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About This Report 
This report develops and tests a single organising idea: that the recurrence of form in nature, from 
the spirals of a pinecone to the near-identity of unrelated animals that live the same way, is 
explained by creation structures, the rules, constraints and generative processes that determine 
which forms can emerge, how they develop and why they recur. 

It is written for readers who want a rigorous but readable account: researchers scoping a 
programme, designers and engineers looking for transferable principles, and decision-makers who 
want to understand where the science is firm and where it is not. 

How to read this report 
Each section opens on a new page and can be read on its own. Section 1 states the thesis; Section 
2 defines the concept and its five-layer structure; Sections 3 to 7 take the layers in turn; Section 8 
synthesises them; Section 9 tests the thesis and lists its limits; Section 10 turns it into practical 
heuristics; Section 11 concludes. 

Blue underlined text is a hyperlink. Links go to the primary literature where a specific result is cited 
(usually through its DOI or preprint record) and to a reference article where a concept is introduced. 
Every link was checked for resolution before publication. A full reference list appears at the end. 

Evidence grades 
Claims are graded where it matters, using a four-level scale. 

Table 1. Evidence grades used in this report 

Grade Meaning 

A: Established Derived mathematically or confirmed repeatedly by independent experiment or observation. 

B: Well 
supported 

Strong evidence from several lines of work, with some unresolved detail or dissent. 

C: Plausible or 
contested 

Credible mechanism and partial evidence, but the field is actively debating it. 

D: Speculative A hypothesis offered for testing. It is labelled as such wherever it appears. 
 

A note on the figures 
All 30 figures were produced for this report. About half are original simulations or calculations of 
standard published models: phyllotaxis, Voronoi relaxation, reaction–diffusion, the Ising model, 
collective motion, cellular automata, a sandpile, snow-crystal growth and others. Each caption states 
what was computed. Figures marked illustrative are diagrams of a concept, not plots of measured 
data. 
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Executive Summary 

The question 
Pinecones, sunflowers and pineapples carry spirals whose counts are consecutive Fibonacci 
numbers. Honeycombs, basalt columns and graphene share a hexagonal geometry despite having 
nothing else in common. Sharks, ichthyosaurs and dolphins, separated by hundreds of millions of 
years of evolution, converged on the same streamlined body. Identical twins, cloned aspen groves 
and bacterial colonies are nearly indistinguishable. These recurrences are too frequent to be 
coincidence and too varied to share one cause. The question is what they have in common. 

The thesis 
Reality generates recurring forms because matter, energy, information and biological 
development operate within a constrained set of mathematical relationships and physical 
laws. The constraints define a small space of viable forms. Generative processes explore that 
space in a biased way, and selection and heredity filter and propagate what they find. 
Recurrence is the signature of a small possibility space explored by a biased generator. 

We call the combination of constraints, generators and filters a creation structure. The thesis is 
pluralist: it does not claim that every pattern has one cause, but that every recurring pattern can be 
located within a layered architecture of causes. 

Principal findings 
1. Recurrence has at least three distinct sources, and they should not be confused. Shared 

physical constraint (hexagons in soap froth and basalt), shared developmental machinery 
inherited from a common ancestor (the Hox genes) and shared selection pressure acting on 
different lineages (the fusiform body) each produce similar forms for different reasons. Section 
10 gives a decision procedure for telling them apart. 

2. Constraint is stronger than most people expect. Symmetry, conservation laws, energy 
minimisation and geometry rule out most imaginable forms before biology begins. Only 2-, 3-, 
4- and 6-fold rotational symmetries are compatible with a periodic lattice. Essentially one 
divergence angle packs growing seeds uniformly. Only a narrow band of branching ratios 
minimises transport cost. 

3. Simple local rules generate complex global order. Reaction–diffusion systems, cellular 
automata and flocking models produce stripes, spots, fractals and coordinated motion without 
any central plan. The same small set of mechanisms recurs across chemistry, biology and 
physics. 

4. Biology uses physics as a collaborator, not an adversary. Genes do not draw a pinecone. 
They set parameters (hormone transport, growth rate, cell adhesion) of processes whose 
geometry is then largely determined by physics. This is why many different genetic routes lead 
to the same shape. 
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5. Evolution is both contingent and channelled. Replaying life would not reproduce the same 
species, but it would revisit the same solutions to the same problems. The strongest evidence 
is the repeated independent origin of eyes, flight, C4 photosynthesis and streamlined bodies. 

6. The thesis is testable, and it can fail. Section 9 lists eight predictions. The framework is 
weakened where recurrence turns out to be numerological coincidence, as with many claims 
about the golden ratio, or where historical accident, not constraint, explains similarity. 

Implications 
For science, creation structures offer a way to organise findings across physics, developmental 
biology and evolution. For engineering and design, they supply transferable generative rules 
(packing, branching, self-assembly) that can be exploited directly. For anyone reasoning about 
pattern, they provide a checklist: before asking what does this pattern mean, ask which layer of the 
architecture produced it. Section 10 condenses this into ten working heuristics. 

 
Figure 1. The five-layer creation-structure architecture used throughout this report. Lower layers are more universal; 
higher layers carry more historical contingency. 
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1. Central Thesis and Scope 

1.1 The observation: form recurs 
Nature is not a catalogue of unrelated shapes. A small number of forms appear repeatedly, in 
systems that differ in material, scale and origin. Four examples frame the problem. 

Spirals in seed heads. The scales of a pinecone, the florets of a sunflower and the leaves of a 
pineapple are arranged in two families of interlocking spirals. The number of spirals in each family is 
almost always a pair of consecutive terms of the Fibonacci sequence: 5 and 8, 8 and 13, 21 and 34. 
The underlying arrangement, called phyllotaxis, has been documented across many plant families 
that diverged long ago. 

Hexagons in unrelated materials. A honeybee comb, a sheet of graphene, a field of cooled basalt 
columns and the cloud pattern at Saturn's north pole all display hexagonal order. The materials 
share no chemistry, and the length scales differ by more than seventeen orders of magnitude. 

Near-identical animals. Sharks, tuna, ichthyosaurs and dolphins share a streamlined, fusiform body 
with a dorsal fin and a crescent-shaped tail. Ichthyosaurs (reptiles) and dolphins (mammals) descend 
from land-dwelling ancestors and re-evolved the shape independently. The phenomenon is called 
convergent evolution. In other cases animals are identical for the opposite reason: they are 
monozygotic twins or members of a clonal colony and share a genome. 

Branches everywhere. Rivers, lightning, lungs, neurons and trees all branch, and the diameters of 
their branches follow similar rules. 

 
Figure 2. Recurrence across scales. Spirals, hexagons and branching networks appear in systems that differ in size 
by up to thirty orders of magnitude. Sizes are approximate characteristic lengths. Illustrative compilation by the author. 

https://en.wikipedia.org/wiki/Fibonacci_sequence
https://en.wikipedia.org/wiki/Phyllotaxis
https://en.wikipedia.org/wiki/Honeycomb_conjecture
https://en.wikipedia.org/wiki/Graphene
https://en.wikipedia.org/wiki/Columnar_jointing
https://en.wikipedia.org/wiki/Columnar_jointing
https://en.wikipedia.org/wiki/Saturn%27s_hexagon
https://en.wikipedia.org/wiki/Convergent_evolution
https://en.wikipedia.org/wiki/Twin
https://en.wikipedia.org/wiki/Pando_(tree)
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1.2 The thesis 
The central thesis of this report is: 

Reality generates recurring forms because matter, energy, information and biological 
development operate within a constrained set of mathematical relationships and physical 
laws. These constraints create a generative architecture in which different systems repeatedly 
converge on similar structures, proportions, geometries and organisational patterns. 

The thesis rests on three linked claims. 

1. Constraint. Mathematics and physics sharply restrict which forms are possible. Of all 
imaginable shapes, only a small fraction are stable, buildable, and consistent with 
conservation laws and geometry. 

2. Generation. Processes that build form, from crystal growth to embryonic development, are not 
uniform samplers of the possible. They are biased by their own mechanics towards certain 
outcomes, so that a few forms are reached repeatedly from many starting points. 

3. Filtration. Heredity propagates working forms and selection removes failing ones. When 
different lineages face the same problem, the same few solutions are repeatedly reached. 

Together these claims explain recurrence as the output of a small possibility space explored by a 
biased generator and filtered by selection. Any system that satisfies the same constraints, runs the 
same kind of generator and faces the same filter will tend to produce the same form. 

1.3 What the thesis does and does not claim 
The thesis is deliberately modest in some respects, and strong in others. 

It does not claim a single cause. Honeycombs, snowflakes and eyes arise through different 
mechanisms. The claim is that each can be placed within the same architecture, not that one law 
explains all of them. 

It does not claim design, purpose or teleology. Recurrence arising from constraint and selection 
requires no foresight. This report takes no position on metaphysical interpretations; Section 9.5 
discusses why the question is raised and why the science does not depend on it. 

It does not endorse numerology. Many popular claims about the golden ratio in art, architecture 
and the human body do not survive scrutiny. The thesis is aimed at patterns that arise from identified 
mechanisms and can be quantified, tested and predicted. 

