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Abstract

Self-perception, the ability to sense one’s own bodily state, is a fundamental trait in bio-
logical systems. This study investigates whether a neuron count of 500,000-1,000,000 marks
a threshold for “initial self-perception” during embryonic development. Developmental data
from four species—mouse (E12), human (6-7 weeks), pig (E20-E25), and chicken (E7-E8)—
were analyzed for neural, cardiac, limb, and sensory features at this neuron range. Results
show consistent signal integration across species, forming a rudimentary “body sense” at
this stage. These findings suggest that 500,000-1,000,000 neurons may represent a biologi-
cal threshold for initial self-perception, providing insights into the origins of self-awareness
in neural development.

1 Introduction

Self-perception, the ability to sense one’s own state, underpins adaptation and survival in bi-
ological organisms. Yet, the neural foundations of its emergence during development remain
poorly understood. Embryonic development provides a critical window to observe the stepwise
formation of neural systems, from basic signal transmission to integrated networks. Prior re-
search links perception and consciousness to neuron count and network complexity [Edelman,
2004; Tononi, 2008], but specific thresholds for self-perception remain undefined.

In this study, “initial self-perception” is defined as the capacity of an embryonic organism
to integrate bodily signals—such as heartbeat, limb sensations, and sensory inputs—into a
preliminary awareness of its own existence, distinct from mere neural reflexes. This capability
likely emerges when neural networks achieve sufficient complexity, potentially at a neuron count
of 500,000-1,000,000, enabling signal processing beyond reflexive responses. We hypothesize
that organisms with fewer than 500,000 neurons exhibit only neural reflexes, lacking the capacity
for initial self-perception. This is supported by comparative analyses across species, where, for
example, 50,000-100,000 neurons in Drosophila embryos at Stage 17 produce coordinated but
reflexive movements [Hartenstein, 1993], while 10,000-50,000 neurons in mouse embryos at E10
are limited to basic reflexes like heartbeat initiation [Schambra, 2008].

To test this, we examined developmental data from four species: the mouse (Mus musculus)
at embryonic day 12 (E12), the human (Homo sapiens) at 67 weeks of gestation, the pig (Sus
scrofa) at 20-25 days of gestation, and the chicken (Gallus gallus) at embryonic days 7-8 (E7-
ER). These stages align with estimated neuron counts of 500,000-1,000,000, a range proposed to
enable basic signal integration. By comparing neural, cardiac, limb, and sensory development
across these species, we assessed whether this neuron count consistently supports a foundational
“body sense.” This study aims to determine if 500,000—1,000,000 neurons constitute a biological
threshold for initial self-perception, shedding light on the ontogeny of self-awareness.



2 Methods

This study employed a comparative approach to evaluate whether a neuron count of 500,000—
1,000,000 serves as a threshold for initial self-perception in embryonic development. Four species
were selected: the mouse (Mus musculus), human (Homo sapiens), pig (Sus scrofa), and chicken
(Gallus gallus), representing diverse developmental timelines and neural complexities. Stages
analyzed were mouse E12, human 6-7 weeks of gestation, pig E20-E25, and chicken E7-ES,
each corresponding to an estimated 500,000-1,000,000 neurons.

Data were compiled from established embryological and neurodevelopmental studies. Mouse
data were sourced from Schambra (2008) and Dunnett et al. (2001). Human data relied
on Rakic (1995, 2002) for neurogenesis post-neural tube closure. Pig data were estimated
from brain growth patterns in Dickerson & Dobbing (1966), with adjustments based on total
neuron counts (Herculano-Houzel, 2016), and marked as “estimated” where direct counts were
unavailable. Chicken data were derived from Hamburger & Hamilton (1951), providing precise
neuron estimates for E7-ES.

To validate the 500,000—1,000,000 neuron threshold, we analyzed developmental stages with
neuron counts below 50,000-100,000, such as Drosophila embryos at Stage 17 (50,000-100,000
neurons; Hartenstein, 1993) and mouse embryos at E10 (10,000-50,000 neurons; Schambra,
2008), assessing for neural reflexes versus integrated perception. Initial self-perception was
defined as the capability to process bodily signals (e.g., cardiac activity, limb development,
sensory input) into a “body sense,” evaluated through developmental milestones like reflex
potential, sensory responsiveness, and coordinated movement, distinguishing it from reflexive
behaviors. Data accuracy was prioritized, with estimated values noted for future validation.

