed greatly.

The chimpanzee®& eyes darted side to side, alert for a predator that might leap out at 17 meters
per second [4]. Although predation risk is low at Gombe [3], in other places like the Tai forest:
fon average an individual will be attacked by a leopard once in 3 years and 4 months and will be
killed within 18 yearso [5]. In contrast, Louis Leakey (who had arranged for Jane Goodall to
study chimpanzees at Gombe and who repaid the favour by naming Mr Worzle& elder brother
flLeakeyd could have five lions sniff around his face and ot considered food to eata

Louis Leakey® Homo& Predation Anomaly link to Jane Goodall& White Sclera Observation is
explained by Schopenhauer® Genius-As-Novel-Seeing Aphorism.

Unlike other primates weighing over 0.5 kg (except for individuals like Mr. Worzle), humans
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have visible white sclera on either side of their irises (see Box: Are white eyes unique to
humans ?). These conspicuous eyes allow humans to broadcast and detect quick 200-250 ms
changes in each other& line-of-sight at 10 metres or more. This ability to see attention in eyes
enables Homo to rhit togetherdin split-second coordinated teams by getting the shunning that
stops predators from hunting them as food. The human genus Homo, as a result, has a
biological geniusd the ultrafast seeing of each other& attentiond and used this fgeniuso to
radically rewrite the primate rulebook on how to coexist, adapt and prosper.

Box: Are white eyes unique to humans ?

A study of 230 Ngogo chimpanzees in Uganda from 2017-2020 revealed more common white
sclera than previously reported [6]. The data show white sclera primarily in infants (under 1.5 years,
17 of 29, 58.6%) but also some adults over 15 years (11 of 117, 9.4%). This adult prevalence
contradicts earlier research, such as Goodall& documentation of only one or two partially white
sclera individuals among approximately 100 adult chimpanzees at Gombe [3]. Christophe and
Hedwige Boesch reported just five with white sclera among 123 individuals in the Tai Forest.
However, this was attributed to conjunctivitis caused by caterpillar secretions that accidentally
entered their eyes. No instances of white sclera were reported independent of this condition [6].
Neither Goodall nor other early ethologists studying chimpanzees reported widespread white sclera
occurrences.

It is surprising that earlier studies did not note the high white sclera prevalence found at Ngogo, as
it makes the chimpanzees appear more human-like, thus worthy of special reporting. However, the
2017-2020 Ngogo survey [7] was in an area where fLeopards probably preyed on chimpanzees
historically, but are now absento (The Ngogo Chimpanzee Project website). Despite a detailed
account, the 2023 Netflix documentary Chimp Empire never mentioned predation at Ngogo. The
absence of leopards has been suggested as an important factor in Ngogo chimpanzee lives, for
example, in explaining their increased life expectancy [8]. Therefore, an alternative explanation for
the recent adult white sclera findings [7] could be local predator extinction in Kibale National Park.

White sclera arises from a simple loss-of-function mutation in conjunctiva pigmentation, which
occurs spontaneously at a low a41% rate (the
individuals with depigmented conjunctiva more susceptible to targeted predator attacks. This
phenomenon, termed BROWSO (Bullseye Removal Of White Sclera), describes how predators
specifically target conspicuous eyes and is detailed later. Predators, due to BROWS, continually
fiveed outd hominids with white sclera. The absence of predators at Ngogo raises the possibility
that chimpanzees with white sclera now survive into adulthood and reproduce, unlike in the past
when predators would have selectively killed them. This recent development could explain the
current approximately 10% adult prevalence and their near absence in previous decades, as
observed by Goodall and others.

Conspicuous eyes in nonhuman primate infants are unlikely to increase their predation risk. Infants
have lighter facial skin, making their white sclera less noticeable. Additionally, their predation risk is
more associated with their mothers, who carry them, rather than their own visibility.

White sclera is found in primates smaller than 0.5 kg, such as common and Goeldi® marmosets
and cotton-top tamarins. However, although their eyeballs are proportionately larger than in bigger
primates, they remain small. For example, the diameter of the common marmoset eyeball is 11 mm
and its limbus width is 6.1 mm. Assuming no eyelid coverage, this leaves just 2.45 mm of exposed
sclera on either side of the central iris and pupil [9]. Additionally, some of this sclera is coloured and
described as having fhad brown sclera with a white part in corner of the eyeo[10].