It does claim predictive content. If recurrence reflects a small possibility space, then (a) 
independently evolved solutions to the same problem should cluster, (b) simulating the generative 
rules should reproduce the forms without a blueprint, and (c) perturbing the constraints should shift 
the forms in predictable ways. Section 9 sets out specific tests. 

1.4 Method and evidence standards 
The report is a synthesis of established results across mathematics, physics, developmental biology 
and evolutionary theory, supplemented by original simulations. Each claim is graded on the A to D 
scale defined at the front of this report. 

Three methodological commitments shape the analysis. 

https://en.wikipedia.org/wiki/Golden_ratio
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• Mechanism before metaphor. A recurring pattern is only explained when a mechanism is 
identified that generates it and can be modelled. Resemblance alone is not evidence. 

• Quantification where possible. Wherever the literature permits, patterns are described by 
measured quantities (angles, exponents, error rates) not by visual impression. 

• Null models. For each pattern we ask what random or unconstrained processes would 
produce, since recurrence is only surprising relative to a null expectation. This guards against 
the Texas sharpshooter fallacy and pareidolia. 

1.5 Intellectual context 
The idea that form follows from rule has a long lineage. D'Arcy Thompson's 1917 book On Growth 
and Form argued that biological form could be understood through physical forces and mathematical 
transformation. Alan Turing's 1952 paper showed that interacting chemicals could spontaneously 
produce spots and stripes. The modern programme draws on dissipative structures, fractal 
geometry, evolutionary developmental biology and complex systems theory. Section 2.6 presents the 
lineage as a timeline. 

The aim here is to organise that work under one structure and to test where the organising idea 
holds and where it fails. 

https://en.wikipedia.org/wiki/Texas_sharpshooter_fallacy
https://en.wikipedia.org/wiki/Pareidolia
https://en.wikipedia.org/wiki/D%27Arcy_Wentworth_Thompson
https://archive.org/details/ongrowthform00thom
https://archive.org/details/ongrowthform00thom
https://doi.org/10.1098/rstb.1952.0012
https://en.wikipedia.org/wiki/Dissipative_system
https://en.wikipedia.org/wiki/The_Fractal_Geometry_of_Nature
https://en.wikipedia.org/wiki/The_Fractal_Geometry_of_Nature
https://en.wikipedia.org/wiki/Evolutionary_developmental_biology
https://en.wikipedia.org/wiki/Complex_system
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2. Concept: What Is a Creation 
Structure? 

2.1 Definition 
A creation structure is the set of underlying rules, constraints and generative processes that 
determine which forms can emerge, how they develop, and why particular patterns recur across 
different systems. 

The definition has four parts, each of which matters. 

• Rules and constraints specify what is allowed. They are the mathematical and physical limits 
on form. 

• Generative processes specify what is produced. They are the mechanisms (growth, diffusion, 
self-assembly, development) that turn constraints and inputs into shapes. 

• Development specifies how a form arises over time, from simple initial conditions to a finished 
structure. 

• Recurrence is the observable consequence: the same output from different systems. 

A creation structure is therefore not a shape, but the machinery behind a family of shapes. A 
pinecone is an instance. The creation structure is the combination of seed-packing geometry, 
hormone-driven primordium placement and growth physics that produces pinecones and sunflowers 
alike. 

2.2 Anatomy of a creation structure 
Every creation structure we examine has the same five components. 

Table 2. Components of a creation structure 

Component Role Example (phyllotaxis) 

Constraint Defines the space of allowed forms. Primordia cannot overlap; growth 
proceeds from a central meristem. 

Generator The process that produces form over time. Primordia form at the point of least 
inhibition around the growing tip. 

Medium The material and energy supply in which the 
process runs. 

Plant tissue; auxin transport; cell growth. 

Selector A filter that keeps or removes outcomes. Natural selection favours seed packing 
that fills space without gaps. 

Attractor A stable outcome reached from many starting 
points. 

The golden-angle divergence and 
Fibonacci parastichy counts. 

 

The attractor is the concept that most directly explains recurrence. In dynamical systems an attractor 
is a state towards which a system evolves from a wide range of initial conditions. When a generator 
has an attractor, many different histories converge on the same form, and the form is robust: it is 

https://en.wikipedia.org/wiki/Attractor
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reached again and again, despite noise. This is why a pinecone's spirals do not depend on the exact 
conditions of each tree. 

2.3 The five-layer model 
The report organises creation structures into five layers, following the structure of the question. Each 
layer addresses a different part of the problem, uses different tools, and carries a different degree of 
universality and historical contingency. 

Table 3. The five layers of creation structure 

Layer Central question Tools Typical output 

1. Fundamental What configurations are 
possible at all? 

Mathematics, symmetry, 
conservation, variational 
principles 

Crystal symmetries, minimal 
surfaces, scaling laws 

2. Geometric Which shapes do the 
constraints favour? 

Geometry, packing 
theory, fractals, network 
theory 

Spirals, hexagons, branching, 
tilings 

3. Biological How do living systems build 
form? 

Developmental genetics, 
morphogens, cell 
mechanics 

Body plans, stripes, organ shape 

4. Emergent How does order arise without 
a plan? 

Dynamical systems, 
statistical physics, 
simulation 

Snowflakes, flocks, convection 
cells 

5. Reproductive 
and 
evolutionary 

Why are the same forms 
found again and again? 

Population genetics, 
phylogenetics, selection 
theory 

Homology, convergence, clones 

 

 
Figure 3. Constraint filters nested inside the space of imaginable forms. Each layer removes most candidates; the 
realised set is small. Illustrative. 

Two properties of this ordering are important. 
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Universality decreases upward. The conservation of energy applies to a snowflake and an 
elephant alike. The Hox gene complex applies only to animals. The genome of a particular species 
applies to that species. Lower layers explain wide recurrence; higher layers explain narrow 
recurrence. 

Contingency increases upward. Physical law has no history. Development has an evolutionary 
history that fixes some of its details. Evolution depends on specific events (mutations, extinctions, 
geography). The layers therefore also order the degree of historical accident we should expect in an 
explanation. 

2.4 Law, constraint, mechanism and pattern 
Much confusion about recurrence comes from running together four different kinds of statement. 

Table 4. Four kinds of statement, often confused 

Term What it is Example 

Law A regularity that holds universally under 
stated conditions. 

Conservation of energy; the second law of 
thermodynamics. 

Constraint A restriction on what a system can do, 
arising from laws plus the system's 
structure. 

A periodic crystal cannot have five-fold 
rotational symmetry. 

Mechanism A causal process that produces an outcome. Short-range activation with long-range 
inhibition produces spots. 

Pattern The observed regularity in the output. Leopard spots; Fibonacci spiral counts. 
 

A law is not a pattern. A pattern is only explained when a mechanism is exhibited, operating under 
constraints that follow from laws. When we say a pinecone's spirals are "caused by the Fibonacci 
sequence" we are making a category error: the Fibonacci numbers describe the output, and the 
cause is a growth and packing process (Section 4.2). 

2.5 The possibility space 
A useful way to express the thesis is geometrically. Imagine the set of all conceivable forms. 
Mathematical consistency removes some. Physical law removes more. Developmental accessibility, 
meaning whether a growth process can reach a form from a feasible starting point, removes still 
more. Finally, selection and heredity determine which of the accessible forms persist. 

At each stage the set shrinks, and what remains is far smaller than the starting space. Observed 
forms occupy a tiny region. Recurrence follows because different systems, exploring the same 
shrunken space with the same biased generators, often land in the same small neighbourhoods. 

This picture has a testable implication. If the possibility space really is small, the forms that biology 
has not produced should include many that physics permits but development cannot reach, and 
biologists should be able to identify such forbidden-but-possible forms (Section 5.6 discusses shell 
morphospace, where this has been done quantitatively). 
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2.6 Intellectual lineage 

 
Figure 4. Milestones in the study of generative form, 1917–2012. The timeline is selective, and each entry 
corresponds to a result discussed in this report. 

Three threads run through this history. The first is geometric: Thompson, Mandelbrot and Hales 
sought the mathematical regularities in form. The second is dynamical: Turing, Prigogine and the 
complexity theorists showed that order can emerge from local interactions. The third is evolutionary 
and developmental: Wolpert, Gould and Lewontin, and the founders of evo-devo asked how a 
shared body of rules is inherited and tuned. The creation-structure idea is an attempt to treat the 
three threads as parts of one architecture. 

2.7 Summary 
Key points. A creation structure is a layered combination of constraints, generators and filters. 
Recurrence is explained when a mechanism, operating within constraints, is shown to reach the 
same attractor from many starting points. The five-layer model orders the explanations from 
universal (physics) to contingent (history). A law is not a mechanism, and a mechanism is not a 
pattern: keeping them apart prevents most errors of interpretation. 
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3. Fundamental Structures: The 
Constraints Beneath Physical Reality 

Layer 1. Mathematical relationships, physical laws, symmetry, conservation principles and the 
properties of matter and energy determine which configurations are possible. 

3.1 Why matter is repeatable 
The deepest reason that forms recur is that the building blocks are identical. Every electron has 
exactly the same mass, charge and spin as every other. In quantum mechanics this is stronger than 
similarity: particles of the same kind are indistinguishable, and swapping two of them changes 
nothing observable. The consequences are physical and large. The Pauli exclusion principle, which 
follows from the exchange symmetry of electrons, forces atoms into shell structures, and the shell 
structures produce the periodic table. Every atom of carbon-12 in a pinecone and in a diamond is the 
same object. 

