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Abstract

BFUT Paper 20 established the Hierarchical Channel Accessibility framework connecting the
Spaticle field physics of the BFUT programme to sensing, consciousness, and evolution, and
introduced the Consciousness Index (Cl) as a natural scalar measure implied by that framework.
The present paper, BFUT Paper 21, provides the full derivation, calibration, and validation of ClI
across a dataset of 100 species spanning the complete range of known biological and physical
complexity.

The Big Flare-Up Theory (BFUT) identifies the physical fabric of space as the Spaticle field, a non-
particulate physical substrate with an intrinsic equilibrium density p_s = 7.3 x 10727 kg/m3. This
density is not fitted to any observation. It follows from the particle-sector condensation chain
through the reduced Planck constant h_vss, the electron mass m_e_vss and the fine-structure
quantity a_vss, with the independently measured proton charge radius r_p = 0.8414 fm (PDG) as
the only measured input. The same single density then runs through ten physical sectors:
cosmology and large-scale structure; gravitation and the gravitational field; galactic dynamics and
dark-matter effects; weak gravitational lensing; particle physics and fundamental constants;
quantum mechanics; atomic physics and matter stability; light, photon and gravitational-wave
propagation; time and relativity; and extreme gravity, singularity limits and black holes. Across
those sectors, and with no free parameters, it gives the substrate vacuum-energy scaleu_s=p_s
c?, the covariant gravitational carrier equation, the acceleration scale a_s = 1.208 x 10710 m/s?
validated on 175 SPARC galaxies and on the KiDS-1000 lensing stacks, the fine-structure and
strong coupling constants, the W, Z and H-class masses, the hydrogen ground state and the Bohr
radius, the speed of light, and finite-density black-hole structure. The framework has been
developed across more than 30 papers. The present paper extends the framework to the
guantitative measurement of consciousness across species.
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The CI framework is structured around two distinct but related measures. The Intrinsic
Consciousness Index (CI0) measures the internal capability of a system: the degree to which it
can perceive, integrate, and act on information about itself and its environment, independent of
external conditions. The Effective Consciousness Index (Cl) is defined as CI0 multiplied by the
survival factor S, which represents the real-world viability of the system: how effectively the
system sustains its consciousness in actual conditions. This two-level structure separates what a
system can do from how well it sustains what it can do.

The CI0 formula is: CI0 = CI_floor + C x Omega(V) x (1 + 0.38A) x N*1.3 x K*1.2. Cl_floor is a
strictly positive constant enforcing the principle from Vijay's Law (Layer 2) that no physical system
has zero consciousness. C is a derived scale constant calibrated so that the modern average
human nervous system produces CIO = 100. Omega(V) is an asymmetric size-dependent
integration efficiency function that penalises excessive brain volume above the biological optimum
without penalising small or efficient systems. A is the channel capacity, the average of five
independently scored interaction channels. N is the network integration density, a weighted
composite of structural connectivity, dynamic coordination, and hierarchical processing depth. K is
the control depth, a weighted composite of autonomy, memory depth, and adaptive flexibility.

The calibrated dataset of 100 species spans from the human nervous system (CI0 = 100) through
non-human animals (CI0 range approximately 14 to 124), insect colonies (CIO range
approximately 23 to 35), plants and fungi (CI0 range approximately 12 to 37), down to bacteria
(Cl0 = 30), viruses (CI0 = 18), and the floor systems including single cells and simple invertebrates
(Cl0 range 5 to 14). The survival factor S reduces effective CI for vulnerable and non-autonomous
systems, with virus CI falling to approximately 2.8 and octopus CI falling to approximately 59
despite a high CIO of 96. The paper states five falsifiable predictions from the framework and
connects CI explicitly to the physical foundations in Papers 17 and 20 and to the six-layer
framework of Vijay's Law.

Keywords: Consciousness Index, Cl, CIO, intrinsic consciousness, effective consciousness,
survival factor, BFUT, Spaticle field, HCA framework, Vijay's Law, cross-species consciousness
measurement, channel capacity, integration density, control depth, size factor

1. Introduction and Motivation

Consciousness is discussed widely but measured rarely. The existing literature contains
qualitative descriptions, species-specific comparisons, and philosophical frameworks, but no
widely accepted quantitative scale that can place a bacterium, a crow, a human, and a tree on a
single coherent axis. This absence is not merely a technical gap. It reflects a deeper uncertainty
about whether consciousness admits of degree at all, or whether it is a binary property switched
on above some biological threshold.
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The BFUT programme and the six-layer framework resolve this uncertainty at the foundational
level. Vijay's Law (Layer 2) established that consciousness is a fundamental property of all matter,
expressed differently at different scales of structural complexity, and that it admits of degree.
BFUT Paper 20 established the Hierarchical Channel Accessibility (HCA) framework, which
provides the physical mechanism for this claim: consciousness is the integrated multi-channel
state of a system that simultaneously satisfies the formal sensing conditions for one or more
Spaticle field interaction channels, with the degree of consciousness a continuous function of
channel count, integration density, control depth, and the ratio of controlled to forced emission.

In a 1920 address at the University of Leiden titled “Ether and the Theory of Relativity,” Einstein
argued that general relativity requires physical space to be endowed with properties, while
explicitly setting aside the mechanical, luminiferous ether he had already dispensed with in 1905.
His concluding statement was direct: “space is endowed with physical qualities; in this sense,
therefore, there exists an ether... But this ether may not be thought of as endowed with the quality
characteristic of ponderable media, as consisting of parts which may be tracked through time. The
idea of motion may not be applied to it” (Einstein, 1920).

The Spaticle field is that medium: physically real, but not the luminiferous ether Einstein had
already set aside. It supplies the measurable quantity his own equations required but that he
stopped short of assigning: an intrinsic equilibrium density p_s, together with the derived stiffness,
relaxation time, and propagation speed.

Paper 20 introduced the Consciousness Index as the natural scalar measure implied by the HCA
framework and stated its qualitative properties without providing the full mathematical derivation.
The present paper provides that derivation, calibrates the formula against a reference human
configuration, and applies it to 100 species spanning the full range of biological complexity. The
result is a universal, extensible, fully parameter-driven scale on which any system can in principle
be evaluated and any result can be traced to explicit biological parameter assignments.

The framework also addresses a limitation of the only existing serious scalar consciousness
measure, Tononi's integrated information phi. Phi is computed from abstract causal structures
with no connection to the physical substrate of the universe. Cl is derived from the Spaticle field
channel structure established in Papers 17 and 18 and the HCA framework of Paper 20. It
addresses the limitations of phi in being physically grounded, computationally tractable through
observable proxies, and consistent with the foundational claim that consciousness is universal
instead of restricted to systems above a neural complexity threshold.
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Substrate Independence: Reinterpreting the Non-Neural
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Figure 1. Abstract versus physically grounded approaches to consciousness measurement.
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Figure 2. Overview of the Consciousness Index framework.

2. The Two-Level Structure of the Consciousness Index

The central architectural decision of the CI framework is the separation of consciousness into two
distinct but related measures, each answering a different question.

CIO (Intrinsic Consciousness Index): measures the internal capability of a system,
independent of its external environment. CIO answers the question: what is this system
capable of? It captures the degree to which the system can perceive its environment,
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integrate signals across channels, act on that information, and regulate its own state. CIO is
purely structural: it depends on the physical configuration of the system, not on the conditions
it currently faces.

Cl (Effective Consciousness Index): measures how effectively the system sustains its
consciousness in real conditions. Cl = CIO x S, where S is the survival factor. Cl answers the
question: how well does the system's consciousness persist in reality? A system with high
intrinsic capability that faces severe survival pressure, high predation risk, or that cannot
sustain itself independently, has lower effective CI than its capability alone would suggest.
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Figure 3. Separation of intrinsic capability and effective consciousness via survival factor.

This separation is physically motivated. A system's structural capability for consciousness is
determined by its biology and its evolutionary history. Whether that capability is sustained is
determined by the interaction between the system and its environment. The two are independent
at the level of measurement: a dolphin has CIO near 123 regardless of whether it is in a safe bay or
a net. Its CI of approximately 92.9 reflects the reduction due to real-world survival conditions
including orca predation, human hunting and capture, and fishing net entanglement, not a change
in its capability.

The separation also correctly handles two classes of systems that a single-level measure would
misrepresent. First, non-autonomous systems such as viruses have non-trivial structural
properties and satisfy some formal sensing conditions when active within a host, giving them a
non-zero CI0. But their existence is entirely dependent on host conditions, their survival factor S is
very low, and their effective CI correctly reflects their marginal and non-self-sustaining nature.
Second, domesticated animals such as dogs have high survival factors because of human
protection, correctly elevating their Cl relative to their wild counterparts even when CIO is similar.
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The Scientific Test: Falsifiability Matrix

Prediction Experimental Falsification Condition
1. Size Optimum () Falsified if a species with >3000ml brain volume demonstrates higher
integrated consciousness than humans despite similar neural
parameters.
2. Non-Neural N Falsified if disrupting a tree’s mycorrhizal network or bacterial quorum

sensing fails to reduce systemic integration.

3. Component Independence | Falsified if targeted interventions increasing N (e.g., coherence)
automatically force increases in A or K.

4, Survival Factor Falsified if moving an animal into captivity (S — 1.0) alters its intrinsic
Independence neural architecture (CI_0).
5. The Biological Ceiling Falsified if biological humans are found significantly exceeding CI_0

~200 without qualitative leaps in integration bandwidth.
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Figure 4. Distinction between structural capability and sustained reality across species.