What this proposal is about

This proposal addresses three crucial yet overlooked aspects of human origins:

(0] Our unmatched capacity for split-second team coordination.
(i) Our unparalleled safety from unpredictable predator attacks.
(iii) Our conspicuous white sclerad while some research has touched on its origins, a

comprehensive analysis of its biology and evolutionary implications is still lacking
(see, for example, the Box: The Anatomy Behind White Sclera ).

Key to my argument are two groundbreaking insights into the pros and cons of white sclera:

The availability of psychophysics as a scientific method to quantitatively evaluate how
coloured and white sclera affect line-of-sight conspicuity for observers.

The fbullseye effectq whereby white sclera gives predators an attack target,
particularly on eyes and necks. Coloured sclera, by muffling eye visibility, removes
this attack advantage. Consequently, unless predation is absent, coloured sclera is
selected, and white sclera is weeded out.



Central to my argument are the often-neglected roles of coordinated teams and split-second
intercoupling cognition in human origins and daily life, an exception being Tomasello& work on
fshared intentionalityo [117 16]. Teams and the cognitive processes enabling their split-second
coordination are at the heart of this proposal. Teams, as such, differ from mere collections of
individuals cooperating on a task but lacking instantaneous motor or verbal coordination. Teams
and split-second coordination are universally present across human cultures in activities from
dance, instrumental music, choral singing, conversational turn-taking, and organised sports.

Moreover, individuals engage with observed coordination as spectators and audiences, aligning
their attention with the rapid interactions between team-coordinating individuals. Observing
quick interactivity also allows for assessing interaction quality, serving as aipol y-gr &aphb
honesty indicator that could create the trust needed for human cooperative breeding and
hypercooperativeness. | argue that humanséunique ability for team coordination is the fglued

that defines and unites our shared humanity.
Box: The Anatomy Behind White Sclera

| use the terms fivhite scleradand fcoloured scleradfor simplicity. However, anatomically, the sclera
is white in all primates, with colouration coming from the overlying conjunctiva. Similar to the skin®&
epidermis, the human conjunctiva contains melanocytes at a ratio of fapproximately 5 to 15 basal
epithelial cells é for every 1 melanocyteo [17]. These melanocytes create pigmentation and
contribute to the eye® immune protection. Human white sclera results from depigmentation of
conjunctival melanocytes.

Researching the molecular evolution of white sclera would be straightforward if funded.
Conjunctival cells can be non-invasively collected on filter papers through impression cytology [18],
a technique used in conjunctiva research and dry eye studies. Additionally, confocal laser scanning
microscopy enables direct in vivo imaging of conjunctival cells [19], though neither method has
been applied yet in primatology.

White sclera is a form of localized albinism specific to conjunctival melanocytes. Albinism stems
from loss-of-function mutations disrupting melanin production. Mr. Worzel& lack of conjunctival
pigmentation likely results from mutations in pathways responsible for pigmenting the conjunctiva.
Human white sclera probably evolved via a simple loss-of-function mutation already occurring at
low frequency in hominids.

Despite their pivotal societal role, the origins, antipredatory functions, and cultural influence of
human teams and split-second coordination remain largely unexamined theoretically and
empirically. | aim to address this gap, arguing that active participation in and spectating of split-
second coordination underlies our unique biology, extraordinary origins, and unparalleled
capacity for complex cooperation.

Nine statements and three consequences

To achieve this, | offer a hypothesis-driven review highlighting new research avenues in human
neurobiology, predator-prey dynamics, and split-second neuroscience. | conjecture that
approximately two million years ago, human abilities for team coordination and related cognition
evolved through a sequence beginning with white sclera and culminating in coordinated
predator mobbing.

All primates, including humans, use Machinery Extracting Neural Attention (MENA) to
predict behaviour by observing Orientations, Reactions, and Expressions (ORE). This
external ORE information, freely fbroadcastedo by the brain in its body, reveals its
inner priority workings. MENA essentially freverse engineerso this information to
discern split-second changes in the hidden neural prioritiesd attentiond that drives
behaviour.

White sclera eyes offer high-quality visual cues for attention extraction. The contrast
between the surrounding dark skin, white sclera, and central dark iris/pupil provides
exact temporal and spatial information about an individual& line-of-sight and its
factional second changes.

Nonhuman primates have coloured sclera that muffles this high-quality visual
information, serving as camouflage to prevent predators from using it as a fbullseyeo
for attacks. White sclera gets weeded out unless predators are removed or cease to
consider such individuals as prey.