This matters for the thesis because it makes form reproducible. If matter came in unlimited unique 
varieties, recurrence would be impossible. Because it comes in a few dozen stable kinds with fixed 
properties, the same chemistry, the same bond angles and the same crystal lattices appear 
whenever the conditions repeat. Evidence grade: A. 

3.2 Symmetry and conservation 
In 1918 Emmy Noether proved that every continuous symmetry of a physical system corresponds to 
a conserved quantity. Symmetry under shifts in time gives conservation of energy; under shifts in 
space, conservation of momentum; under rotations, conservation of angular momentum. 
Conservation laws are therefore not independent facts but consequences of symmetry, and they 
sharply restrict what a system can do. 

Symmetry also explains why patterns appear. When the laws governing a system are symmetric but 
the system's state is not, symmetry breaking has occurred. A pencil balanced on its tip obeys 
rotationally symmetric laws, yet it falls in a particular direction. A ferromagnet cooled below its critical 
temperature picks one magnetic orientation. A fertilised egg, spherically symmetric to a first 
approximation, develops a head and a tail. In each case the form that results is limited by the 
symmetry of the underlying laws, because the broken states are related to one another by the 
original symmetry. 

3.3 Energy minimisation and variational principles 
A large class of physical systems settle into the state of lowest energy, or follow the path that makes 
an action stationary (the principle of least action). Many apparently different phenomena share this 
logic. 

A soap film spanning a wire frame adopts the surface of least area, because surface tension 
penalises area. The empirical rules, known as Plateau's laws, follow: films meet three at a time along 
an edge at exactly 120 degrees, and four edges meet at a vertex at the tetrahedral angle of about 
109.5 degrees. No other junctions are stable. The same rules govern the arrangement of bubbles in 

https://en.wikipedia.org/wiki/Identical_particles
https://en.wikipedia.org/wiki/Pauli_exclusion_principle
https://en.wikipedia.org/wiki/Periodic_table
https://en.wikipedia.org/wiki/Noether%27s_theorem
https://en.wikipedia.org/wiki/Spontaneous_symmetry_breaking
https://en.wikipedia.org/wiki/Principle_of_least_action
https://en.wikipedia.org/wiki/Minimal_surface
https://en.wikipedia.org/wiki/Plateau%27s_laws
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foam, the boundaries of cells in many tissues and the cracks in some cooled materials. The 
geometry is imposed by minimisation, not designed. 

The consequence for the thesis is direct. Where a system minimises an energy or a cost, the family 
of forms it can adopt is narrowed to the solutions of an optimisation problem. If different systems face 
the same optimisation problem, they converge on the same solution regardless of material. 

3.4 Crystal symmetry and the limits of order 
Crystals are built by repeating a unit in space. The mathematical structure of such repetition is 
completely classified: there are 17 wallpaper groups in two dimensions, 32 crystallographic point 
groups and 230 space groups in three. The classification is complete, so every periodic crystal ever 
discovered belongs to one of these classes. 

A key result is the crystallographic restriction theorem: a periodic lattice can have only 2-, 3-, 4- or 6-
fold rotational symmetry. Five-fold, seven-fold and higher symmetries are forbidden. The reason is 
geometric. Three regular pentagons meeting at a point leave a gap of 36 degrees, because each 
pentagon's interior angle is 108 degrees and three of them cover only 324 of the available 360. No 
arrangement of pentagons fills the plane without gaps or overlaps. 

 
Figure 5. The crystallographic restriction. Triangles, squares and hexagons tile the plane without gaps; regular 
pentagons leave a 36 degree gap at each vertex and cannot. Original diagram. 

This explains a familiar fact, that snow crystals have six arms, never five. Water molecules in ice Ih 
sit on a hexagonal lattice, and the macroscopic crystal inherits that symmetry (Section 6.2). 

The restriction applies to periodic order only. In 1984 Dan Shechtman and colleagues reported an 
aluminium–manganese alloy whose diffraction pattern showed sharp spots with ten-fold symmetry. It 
was ordered but not periodic: the first quasicrystal. The discovery, recognised by the 2011 Nobel 
Prize in Chemistry, shows that the boundary of the possible is itself a mathematical question, not a 
fixed barrier. The mathematical model is the Penrose tiling, which fills the plane with two tile shapes 
in a pattern that has five-fold symmetry and never repeats. The ratio of the numbers of the two tile 
types is the golden ratio. 

https://en.wikipedia.org/wiki/Wallpaper_group
https://en.wikipedia.org/wiki/Crystallographic_point_group
https://en.wikipedia.org/wiki/Crystallographic_point_group
https://en.wikipedia.org/wiki/Space_group
https://en.wikipedia.org/wiki/Crystallographic_restriction_theorem
https://doi.org/10.1103/PhysRevLett.53.1951
https://en.wikipedia.org/wiki/Quasicrystal
https://en.wikipedia.org/wiki/Penrose_tiling
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Figure 6. A Penrose tiling generated by subdividing golden triangles (Robinson construction, six subdivisions). The 
pattern has local five-fold symmetry but no translational period. Original calculation. 

Evidence grade: A for the classification and the restriction theorem; A for the existence of 
quasicrystals. 

3.5 Scaling, dimensional analysis and universality 
Some constraints come from nothing more than arithmetic. If an object is scaled up by a factor L, its 
surface area grows as L2 and its volume as L3. This square–cube law, noted by Galileo, limits the 
size of any structure supported by strength per area and explains why an insect scaled to the size of 
a horse would collapse and a whale cannot live on land. Dimensional analysis generalises the idea: 
a physical relationship can only combine quantities in ways that keep units consistent, which often 
fixes its form up to a constant. 

A more profound constraint is universality. Near a continuous phase transition, systems that differ in 
all microscopic detail show the same large-scale behaviour, described by the same critical 
exponents. A liquid–gas critical point and a uniaxial magnet belong to the same universality class. 
The explanation, developed by Kenneth Wilson in the renormalisation group, is that microscopic 
details are progressively averaged away on larger scales; only the dimension of space and the 
symmetry of the order parameter survive. 

The Ising model, a lattice of spins that each point up or down and prefer to align with neighbours, is 
the simplest example. Its exact solution in two dimensions gives a critical temperature of about 2.269 

https://en.wikipedia.org/wiki/Square%E2%80%93cube_law
https://en.wikipedia.org/wiki/Dimensional_analysis
https://en.wikipedia.org/wiki/Critical_phenomena
https://en.wikipedia.org/wiki/Renormalization_group
https://en.wikipedia.org/wiki/Ising_model
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in units of the coupling. Below it the lattice orders; above it the lattice is random; at the critical point 
the lattice shows structure on every scale. 

 
Figure 7. Metropolis simulation of the two-dimensional Ising model on a 128 by 128 lattice. Left: below the critical 
temperature the lattice is ordered. Centre: at the critical temperature clusters appear on all scales. Right: above it the 
lattice is disordered. Original simulation. 

Universality is the clearest example of a creation structure at the fundamental layer: it says that 
many different microscopic realisations converge on one large-scale form. This is what the thesis 
claims at all layers, and here it is proven. Evidence grade: A. 

3.6 Summary of the fundamental layer 
Table 5. Fundamental structures and what they constrain 

Structure Statement Constrains Grade 

Identical particles Particles of one kind are 
indistinguishable. 

Chemistry, the periodic table A 

Noether's theorem Continuous symmetries imply 
conserved quantities. 

Allowed dynamics A 

Variational principles Systems settle where energy or 
action is stationary. 

Soap films, foams, cell boundaries A 

Crystallographic 
restriction 

Periodic lattices allow only 2-, 3-, 4-, 
6-fold rotations. 

Crystal and snowflake symmetry A 

Square–cube law Area scales as L2, volume as L3. Size limits and shape of organisms A 

Universality Microscopic detail is lost near 
criticality. 

Phase transitions, scaling A 

 

Key points. The fundamental layer fixes the menu. It guarantees that the same ingredients 
behave the same way everywhere, restricts structures to those compatible with symmetry and 
conservation, and makes different systems converge when they solve the same optimisation 
problem. It does not say which forms nature will produce, only which it cannot. 
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4. Geometric Structures: The Shapes the 
Constraints Favour 

Layer 2. Spirals, branching networks, hexagonal arrangements, radial symmetry, fractal-like 
structures and repeated proportions arise under particular combinations of growth, packing and 
physical forces. 

4.1 Spirals 
Spirals fall into three mathematically distinct families. In an Archimedean spiral the radius grows 
linearly with angle, as in a coiled rope. In a logarithmic spiral the radius grows exponentially with 
angle, so the curve crosses every ray from the centre at the same angle, and enlarging it by any 
factor gives the same curve rotated. The golden spiral is a logarithmic spiral whose radius grows by 
the golden ratio every quarter turn. 

 
Figure 8. Three spirals. Left: Archimedean. Centre: logarithmic, with growth factor equal to the golden ratio per quarter 
turn. Right: quarter-circle arcs inscribed in Fibonacci squares, an approximation to the golden spiral. Original 
construction. 