3 Results

Analysis of embryonic stages in mouse (Mus musculus), human (Homo sapiens), pig (Sus
scrofa), and chicken (Gallus gallus) revealed consistent developmental features at neuron counts
of 500,000-1,000,000, supporting the hypothesis that this range enables initial self-perception
through bodily signal integration.

Mouse (E12): At embryonic day 12, mice have approximately 500,000-1,000,000 neurons,
primarily in the brainstem and spinal cord, with early cortical neurogenesis [Schambra, 2008].
The heart beats steadily with nascent vagal innervation, limb buds form paddle-like structures
with spinal nerve connections, and sensory systems detect light and vibration via optic and otic
precursors. Weak coordinated movements suggest preliminary signal integration.

Human (6-7 weeks): At 6-7 weeks of gestation, human embryos possess 500,000-1,000,000
neurons, concentrated in the brainstem and spinal cord, with cortical precursors emerging [Ra-
kic, 1995]. The heart maintains a rate of 110-130 beats per minute with early vagal input,
limb buds develop paddle-like forms innervated by spinal nerves, and sensory systems (retina,
otic vesicles) respond to light and vibration. Subtle fetal movements indicate basic neural
coordination.

Pig (E20-E25): At 20-25 days of gestation, pig embryos are estimated to have 500,000
1,000,000 neurons, based on brain growth data [Dickerson & Dobbing, 1966]. Cardiac activity
stabilizes at 80-100 beats per minute with vagal innervation approaching, limb buds form and
connect to spinal nerves, and sensory precursors (eyes, ears) begin detecting light and vibration.
Subtle fetal movements suggest early signal processing.

Chicken (E7-E8): At embryonic days 7-8, chickens have approximately 500,000-1,000,000
neurons, distributed across the brainstem and forebrain precursors [Hamburger & Hamilton,
1951]. The heart beats at around 100 beats per minute, wing and leg buds emerge with spinal
nerve innervation, and sensory systems (retina, otic vesicles) initiate light and vibration detec-
tion. Weak coordinated contractions reflect potential signal integration.



To validate the threshold, we analyzed stages with fewer neurons. Drosophila embryos at
Stage 17 (50,000-100,000 neurons) exhibit reflexive rolling movements (e.g., rolling prior to
hatching) and initial dorsal vessel beating (~100 bpm), driven by a maturing central nervous
system [Hartenstein, 1993]. However, sensory precursors remain non-functional, and behav-
iors lack sensory integration or environmental adaptability, indicating reflexes rather than self-
perception. Similarly, mouse embryos at E10 (10,000-50,000 neurons) show basic reflexes, like
heartbeat initiation, but lack integrated behaviors or sensory responsiveness [Schambra, 2008].
These findings suggest that neuron counts below 100,000 support only reflexive responses.

Cross-species comparison: Table 1 outlines developmental features at and below the 500,000
1,000,000 neuron threshold, suggesting a shared capacity for a rudimentary “body sense” above
this range.

Table 1: Developmental Features Below and Above the 500,000-1,000,000 Neuron Threshold

Species/Stage Neuron Neural Cardiac ~ Limb Sensory  Behavior
Count System Activity  Develop- Input
ment
Drosophila (Stage 17) 50,000~  CNS ~100 None None Reflexive
100,000 (brain, bpm (seg- rolling
ventral (dorsal mented move-
cord) vessel) muscles) ments
Mouse (E10) 10,000~  Brainstem, Reflex None None Heartbeat
50,000 spinal (heart- reflex
cord beat)
Mouse (E12) 500,000 Brainstem, Stable, Paddle-  Light, vi- Weak
1,000,000 spinal vagal like buds bration coordi-
cord onset nation
Human (6-7 wk) 500,000— Brainstem, 110-130  Paddle- Light, vi- Subtle
1,000,000 spinal bpm like buds bration move-
cord ment
Pig (E20-E25) 500,000—  Brainstem, 80-100 Limb Light, vi- Subtle
1,000,000 spinal bpm buds bration move-
cord ment
Chicken (E7-ES) 500,000~  Brainstem, ~100 Wing/leg Light, vi- Weak
1,000,000 forebrain bpm buds bration coordi-
nation

4 Discussion

The consistent developmental features observed across mouse, human, pig, and chicken embryos
at 500,000-1,000,000 neurons suggest this range may serve as a biological threshold for initial
self-perception. This “body sense,” driven by the integration of cardiac, limb, and sensory
signals, likely marks an early milestone in self-awareness development. In mice and chickens,
weak coordinated movements indicate nascent neural integration, while in humans and pigs,
subtle fetal movements suggest similar capacity, potentially delayed by developmental timelines
or muscular immaturity.