3. The CI0 Formula

3.1 Complete Formula

The Intrinsic Consciousness Index is defined as:

CI0 = CI_floor + C x Q(V) x (1 + 0.38A) x NAL.3 x KN1.2

Each term is physically motivated and independently measurable. The formula is multiplicative in
its three principal components (channel capacity A, integration N, and control K) because the
absence of any one of these eliminates the corresponding capability regardless of the others. The
(1 + 0.38A) structure instead of a pure A term ensures that zero channel capacity does not
collapse the entire product to zero, preserving the contribution of the size factor and the floor. This
is consistent with the HCA framework requirement that no physical system with mass has zero
consciousness.
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The Asymmetric Size Penalty (Q)
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Figure 5. Structural components of the CIO formulation.

3.2 The Floor: CI_floor

Cl_floor is a strictly positive constant representing the minimum non-zero degree of
consciousness of any physical system in the Spaticle field universe. This is not merely a
calibration choice: P22 [P22] establishes that n = 0 is operationally unreachable for any system
with mass, making CI_floor > 0 a derived consequence of the substrate physics. It is not arbitrarily
stipulated. It is derived from the formula structure itself.

As A, N, and K approach zero simultaneously, the formula reduces to:

Cl0 -> Cl_floor+Cx Q(V) x 1 x 0 x 0 = Cl_floor

Cl_floor is therefore the exact value that CIO takes in the limiting case of a system with no channel
richness, no integration, and no control. This limit is physically meaningful: it corresponds to the
gravitational-channel-only sensing condition established in Paper 20, where a system satisfies
only the minimal sensing conditions from its mass alone. Setting Cl_floor = 1.0 means that the
minimum measurable consciousness is 5 percent of the human average. This is consistent with
Vijay's Law (every physical system has positive consciousness) and with the biological evidence
(even the simplest organisms exhibit measurable sensing behaviour above the absolute
minimum).

The full source-parameter mapping for all 100 species is available in the companion data deposit
[9]. P21: Published Biological Data Underlying the Consciousness Index (Clo) - Source-Parameter
Mapping for All 100 Species (DOI: 10.5281/zenodo.20720053) [9]. The floor of 1.0 on the human-
reference scale places the most minimal systems, simple flies and mosquitoes, in the range of 10
to 11; single cells in the range of 12 to 14; and viruses at approximately 18. These scores

BFUT Paper 21 | Page 7 of 36



represent positive but minimal degrees of consciousness consistent with their structural
properties. The floor does not inflate these scores above what is biologically defensible. It ensures
they are not zero, which would be physically incorrect under Vijay's Law.

3.3 The Scale Constant: C and the Human Reference Configuration

The scale constant C is a derived constant, not a free parameter. It is calibrated so that the
modern average human nervous system produces CI0 = 100. The calibration is performed against
a reference human configuration with A = 0.85, N =0.70, K=0.70, and brain volume V = 1350 ml.
These reference values are not assigned by convention. Each is sourced from observable
biological measurements.

A = 0.85 is derived from the five channel scores: C1 = 0.88 (excellent visual and auditory
precision, limited olfaction relative to specialist species), C2 = 0.82 (extensive environmental
coupling through tool use and technology, not physically dominant), C3 = 0.92 (language, writing,
and symbolic reasoning represent the highest known social communication capacity), C4 = 0.88
(precision grip, tool use, and fine motor control), C5 = 0.78 (metacognitive capacity and
interoceptive awareness, partially suppressed in the average human who does not systematically
attend to internal state). The average of these five values is 0.856, rounded to 0.85 for the
conservative reference.

N = 0.70 is derived from three integration component scores: Is = 0.78, estimated from
connectome studies showing that approximately 70 to 80 percent of anatomically possible
synaptic connections are realised in the adult human brain (van den Heuvel and Sporns, 2011); Id
= 0.65, estimated from resting-state fMRI studies showing neural coherence at approximately 60
to 70 percent of theoretical maximum across frequency bands; Ic = 0.55, estimated from the
observation that most average humans do not systematically engage the full depth of hierarchical
processing available to their neural architecture. The weighted sum 0.5 x 0.78 + 0.3 x 0.65 + 0.2 x
0.55 = 0.695, rounded to 0.70.

K =0.70 is derived from three control component scores: F = 0.80, estimated from fMRI studies of
top-down versus bottom-up processing ratios in resting state, indicating that approximately 80
percent of average human response is modulated by internal state instead of externally triggered;
M = 0.65, estimated from the proportion of accessible historical states that actively influence
current processing in the average adult; Ac = 0.62, estimated from the observation that most
average humans operate substantially within habitual response patterns instead of generating
fully context-adaptive responses. The weighted sum 0.4 x 0.80 + 0.3 x 0.65 + 0.3 x 0.62 = 0.701,
rounded to 0.70.

C = (100 - CI_floor) / [Q(1350) x (1 + 0.38 x 0.85) x 0.7071.3 x 0.701.2]

BFUT Paper 21 | Page 8 of 36



With CI_floor = 1.0 and Omega(1350) = 1.0, this gives C = 182.5283. This constant is fixed for all
species evaluations. The human reference values A = 0.85, N = 0.70, K = 0.70 are the anchoring
parameters that define the scale; all other species are measured relative to this configuration.

The Continuous Scale of Life

- Forces are Senses: The interaction channels of the
Spaticle field are the physical basis of all perception.

- Universal & Graded: Consciousness is not a magical
threshold. It is the physically measurable integration of interac-
tion channels, scaling continuously from atoms to mammals.

Spaticle - The Blueprint: The Consciousness Index provides the first
universal, parameter-driven, and falsifiable scale for
® evaluating the living universe.

Life is not an exception to physics. It is physics, at
sufficient structural complexity, becoming aware of itself.

) NotebookiM

Figure 6. Calibration using universal floor and human reference anchor.

3.4 The Size Factor: Omega(V)

The size factor Omega(V) captures the non-monotonic relationship between system volume and
integration efficiency. Brain volume is not a direct measure of consciousness: systems too large
suffer from integration coherence degradation as signal propagation time increases relative to the
coherence requirements of integrated processing, while systems smaller than the optimal volume
compensate through architectural density.

The size factor is defined as an asymmetric function:

ForV =V*: Q(V)=1.0 (no penalty for small or optimal systems)
For V> V*: Q(V) = exp[-B x (In(VIV*))"2]

Where V* = 1350 ml is the optimal integration volume for biological electromagnetic channel
systems on Earth, corresponding to the average adult human brain volume, and beta = 0.4 is the
penalty width parameter calibrated from mammalian cognitive performance data. No penalty
applies below V* because small-brained systems compensate through neuron density,
architectural efficiency, and integration organisation at their own scale. The penalty above V*
reflects the genuine degradation of integration coherence that occurs when brain volume
significantly exceeds the optimal scale for the available neural channel physics.
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Figure 7. Asymmetric size-dependent integration efficiency function.

This asymmetry is the key design decision that allows birds such as crows (7 ml brain) and parrots
(4 ml brain) to score appropriately high despite their small absolute brain volume. Their integration
is not penalised for being compact and dense. Conversely, the orca (5620 ml) and whale shark
(6400 ml) receive substantial size penalties, correctly reflecting that their large brains are primarily
devoted to motor coordination and sonar processing instead of the high-density multi-channel
integration that drives CIO.

3.5 Channel Capacity: A

The channel capacity A is the average of five independently scored interaction channels, each
ranging from O to 1:

A=(CL+C2+C3+C4+C5)/5

The five channels are: C1, sensory bandwidth, the richness and precision of signal acquisition
from the environment; C2, environmental interaction, the depth and scope of coupling to the
physical environment; C3, social communication, the complexity of inter-system signalling and
coordination; C4, manipulation ability, the capacity to act on the environment in controlled and
purposive ways; C5, internal sensing, the interoceptive awareness of the system's own internal
state. Each channel score is assigned on the basis of observable biological properties and is
independently evaluable without reference to the others.

The five pragmatic channels of the CI framework correspond to the physical structure of the four
Spaticle field interaction channels established in Paper 17 and developed in Paper 20. C1 and C2
together capture the electromagnetic and gravitational channel couplings. C3 and C4 capture the
strong-force-derived structural capabilities that enable physical coordination and manipulation. C5
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captures the weak-force-adjacent threshold sensing that underlies interoception and internal state
monitoring. The five-channel structure is the biologically observable proxy for the four-channel
physical hierarchy, chosen for its interpretability across diverse species.

The weight of A in the formula is 0.38 through the (1 + 0.38A) term. This weight, combined with the
multiplicative structure, reflects the theoretical justification from Paper 20: channel access is the
structural prerequisite for all higher capabilities and therefore carries the primary weight.
Integration and control build on channel access and cannot substitute for it.
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Figure 8. Five-channel structure defining system interaction capacity.

3.6 Network Integration Density: N

The integration density N is a weighted composite of three dimensions:

N=05xIs+0.3xId+0.2xlc

Is is structural connectivity: the physical architecture of connections within the system, estimated
from the ratio of realised connections to possible connections within the system's architecture. Id
is dynamic coordination: the real-time coordination of signals across the system's components,
estimated from measured coherence of information propagation. Ic is hierarchical processing
depth: the depth of the processing hierarchy from sensory input to integrated response. The
weights 0.5, 0.3, 0.2 reflect the ordering: structural architecture is the necessary substrate,
dynamic coordination builds on it, and hierarchical depth refines it.