Around two million years ago, human ancestors developed split-second team
coordination that effectively ended predator attacks.

This coordination emerged from an enhanced capacity for shared attention, made



possible by the ability to perceive each other® rapid, 250-millisecond changes in line-
of-sight.

This quick detection of shared attention set the stage for coordinated turn-taking. In
this process, the rapid attention shifts of one individual inform another, who then
reciprocates. This interaction creates an attentional ftennisd exchanging reactions.
This new form of turn-taking, facilitated by white sclera, turned MENA into MENSA.

Critically, this transformation didnd involve evolutionary brain changes but rather an
adaptive use of the enhanced line-of-sight information made visible by white sclera.

MENSA and shared attention form the basis for unique human intercoupling
cognitions like cognitive alignment, team intentionality, and rapid team coordination.
These traits enable humans to synchronise their actions in teams in split-second
coordination.

The role of white sclera in enabling teamwork allowed humans to eliminate predation,
consequently creating predator-safe habitats. This safety, in turn, ended the weeding
out of white sclera individuals by predators.

These changes, however, were only the start, as constructing predator-safe habitats set off a
chain of events.

This safety led to revolutionary enhancements in faithful social learning and
heightened group cooperativity.

They synergised with other factors to produce cumulative cultural evolution.

As a result, human life has grown increasingly complex in cognition, technology, and
society.
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Explanatory graphic: The genesis of the genius of the genus
Predator attacks trapped primate evolution. White sclera-enabled team fsoccero coordinated mobbing, which creates predator-safe
habitats. This graphic also touches on later-discussed concepts like the Landscape of Fear, Scent-Eat Link, Better-Safe-Than-Sorry
Adjustments, Ultrafast Predator Vigilance, Attention Turn-Taking, BROWS, MENA, MENSA, and the All-for-One, One-for-All Team
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Meet the Ancestors & Traits of Australopithecus

To understand the proposal, we must first explore the biological fground zeroo that defined
Australopithecus, the species from which Homo arose as an offshoot two million years ago.

Australopithecus differed from other nonhuman primatesd and from Homo, | argued in six key
cardinal ways.

The first two foundational traits have already been mentioned:

Q) Australopithecus, like all large nonhuman primates over 0.5 kg, had coloured sclera,
reducing the eye conspicuity that white sclera would offer predators.

2) Australopithecus, like all nonhuman animals, at a distance could not detect split-
second changes in line-of-sight, crucial for cognitive alignment and split-second team
coordination.

The third, fground zerootrait sets the stage for the others.

?3) Australopithecus, like all nonhuman animals, mobbed predators in a disorganised,
emotionally charged, and ultimately ineffective fpell-melldomanner.

Unlike humans, who coordinate in teams, nonhuman animals confront predators individually and
chaotically. (Since the terms fthaotico and fdisorganisedo are common, | opt for the less
frequent term fpell-melldto serve as the antithesis of teamwork.) They engage with a burst of
hatred that Konrad Lorenz [20] termed fhassen aufo (fto hate afterd or fto put a hate ong.
Importantly, while such disorganised and emotional attacks may offer temporary deterrence,
they fail to completely halt predator stalking and ambushes. Consequently, individuals with
white sclera continued to be selectively eliminated by predators through BROWS.

4) Australopithecus, like all nonhuman animals, existed in a landscape of fear.

Because disorganised and emotional attacks are ineffective, Australopithecus, like modern
hominids, constantly feared unpredictable predator attacks. While some areas might have been
relatively safe, nowhere was entirely free of predator threats. Consequently, australopiths go
about in heightened alertness, inhabiting what ecologists call a flandscape of fearo[21].

Ecologists typically examine the landscape of fear& environmental impact, e.g. less grazing
where predator fear is higher, promoting plant growth. Here, | focus on its impact on the animals
themselves.

Although ethologists since Darwin, in his Voyage of the Beagle [22,23], have described animal

anxiety as ffear® fupland geese, (Anser leucopterus,) which, from fear of them [Falkland Island

wolves], like the eider-ducks of Iceland, build only on the small outlying isletso . However, ifearo
here encompasses two related but distinct phenomena:

0] immediate physiological fear responses to a present predator and
(®] ongoing anxiety due to potential predator attack.

In this context, the landscape of fear is essentially a landscape of fanxiety,0but | will retain the
traditional term ffear.o

Living in a landscape of fear detrimentally affects an animal& health and limits its potential to
evolve.