The logarithmic spiral is the natural shape of anything that grows at its open end while keeping its 
form. A mollusc shell adds material at the aperture; each new increment is a scaled copy of the 
previous one, and the shell winds around as one side grows slightly faster than the other. The shape 
is preserved as size increases, which is what a logarithmic spiral means. This argument, due to 
D'Arcy Thompson, explains the spiral in snail shells, ram's horns, elephant tusks and claws. 

A caution is needed. It is often stated that the nautilus shell follows the golden spiral. It does not. The 
nautilus shell widens by a factor of roughly three per whorl in standard measurements, while a 
golden spiral widens by about 6.85 per whorl. The nautilus is a logarithmic spiral, and the golden 
spiral is one particular member of that family. Likewise, the spiral arms of a hurricane or a galaxy are 
spirals by different mechanisms (convergent winds and the Coriolis effect; density waves in a 
rotating disc), so geometric similarity does not imply common cause. Evidence grade: A for the 
geometry and the growth argument; the golden-ratio claim for shells is false. 

https://en.wikipedia.org/wiki/Logarithmic_spiral
https://en.wikipedia.org/wiki/Golden_spiral
https://en.wikipedia.org/wiki/Nautilus


H  H E U R I S T I C S  The Architecture of Creation 

H Heuristics  ·  Research Report  ·  October 2026 20 

4.2 Phyllotaxis: the pinecone problem 
Why do pinecones, sunflowers and pineapples show Fibonacci spiral counts? The phyllotaxis 
literature has a complete answer, and it illustrates the whole creation-structure framework in 
miniature. 

The observation. Successive leaves or seeds are placed around a central axis at a nearly constant 
divergence angle, which in most Fibonacci-type plants is close to 137.5 degrees, the golden angle. It 
equals 360 degrees divided by the square of the golden ratio. In a sunflower head, counting the 
visible spirals in each direction gives pairs such as 34 and 55 or 55 and 89; in a pinecone, 5 and 8 or 
8 and 13. 

The geometry. In 1979 Helmut Vogel proposed a simple model: place the n-th seed at angle n times 
the divergence angle and at distance proportional to the square root of n. The result depends sharply 
on the angle. If the angle is a rational fraction of a full turn, seeds line up on rays and leave wasted 
gaps. If it is close to a simple fraction, the seeds form a few wide spirals with gaps between them. 
Only when the angle is badly approximated by every rational number does the packing become 
uniform, and the angle that is worst approximable by rationals is the golden angle, whose continued 
fraction expansion consists entirely of ones. 

https://en.wikipedia.org/wiki/Phyllotaxis
https://en.wikipedia.org/wiki/Golden_angle
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Figure 9. Vogel's model with 900 seeds at four divergence angles. Only the golden angle (top left) fills the disc 
uniformly. A deviation of half a degree (top right) produces visible gaps, and simple rational angles (bottom) collapse 
the pattern onto rays. Original simulation. 

 
Figure 10. Size of the largest gap (99.5th percentile of the distance from a point in the pattern to the nearest seed) for 
an 800-seed head as the divergence angle varies. Rational angles produce spikes of large gaps. The golden angle sits 
among the lowest values (about 1.1, against 8.1 at 135 degrees and 5.6 at 150 degrees). Original calculation. 
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The spiral counts follow. Once seeds are placed at the golden angle, the neighbours of each seed 
fall at index differences that are Fibonacci numbers. The visible spirals (parastichies) connect seeds 
whose index differs by a Fibonacci number, so the counts of the two spiral families are consecutive 
Fibonacci numbers. The Fibonacci counts are a consequence of the angle, not a separate fact. 

 
Figure 11. Parastichies in a simulated seed head of 240 seeds placed at the golden angle. Joining seeds whose index 
differs by 8 (blue) and by 13 (amber) traces the two interlocking spiral families seen on pinecones. Original simulation. 

The dynamics. Why do plants use the golden angle at all? In 1992 Stéphane Douady and Yves 
Couder showed in a physical experiment that no plant is needed. Droplets of magnetised fluid fell at 
regular intervals onto the centre of a dish in a magnetic field, and repelled one another as they 
moved outwards. The droplets arranged themselves in Fibonacci spirals, and the divergence angle 
approached the golden angle as the control parameter (the ratio of the time between droplets to their 
travel time) decreased. The mechanism is each new element appears where the inhibition from the 
existing ones is smallest. The golden angle is the attractor of this dynamic. The pattern is robust 
because many different parameter values lead to it. 

The molecules. In plants the inhibition is implemented by the plant hormone auxin. Reinhardt and 
colleagues showed in 2003 that the sites at which new organs form at the shoot tip are set by auxin 
accumulation, which in turn is controlled by the polar transport protein PIN1. Existing primordia drain 
auxin from their surroundings, creating an inhibition zone; the next organ appears where auxin 
concentration first rises above threshold. The molecular machinery realises the geometric rule. 

https://doi.org/10.1103/PhysRevLett.68.2098
https://doi.org/10.1038/nature02081
https://doi.org/10.1038/nature02081
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Caveats. Not every plant is Fibonacci. Alternative sequences (Lucas numbers, doubled Fibonacci) 
and non-spiral arrangements (opposite, whorled) occur and are better explained by the same 
dynamics with different parameters, in particular the relative size of the primordia and the growth rate 
of the meristem. A minority of species also show irregular or changing patterns. This is consistent 
with the thesis, because the framework predicts a small family of attractors, selected by parameters, 
not one forced outcome. 

Evidence grade: A for the geometry of packing; B for the dynamical model; B for the molecular 
implementation. 

4.3 Hexagons and packing 
Hexagons recur because they solve two problems at once: covering a surface without gaps, and 
doing so with the least boundary. 

The honeycomb conjecture. Among all ways of dividing a plane into regions of equal area, a 
regular hexagonal grid has the least total perimeter. The statement was believed since antiquity and 
proved by Thomas Hales in 1999, published in Discrete and Computational Geometry in 2001. For a 
cell of unit area, a triangle needs a perimeter of 4.56 and a square of 4.00, but a hexagon only 3.72. 
The saving is about 7% relative to squares. The only way to be cheaper is a circle, which does not 
tile. 

 
Figure 12. Perimeter required to enclose a cell of unit area. Hexagons are the most economical shape that tiles the 
plane. Original calculation. 

Bees may not be geometers. It is tempting to credit bees with solving an optimisation problem. 
Karihaloo and colleagues proposed in 2013 that bees build circular cells and that surface tension 
acts on the warm, softened wax to pull them into rounded hexagons where they meet. Whether the 
hexagons are built or flow into shape is still debated, and the debate shows the point: the geometry 
can arise through physics at the level of the material, without requiring a built-in plan. Evidence 
grade: B (the optimality proof) and C (the mechanism of comb formation). 

A topological necessity. For any planar network in which three cells meet at each vertex, Euler's 
formula forces the average number of sides per cell to be six (exactly on a torus, and asymptotically 
in a large planar patch). Real tissues, foams and cracks have many five- and seven-sided cells, but 
the mean is pinned at six. In 2006 Gibson and colleagues found that proliferating epithelia in fruit-fly, 
frog and Hydra tissues share a characteristic distribution of cell shapes in which hexagons are the 

https://arxiv.org/abs/math/9906042
https://doi.org/10.1098/rsif.2013.0299
https://en.wikipedia.org/wiki/Euler_characteristic
https://en.wikipedia.org/wiki/Euler_characteristic
https://doi.org/10.1038/nature05014
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most common class and the average is six sides, and they traced the distribution to the geometry of 
cell division. A constraint from topology and a growth process work together. 

Voronoi cells. If space is divided so that each point belongs to the nearest of a set of seeds, the 
cells form a Voronoi diagram. Many natural cell patterns resemble Voronoi diagrams, because they 
arise by growth outward from seeds at similar rates. If the seeds are random, the cells are irregular. 
If the seeds are evenly spaced, as produced by Lloyd's algorithm or by mutual repulsion, the cells 
approach hexagons. 

 
Figure 13. Voronoi cells for 120 random seeds (left) and after 60 rounds of relaxation towards evenly spaced seeds 
(centre). Teal: six sides; blue: five; amber: seven; pink: eight or more; grey: four. Right: among interior cells, 33% were 
hexagonal for random seeds and 80% after relaxation. Original simulation. 

Packing in three dimensions. The corresponding result for spheres is the Kepler conjecture: the 
densest packing of equal spheres, filling about 74% of space, is the face-centred cubic arrangement 
used by grocers for oranges. It was proved by Hales and collaborators, with a formal computer-
checked proof published in 2017. Close-packed arrangements underlie most metal crystal structures 
and the layering of many biological assemblies. 

4.4 Branching and transport networks 
A branching network solves a different problem: delivering a flow from a source to many 
destinations, or collecting from many sources, at the lowest cost. 