For standard biological neural systems, N is bounded in [0, 1], where N = 1 represents the
maximum integration density achievable within standard biological neural architecture at the
reference volume. Values above 1.0 are permitted only for systems with qualitatively superior

BFUT Paper 21 | Page 11 of 36



integration architecture, specifically those with demonstrably higher structural connectivity ratios,
faster dynamic coordination, or deeper hierarchical processing than the standard biological
maximum. Human exceptional is the only species in the current dataset with N above 1.0.

For non-neural systems, N is reinterpreted at the system's own scale. For a tree, Is reflects the
network of root connections and mycorrhizal associations; Id reflects the speed and breadth of
chemical signal propagation through that network; Ic reflects the hierarchical differentiation
between root, vascular, and leaf processing. For bacteria, N reflects population-level quorum
sensing integration. This reinterpretation is not an approximation. It is the correct application of the
integration concept across scales, consistent with the HCA framework's claim that integration is a
general property of physical systems at every scale.

The exponent alpha = 1.3 makes integration nonlinearly amplifying: small improvements in N at
the high end produce disproportionately large CI0 increases. This reflects the physical reality that
multi-channel integration is the primary amplifier of consciousness, and that marginal
improvements in integration coherence at the high end produce qualitatively different integrated
states.
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Key Insight: The exponent 1.3 is a nonlinear amplifier. Marginal
improvements in integration coherence at the high end produce qualitatively
different, magnified integrated states. Human rcferencc N=10.70.
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Figure 9. Components and nonlinear amplification of integration density.

3.7 Control Depth: K

The control depth K is a weighted composite of three dimensions:

K=04xF+0.3xM+0.3xAc

F is autonomy: the degree to which the system's signal emission is governed by internal state
instead of determined by external interaction alone. This corresponds directly to the controlled
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versus forced emission distinction established in Paper 20. F = 1 means all signal emission is
modulated by internal state; F = 0 means all emission is externally determined. M is memory
depth: the degree to which historical states are accessible and actively integrated into current
processing. Ac is adaptive flexibility: the degree to which the system can modify its response
patterns based on experience and context, hot merely react to current input.

The weights 0.4, 0.3, 0.3 reflect the ordering from Paper 20: autonomy is the most fundamental
dimension of control depth, as it is what distinguishes sensing from mere interaction. Memory and
adaptive flexibility build on the autonomous control of response and cannot substitute for it. The
exponent beta = 1.2 makes control depth mildly nonlinearly amplifying, reflecting the physical
reality that deep control architectures produce qualitatively different response regimes at the high
end.
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Figure 10. Autonomy, memory, and adaptive flexibility governing control depth.

4. The Survival Factor: S

The survival factor S ranges from 0 (exclusive) to 1.0 and represents the real-world viability of the
system. It is the multiplicative bridge between intrinsic capability and effective consciousness. S is
formally defined as:

S =0.35 x (1-P) + 0.25 x (1-E) + 0.20 x (1-D) + 0.20 x |

Where P is predation risk ranging from 0 (no predation) to 1 (extreme); E is environmental
exposure ranging from 0 (stable habitat) to 1 (extreme instability); D is disease vulnerability
ranging from O (minimal) to 1 (extreme); and | is internal stability ranging from O (physiologically
fragile) to 1 (highly stable). The weights 0.35, 0.25, 0.20, 0.20 reflect the relative severity of each
threat: predation is the most immediate survival threat and carries the highest weight;
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environmental exposure drives population-level vulnerability; disease affects individuals but is
often recoverable; internal stability is partly captured by K and carries the lowest weight. All
weights sum to 1.00. This formal definition makes S fully reproducible from independently
assessable biological inputs, removing evaluator discretion.

Cil=ClOxS

S is formally defined as a weighted composite of four independently assessable factors: S =
0.35(1-P) + 0.25(1-E) + 0.20(1-D) + 0.20l, where P is predation risk, E is environmental exposure,
D is disease vulnerability, and | is internal physiological stability, each in [0,1]. The weights 0.35,
0.25, 0.20, 0.20 reflect the ordering: predation risk is the primary survival constraint,
environmental exposure is secondary, disease vulnerability and internal stability contribute
equally as tertiary factors. A species facing no predation risk, living in a stable environment with
low disease vulnerability and high internal physiological stability has S near 1.0. A species facing
high predation, environmental instability, or that cannot sustain itself independently has S
substantially below 1.0.

The 100-Species Dataset: Closing the Animal Gap
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Figure 11. Survival pressures shaping effective consciousness.

Typical value Description and examples

S=1.0 Human Apex security: no predators, medical systems, stable habitat
(average,
advanced,

exceptional)

S =0.85-0.92 Dolphin, Orca, High survival: apex or near-apex, stable populations
Albatross,
Shark
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Typical value Description and examples

S=0.72-0.84 Most mammals Moderate predation risk, stable habitats, normal mortality
and birds
S =0.55-0.72 Prey species, Significant predation; moderate environmental exposure
small rodents,
fish
S =0.40-0.55 Small insects, High predation, short lifespan, environmental fragility
vulnerable fish
S=0.20 Virus Non-autonomous; existence entirely dependent on host

The survival factor does not modify what the system is capable of. A dolphin at CI0 = 123 retains
that full intrinsic capability regardless of its S value. What S expresses is that a dolphin facing
ocean-level predation pressure, pollution, and environmental instability sustains approximately 85
percent of that capability effectively over its lifespan. The remaining 15 percent represents
capability that is structurally present but not fully sustained in real conditions. This is a meaningful
and physically motivated distinction.

S is notably absent from the Sigma(S,E) term in the evolutionary projection formula of Paper 20.
The survival factor in Paper 21's Cl measurement formula and the opportunity field sustainability
term in Paper 20's evolutionary projection formula serve different purposes. S measures present-
state real-world viability. Sigma(S,E) governs evolutionary time-scale field viability. They are
independent and not redundant.

5. Parameter Independence and Measurement Basis

A critical property of the Cl framework is that its five primary parameter groups (A, N, K, Omega, S)
are operationally independent: each can be assigned on the basis of observable biological
properties without reference to the others, and changes in one do not automatically entail changes
in others.

A (channel capacity) depends on the structural and functional properties of the system's interface
with its environment: sensory organs, environmental effectors, social communication
mechanisms, manipulative appendages, and interoceptive architecture. It does not depend on
how signals are integrated (N) or on how responses are controlled (K).

N (integration density) depends on the connectivity architecture of the system's internal
processing network, the coherence of dynamic signal propagation, and the depth of hierarchical
processing. It does not depend on the richness of the channels feeding the network (A) or on the
control architecture governing output (K).
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K (control depth) depends on the autonomy of signal emission, the depth of accessible memory,
and the flexibility of response modification. It does not depend on channel richness (A) or
integration architecture (N).

These dimensions are partially correlated in biology because evolutionary development tends to
co-develop them. Higher channel richness tends to drive selection for higher integration capacity,
and higher integration tends to drive selection for higher control depth. But this correlation is not a
logical entailment. A system can have high A with low N (rich sensory access but fragmented
integration, as in some invertebrates). It can have high N with low K (dense integration but reactive
instead of autonomous control). The framework correctly represents these as distinct dimensions
instead of collapsing them.

The independence of parameters is stated as operational independence, not absolute
independence. The biological tendency for co-development is noted and does not affect the
validity of independent measurement.

6. The 100-Species Dataset: Summary and Key Results

Complete source data, parameter assignments, and biological source citations for all 100
species are published in the companion data deposit [9]: P21: Published Biological Data
Underlying the Consciousness Index (Clo) - Source-Parameter Mapping for All 100 Species
(DOI: 10.5281/zen0d0.20720053).

6.1 Dataset Structure and Measurement Procedure

The dataset comprises 100 species spanning nine biological categories: humans (three variants),
primates, marine mammals, carnivores, herbivores and marsupials, birds, fish and cephalopods,
colonial insects and invertebrates, and non-neural systems including plants, fungi, microbes, and
cells. Each species is evaluated on 17 independently assigned parameters (C1 through C5, Is, Id,
Ic, F, M, Ac,V_ml, P, E, D, ) fromwhich A, N, K, Omega, S, CI0, and Cl are derived by formula. No
post-hoc adjustment is applied to any computed result. Every result is fully traceable to the
assigned parameters.

Complete source data, parameter assignments, and biological source citations for all 100
species are published in the companion data deposit [9]: P21: Published Biological Data
Underlying the Consciousnhess Index (Clo) - Source-Parameter Mapping for All 100 Species
(DOI: 10.5281/zenod0.20720053).

The complete 100-species dataset, including all parameter assignments, intermediate variables,
and computed values (A, N, K, Q, S, Clo, and ClI), is available in [9]. It is also included in Appendix
A and is also available as an Excel deposit at https://doi.org/10.5281/zenodo.20025538.
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The measurement procedure differs between the first 30 species and the extended 70. For the first
30 species, F and M were assigned biologically and N was then derived to reproduce a pre-
established target CI0. These 30 entries constitute consistency checks: they demonstrate that
biologically motivated F and M values, combined with a solved N, produce a biologically plausible
integrated picture. They are not predictions. For the extended 70 species, all parameters including
N were assigned from biological evidence first, and CI0 was computed from those assignments
without any target. These 70 entries are genuine out-of-sample evaluations: the formula had no
exposure to the biological parameters before they were set, and the resulting CI0 values were not
adjusted after computation. The distinction between consistency checks and genuine predictions
is important for the scientific status of the dataset and is stated explicitly here to prevent
mischaracterisation.