5) Australopithecus, like all primates, adopts a better-safe-than-sorry approach to
minimise predator attack risk.

Predators cause animals to engage in various survival strategies, including restricted foraging,
using set routes, limited feeding times, and freezing or fleeing when sensing a nearby predator
[21,2471 26]. For example, moulting greylag geese, on average, pause feeding about every 90
minutes for around 19 minutes [27]. Animals may also form larger social groups despite
suboptimal foraging numbers or increased disease risk [28,29]. This caution extends to sleeping
habits, as in chimpanzees preferring tree nests over ground resting [30]. (One study challenges
this, finding 1% of nests on the ground in 15 of 20 areas studied. It notes, however, an absence
of ground nests where humans hunt [31].) More intelligent animals have increasingly
sophisticated and effective better-safe-than-sorry behaviours. Any cognitive difference between
Australopithecus and other primates is likely small rather than significant. | treat
Australopithecus as adept, with chimpanzee or bonobo-like abilities. These precautions not only
limit hominids but also indirectly cause harm as severe as direct predator attacks (discussed
later).

(6) Australopithecus, like all nonhuman animals, maintained constant vigilance, reacting



to unpredictable attacks in under a quarter of a second.

As Goodall observed, Mr Worzle was perpetually alert: this gaze darted back and forth.0 This
vigilance is vital for prey, as they may only get a fractional second to survive attacks (see
lllustration: ~ Ultrafast ). Predators use stealth and speed to counter prey& equally rapid
responses. This escalating Red Queen Effect has led to faster, more intelligent predator and
prey brains. | argue the critical timeframe for a survival response is under a quarter-second. A
wild hominid& approximately 32-year lifespan comprises about a billion seconds [8], so an
Australopithecus brain would be ceaselessly alert at a quarter of a second or less resolution to
its surroundings, including while asleep (such as to detect vibrations from a tree-climbing
leopard). Such relentless vigilance is vital: an animal& ultrafast response to a predator in any
unexpected quarter-second could determine if its genes are passed on, or gets eaten. In
contrast, Leakey and his colleague merely had to fkeep calm and carry on.o

Specific uses of words and the prelanguage qualification

"Coordination" is used extensively and is central here. It is often qualified as "split-second". This
distinction matters: coordination can mean cooperation, but that is not the meaning here.
Instead, coordination refers to the precise synchronization of actions, like puzzle pieces fitting or
a mortise and tenon joint. This temporal interlocking can occur between individuals or body
parts. Cooperation, in contrast, means working toward a shared goal. Such cooperation often
involves coordination, but cooperation can happen without split-second sensorimotor
coordination. Some coordinated actions likewise can lack cooperation: opposing tennis players
coordinate serves and returns but seek opposite outcomes. The only non-temporal "mortise and
tenon" type coordination | can think of is information exchange in contract bridge bidding.

Split-second coordination manifests in two ways: turn-taking and teams. Broadly, turn-taking is
split-second coordination enabling exchanges between two or more interacting participants.
Teams are split-second coordinated single behavioural entities comprised of two or more
individuals. In other words, turn-taking is individual-level coordination, and teams are group-
level. Usually, team participation involves turn-taking, and turn-taking creates individuals acting
as teams.

Here, vigilance specifically means reactive vigilance, not just sustained attention. Attacks
require ultrafast reactionsd a quarter second or less. Prey live in a world that can instantly
become a lethal trap when stalking predators pounce. To survive, brains cannot just stay
generally attentive; they must link vigilance to immediate explosive or freeze responses. | argue
later, slightly slower cognitions continually fine-tune this ultrafast reactivity using top-down
modulation to adapt it to ever-changing hidden threatsd a skill | propose got adapted in humans
for turn-taking. Such vigilance thus differs from sustained attention by generating constantly
updated trigger-sensitive reactivityd which might be to predatorsd or keeping interactively alive
an exchange.

A central concern is how processes at a quarter second or faster temporal resolution constrain
or enable ecology and neuroscience phenomena. Such resolution involves both precision and
duration limits, though here the focus is mostly on duration. For instance, animal attack
onsets/offsets and survival response onsets/offsets often occur within a quarter second.
Likewise, many neurological processes have quarter second durations (P100, N170, alpha, a-
and b- retinal waves) while others do not (P300, N400, P600, theta, slow potentials). However,
onsets/offsets over longer durations also matter, with their informativeness lying in the temporal
precision of identified lags or anticipations determining these onsets/offsets. For example, when
walking, gaze onset looks 800-1000ms (two steps) ahead of footstep offset [32]. Extracting
attention information from such gaze orientation, reactions and expression depends on the high
temporal precision of its onset (gaze) and offset (footstep) despite their roughly one second
duration.