Murray's law. In 1926 Cecil Murray reasoned that a blood vessel has two costs: the power needed 
to pump fluid through it, which falls steeply as the vessel widens, and the metabolic cost of 
maintaining the blood and the vessel wall, which rises with volume. Minimising the sum gives flow 
proportional to the cube of the radius, and Murray's law at a branch point: the cube of the parent 
radius equals the sum of the cubes of the daughter radii. For a symmetric split into two equal 
branches, each daughter has 0.79 of the parent's diameter. Vascular, respiratory and plant transport 
networks approximately follow the rule, with deviations in specific cases that are informative about 
additional constraints. Evidence grade: B. 

https://en.wikipedia.org/wiki/Voronoi_diagram
https://en.wikipedia.org/wiki/Lloyd%27s_algorithm
https://en.wikipedia.org/wiki/Kepler_conjecture
https://doi.org/10.1017/fmp.2017.1
https://doi.org/10.1017/fmp.2017.1
https://doi.org/10.1073/pnas.12.3.207
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Figure 14. Murray's law. Left: at a symmetric bifurcation each daughter has 0.79 of the parent diameter. Right: over 
many generations this taper is far gentler than halving of the diameter at every split. Original calculation. 

One rule, many trees. Recursive branching, where each branch ends in two smaller copies of itself, 
generates a wide range of natural-looking forms from two parameters: the length ratio of successive 
generations and the branching angle. Systems of this type are called L-systems after Aristid 
Lindenmayer, who introduced them to model plant growth. 

 
Figure 15. Recursive branching with different length ratios and angles. Nine generations in each case. Original 
construction. 

Branching by growth instability. Rivers, lightning and some mineral dendrites do not branch to 
minimise cost. They branch because a growing tip in a diffusing field becomes unstable and sprouts 
side branches, a process modelled by diffusion-limited aggregation. The visual resemblance to a 
lung or a tree conceals a different cause, so branching is a pattern with at least two creation 
structures behind it: optimisation (vessels, trees) and instability (rivers, lightning, dendrites). 
Evidence grade: B. 

4.5 Self-similarity and fractals 
Benoit Mandelbrot showed in 1967 that the length of a coastline is not a fixed number but depends 
on the ruler: shorter rulers resolve more bays and measure a longer coast. The length grows as a 
power of the inverse ruler size, with an exponent that defines a fractal dimension, about 1.25 for the 
west coast of Britain. This property, in which structure recurs at every scale, is called self-similarity. 

The generative content is clearest in iterated function systems, where a handful of simple 
transformations applied repeatedly produce a complex limit shape. Three half-scale contractions 

https://en.wikipedia.org/wiki/L-system
https://en.wikipedia.org/wiki/Diffusion-limited_aggregation
https://doi.org/10.1126/science.156.3775.636
https://en.wikipedia.org/wiki/Fractal
https://en.wikipedia.org/wiki/Iterated_function_system
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towards the corners of a triangle generate the Sierpiński triangle; four affine maps generate the 
Barnsley fern, a leaf-shaped fractal. 

 
Figure 16. Iterated function systems. Left: three maps produce the Sierpiński triangle. Right: four affine maps (with the 
probabilities 1, 85, 7 and 7 per cent) produce a fern-like shape. Each panel shows more than 100,000 points. Original 
simulation. 

This is a measurable form of the creation-structure idea: a short rule set (here, a few dozen 
numbers) specifies a form whose visible detail is vastly larger. The compressibility of natural form is 
evidence that a compact generator is at work. 

A necessary caution: real objects are fractal only over a limited range of scales, usually between one 
and two decades. Avnir and colleagues found in 1998 that many published claims of fractal scaling in 
nature rested on very narrow ranges. Fractal geometry is a useful description where it holds over a 
wide range, and a pretence where it does not. Evidence grade: A (mathematics) and B (natural 
occurrences). 

4.6 Same geometry, same cause? 
Recurrence of geometry across scales does not by itself show a common cause. Three situations 
must be distinguished. 

https://en.wikipedia.org/wiki/Sierpi%C5%84ski_triangle
https://en.wikipedia.org/wiki/Barnsley_fern
https://doi.org/10.1126/science.279.5347.39
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Table 6. When similar geometry does and does not indicate a common cause 

Pattern Systems Mechanism Common 
cause? 

Hexagonal cells Foams, epithelia, basalt, 
comb 

Energy minimisation and topology (shared 
constraint) 

Yes, at the level 
of constraint 

Fibonacci 
phyllotaxis 

Sunflower, cone, pineapple Inhibitory field dynamics (shared attractor) Yes, within 
plants 

Logarithmic 
spirals 

Shells, horns, hurricanes, 
galaxies 

Growth that preserves shape vs. fluid 
dynamics vs. density waves 

Only within 
shells and 
horns 

Branching Vessels, trees; rivers, 
lightning 

Cost minimisation vs. growth instability No: two classes 

 

Key points. The geometric layer shows how a few simple rules generate recurring shapes. The 
same Voronoi or energy-minimisation logic reappears in unrelated materials, and a single 
dynamic (inhibition from existing elements) explains both the golden angle and Fibonacci spiral 
counts in plants. But resemblance is not identity: spirals and branches have several unrelated 
causes, and each claim of commonality must be verified by identifying the mechanism. 
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5. Biological Structures: How Living 
Systems Build Form 

Layer 3. Genetic regulation, developmental pathways, cell behaviour, natural selection and 
physical constraints generate recognisable similarities within and across species. 

5.1 Genes set parameters, not shapes 
A common picture treats the genome as a blueprint, with a gene for each feature. Developmental 
biology shows a different picture. Genes encode proteins that act as signals, receptors, adhesion 
molecules and switches. The embryo uses them to run processes (growth, signalling, cell division) 
whose geometric outcome is determined jointly by the genes and by physics. A gene sets a 
parameter; the form is the output of the process. 

The strongest evidence is how much of the machinery is shared. The Hox genes, which specify 
position along the head-to-tail axis, were discovered through mutations in fruit flies that converted 
one body segment into another. The same gene family, in the same order along the chromosome, 
patterns the body axis in mice and humans. Pax6, a master regulator of eye development, can 
trigger ectopic eyes on the legs and wings of flies when expressed there, and the mouse version of 
the gene works in the fly. Sean Carroll and colleagues summarised the broader pattern in the idea of 
a developmental toolkit: a small, ancient set of regulatory genes used again and again to build very 
different animals. 

Davidson and Erwin argued in 2006 that the toolkit is organised into gene regulatory networks whose 
core "kernels" are deeply conserved and difficult to change, because altering them damages many 
downstream processes at once. This produces developmental constraint, a bias in which forms can 
be produced. Maynard Smith and colleagues defined it in 1985 as a bias in the production of 
phenotypic variants caused by the structure and dynamics of the developmental system. Evidence 
grade: A for the conservation of the toolkit; B for the extent to which it constrains evolution. 

5.2 Morphogens and positional information 
How does an embryo, made of cells with identical genomes, assign different fates at different 
places? In 1969 Lewis Wolpert proposed that cells read their position from a concentration gradient 
and compare it with thresholds, a scheme he illustrated with the French flag problem: if a row of cells 
must become blue, white and red in fixed proportions, a gradient with two thresholds is sufficient. 
The diffusible signals are called morphogens. 

The model has direct support. In the fruit-fly embryo the protein Bicoid forms a concentration 
gradient from the head end, and cells activate different genes at different concentrations. A 
morphogen that is produced at one end, diffuses and is degraded generates an exponentially 
decaying profile whose length scale is set by the ratio of diffusion rate to degradation rate. The 
thresholds then partition the tissue into domains. 

https://en.wikipedia.org/wiki/Hox_gene
https://doi.org/10.1126/science.7892602
https://en.wikipedia.org/wiki/Endless_Forms_Most_Beautiful
https://doi.org/10.1126/science.1113832
https://doi.org/10.1086/414425
https://doi.org/10.1016/S0022-5193(69)80016-0
https://en.wikipedia.org/wiki/Morphogen
https://doi.org/10.1016/0092-8674(88)90182-1
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Figure 17. Positional information. A morphogen gradient with two thresholds divides a tissue into three fates (A, B, C). 
If the gradient's length scale adjusts to the size of the tissue, as in the right panel, the same proportions are achieved 
in a smaller embryo. The curves are exponentials; the figure is illustrative. 

The scheme has a built-in difficulty that makes it a good example of a constraint: embryos of different 
sizes produce animals with the same proportions, so the gradient must scale with tissue size. 
Several mechanisms for achieving that scaling have been proposed and tested, and the question 
remains an active field. What is not in doubt is the design logic: a small set of parameters (source 
strength, diffusion, decay, thresholds) generates reproducible proportions. Evidence grade: A for the 
gradient principle; B for its universal application. 

5.3 Reaction–diffusion and Turing patterns 
In 1952 Alan Turing asked how a uniform tissue could break symmetry and form a pattern. He 
showed that two interacting chemicals that diffuse at different rates could be unstable to small 
perturbations and spontaneously produce periodic spots or stripes. The essential ingredients, 
clarified by Gierer and Meinhardt in 1972, are short-range activation and long-range inhibition: a 
substance that promotes its own production and also produces a faster-spreading inhibitor. 

Reaction–diffusion systems are one of the clearest examples of a creation structure. A single pair of 
equations produces spots, stripes or labyrinths depending on a few parameters. The Gray–Scott 
model, whose parameter space was mapped by John Pearson in 1993, shows this directly. 

 
Figure 18. Gray–Scott reaction–diffusion model on a 160 by 160 grid, simulated for 12,000 to 20,000 steps. The same 
two equations produce spots, stripes and a labyrinth as the feed rate F and kill rate k change. Original simulation. 

https://doi.org/10.1007/BF00289234
https://doi.org/10.1126/science.261.5118.189
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The question that matters for the thesis is whether living tissues use this mechanism. The evidence 
has accumulated over three decades. 