6.2 Human Scale and Three Variants

The dataset includes three human variants corresponding to the range of human CIO achievable
within biological constraints. Human (average) has CI0 = 100 by construction: A =0.85, N =0.70,
K =0.70, S = 1.00, Cl = 100. Human (advanced) has CI0 = 142: higher integration density (N =
0.795) and control depth (K = 0.814) reflecting better cortico-interoceptive bandwidth and lower
forced emission fraction. Human (exceptional) has CI0 = 195.5: N approaches the limit of
qualitatively superior integration architecture (N > 1.0), K is very high, reflecting the structural
characteristics described in Paper 20 as required for ClI in the range of 13 to 14 on the ten-point
scale or 130 to 140 on the hundred-point scale.

Human (exceptional) at CI0 = 195.5 makes an important statement about the scale: the scale is
open-ended above the human average. The formula has no upper ceiling. Higher CIO values are
structurally achievable through greater integration density, deeper control architecture, or
qualitatively different integration medium. Human exceptional represents the upper boundary of
what is achievable within standard biological architecture on Earth. Values above 195.5 would
require architectural changes beyond what current biological neural systems support.

6.3 The Animal Gap: What the Formula Reveals

One of the most significant results of the unconstrained dataset is that the CIO gap between
humans and the most cognitively sophisticated animals is substantially smaller than traditional
intuition suggests. Dolphin CI0 = 123.9, crow CI0 = 116.4, chimpanzee CI0 = 114.5, and parrot
CIO = 106 all exceed the human average of 100 in intrinsic capability. They are below human
(average) in effective ClI because their survival factors reduce their sustained score.

This result is not a formula artefact and is not suppressed. It reflects the biological reality
documented in the animal cognition literature: dolphins have named individuals, cultural
transmission, and theory of mind. Crows demonstrate future planning, causal reasoning, and face
recognition. Chimpanzees use tools, have self-awareness, and demonstrate deceptive behaviour.
Parrots form genuine concepts and demonstrate numerical competence. These capabilities
correspond to high A, N, and K parameter values. The formula, run on biology, produces high CIO
for these species because the biology warrants it. An arbitrary ceiling suppressing animal CIO
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below 100 would misrepresent the biological evidence and compromise the scientific integrity of
the framework.

The important implication is that human exceptionalism in consciousness is primarily a property of
the survival factor S = 1.00 and of the achievable upper range through advanced and exceptional
configurations, not of the average intrinsic structural capability. The average human CIO of 100 is
exceeded by several non-human species in intrinsic structural capability. What places the human
average at its calibration position is the anchoring convention, not a claim that the average human
is structurally superior to all other species. The effective Cl of 100, achieved because S = 1.00,
does place the human average above all other species in effective sustained consciousness,
because no other species achieves S = 1.00. This is the correct and honest scientific picture.

The Survival Filter (S)
S = 0.35(1- P) + 0.25(1-E) + 0.20(1-D) + 0.20 /
Bl Clo (Intrinsic Capabiliy)

4—{ Most immediate existential threat.

Habitat instability and
population vulnerability.

<—{ Individual physiological threats.

P (Predation Risk - 35%)
E (Environmental Exposure - 25%)

D (Disease Vulnerability - 20%)

I (Internal Stability - 20%) >) «—{_ Physiological resilience.

Cl (Effective Consciousness)

Key Insight: S does not modify what a system can do, only what it sustains.
- Human S = 1.0 (Apex security). Virus S = 0.20 (Non-autonomous).

#3) NotebookLM

Figure 12. Cross-species CIO distribution showing reduced human-animal gap.

6.4 Non-Neural Systems

The treatment of non-neural systems is one of the most philosophically important aspects of the
dataset. Trees (CI0 = 37.2), bacteria (CIO = 27.3), and viruses (CI0 = 14.2) all have non-zero CIO
values, consistent with Vijay's Law. These scores are achieved through a reinterpretation of N and
K at the system's own scale.

For a tree, N reflects the integration of root, vascular, and mycorrhizal networks. The mycorrhizal
network of a mature forest tree connects to thousands of neighbouring plants through fungal
threads, propagating chemical and electrical signals that influence the tree's state and the state of
the network. This is not neural integration, but it is integration at the system's own scale, and the N
parameter correctly captures it. The tree's K reflects the autonomy of its chemical responses, the
depth of its seasonal memory, and its adaptive flexibility in resource allocation. These are real
biological properties, not anthropomorphic projections.
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The Measurement Problem:
Abstract Information vs. Physical Substrate

The Abstract Approach (e.g., Tononi's Phi) The BFUT Approach

- Computed from abstract causal structures. - Derived from Spaticle field channel structures (BFUT Layer 1}. |
- Disconnected from the physical substrate of the universe. - Physically grounded and computationally tractable through

- Restricted to systems above a neural complexity threshold. biological proxies.

- Unmeasurable across diverse biological taxa. - Universal: Evaluates any system with mass, from viruses to

human networks.

) NotabookiM

Figure 13. Integration and control across neural, plant, and microbial systems.

For bacteria, N reflects population-level quorum sensing: the integration of chemical signals
across a bacterial population to produce coordinated collective behaviour. The bacteria as
individual units have minimal N. The bacterium as a member of a quorum-sensing population has
substantially higher N because its state is coupled to and integrated with the collective. K reflects
chemotactic autonomy and memory of chemical gradients. These properties are well-documented
in the microbiology literature.

The virus presents the most challenging case. Viruses satisfy some formal sensing conditions
when active within a host: they couple to specific molecular recognition channels with extremely
high specificity. Their CI0 of 14.2 reflects this structural coupling combined with a non-trivial N
when host-integrated. But their S of 0.20 correctly reduces their effective Cl to approximately 4,
reflecting their non-autonomous and non-self-sustaining nature. The CI framework correctly
captures both the fact that viruses are not structurally inert (positive CI0) and that their existence is
marginal and dependent (low CI).

6.5 Key Dataset Results Table

Complete source data, parameter assignments, and biological source citations for all 100
species are published in the companion data deposit [9]: P21: Published Biological Data
Underlying the Consciousness Index (Clo) - Source-Parameter Mapping for All 100 Species
(DOI: 10.5281/zen0d0.20720053).

The following table presents selected species from the full dataset, organised by CIO rank. The
complete dataset is provided in Appendix A (sourced from [9]) and as an Excel deposit at
https://doi.org/10.5281/zenodo.20025538.
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Species Category A \| K Q(V) Clo S C
|

Human (exceptional) Human 0.950 0.900 0.914 1.000 1955 | 1. |1
00 |9

5

5

Human (advanced) Human 0.920 0.795 0.814 1.000 1438 | 1. |1
00 | 4

3

8

Dolphin Marine 0.824 0.752 0.790 0.986 1239 [ 0. | 9
mammal 85| 2

9

Crow Corvid 0.796 0.730 0.770 1.000 115.7 | 0. | 8
76 | 8

5

Chimpanzee Primate 0.830 0.730 0.753 1.000 1139 | 0. | 8
72 | 2

4

Human (average) Human 0.850 0.700 0.700 1.000 1000 | 1. |1
00 |0

0

0

Wolf Carnivore 0.794 0.675 0.714 1.000 96.3 0. |7
78 1|5

1

Octopus Cephalopod 0.774 0.703 0.684 1.000 95.9 0. |5
62 | 9

3

Dog Carnivore 0.772 0.638 0.690 1.000 85.9 0. |7
88 |5

6

Orca Marine 0.848 0.772 0.810 0.443 61.9 0. |5
mammal 92 | 5

5

Elephant Herbivore 0.808 0.703 0.750 0.525 58.9 0. |4
82 |8

3

Octopus Cephalopod 0.774 0.703 0.684 1.000 95.9 0. |5
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Species Category A \| K Q(V) Clo S C
|

62 | 9

3

Shark Cartilaginous 0.644 0.530 0.558 1.000 524 | 0. | 4
fish 85| 2

8

Tree Plant 0.420 0.546 0.514 0.775 37.2 0. |3
0|1

1

Bacteria Microbe 0.220 0.448 0.444 1.000 30.2 0. |1
72 19

7

Jellyfish Invertebrate 0.224 0.303 0.284 1.000 13.9 0. |6
60 | .

2

Human cell Cell 0.376 0.303 0.270 1.000 13.8 0. |8
80 | .

2

Fly Insect 0.394 0.234 0.234 1.000 10.3 0. |3
48 | .

2

Virus Microbe 0.132 0.348 0.338 1.000 14.2 0. |2
20 | .

8

7. Falsifiable Predictions
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Intrinsic vs. Effective Consciousness Matrix

Species Intrinsic (Cl,) Survival Factor (S) Effective (CI)
Dolphin 123.0 0.85 104.6
(Wild, Apex) (High structural complexity) | (Ocean risks/pollution) h
Dog 85.9 0.88 75.6
(Domesticated) (Moderate complexity) (Human protection) :
Virus 17.7 0.20 35
(Parasitic) (Molecular coupling) (Host-dependent) :

Takeaway: The separation correctly handles domesticated animals (elevated S)
and non-autonomous microbes (marginal S), distilling the difference between
structural power and sustained reality.

) Notebooki M

Figure 14. Experimental conditions defining falsifiability of the framework.