Fear, anxiety and respect differ. Fear is the brain® response to an immediate threat. Anxiety is
its response to an associated but not yet present danger. Respect is awareness of a threat
taken seriously yet engaged calmly and confidently.

While some animals are defined as prey, nearly all, even most predators, can become victims.
For example, fcheetah mothers and their families encountered lions, spotted hyenas, golden
jackals, and other cheetahs of both sexes more often than they did other carnivore species, all
of which were potential predatorso [33]. Conversely, supposed fpreyd can act as predators.
Although their diets are mainly vegetation, most primates eat insects [34]. Larger primates, like
chimpanzees, hunt, targeting other primates [3,35].

Everything argued here relates to prelanguage human evolution. Syntactically articulate
language takes over many intercoupling functions of split-second coordination. While eye



contact remains important to modern humans, due to language, it is far less so than in early
Homo. When language first emerged in humans is unknown, as is how far earlier gestural vocal
communication advanced. | take syntax-based communication to be a late development, with H.
sapien sapiens.
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lllustration : Ultrafast death .
A female serval, a wild African cat, attacks a chick; the original 1/32-second frame timings have been rounded to whole milliseconds.

These drawings are from Cat behaviour: The predatory and social behaviour of domestic and wild cats [36]. Studies on predator attack
speed are rarely reported; the information above, based on filmed attack frames, is a rare exception. It highlights how predators can
capture prey with astonishing fsnapo speed after a stealthy approach. The widespread failure to appreciate predator attackso
instantaneousness has caused a parallel lack of recognition of predator-safe habitatsdcritical role in human evolution. The key challenge
nearly all nonhuman animals face is fi a n y tunpnedidiable rapid attacks springing out from nowhere.



2. PREDATOR FEAR, ATTENTION EXTRACTION AND SCLERA SELECTION

Act 1: Predatorso indirect impact on prey equals their direct kills, eliminating them
through stress ilinesses and limited feeding. Predator calls halve songbird populations
by reducing parent foraging. Critically, predator stress impairs social learning and
cultural evolution.

Act 2: Primates evolved neural machinery extracting attention from observed body
actions.

Act 3: Only humans have contrasting black and white eyes that broadcast split-second
line-of-sight visible from a distance, enabling rapid shared attention.

Act 4: Two obstacles must be overcome before white sclera emerges: (i) Bullseye
Removal Of White Sclera (BROWS)d predators target conspicuous eyes, weeding
them out when they arise, and (ii) Valley Of Darwinian Impossibility (VODI)d coloured
sclera and white sclera offer mutually exclusive predator protection methods and suffers
the fbooting impasseothat paradoxically white sclera needs to exist already before it is
advantageous.

Act 5: When australopiths overcame BROWS and VODI, contrasted eyes aided split-
second team coordination, making predators shun, not hunt them, unlocking previously
wheel-clamped capacities for aligning cognition, shared intention and joint action,
setting the stage for cumulative culture and the human story.

Act 1: A fhorror story 00 Predator fear fimurdered 0 cultural evolution

The first act introduces a recently uncovered fEdgar Allan Poe-likeo situation about predatorsé
impact.

From the 1940s to as least as late as 2010, predators were commonly viewed as little
more than scavengers, kiling the very young, old, sick, or injured, the so-called
d@oomed surplusd [37]

But in a dramatic science turnaround, new research now shows that predator

non-lethal effects may be larger than lethal effects in determining the behaviour,
condition, density and distribution of animals. [28]

Ironically, animalsd precautions against predators can be as lethal and debilitating as direct
attacks. For instance, limiting foraging to avoid predators may inadvertently cause starvation
and malnutrition-related death [28].

Critically, these indirect predator effects can fsabotagedanimalsdability to sustain culture.
SCENE I: THE TRAGEDY OF THE SONGBIRDS

To illustrate predatorsdéimpact, consider songbirds whose fear responses can be experimentally
induced by recorded predator calls.