• In the marine angelfish Pomacanthus, stripes rearrange continuously as the fish grows, in the 
way a Turing pattern should adjust, rather than the way a fixed prepattern would. 

• In mice, the spacing of hair follicles depends on a Wnt activator and a Dkk inhibitor that 
behave as a reaction–diffusion pair. 

• In the developing limb, digit spacing is controlled by a Bmp–Sox9–Wnt network. Sheth and 
colleagues showed that reducing the dose of Hox genes increases the number of digits and 
makes them thinner, as expected if Hox genes tune the wavelength of a Turing-type 
mechanism. 

• In zebrafish, stripes arise from interactions between pigment cells with short-range and long-
range effects of opposite sign, a cellular analogue of a Turing system. 

A further prediction of reaction–diffusion theory is geometric. In narrow domains, spots are not stable 
and stripes must form. J. D. Murray pointed out that this predicts that an animal can have a spotted 
body and a striped tail, but not a striped body and a spotted tail. The rule fits cheetahs, leopards and 
genets. Evidence grade: B (strong for digits, hair follicles and fish; model-dependent for many other 
cases). A useful review is by Kondo and Miura. 

5.4 Cells as physical objects 
Tissues are built from cells that adhere, push, pull and divide, and the forces involved obey 
mechanics. Two examples show how this reduces the number of free parameters. 

Differential adhesion. In 1963 Malcolm Steinberg proposed that cells sort themselves by adhesion 
strength, in the same way that oil and water separate. If two cell types are mixed and one is more 
cohesive, the cohesive type forms a ball in the middle and the other envelops it. The differential 
adhesion hypothesis predicts that tissues behave as liquids with surface tension and settle into the 
arrangement of lowest adhesive energy. Layered tissues, organ boundaries and the arrangement of 
the germ layers show features consistent with this. 

Buckling and folding. Folded structures arise when a growing layer is constrained by a substrate. 
Tallinen and colleagues modelled the human brain's cortical folds by swelling a gel layer on a gel 
core shaped like a fetal brain, and the resulting pattern of ridges and grooves resembled the real 
one. If a physical model without any genetic instructions reproduces the typical folding pattern, a 
large part of the fold geometry is explained by mechanics. Evidence grade: B. 

5.5 Allometry and scaling 
Biological form changes with size in regular ways. The study of this scaling is called allometry. The 
best-known result is Kleiber's law: across animals from mice to elephants, resting metabolic rate 
scales with body mass raised to a power close to three-quarters, not to the two-thirds that simple 
surface-area arguments predict. 

https://doi.org/10.1038/376765a0
https://doi.org/10.1126/science.1130088
https://doi.org/10.1126/science.1252960
https://doi.org/10.1126/science.1226804
https://doi.org/10.1126/science.1226804
https://doi.org/10.1073/pnas.0808622106
https://doi.org/10.1126/science.1179047
https://doi.org/10.1126/science.141.3579.401
https://doi.org/10.1126/science.141.3579.401
https://doi.org/10.1038/nphys3632
https://en.wikipedia.org/wiki/Allometry
https://doi.org/10.3733/hilg.v06n11p315
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Figure 19. Alternative metabolic scaling exponents. A three-quarter exponent, observed over many orders of 
magnitude of body mass, corresponds to a smaller metabolic rate for large animals than proportionality, and to a larger 
one than surface-limited scaling. Illustrative lines, not measured data. 

In 1997 West, Brown and Enquist derived the three-quarter exponent from three assumptions: that 
supply networks are space-filling and fractal-like, that terminal units (capillaries) are the same size in 
all animals, and that the energy needed to distribute resources is minimised. This ties the branching 
geometry of Section 4.4 to a quantitative law. The model has been criticised: the measured exponent 
varies between groups, and some analyses find values nearer to two-thirds. A unifying explanation 
by Glazier proposes that the exponent shifts with the balance between volume-related and surface-
related constraints. Whichever view is correct, the pattern is a power law with an exponent fixed by 
transport geometry. Evidence grade: B for the law; C for the universality of the exponent. 

5.6 Body plans and morphospace 
D'Arcy Thompson's insight was that a form can be treated as a point in a space of parameters. David 
Raup applied the idea to mollusc shells in 1966. A coiled shell can be described by only a few 
parameters: the rate W at which the whorl expands, the distance D of the generating curve from the 
coiling axis and the rate T of translation along the axis. Systematically varying them generates the 
theoretical morphospace of all possible coiled shells. 

https://doi.org/10.1126/science.276.5309.122
https://doi.org/10.1111/j.1469-185X.2009.00095.x
https://doi.org/10.1111/j.1469-185X.2009.00095.x
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Figure 20. Raup-style shell coiling. A circular generating curve is expanded at rate W per whorl and offset from the 
axis by fraction D. Different parameter values produce open, tight and flat coils. Original construction with illustrative 
parameters. 

The result is that real shells occupy only part of the space. Raup found that real shells occupy only 
part of the theoretical space and leave large regions empty. Some empty regions plausibly hold 
forms that would work poorly, but others appear to be viable shapes that no lineage has explored. 
This is the signature of Layer 2 and 3 constraints working together: some forms are excluded by 
function, others by the way development and evolution happen to proceed. 

A broader example is the absence of wheels. Rotating joints exist at the molecular level, in the 
bacterial flagellar motor, but no animal has a wheel with an axle. The usual explanation is that a 
freely rotating organ cannot be connected to the rest of the body by blood vessels and nerves, so the 
form is physically possible but developmentally unreachable. A similar argument is made for the 
tetrapod body plan, with four limbs and at most five digits in most living species. The earliest limbed 
vertebrates had more than five digits, so the five-digit pattern is not a physical necessity; it was fixed 
later in evolution and then conserved. Evidence grade: B. 

5.7 From gene to geometry: the pinecone revisited 
The case of the pinecone now has a full causal chain across three layers. At the biological layer, 
genes set the production, transport and sensing of auxin and the rate of growth of the shoot tip. At 
the geometric layer, auxin depletion around each primordium produces an inhibition field. At the 
dynamical layer, the inhibition field makes the golden angle the attractor of the placement process. 
At the fundamental layer, the golden angle is the angle that packs a disc uniformly. The Fibonacci 
spiral counts are the visible result. 

Because the final geometry is fixed by the attractor and not by any one gene, many different 
mutations change the details (cone size, scale shape, spiral handedness) without changing the 
Fibonacci character. This is why very different plant lineages show the same pattern, and why it 
reappears in such different organs as pinecones, sunflowers, succulents and cacti. 

Key points. Biology does not fight physics; it recruits it. Conserved genes supply parameters, 
morphogen gradients and reaction–diffusion systems turn them into spatial pattern, and cell 
mechanics shapes the tissue. The result is a developmental system that produces the same 
forms from many genetic backgrounds, with large regions of morphospace left unexplored. 
Constraint from development is real, but it is a bias and not a prohibition. 

https://en.wikipedia.org/wiki/Morphospace
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6. Emergent Structures: Order Without a 
Designer 

Layer 4. Crystals, convection patterns, collective animal behaviour and other complex 
phenomena show how large-scale organisation can emerge without a central designer 
specifying every detail. 

6.1 What emergence means here 
A system is self-organising when global order appears from local interactions without any element 
possessing a plan of the whole. The physicist Philip Anderson summarised the idea in More Is 
Different: at each level of complexity, new properties appear that cannot be read off from the 
properties of the parts alone, but are nevertheless fully consistent with them. 

Three ingredients appear again and again. The first is an energy or matter flux: a system far from 
equilibrium, which Ilya Prigogine called a dissipative structure. The second is feedback (positive 
feedback amplifies small differences, negative feedback limits them). The third is local interaction, in 
which each element responds only to its neighbours. Given these, patterns with characteristic length 
scales can emerge and are selected by the dynamics, not by any outside specification. 

This is the layer at which the claim that a designer need not specify every detail is clearest, because 
the processes can be simulated, and the simulated forms compared with the natural ones. 

6.2 Crystals and snowflakes 
A snowflake is the paradigm case of a form that is both highly ordered and unique. Its six-fold 
symmetry comes from the hexagonal lattice of ice (Section 3.4). Its shape depends on the conditions 
in which it grows. As documented in the physics of snow crystals by Kenneth Libbrecht, the habit 
changes with temperature and humidity: thin plates near minus 2 degrees Celsius, hollow columns 
near minus 5, and thin plates and branched dendrites near minus 15. Higher humidity favours more 
branching, because a corner sticks out into more vapour and grows faster than a flat face. 

Why are the six arms nearly identical? The arms do not communicate. They are exposed to nearly 
the same conditions as the crystal drifts through the cloud, and they follow the same growth rule, so 
they develop in parallel. Why are no two snowflakes alike? Because their paths through the cloud 
differ, and the small differences accumulate. The same logic explains why the two sides of an animal 
are nearly but not exactly alike. 