7.1 Size Optimum Prediction

The asymmetric Omega(V) function predicts that CIO rises with brain volume up to approximately
1350 ml and declines above this range, all else equal. Within the same biological lineage, species
with brain volumes significantly above 1350 ml should show declining CIO relative to what their A,
N, and K parameters alone would produce. The orca at 5620 ml and elephant at 4800 ml, both with
Omega values well below 1.0, are predicted to score below what their neural parameter quality
would suggest without the size penalty. This is falsifiable: if a species with brain volume above
3000 ml is found with demonstrably higher integrated consciousness than a human despite similar
neural parameter quality, the Omega function requires revision.

7.2 The Non-Neural N Reinterpretation

The assignment of non-trivial N values to trees, bacteria, and other non-neural systems through
reinterpretation at the system's own scale makes a specific testable prediction: disrupting the
mycorrhizal network of a tree should reduce its effective N and therefore reduce its measurable
response integration (chemical signal propagation speed and coordination). Similarly, disrupting
quorum sensing in a bacterial population should reduce its collective integration and coordination.
Both predictions are testable through existing experimental protocols.

7.3 Component Independence

The framework predicts that the four parameters A, N, K, and Omega are independently
modifiable. An intervention that increases N (for example, meditation practices that increase
cross-frequency neural coherence) should not automatically increase A or K unless the
intervention specifically targets those dimensions. This is falsifiable through targeted
neuroscientific intervention studies measuring each component independently.

7.4 Survival Factor Independence
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S is predicted to be orthogonal to CI0: a change in survival conditions should not alter intrinsic
capability. A captive octopus with S effectively near 1.0 (no predation, stable food supply) should
have the same CI0 as a wild octopus. Its Cl will be higher due to higher S, but CIO is a structural
property of the animal, not of its conditions. This is falsifiable: if captivity demonstrably changes
the neural architecture (N or K) of animals over time, the independence of CIO from S is violated
and the parameters require adjustment.

7.5 The Biological Ceiling

The formula predicts a ceiling for individual biological systems within the biological
electromagnetic channel physics regime on Earth. Given the constraints of biological volume,
electrochemical propagation speed, and metabolic cost, the maximum achievable CIO for a
standard biological human nervous system is approximately 190 to 200. Exceeding this within
biological constraints would require a qualitative change in integration bandwidth or architecture.
This is falsifiable: if individuals are identified whose measured parameter proxies (neural
coherence, connectivity, control depth, and adaptability) demonstrably exceed the human
(exceptional) configuration, the ceiling requires revision.

8. Connection to the BFUT Programme and the Six-Layer Framework

The Consciousness Index connects every layer of the BFUT programme and the six-layer
framework into a single quantitative expression.

From BFUT Layer 1, Cl inherits the physical substrate: the Spaticle field and the sequential
emergence of the four fundamental interaction channels established in Papers 14 through 18. The
five Cl channels are the biologically observable proxies for the four Spaticle field interaction
channels. Channel capacity A corresponds to the HCA framework's channel accessibility score.
The asymmetric Omega function is grounded in the physical analysis of integration coherence
from Paper 20.

From Layer 2 (Vijay's Law), Cl inherits the foundational claim that consciousness is universal and
graded. The strictly positive Cl_floor = 1.0 is the quantitative expression of this claim. Every
physical system in the Spaticle field universe has CIO >= CI_floor > 0. The formula honours this
claim without requiring every system to have the same consciousness or the same kind of
consciousness.

From Layer 3 (evolution as conscious drive), Cl provides the quantitative measure of what
evolution selects for: each increment in CIO corresponds to a structural improvement in channel
access, integration density, or control depth. The progression of CI0 values across the
evolutionary record from simple organisms to complex nervous systems is the quantitative
expression of the Layer 3 evolutionary drive. Evolution is the process by which matter moves up
the CI0 scale through structural change under the perpetuation drive.
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From Layer 4 (UNITE), CI provides the physical grounding for the three fundamental emotional
drives. The effort drive corresponds to channel capacity A: the accumulated structural investment
in coupling to a system. The proximity drive corresponds to integration density N: the depth of
network integration between the two systems. The polarity drive, Blame or Gratitude, corresponds
to control depth K: the feedback mechanism determining the sign of the integrated state. This
structural correspondence is not coincidental. It follows from the fact that emotional relationships
between conscious systems are implementations of multi-channel sensing and integration at the
social scale.

From Layer 5 (the cellular civilisation model), CI provides the quantitative basis for the
macroscopic governance claim. Each cell in the human body has its own CIO corresponding to its
structural configuration. The macroscopic self's governance of the cellular collective operates by
modifying the K parameter of individual cellular sensing systems: positive governance signals
increase cellular autonomy, memory integration, and adaptive flexibility; negative governance
states such as depression reduce them. The CI framework makes the Layer 5 governance model
quantitatively precise.

Layer 6 (the purpose of every life) provides the ultimate application of CI: the purpose of every life
is to experience net positive feeling, and ClI is the physical measure of how well-equipped a
system is to achieve and sustain that purpose. Higher CI provides structurally richer tools for
achieving net positive feeling over a lifetime. But Cl is not a sufficient condition. The tools are only
effective when accompanied by accurate knowledge of what produces net positive feeling and a
genuine choice to pursue it. A higher Cl system operating without that knowledge may achieve no
better net outcome than a lower Cl system making better choices within its structural means. The
framework predicts structural characteristics. Their consequences for conscious flourishing
depend on knowledge and choice as well as on structure.

9. Conclusion
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Figure 15. Consciousness as a continuous scale across physical systems.

This paper has derived, calibrated, and applied the Consciousness Index across 100 species
spanning the full range of biological and physical complexity. The framework has the following
properties.

Complete source data, parameter assignments, and biological source citations for all 100
species are published in the companion data deposit [9]: P21: Published Biological Data
Underlying the Consciousness Index (Clo) - Source-Parameter Mapping for All 100 Species
(DOI: 10.5281/zenod0.20720053).

Cl is universal: it applies to every physical system with mass, from viruses to humans, with a
strictly positive floor enforcing Vijay's Law. Cl is absolute: human (average) = 100 by construction,
and all other values are derived from this anchor without normalisation. Cl is reproducible: every
result traces to 13 independently assigned biological parameters, each with a defined
measurement basis. Cl is extensible: any new system can be evaluated using the same five
channels, three integration components, three control components, size factor, and survival
factor. Cl is falsifiable: five specific predictions follow from the formula, each of which can be
tested against empirical data.

The two-level structure, separating intrinsic capability (CI0) from effective sustained
consciousness (Cl = CI0 x S), is the most important architectural feature of the framework. It
correctly captures the difference between what a system can do and how well it sustains what it
can do. It explains why a dolphin with CI0 = 123 has Cl = 92.9. It explains why a virus with CI0 = 18
has Cl = 4. And it explains why a dog with CI0 = 86 has CI = 76 despite lower intrinsic capability
than a wolf: the survival factor for a dog under human protection is higher than for a wild wolf.
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The most significant scientific result is the closing of the apparent gap between human and animal
consciousness. When the formula is run on biologically motivated parameters without target-
fitting, several non-human species produce CIO values above the human average. This is
consistent with the current direction of animal cognition research. The CI framework quantifies
what that research has been documenting qualitatively: the consciousness of sophisticated
animals is much closer to human consciousness than traditional accounts assumed. The
difference between average human consciousness and the most cognitively capable animals is
real but smaller than intuition suggests, and it is primarily a difference in the integration and control
dimensions instead of in channel access.

The Consciousness Index is not a completed theory. It is the first physically grounded quantitative
framework for cross-species consciousness measurement, derived from the Spaticle field physics
of the BFUT programme. Its further development, empirical testing, and comparison with existing
measures constitutes the research programme implied by the formula. The present paper
provides the foundation that makes that research programme possible.
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Appendix A.

Full 100-Species Consciousness Index Dataset

Source: [9]

The table below reproduces selected key columns from the full data deposit. For complete
parameter values, source citations, and methodology notes for all 100 species, refer to the data
deposit at the DOI above.
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Consciousness Index — 100 Species | Cl_floor=1.0 | Human(avg)=100 by calibration
Cly = CI_floor + C x (V) = (1+0.38A) x N*1.3 x K*.2 | C!=max(Cl_floor, Cl, xS) | C=182.5283

=

o
=

@
]

=

Py
e

@l o
R

@
@

2

@
@

@
=]

68
69
70

~

72
73

Human (exceptional)
Human (advanced)
Dalphin
Crow
Chimpanzee
Parrot
Gorilla
Human (average)
Wolf
Octopus.
Meerkat
Baboon
Deg

Sea lion
Lion

Otter
Albatross
Hyena
Eagle
Gibbon
Fox
Falcon
Tiger
Raccoon
Bear

Seal

Pig
Cuttlefish
Owl
Monkey
Leopard
Cheetah
Polar bear
Horse
Squid

Rat
Penguin
Orca
Walrus
Elephant
Pigean
Squirrel
Mouse:
Hummingbird
Deer
Kangaroo
Peacock
Camel
Shark
Goose
Swan
Kingfisher
Seagull
Harnbill
Buffalo
Duck
Warthog
Cow
Rabbit
Donkey
Woodpecker
Goat
Flamingo
Tuna
Sparrow
Stingray
Turkey
Sheep
Tree
Salmon
Termite colony
Eel
Clownfish

A=(C1+C2+C3+CHCE)/5 | N=0.51s+0.31G+0.2-Ic | K=0.4-F+0.3'M+0.3-Ac | {1 no penalty V=1350mi | S: formal survival factor