Cross-species uniformity at this neuron count, despite differences in mature brain size (e.g.,
mouse: 71 million; human: 86 billion) and gestation periods (e.g., mouse: 20 days; human:
280 days), implies that initial self-perception relies on basic neural circuits—such as brainstem-
spinal cord or forebrain precursors—rather than advanced complexity. Cardiac stability and



vagal innervation anchor this integration, enriched by sensory inputs (light, vibration) and limb
innervation.

In contrast, at 50,000-100,000 neurons, as in Drosophila Stage 17 embryos, neural activity
supports coordinated rolling and cardiac onset, a step beyond the isolated reflexes seen at
10,000-50,000 neurons (e.g., mouse E10). However, the absence of functional sensory input
or adaptive behavior indicates this remains below the complexity required for self-perception,
reinforcing the 500,000-1,000,000 neuron threshold [Edelman, 2004; Tononi, 2008]. Future
electrophysiological recordings or single-cell transcriptomics could confirm the lack of perceptual
integration at lower neuron counts.

Limitations include the estimated neuron count for pigs [Dickerson & Dobbing, 1966] and
behavioral variability across species, which may reflect developmental pacing. Extending the
analysis to other invertebrates could further test this threshold’s universality.

5 Conclusion

This study suggests that a neuron count of 500,000—1,000,000 may constitute a biological thresh-
old for initial self-perception in embryonic development. Across mouse (E12), human (6-7
weeks), pig (E20-E25), and chicken (E7-ES), this range consistently enables the integration of
cardiac, limb, and sensory signals into a rudimentary “body sense.” Our findings highlight a
potential early milestone in the ontogeny of self-awareness, emphasizing the role of basic neural
circuits in its emergence. In contrast, organisms with neuron counts below 100,000, such as
Drosophila embryos at Stage 17 and mouse E10, exhibit only reflexive behaviors, lacking initial
self-perception. Further validation, including electrophysiological analyses, could enhance our
understanding of self-perception’s developmental and evolutionary roots.

References

e Dickerson, J. W. T., & Dobbing, J. (1966). Prenatal and postnatal growth and devel-
opment of the central nervous system of the pig. Proceedings of the Royal Society B:
Biological Sciences, 166(1002), 384-395.

e Dunnett, S. B., & Kaufman, M. H. (2001). Mouse Embryology. Academic Press.

e Edelman, G. M. (2004). Wider than the Sky: The Phenomenal Gift of Consciousness.
Yale University Press.

e Finlay, B. L., & Darlington, R. B. (1995). Linked regularities in the development and
evolution of mammalian brains. Science, 268(5217), 1578-1584.

e Hamburger, V., & Hamilton, H. L. (1951). A series of normal stages in the development
of the chick embryo. Journal of Morphology, 83(1), 49-92.

e Hartenstein, V. (1993). Early neurogenesis in Drosophila. Development, 118(1), 111-123.

e Herculano-Houzel, S. (2016). The Human Advantage: A New Understanding of How Our
Brain Became Remarkable. MIT Press.

e Rakic, P. (1995). A small step for the cell, a giant leap for mankind: A hypothesis of
neocortical expansion during evolution. Trends in Neurosciences, 18(9), 383-388.

e Rakic, P. (2002). Neurogenesis in adult primate neocortex: An evaluation of the evidence.
Nature Reviews Neuroscience, 3(1), 65-71.

e Schambra, U. B. (2008). Prenatal Mouse Brain Atlas. Springer.



e Tononi, G. (2008). Consciousness as integrated information: A provisional manifesto.
The Biological Bulletin, 215(3), 216-242.

This article is licensed under the Creative Commons Attribution (CC BY) license.