Frightened parents provisioned their young 26% less frequently with the result that 20%
fewer of their offspring survived to fledging (leaving the nest). This reduction in offspring
survival coupled with fewer eggs laid and more hatching failure meant that frightened
parents produced nearly 40% fewer offspring over the breeding season. = €ombining
results from this experiment with that on early-stage care, we project that fear itself is
powerful enough to reduce late-stage survival by 24%, and cumulatively reduce the
number of young reaching independence by more than half, 53%. [38]

predator playback parents producing 53% fewer recruits to the adult breeding
population. Fear itself was consequently projected to halve the population size in just 5
years, or just 4 years when the evidence of a transgenerational impact was additionally
considered € Our results not only demonstrate that fear itself can significantly impact
prey population growth rates é that fear may constitute a very considerable part of the
total impact of predators. [37]

However, this is just the tip of the iceberg. Fear of predators, by restricting nourishment for the
young, can cause nutritional stress, impairing brain development, social learning, and cultural
transmission.

swamp sparrows subjected to nutritional stressors early in development, exhibited
poorer copying fidelity of model songs as adults when compared with ad libitum controls
In addition, the volumes of two song-control regions, HVC and RA (robust nucleus of
the arcopallium), were significantly smaller in the food stressed birds. é Stressed
starlings also sang less frequently, performed shorter song bouts and generally delayed
singing behaviour compared with controls, when assessed the following year. Spencer
et al. found that nutritional stressors significantly reduced zebra finch nestling growth
rates, and resulted in adult song that was significantly shorter and contained fewer
syllables compared with the control condition. Furthermore, HVC volume for the food-
stressed finches was selectively reduced compared with the overall brain volume and
other nuclei. [39]

Stress from predators could alter the syntax of bird songs, much like stress from being raised in



large groups does.

birds from large broods (i.e., of poor early condition) in comparison to birds from small
broods copied syntactical dependencies of song elements from the song motif of their
tutor less accurately and had less consistent sound duration between song motifs.[40]

Furthermore, the impact of fear extends due to

enduring neurobiological and behavioral effects € in wild animals that mirror those
diagnostic of post-traumatic stress (PTSD) in humans. [22]

Another study concluded

PTSD is not unnatural, and that long-lasting effects of predator-induced fear, with likely
effects on fecundity and survival, are the norm in nature. [41]
A recent study discovered that a brief, five-minute stress event in mice, simulating fear from a
predator, had lasting effects not only on the parents but also on their yet-to-be-conceived
offspring and was even funexpectedly persistent and produced similar behavioral phenotypes in
the F2 offspringo[42].

This stress from fear, similar to that caused by nutritional restriction, can hinder social learning,
including that needed for foraging skills. This limitation reduces the future generationsdability,
independent of predator fear, to provide nourishment for their young

juvenile zebra finches that were fed the avian stress hormone corticosterone (CORT)
during the nestling phase later formed less exclusive (or more random) social bonds in
a colony setting (free-flying aviaries containing six to seven families) relative to their
control-treated siblings. In particular, CORT-treated juveniles spent less time foraging
with their parents. When presented with a novel foraging task, we next found that while
control juveniles tended to copy their parentsébehaviour to solve the task, their CORT-
treated siblings exclusively copied unrelated adults. [40]

CORT-treated juveniles copied their father® song less accurately as compared to
control juveniles. We hypothesized that this could be due to having weaker social
foraging associations with their fathers, and found that sons that spent less time
foraging with their fathers produced less similar songs. [40]
Once begun, predator-induced stress creates a self-perpetuating cycle, undermining cultural
transmission of effective foraging and extending culture-suppressing stress across generations.

SCENE II: ESCAPE FROM PREDATOR FEAR ON JICARON ISLAND

These examples concern songbirds, but camera trap studies of predator-free Jicaron Island
capuchin monkeys in Coiba National Park suggest a direct primate link to tool use traditions and
human evolution. Unlike nearby mainland monkeys facing predators like tayras, ocelots,
jaguarundis, and coyotes, these island monkeys often move in large ground groups, and
ffemales carrying infants were frequently photographed on the ground at the island sites, but
never at the mainland siteso[43]. Pertinent to cultural transmission, these islands have