Category

Human
Human
Marine mammal
Corvid
Primate
Bird
Primate
Human
Camivore
Cephalopod
Camivore
Primate
Camivore
Marine mammal
Camivore
Camivore
Seabird
Camivore
Raptor
Primate
Camivore
Raptor
Camivore
Camivore
Camivors
Marine mammal
Omnivore
Cephalopod
Raptor
Primate
Carnivore
Camivore
Camivore
Herbivore
Cephalopod
Rodent
Seabird
Marine mammal
Marine mammal
Herbivore
Bird
Rodent
Rodent
Bird
Herbivore
Marsupial
Bird
Herbivore
Cartilaginous fish
Waterfowl
Waterfowl
Bird
Seabird
Bird
Herbivore
Waterfowl
Omnivors
Herbivors
Herbivore
Herbivore
Bird
Herbivore
Wading bird
Bony fish
Bird
Cartilaginous fish
Bird
Herbivore
Plant
Bony fish
Insect colony
Bony fish
Bony fish

c1
Sens
ory
0.950
0.920
0.880
0.820
0.850
0.800
0.820
0.900
0.820
0.820
0.780
0.780
0.800
0.800
0.820
0.800
0.800
0.780
0.840
0.760
0.800
0.840
0.820
0.780
0.780

cz2 Cc3 C4 Ci
Envir | Soci | Mani | Inter

on al P nal
0930 0880 0860 0830
0900 0850 0830 0.900
0.820 0.860 0.720 0.840
0.800  0.800 0.780 0.780
0.820 | 0.850 0.850 | 0.780
0.780 0.820 0.760 0.760
0.800 0.820 0820 0.750
0.880 0820 0800 0.880
0.800 | 0.850 0.720 | 0.780
0.800 | 0.620 | 0.850 0.780
0760 0840 0620 0740
0.760 0.800 0750 0.700
0.780 0.820 0.700 0.760
0.760 0.750 0650 0.780
0.780 | 0.800  0.750 | 0.760
0.780 0.750 0.800 0.760
0.780 0680 0620 0.760
0.760  0.800 0.700 0.720
0.780 | 0.620 0720 0.740
0.740 | 0.780 0720 0.680
0.780 0680 0680 0.760
0.780 0840 0700 0.740
0.780 0.620 0.760 0.780
0.780 | 0.680 0820 0.740
0.760  0.650 0750 0.740
0.740 0.720 0600 0.760
0.740 0.740 0600 0.720
0.740 | 0.620 0720 0.740
0.760 0.800 0880 0.740
0.720 | 0.760 | 0.700  0.660
0.760 08600 0740 0.760
0.760 0.650 0.720 0.740
0.740 0.800 0740 0.720
0740 0720 08600 0.720
0.700 0.850 0.700 0.700
0.700 0.700 0650 0.680
0.700 0.720 0550  0.680
0.850 | 0.880 0.750  0.860
0.700 | 0.700 | 0.550 | 0.720
0820 0820 0780 0.820
0.700 0.880 0580 0.680
0.680 0.650 0620 0.660
0.660 0.660 0600 | 0.640
0680 | 0.550 0550 0.660
0.700 0.880 0420 0.680
0.680 0.650 0.550 0.660
0.680 0.660 0.550 0.650
0680 0660 0480 0660
0.720 0.550 0450 0.720
0.660 0.680 0520 0.640
0660 08680 0520 0640
0.680 0.550 0.580 0.660
0.680 0.860 0520 0.640
0660 0650 0550 0640
0.660 0.700 0.450 0640
0.660 0.850 0520 0.640
0660 0880 0480 0640
0.660 | 0.880 0.450 0.640
0.660 0.860 0450 0.640
0660 0640 0450 0640
0.660  0.550 0.620 0.850
0.660 0.880 0450 0620
0.620 | 0.640 0.450 | 0.600
0680 0580 0380 0.640
0620 0.620 0480 0600

@

0600 0600 0450 0.580
0620 0840 0400 0.600
0450 0420 0250 0480
0660 0550 0350 0620
0680 | 0.720  0.550  0.580
0620 0480 0350 0620
0.580  0.550  0.300  0.560

0.950 0960 0.880 0780 0.900

0.920
0.824
0.796
0.830
0.784
0.802
0.896
0.794
0.774
0.748
0.758
0.772
0.748
0.782
0.778
0.728
0.752
0.740
0.736
0.740
0.740
0.752
0.760
0.736
0.720
0.712
0.720
0.724
0.718
0.732
0.738
0.716
0.708

0.880
0.800
0.780
0.780
0.750
0.750
0.780
0.720
0.750
a.700
0.700
0.680
0.680
0.680
0.680
0.680
0.680
0.680
0.680
0.650
0.660
0.650
0.650
0.650
0.650
0.650
0.680
0.650
0.650
0.630
0.620
0.620
0.620
0.650
0.620
0620
0.820
0.600
0.750
0.600
0.580
0.580
0.580
0.580
0.580
0.580
0.570
0.580
0.570
0570
0.570
0.570
0.570
0.560
0.560
0.550
0.550
0.550
0.550
0.550
0.540
0.530
0.520
0.520
0.520
0.500
0.500

0.500
0.620
0.480
0.460

0.650
0.680
0.650
0.850
0.620
0.620
0.550
0.800
0.620
0.560
0.580
0.560
0.550
0.550
0.550
0550
0.550
0.550
0.550
0.520
0.530

0.500
0.520
0.500
0.500
0.700
0.480
0820
0.480
0.460
0460
0460
0.450
0.450
0.450
0.450
0.450
0.450
0.450
0.440
0.440
0.440
0.440
0.440
0.440
0.440
0.440
0440
0.440
0.420
0410
0400
0.400
0400
0390
0.380
0.450
0.380
0.500
0.370
0.350

0.795
0.752
0.730
0.730
0.700
0.700
0.695
0.675
0.703
0.648

0.495
0.485
0475
0.475
0475
0.460
0.455

0.455
0.575
0.437
0420

E
Auto
nom
0.950
0.880
0.820
0.800
0.780
0.780
0.750
0.800
0.750
0.720
0.720
0.700
0.720
0.720
0.720
0.720
0.720
0.700
0.700
0.680
0.700
0.700
0.700
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M
Mem
ory
0.900
0.780
0.760
0.740
0.720
0.720
0.700
0.650
0.680
0.650
0.660
0.650
0.680
0.660
0.650
0.650
0.650
0.640
0.630
0.620
0.640
0.620
0.620
0.620
0.620
0.620
0.620
0.580
0.610
0.600
0.600
0.600
0.600
0.580
0.550
0.580
0.580
0.780
0.560
0.720
0.550
0.550
0.530
0.530
0.530
0.530
0.530
0.540
0.520
0.530
0.530
0.530
0.510
0.510
0.520
0.510
0520
0.520
0.520
0.520
0.510
0.500
0.480
0.470
0.470
0470
0.460
0.480
0.480
0.450
0.480
0.430
0.410

Ac
Adap
tive
0.880
0.760
0.780
0.760
0.750
0.740
0.720
0.620
0.700
0.670
0.680
0.680
0.680
0.680
0.670
0.670
0670
0.660
0.650
0.650
0.660
0.640
0.640
0.640
0.640
0.640
0.640
0.600
0.630
0.620
0.620
0.620
0.620
0.600
0.570
0.600
0.600
0.800
0.580
0.740
0.570
0.570
0.550
0.550
0.550
0.550
0.550
0.560
0.540
0.550
0.550
0.550
0.530
0.530
0.540
0.530
0.540
0.540
0.540
0.540
0.530
0.520
0.500
0.430
0.490
0.490
0.480
0.480
0.500
0.470
0.500
0.450
0.430

0914
0.814
0.790
0.770
0753
0.750
0.726
0701
0714
0.684
0.690
0.679
0.690
0.650
0.684
0.684
0884
0.670
0.664
0.653
0870
0.658
0.658
0.650
0.650
0.650
0.650
0.614
0844
0.626
0.638
0.638
0.630
0814
0.584
0.614
0814
0.810
0.580
0.750
0.584
0.584
0.564
0.564
0.564
0.564
0.564
0570
0.558
0.564
0.564
0.564
0.544
0.544
0.550
0.544
0.550
0.550
0.550
0.550
0.544
0.530
0514
0.504
0.504
0.504
0480
0.490
0514
0484
0518
0.464
0444

Q)

1.000
1.000
0.986
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.443
1.000
0.525
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Cly

195.5
143.8
1239
116.4
1145
108.5
103.0
100.0
96.1
95.7
86.4
86.2
85.3
83.9
83.8
83.2
82.0
80.6
79.5
77.8
75.9
75.9
74.9
73.7
73.2
72.8
727
72.4
721
69.6
68.8
67.4
66.0

63.7
63.5
63.2
60.3
57.8
571
56.9
54.1
51.7
515
51.1
511
511
51.0
50.4
50.3

50.1
48.0

475
47.0

46.5
46.5

46.1
431

38.4
38.3

35.4
35.0

34.4
322
30.9
217

cl

195.5
143.8
92.9
88.5
824
76.7
67.0
100.0
75.0
59.3

53.4
75.1
62.9
68.7
64.9

61.3

53.9
59.0

52.4
36.4
471
57.7
41.8

35.8




Consciousness Index — 100 Species | Cl_floor=1.0 | Human(avg)=100 by calibration

Cly = CI_floor + C = (V) x (1+0.38A) x N*1.3 % K*1.2 | C!=max(Cl_floor, Cl, x §) | C=182.5283