A cellular model by Clifford Reiter, published in 2005, captures this with a few rules on a hexagonal 
grid: water vapour diffuses freely; a cell freezes once enough water has accumulated; and vapour is 
added at a rate γ only at cells that are frozen or touch the crystal, on top of a background vapour 
level β. 

https://doi.org/10.1126/science.177.4047.393
https://doi.org/10.1126/science.177.4047.393
https://en.wikipedia.org/wiki/Dissipative_system
https://doi.org/10.1088/0034-4885/68/4/R03
https://doi.org/10.1016/j.chaos.2004.06.071


H  H E U R I S T I C S  The Architecture of Creation 

H Heuristics  ·  Research Report  ·  October 2026 34 

 
Figure 21. Snow-crystal growth in a Reiter-type cellular model on a hexagonal grid. Only the background vapour level 
β, the vapour addition γ and the run length change between panels. Higher β gives compact stars; lower β gives more 
branched dendrites. Original simulation. 

The model produces six-fold symmetric shapes from a single seed, plates and dendrites from 
different parameters, and no two runs with noise would be identical. Evidence grade: A for the 
symmetry origin; B for the habit diagram; B for the cellular model as a representation. 

6.3 Patterns in fluids, chemistry and sand 
Pattern formation under flux is widespread, and a few cases show how general the logic is. 

Table 7. Pattern formation far from equilibrium 

System Driver Pattern What sets the scale 

Rayleigh–Bénard 
convection 

Heating a fluid layer from 
below 

Rolls or hexagonal cells Depth of the fluid layer 

Belousov–Zhabotinsky 
reaction 

Chemical energy Spiral and target waves Reaction and diffusion rates 

Wind ripples and dunes Wind flow over sand Ripples, crescent dunes Distance a grain travels in a 
hop 

Banded vegetation Water running downslope Stripes and spots Water redistribution distance 
 

In each, a uniform state becomes unstable above a threshold of driving, and a pattern with a 
characteristic wavelength grows. The same equations appear (amplitude equations near threshold), 
which is why a convection roll, a sand ripple and a stripe of vegetation resemble each other. The 
semi-arid vegetation case, modelled by Klausmeier, is particularly clear: a simple pair of equations 
for water and plant biomass reproduces the observed bands and their slow uphill migration. 
Evidence grade: A for convection and BZ; B for vegetation and dunes. 

6.4 Collective motion 
Flocks of starlings, schools of fish and herds of wildebeest move as if they were one body. Craig 
Reynolds showed in 1986 that flock-like motion can be generated by three rules for each individual: 
avoid collisions, match neighbours' velocity and stay close to the group. A minimal physical version 
is the model of Vicsek and colleagues (1995): particles move at constant speed and at each step 

https://en.wikipedia.org/wiki/Rayleigh%E2%80%93B%C3%A9nard_convection
https://en.wikipedia.org/wiki/Rayleigh%E2%80%93B%C3%A9nard_convection
https://en.wikipedia.org/wiki/Belousov%E2%80%93Zhabotinsky_reaction
https://en.wikipedia.org/wiki/Belousov%E2%80%93Zhabotinsky_reaction
https://en.wikipedia.org/wiki/Tiger_bush
https://doi.org/10.1126/science.284.5421.1826
https://en.wikipedia.org/wiki/Boids
https://en.wikipedia.org/wiki/Boids
https://doi.org/10.1103/PhysRevLett.75.1226
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adopt the average direction of neighbours within a fixed radius, plus random noise. At low noise the 
whole group aligns; at high noise it is disordered, with a transition in between. 

 
Figure 22. A Vicsek-type simulation with 300 particles in a periodic box. The order parameter, the length of the mean 
velocity vector, falls from near one to near zero as noise rises. Snapshots show aligned motion at low noise and 
random motion at high noise. Original simulation. 

In 2008 Ballerini and colleagues reconstructed the three-dimensional positions of individual birds in 
flocks of starlings above Rome and found that each bird interacts with a fixed number of neighbours 
(about six to seven) and not with all neighbours within a fixed distance. This topological interaction 
keeps flocks cohesive when their density varies. The nature of the Vicsek transition in large systems 
(continuous or discontinuous) has been debated, but the existence of an ordering transition is not. 
Evidence grade: A for the model; B for its application to real flocks. 

Insect colonies show a related pattern, stigmergy: individuals modify the environment (laying 
pheromone) and later individuals respond to the modification. Ants find short routes between nest 
and food because pheromone accumulates faster on shorter paths. The colony solves an 
optimisation problem without any ant knowing the problem. 

6.5 Simple rules, complex outputs 
The simplest systems with this property are cellular automata, in which a row or grid of cells updates 
each step according to a fixed rule based on neighbours. In an elementary cellular automaton each 
cell has two states and sees three cells, so there are only 256 rules. Stephen Wolfram classified their 
behaviour in the 1980s. 

 
Figure 23. Three elementary cellular automata. Rule 90 generates the Sierpiński triangle from one cell. Rule 30 
generates an irregular pattern that is used as a source of pseudo-random numbers. Rule 110 shows localised moving 
structures. Original simulation. 

https://doi.org/10.1073/pnas.0711437105
https://en.wikipedia.org/wiki/Stigmergy
https://doi.org/10.1103/RevModPhys.55.601
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Rule 110 was proved by Matthew Cook to be computationally universal, meaning that in principle it 
can run any computation. The lesson for the thesis is that extremely small rule sets can generate an 
unbounded range of outputs, and also that outputs of different complexity can arise from rules of the 
same size. Conway's Game of Life, with two states and one rule, produces moving "gliders", stable 
"blocks" and many other recurring structures. 

The pigmentation of some mollusc shells, such as Conus textile, resembles the output of a one-
dimensional automaton. The resemblance is suggestive but resemblance alone is the kind of 
evidence that Section 1.4 warns against: models for shell pigmentation based on reaction–diffusion 
also reproduce it. Evidence grade: A for the mathematics; C for biological interpretation. 

6.6 Criticality and power laws 
Some systems organise themselves to the edge of a phase transition without being tuned there. In 
their 1987 model of a sandpile, Per Bak, Chao Tang and Kurt Wiesenfeld dropped grains one at a 
time onto a grid. Any site with four grains topples, passing one grain to each neighbour, which may 
trigger further toppling. The result is avalanches of all sizes with a power-law distribution, without any 
tuning parameter: self-organised criticality. 

 
Figure 24. Avalanche sizes in a simulated Bak–Tang–Wiesenfeld sandpile on a 64 by 64 grid, after dropping 600,000 
grains (first 50,000 discarded). Probability density against number of topplings, with log-spaced bins. The fitted slope 
over the range shown is close to minus one, with a cutoff at the system size. Original simulation. 

The idea has been applied to earthquakes, forest fires, neuronal activity and ecosystems. It is also a 
standing cautionary example. Many reported power laws in empirical data do not survive rigorous 
testing. Clauset, Shalizi and Newman showed that distinguishing a true power law from a log-normal 
or stretched exponential requires careful statistics over a wide range, which is often unavailable. 
Sandpile models give clean power laws, while real-world cases are mixed. Evidence grade: A for the 
models; B for earthquakes (the Gutenberg–Richter law is a well-tested power law); C for most other 
claimed applications. 

https://en.wikipedia.org/wiki/Rule_110
https://wpmedia.wolfram.com/uploads/sites/13/2018/02/15-1-1.pdf
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Conus_textile
https://doi.org/10.1103/PhysRevLett.59.381
https://en.wikipedia.org/wiki/Self-organized_criticality
https://doi.org/10.1137/070710111
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6.7 Type versus token 
Emergent structures sharpen a distinction that the rest of the report relies on: recurrence is of types, 
not tokens. No two zebra stripe patterns are the same, yet every zebra shows a pattern of the same 
kind, with a characteristic width and branching. No two snowflakes are alike, yet every one has six 
arms. Two Ising lattices will never match spin for spin, yet their cluster statistics are identical. 

When asking why forms recur, the right question is therefore about classes: why is this class of form 
reached by so many systems? The answer, at the emergent layer, is that the class is an attractor of 
a local dynamics, and details are set by fluctuations. This is why the report makes claims about 
recurrence of pattern types and not about the identity of instances. 

Key points. Emergent structures are the clearest demonstration that complex order needs no 
central specification. Flux, feedback and local interaction produce patterns with characteristic 
scales; the same few mechanisms (convection, reaction–diffusion, alignment, criticality) recur 
across physics, chemistry and biology. Individual instances differ, but classes of pattern are 
stable attractors. The principal caution is statistical: resemblance and apparent power laws must 
be tested, not asserted. 
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7. Reproductive and Evolutionary 
Structures: Why Nature Repeats Itself 

Layer 5. Shared ancestry, conserved developmental programmes, genetic constraints and 
convergent evolution explain why organisms can be nearly identical, or independently evolve 
similar features. 

7.1 Heredity as high-fidelity copying 
Life adds something that no physical pattern-forming system has: a mechanism that copies the 
instructions for form with very high fidelity. The copying is what turns a single successful outcome 
into a lineage, and a lineage into a species. Fidelity is achieved in layers. 