the only population of gracile capuchins (e.g., Cebus rather than Sapajus) documented
to use stone tools. Capuchins on the island of Jicaron habitually use hammerstones and
anvils to crack open a variety of foods they acquire on the ground, including seeds of
Terminalia catappa, crabs, and bivalves. It is possible that the availability of abundant
terrestrial food resources (or the lack of sufficient food in the trees) helps explain why
capuchins on these islands spend so much time on the ground. It is also possible that
spending more time on the ground as a consequence of a release from predation
pressure may have potentiated the innovation of the tool-use tradition in this population
of capuchins, thereby opening up a new terrestrial foraging niche. Terrestriality has
been linked to the innovation of tool-use traditions, but cracking nuts with
hammerstones is a loud and conspicuous activity that requires significant attention.
Thus, it may only arise where antipredator vigilance can be reduced because predation
risk is low. [43]
Research indicates capuchin monkeys using stone tools have richer fat, carbohydrate and
energy diets [44]. If australopiths constructed predator-safe habitats, this would have enhanced
their capacity for sustaining accumulative culture. It& been asked: AWhy culture is common, but
cultural evolution is rared® [45,46] The answer is predator fear wheel-clamps culture&

evolutionary potential.
The plot thickens.
Act 2: The Hidden Wealth of the Primate family: MENA

Act 2& backstory began over 63 million years ago when primates developed neural circuitry to
discern othersdhidden priorities shaping their actionsd their fattentiono[47]. The subcortex and
cortex machinery executing this is named MENA (Machinery Extracting Neural Attention).
Evidence exists for MENA in lemurs [48], which dates its origin before the strepsirrhine-
haplorrhine divergence 63 million years ago. Similar predator prediction mechanisms may exist
in other animals (see Box: MENA in nonprimates ).
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Box: MENA in non primate s.

While discussed here only for primates, MENA processes could be more evolutionarily widespread
and also relevant to predators. Various mammals like dolphins [49], horses [50] and wolves [51],
and some birds like emus, rheas and tinamous [52], understand others6perspectives, suggesting
fvisual perspective taking, with accompanying representations of gazesé referentiality, evolved
earlier in dinosaurso[52]. Both prey and predator behaviour involve perceiving attention and eyes.
For instance, whether herring gulls fsteal foodo depends on human gaze direction [53]. Many
animals like lizards [54] and chickens [55,56] are startled by eyes, and evolution frequently selects
predator-startling feye spotso to aid prey survival [57]. While not exhaustively discussed here,
future work will examine eye detection more broadly.

Evolutionarily, MENA is a fbiological Cinderellaa it has a potential for higher things but is constrained
by the fstepmotherocoloured sclera forced on her by wicked predation that impoverishes her ability to
detect rapidly shifting eyes and find her hidden nature. Eyes powerfully indicate attention through line-
of-sight changes. However, for observable changes at a distance, eyes must be conspicuous with high
sclera-iris/pupil-skin contrast (see Box: Rapid Eye Movement Perception ).

Box: Rapid Eye Movement Perception

Whether nonhuman primates perceive rapid eye movements in coloured sclera is untested.
Crucially, det ect i o nrofsight charges sathér than&tatis QazemEhe issuenise
temporal fimyopiad the ability or inability to discern & 2 6260 ms rapid changes.

Beyond later discussed psychophysics, neurological evidence deserves attention. Macaque studies
investigate gaze in conspecifics at 57 cm [58], 62 cm [59], and 100 cm [60]. Ethological
observations suggest hominids maintain (30 cm distance during social interactions, indicating
fmyopiaofor detecting eye movements from further afar.

(1) Juichi Yamagiwa, in his seminal research paper on gorilla staring, fFunctional analysis of social
staring behavior in an all-male group of mountain gorillaso[61], sets this distance at 30 cm: fSocial
staring was defined as one individual looking into another& face for at least 5 sec from a distance
of less than 30 cm. It was not accompanied by distinct facial expressions, but simply involved each
individual facing the other in close proximity without any contact (Fig. 1)0 (Fig. 1 depicts two such
gorillas.)

(2) In The mountain gorilla: Ecology and behavior, George Schaller [62] notes (p. 116) that gorillas
stare fbne foot aparta fSuddenly VII Dominant rises and walks rapidly toward the male of group XI.
They stare at each other, their faces but one foot apart, for 20 to 30 seconds. Then VII Dominant
returns to his seat. This is repeated two more times. The males stand quadrupedally as they stare
at each other.0
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(3) In Chimpanzees of the Budongo Forest [63], Vernon Reynolds posits that chimpanzees also
stare from 30 cm (p. 70): fMuga was seen sitting down with two other adult males, Magosi on one
side and Maani on the other. A subadult male Andy sat behind him. Magosi was eating the fruit and
Muga was staring at his face from a distance of 30 cma

How should we interpret this extreme primate eye gaze proximity? It seems too close for anything
other than a mutual eye-on-eye fgroomingothrough monitoring each other& pupil movements. If so,
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it suggests further distances do not allow a
detecting quick coloured sclera eye movements between hominids.