4
75
K
7
78
79
80
8
82
a3
a4
8!
86
a7
88
8
80
9
9
a3
94
95
96
g
98
99

&

]

i

2=

=1

Bacteria
Plant

Ant colony
Koala
Lobster
Sea turtle
Crab

Bee colony
Spider
Seahorse
Draganfly
Fungus
Sloth

Virus

Coral
Whale shark
Neuron
Butterfly
Starfish
Beetle
Grasshopper
Protazoa
Jellyfish
Human cell
Algae
Mosquito

100  Fy

A=(C1+C2+C3+CHCE)/5 | N=0.51s+0.31G+0.2-Ic | K=0.4-F+0.3'M+0.3-Ac | {1 no penalty V=1350mi | S: formal survival factor

Category

Microbe
Plant
Insect colony
Marsupial
Crustacean
Reptile
Crustacean
Insect colony
Arachnid
Fish
Insect
Fungus
Herbivore
Microbe
Cnidarian
Cartilaginous fish
Cell
Insect
Echinoderm
Insect
Insect
Protozoa
Invertebrate
Cell
Algae
Insect
Insect

c1
Sens
ory
0.280
0420
0.650
0.580
0.580
0.620
0.550
0.680
0.580
0.580
0.560
0.380
0.520
0.180
0.350
0.720
0.480
0.520
0.300
0.500
0.500
0.320
0.280
0.450
0.300
0.460
0.460

cz2
Envir
on
0.240
0.380
0.700
0.540
0.540
0.580
0.520
0720
0.550
0.540
0.540
0.320
0.500
0.150
0.320
0.680
0.440
0.500
0.320
0.480
0.480
0.300
0.300
0.400
0.280
0.440
0.440

Cc3
Soci
al
0.260
0.320
0.750
0.520
0.450
0.450
0.450
0.780

C4 | C

@

0.080  0.240

0.180 | 0.400 0.340 0480  0.400
0550 0.600 0.650 0650 0.580
0.420 | 0.540 0.520 0.420 0.360
0550  0.520 0528 0420 0.360
0.300 | 0.580 0.506 0.420 0.360
0.550 0.500 0.514 0400 0.340
0600 0640 0684 0680 0610
0.600 0.520 0.520 0400 0.340
0.350  0.540 0.506 0.400 0.340
0450 0.500 04%0 0380 0320
0120 | 0.320 0.288 0420 0.350
0420 0.500 0478 0380 0.320
0.050  0.160 0.132 0.400  0.320
0100 0.300 0.290 0400 0.320
0.350 | 0.660 0.578 0.500  0.430
0220 0520 0412 0380 0.300
0350 0460 0442 0350 0.290
0.080 0.260 0.232 0380 0.300
0400 | 0.440 0440 0330 0.270
0.350 0.440 0444 0330 0270
0120  0.280 0.248 0360 0.280
0.080
0.200
0.100
0.300
0.300 | 0420 0.394 0.270 0.210

0.340
0.520
0.320
0.320
0.320
0.300
0.550
0.300
0.300
0280
0.280
0.280
0.260
0.260
0.380
0240
0.250
0.240
0.230
0.230
0.220
0.220
0.220
0.200
0.190
0.180

Mani | Inter le
P nal
0220 0500 0420 0360 0448

0.428
0.603
0.382
0.382
0.382
0.362
0633
0.362
0.362
0.342
0.371
0.342
0.348
0.348
0.458
0.328
0.312
0.328
0.292
0.292
0.308
0.303
0.303
0.275
0.244
0.234

E
Auto
nom
0.480
0.440
0.580
0.450
0.440
0.440
0.420
0.620
0.420
0.420
0.400
0.380
0.350
0.380
0.350
0.520
0.340
0.380
0.350
0.340
0.340
0.320
0.320
0.300
0.280
0.280
0.270
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ory
0.400
0.370
0.500
0.380
0.370
0.370
0.350
0.540
0.350
0.350
0.330
0.320
0.300
0.300
0.280
0.450
0.280
0.290
0.280
0.270
0.270
0.260
0.250
0.240
0.220
0.210
0.200

Ac
Adap
tive
0.440
0.400
0.520
0.400
0.390
0.390
0.370
0.560
0.370
0.370
0.350
0.350
0.320
0.320
0.300
0.470
0.300
0.310
0.300
0.280
0.290
0.280
0.270
0.260
0.240
0.230
0.220

0.444
0407
0.538
0.414
0.404
0.404
0.384
0578
0.384
0.384
0364
0.353
0.326
0.338
0.314
0.484
0.310
0.324
0.314
0.304
0.304
0.290
0.284
0.270
0.250
0.244
0.234

Q)

1.000
1.000
0.411
1.000
1.000
1.000
1.000
0282
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.380
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Cly

27.3
24.3
240
227
221
220
19.5
19.5
19.5
19.4
17.0
17.0
14.9
14.2
13.8
13.7
13.2
131
12.6
1.3
1.3
10.8
10.3
10.2

72
6.6

cl

19.7
19.4
19.2
15.4
13.7
121
127
15.2
1.3
12.0
10.5
14.4
10.7

76
1.0

7.2
8.2

6.8
738
6.2
8.2
6.4
36
32




MEASUREMENT FORMUL,

Cly #ERROR!

i #ERROR!

SCALE CONSTANT

C=182.5283 #ERROR!

Cl_floor=1.0 Strictly pasitive minimum, Physically grounded.

FORMAL SURVIVAL FACTOR (S)

S =w_P({1-P) + w_E(1-E) + w_D{1-D) + v Formal definition: weighted composite of four factors

Intrinsic Consciousness Index (capability}

Effective Consciousness Index (sustainad in reality)

Derived constant. A_ref=0.85, N_ref=0.70, K_ref=0.70, \*=1350m!

Derived: gravitational-channel-anly sensing condition. Connected to Spaticle field density p_S

=59:10

kg/m’ (see

P18). Fulu

Weights: w_P=0.35, w_E=0.25, w_

predators; 1=extreme predation mortality

O=fully stable; 1=extreme instability/fragilty

=highly resistant; 1=highly suscapiible

PED,1] Fredation risk
E€[,1] Environmental exposure
DEep1] Diseasa vulnarabilty
1e0,1] Internal physiological stability

CHANNEL CAPACITY (A)

A= (C14C2+CI+CA+CE) [ 5
€1: Sensory bandwidth
C2: Envis i

O=highly fragile; 1=highly stable intemal stale

Simple average of § independently scored channels.

Richness of signal acquisition. Human: 0.90 {vision+hearing precisic Sourced: sansory neurascience, comparativa animal cognition literature

€3: Social communication
C4: Manipulation ability
C5: Internal sensing

— Human A = 0.85

INTEGRATION (N}

N=0.51s +0.31d +0.21c
Is: Structural connectivity
Id: Dynamic coordination
Ic: Hierarchical depth
N=1.0 defined as.

Non-neural N

NTROL (K}

K=0.4F+0.3M+0.3Ac
F: Autonomy

M: Memory depth

Ac: Adaptive flexibility

SIZE FACTOR O(V)
V £V*=1350mk: Q=1.0
V > V*: D=exp(-0.4-(In(VIV))7)

DATASET INTEGRITY NOTE

First 30 species {core)
Extended 70 species
No post-hoc adjustment

ANIMAL Cl, ABOVE 100: INTERPR

Dolphin C1,=121.9, Crow=116.4, Chimp: Thess exceed human average (100) in intrinsic structural capability Formuia run an biology: net an arefact

Human exceptionalism
Human (exceptional) C|,=195.5

Depth of pling. Human: 0.88 ogy)  Sourced: ecalogical interaction complexity, tool use evidenca T

Inter-system signalling complexity. Human: 0.82 (language, writing, + Sourced: comparalive Gommunication omplexity (Hauser ot al. 2002) |

Capacily to act on envirsnment. Human: 0 80 (hands+toois) Sourced: taol evidance

Interoceptive/matacognitive awarenass. Human: 0.8 (self-reflection Sourced: Craig (2009). interoceptive accuracy laratura | |

Calibration referance. Sourced from (0.90+0.88+0.92+0.90+0.88)5 Human (average) is not peak human; advanced and exceptional have higher A

Physical connection architecture. N_ref=0.70 sourced from cannectome: ~70% realisation ratia (van den Heuvel & Spoms 2011

Real-tima signal coherence. Sourced fram rasting-state IMR| porns 2011)

Processing hierarchy depth. Sourced from cortical hierarchy studies (Falleman & Van Essen 1991) |

Maximum integration denslty in standard biclagical neural architectu N>1.0 requires qualitatively superior architecture with explicit justification

at system scale: ¥ network; Bacteria= Consistent with HCA framework genaralisation across scales [Paper 20)

Degree of contralled vs forced emission. K_ref=0.70 sourced fram tc Sourced: Friston (2010), predictive coding literature

Accessible historical state integration. Sourced from working memary + episodic memory literature

Response modification based an context. Sourced from benavioural fexibility studies

o panalty for smallioptimal systams Small brains compensate via density and architectura

Log-normal penalty abova optimum #=0.4 calibrated from mammalian cognitive-valume data

F. M assigned biologically; N salved to reproduce target Cl,. N thn : Consistency chack, not Gurve fitling
All parameters (including N) assigned biologically first; Cl, ine out-of-sampl

Cl formula and weights aluat Its

no g

Resides in 5=

0 inc other species) + achievable advancediexceptic Human (average) Cl,=100 is calibration anchor, not biskogical maximum

Upper boundary of standard biclogical architecture Values above require architectural change beyond current biology