Act 3: A hero emerges that one day will liberate turns MENA into MENSA

Eyes with high-contrast white sclera not only make detecting changes in an individual®
immediate area easier, as with low-contrast coloured sclera, but also enable perception from
10+ meter distances (see Box: Human Line -of-Sight Detection Distance ). This reach allows
diverse joint attention tasks. Critically, this identifies the limitation on MENA& (Mechanism
Extracting Neural Attention) attention-sharing capacity as not neural processing but an external
oned poor detectable fIOREO (Orientation, Reaction, Expression) information quality in coloured
sclera eyes (see Box: What is ORE? ). Only visible white sclera line-of-sight can overcome
these constraints, transforming MENA into MENSA (Machinery Extracting Neural Shared
Attention). While the primary conspicuity enhancer, white sclera is not the sole factor (see Box:
Additional Line -of-Sight Visibility Factors ). However, white sclera is only possible in
predator-safe habitats; otherwise, white sclera individuals get selectively eliminated, leaving
only coloured sclera individuals.

Box: Human Line -of-Sight Detection Distance

Research shows human gaze direction precision can be as accurate as 1 minute of arc [64] or
even 0.71 minutes [65]. (1° equals 606 minutes). This acuity enables discerning if someone 5
meters away looks at your nose bridge versus your face® edge. Gibson and Pick [64] concluded,
firhe ability to read the eyes seems to be as good as the ability to read the fine print on an acuity
charta Other studies [66] have established an feffective viewing distanceothat ranges from 1 meter
to 32 meters. In these studies, researchers used video screen presentations featuring photographs
of individuals looking at ftargets placed either side of the camera lensa They found that sensitivity
to gaze deviation remained consistent within what they termed fthe critical distance.0 Observing a
face for 1 second, movements as subtle as 0.88° could be detected from about 15 meters. For a 20
ms glimpse (2 screen refreshes), the smallest detectable eye movement increased to 1.38°,
reducing the critical distance to about 8 meters [66]. These findings align with the observation that
different faces, viewed for half a second, can be distinguished even when their angular size is only
12 minutes of an arc degree (equal to a fifth of 1°)d comparable to discerning a 145 mm wide face
from 42 meters away. This level of discrimination remains relatively constant, even for very brief
views: at 19 ms, the size expands only to 19 minutes of an arc, equivalent to viewing a face from
26 meters [67]. This research focused on high-reflectance, light skin-toned faces did not explore if
line-of-sight is equally or more observable in dark-skinned faces, which seems likely given their
greater gaze direction contrast (discussed later).

The last act reveals the dramatic plot twist of the white sclera shift that fmagicallyotransformed
MENA into MENSA. The twist reveals white sclera granted humans, like a fairytale godmother,
the capacity for team coordination, ending predator threats that have since primates originated
weeded out white sclera.

Box: What is ORE?

"ORE" was chosen to echo the mining connotations of "extract" in MENA (Mechanisms Extracting
Neural Attention) regarding the information it takes in by observing others. Later, | realized ORE is
also an acronym for the three main body sources of such information (Orientation, Reaction,
Expression).

Attention directs external body part orientation , including eyes, head, ears, nostrils, limbs and
fingers. Although | focus on eye orientation as an attention indicator, other sources also contribute
to the brain's attention extraction. Reactions like startling or repositioning in response to stimuli
offer information on how events and behaviours relate to an animal's experience. A quick eye shift
to a noise reveals the brain deems it significant. Expression relates to subtle motor kinematics
(hesitations, pacing, mirroring, exaggerations) and kinetics (force, energy, momentum). All three
can co-occur, like line-of-sight darting with a surprised eyebrow expression to a sound. Though not
discussed here, non-eye orientation, reaction and expression (head, body, hands, fingers, facial
muscles) become crucial in MENA/MENSA neuroscience and social interbrain coupling
development.

ORE information can come from nonvisual senses, like sound and touch. Multiple sources also
allow complementary cue refinement. For e