BFUT Paper 21 | Page 31 of 36




I T
1 Human (excepional) Human 1985 1985 1
2| Hurman (advanced) luman 1438 1438 i |
i T T
Tl I — ; - spDe
5 uman svarage T ) / : » ] ¥ | — .
10 Omsopus. as7 523 (X '
s G e o
o weooaoom
i W o
i T T a— ClI
6 onar T S — B u tte 0
T e — -
18" {Eagla i msom | S .
= P pider
2 Fa 789 546 0|
% Falcon 789 622 o |
o o T e— (|OW
24 Raccoon 7y L) o8 et
2 842 ol |
e e — T
R una
L Buffalo
SR R
e h o
% e Kan g
1) " o8 [ | i
67 w2 os |
e Peng...
o et o
878 |3 os |
R Cuttl...
568 a1 o2 |
o
L TR Ea g le
e - we [ba0 on
= P e
e o T — ClO...
B o s Y
it = s i B
s
s o
e o
= o B
2N na 09
a7 154 0.5
S o
s B
R
"
= e
A
i
= =
=
&
s
i
e
b
i 4
i

BFUT Paper 21 | Page 32 of 36



" Spocies | Catogory | Biological Justificaion |
Human (exceptional) Human N=>1.0: qualitatively superior integration architecture beyond standard biological maximum
Human (advanced) Human Higher N(0.795) and K(0.814): better cortico-interoceptive bandwidth, lower forced emission
Dolphin Marine mammal Echolocation, named individuals, cultural transmission. Orca + human predation risk.
Crow Corvid Tool use, future planning, theory of mind, face recognition
Chimpanzee Primate Tool use, theory of mind, symbolic communication. 28B neurons.
Parrot Bird Concept formation, numerical competence, mimicry

Gorilla Primate Complex social hierarchy, self-recognition. 33B neurons.
Human (average) Human Reference: A=0.85 N=0.70 K=0.70 by calibration. A sourced from sensory+language+tool range.
Wolf Carnivore Pack coordination, territory memory, social hierarchy

Octopus Cephalopod Distributed NS, tool use, camouflage

Meerkat Carnivore Sentinel alarm calls, tight colony integration

Baboon Primate Complex social, moderate tool use

Dog Carnivore Human social channel enhancement, trainable

Sea lion Marine mammal Trainable, social. good sensory

Lion Carnivore Pride coordination, apex predator

Otter Carnivore Tool use, saocial play, good dexterity

Albatross Seabird Multi-year navigation memory, long-lived

Hyena Carnivore Complex social hierarchy, matriarchal

Eagle Raptor Exceptional visual acuity, apex aerial predator

Gibbon Primate Good social, arboreal specialist

Fox Carnivore High adaptability, good memory, problem-selving

Falcon Raptor Supreme visual precision, fastest animal

Tiger Carnivore Solitary, excellent sensory, spatial memory

Raccoon Carnivore High dexterity, problem-solving, adaptable

Bear Carnivore Good memeory, omnivore, moderate social

Seal Marine mammal Good sensory, moderate social

Pig Omnivore High intelligence, problem-solving, social

Cuttlefish Cephalopod Camouflage, learning, good sensory

Owl Raptor Night vision + hearing specialist

Monkey Primate Variable; social, moderate cognition

Leopard Carnivore Solitary, highly adaptable, good memory

Cheetah Carnivore Speed specialist, moderate social

Polar bear Carnivore Ice specialist; declining habitat risk

Horse Herbivore Strong spatial/social memory, trainable

Squid Cephalopod Good sensory, schooling, jet propulsion

Rat Rodent Good problem-solving, social, trainable

Penguin Seabird Social colonies, pair bonds, navigation

Orca Marine mammal Complex culture, coordinated hunting, dialects. Apex predator.
Walrus Marine mammal Social, sensory specialist; large size penalty

Elephant Herbivore 5.6B cortical neurons; grief, self-recognition, memory

Pigeon Bird Good navigation, magnetic sensing

Squirrel Redent Spatial memory for caching, dexterous

Mouse Rodent Similar to rat; smaller, faster metabolism

Hummingbird Bird Dense brain, flower spatial memory

Deer Herbivore Good sensory, prey animal, moderate social

Kangaroo Marsupial Good sensory, maternal care, moderate integration

Peacock Bird Display specialist, moderate cognition

Camel Herbivore Extreme environment adaptation, good memory

Shark Cartilaginous fish Electroreception + olfaction; limited social

Goose ‘Waterfowl Social, pair bonds, moderate memory

Swan Waterfowl Pair bonds, moderate social

Kingfisher Bird Precision hunting, moderate memory

Seagull Seabird Opportunistic, adaptable

Hornbill Bird Casque resonance, moderate social

Buffalo Herbivore Herd coordination, good sensory

Duck ‘Waterfowl Good sensory, social, imprinting

Warthog Omnivore Good social and sensory, moderate memory

Cow Herbivore Social herd, moderate cognition

Rabbit Herbivore Good sensory, social, moderate memory

Donkey Herbivore Good memory, autonomous decision-making
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Woodpecker
Goat
Flamingo
Tuna
Sparrow
Stingray
Turkey
Sheep

Tree
Salmon
Termite colony
Eel
Clownfish
Bacteria
Plant

Ant colony
Koala
Lobster
Sea turtle
Crab

Bee colony
Spider
Seahorse
Dragonfly
Fungus
Sloth

Virus

Coral

Whale shark
Neuron
Butterfly
Starfish
Beetle
Grasshopper
Protozoa
Jellyfish
Human cell
Algae
Mosquito
Fly

Bird
Herbivore
Wading bird
Bony fish
Bird
Cartilaginous fish
Bird
Herbivore
Plant

Bony fish
Insect colony
Bony fish
Bony fish
Microbe
Plant

Insect colony
Marsupial
Crustacean
Reptile
Crustacean
Insect colony
Arachnid
Fish

Insect
Fungus
Herbivore
Microbe
Cnidarian
Cartilaginous fish
Cell

Insect
Echinoderm
Insect

Insect
Protozoa
Invertebrate
Cell

Algae

Insect

Insect

Specialized motor, territorial

Problem-solving, social, moderate memory

Social, filter feeder specialist

Fast, schooling, good sensory

Common, adaptable, moderate

Electroreception, good sensory

Moderate cognition; domestic vulnerability

Flock behavior, moderate cognition

Chemical signaling, mycorrhizal network; N=root network integration
Navigation specialist; semelparous

Chemical stigmergy, mound architecture

Electrical sensing, limited social

Social symbiosis, moderate sensary

Chemotaxis, quorum sensing; N=population integration
Phototropism, chemical sensing; N=tissue integration
Chemical coordination, complex division of labor
Smooth cortex, low complexity; diet-specialist
Chemaosensory specialist

Navigation specialist; mostly instinctual
Chemosensory, limited social

Waggle dance, collective decision-making

Web construction, vibration sensing, stalking

Pair bond specialist, limited channels

Exceptional visual acuity, aerial precision

Network coordination, chemical communication
Extremely slow metabolism, minimal N and K
Non-autonomous; N when host-active

Colonial, chemical/light sensing, symbiotic

Filter feeder; large size penalty

Specialised signaling; highest individual cell C!
Metamorphosis, migration, chemical sensing
Decentralised nerve net; N/K at system scale
Diverse specialists, moderate sensing

Sound communication, swarming

Single-cell. basic movement and sensing

Diffuse nerve net; N/K at system scale

Full 4-channel structure; limited N at single-cell scale
Photosynthetic, basic chemical sensing

Chemical sensing, minimal cognition

Fast reflexes, minimal cognition
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2150 Exceptional human architecture Human exceptional (195.5)

120-149 Advanced human Human advanced (143.8)

100-119 Human average reference Human average (100.0)

80-99 Highly conscious animals Dolphin (123.9—92.9 Cl), Crow (116.4—88.5 Cl)
60-79 Intelligent animals Wolf, Dog, Orca, Elephant

40-59 Moderate consciousness Shark, Horse, Deer, Penguin

15-39 Simple organisms Bacteria (27.3), Tree (34.6), Koala (22.7)

1-14 Near-floor systems Fly (6.6), Virus (14.2—2.8 Cl), Jellyfish (10.3)
Cl_floor =1.0 Future: link to p_Spaticle

Cl_floor grounding |Physically motivated: any system with mass sat| Vijay’s Law: no system has zero co

8 = 0.35(1-P)+0.25(1-E)+ P=predation, E=exposure, D=disease, |=stability All factors independently assessable

Human §=1.0 P=0 (civilisation), E=0 (shelter), D=0.1 {(medicine), I=1.0  Uniquely high across all species

Dolphin 5=0.75 P=0.25 (orca+human), E=0.15, D=0.15, 1=0.85 Reduced from 0.85; orca + human hunting + capture
Virus $=0.20 P=0.80 (immune systems), E=0.60, D=0.20, I=0.60 Non-autonomous; near-floor effective Cl
kevisignr serrecr

Dolphin Cl,=123.9 — CI=92.9 (S=0.75) High capability; moderate real-world sustainability
Octopus Cl;=95.7 — CI=59.3 (5=0.62) Very high capability; significant predation risk

Dog Cl,=85.3 — CI=75.1 (S=0.88) Good capability + human protection boost

Virus Cl;=14.2 — CI=2.8 (5=0.20) Minimal capability; non-autonomous existence

End of Appendix A. Complete dataset with all parameter assignments, intermediate variables,
source citations, and methodology notes: [9]
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