The replicating DNA polymerase selects the correct nucleotide with an error rate of roughly one in 
ten thousand to one in a hundred thousand. A proofreading activity that removes mismatched 
nucleotides lowers the error rate by two to three orders of magnitude. A post-replication mismatch 
repair system lowers it again by a similar factor. Kunkel's review gives the details. The result is an 
error rate per base per replication of about one in a billion or lower. The observed germline mutation 
rate in humans is higher, at about one per hundred million bases per generation, because it 
integrates many cell divisions and damage that is not replication error. A child inherits roughly sixty 
new point mutations among three billion bases. 

 
Figure 25. Approximate error rates in DNA replication at successive levels of correction, and the observed human 
germline mutation rate. Ranges are order-of-magnitude values from the literature (Kunkel, 2004; Kong et al., 2012). 
Illustrative compilation. 

High-fidelity copying makes the lineage a stable carrier of whatever the generator produced, which 
allows conserved programmes to persist for hundreds of millions of years. It is the reason that the 
same Hox genes appear in a mouse and a fly. Evidence grade: A. 

https://en.wikipedia.org/wiki/DNA_mismatch_repair
https://en.wikipedia.org/wiki/DNA_mismatch_repair
https://doi.org/10.1074/jbc.R400006200
https://doi.org/10.1038/nature11396
https://doi.org/10.1038/nature11396
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7.2 Three routes to identical form 
The question of why animals "can be identical" has three distinct answers, and the first step in any 
analysis is to decide which one applies. 

Route 1: identical genome. Monozygotic twins arise when one embryo splits, at a rate of about 
three to four per thousand births. Clonal organisms are the extreme case. The aspen colony known 
as Pando in Utah is a single genetic individual of tens of thousands of stems connected by a 
common root system. Bacterial colonies, aphid clones and cuttings of plants are further examples. 

Even here, identical genomes do not produce identical individuals. Twins differ in fingerprints and in 
the epigenetic marks that control gene activity, which diverge as they age. The cause is 
developmental noise: stochastic events in cell division and signalling that no genome can specify. 
This is the type-versus-token distinction of Section 6.7 applied to organisms. 

Route 2: shared ancestry. Members of a species are similar because they inherit the same 
regulatory programmes from a recent common ancestor, and selection removes variants that disrupt 
them. At deeper levels, the forelimbs of a bat, a whale and a human have the same bones in the 
same arrangement because they are modifications of the same inherited limb programme. This is 
homology. 

Route 3: shared constraint and shared selection. Similar forms may appear in lineages with no 
recent common ancestor because the same problem has the same best solutions. This is 
convergence, and it is the route in which creation structures do the most work. 

Table 8. Three routes to similar form 

Route What is shared Test Example 

Identical genome Whole genome (copy) Genetic identity Twins, Pando, clones 

Shared ancestry 
(homology) 

Inherited developmental 
programme 

Phylogeny; conserved genes Tetrapod limb bones 

Convergence Constraint plus selective 
problem 

Independent origins on a tree Streamlined bodies; 
camera eyes 

 

7.3 Deep homology 
The three routes interact. In 1997 Shubin, Tabin and Carroll argued that the genes controlling the 
development of fish fins and tetrapod limbs are shared, and in 2009 they proposed deep homology: 
organs that are not homologous as structures can nevertheless be built using homologous genetic 
regulatory circuits. The paradigm case is the eye. The camera eye of a vertebrate and the compound 
eye of an insect have independent evolutionary origins, but both depend on Pax6 for their 
development. 

Deep homology complicates the simple split between homology and convergence, and it supports 
the thesis in two ways. First, it shows that some convergence is not independent at the molecular 
level: an ancient toolkit is reused, so that independent lineages start with the same raw materials. 
Second, it shows that the generators are deeply shared even when forms diverge, which implies that 
the biases in what can be produced are shared as well. The evolution of the eye is a classic 
instance, with different lineages elaborating light-sensitive cells into more complex organs along 
repeated paths. Evidence grade: B. 

https://en.wikipedia.org/wiki/Twin
https://en.wikipedia.org/wiki/Pando_(tree)
https://doi.org/10.1073/pnas.0500398102
https://doi.org/10.1038/41710
https://doi.org/10.1038/nature07891
https://en.wikipedia.org/wiki/Evolution_of_the_eye
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7.4 Convergent evolution 
Where lineages face the same problem, they often reach the same solution. The best-documented 
examples are in the following table. 

Table 9. Documented convergences 

Trait Independent origins Source 

Camera-type eyes Vertebrates and cephalopods, among at least 
40 independent origins of eyes of some kind 

Fernald 2006 

Powered flight Insects, pterosaurs, birds and bats (four 
origins) 

Wikipedia 

C4 photosynthesis More than 60 origins in flowering plants Sage et al. 2011 

Streamlined fusiform body Ichthyosaurs, dolphins, tuna and sharks Wikipedia 

Crab-like body 
(carcinisation) 

At least five times in decapod crustaceans Wikipedia 

Sabre teeth Several cat and non-cat lineages, including a 
marsupial 

Wikipedia 

Antifreeze glycoproteins Arctic cod and Antarctic notothenioid fish Chen et al. 1997 

Echolocation Bats and toothed whales, with convergent 
changes in the hearing gene prestin 

Liu et al. 2010 

 

 
Figure 26. Convergent body form. Amber tips show the fusiform body. The ichthyosaur and the dolphin each re-
evolved it from land-dwelling ancestors; the origin of the shape within fishes depends on ancestral reconstruction. 
Simplified, schematic phylogeny. 

The strength of convergence as evidence depends on the independence of the origins, which is 
established by mapping the trait on a phylogeny. Two points need care. First, the molecular 
convergence reported for echolocation was originally reported by Parker and colleagues as 
widespread across the genome, but Thomas and Hahn showed that comparable levels of 
convergence are found in animals that do not echolocate, so the genome-wide signal was largely 
explained by the statistical null model used. Second, convergence in outward form does not require 
convergence in the genes that build it. Evidence grade: A for convergence of form and function; C for 
convergence at the sequence level. 

https://doi.org/10.1126/science.1127889
https://en.wikipedia.org/wiki/Flying_and_gliding_animals
https://doi.org/10.1093/jxb/err048
https://en.wikipedia.org/wiki/Ichthyosaur
https://en.wikipedia.org/wiki/Carcinisation
https://en.wikipedia.org/wiki/Saber-toothed_predator
https://doi.org/10.1073/pnas.94.8.3817
https://doi.org/10.1016/j.cub.2009.11.058
https://doi.org/10.1038/nature12511
https://doi.org/10.1093/molbev/msv013
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7.5 Adaptive landscapes and morphospace 
Sewall Wright's metaphor of the fitness landscape captures why convergence happens. Imagine the 
space of possible forms as a surface, with height giving fitness. Populations climb uphill. If the 
landscape has a small number of high peaks, lineages starting in different places climb the same 
peaks. 

 
Figure 27. An illustrative fitness landscape with three major peaks and two minor ones. Lineages starting from 
different points (white) climb by noisy gradient ascent and finish (amber) at the same few peaks. Illustrative simulation, 
not empirical data. 

The shape of the landscape comes from the lower layers. The positions of the peaks are set by 
physics: a body that moves through water has an optimal shape fixed by fluid dynamics, a lens has 
an optimal curvature fixed by optics, and a vessel has an optimal branching fixed by Murray's law. 
The accessibility of the peaks is set by development: only forms that the generator can produce can 
be tested by selection. If the landscape is rugged, with many peaks, different lineages may find 
different ones, and history matters. If it is smooth with few peaks, convergence is the norm. 

7.6 Genotype–phenotype maps 
A final constraint operates between genes and forms. The mapping from genotype to phenotype is 
many-to-one and highly uneven. In a classic computational study of RNA, Schuster and colleagues 
showed that a small number of RNA folds account for most of the possible sequences, while the 
great majority of shapes are reachable from very few sequences. Dingle, Camargo and Louis 
showed that the same strong bias towards simple outputs appears in many input–output maps, 
including those used in biological modelling. 

https://en.wikipedia.org/wiki/Fitness_landscape
https://doi.org/10.1098/rspb.1994.0040
https://doi.org/10.1038/s41467-018-03101-6
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Figure 28. A schematic genotype–phenotype map. Left: regions of genotype space that map to the same phenotype 
(colours); a few phenotypes cover large regions. Right: share of genotype space by phenotype, ranked. Illustrative 
simulation based on weighted Voronoi regions, not empirical data. 

The consequence is that variation is not isotropic. The mutations that occur are far more likely to 
produce a few common phenotypes than rare ones, so evolution tends to arrive repeatedly at the 
same phenotypes. This developmental bias adds a second source of recurrence to selection. It also 
gives a response to the old question of the arrival of the fittest: a selective filter needs variants to 
choose among, and the map decides which variants are offered. Evidence grade: B. 

7.7 Contingency and convergence 
How strong is convergence relative to contingency? Stephen Jay Gould argued in Wonderful Life 
that if the tape of life were replayed, the outcome would differ, because small accidents (an 
extinction, a mutation) change what follows. Simon Conway Morris argued in Life's Solution that 
convergence is so pervasive that replaying the tape would produce similar kinds of forms, if not the 
same species. 

The most direct experiment is the Long-Term Evolution Experiment, begun by Richard Lenski in 
1988, in which twelve populations of Escherichia coli started from one clone and have evolved 
separately for tens of thousands of generations. In the first ten thousand generations, fitness rose in 
parallel in all twelve populations, while cell size and other traits diverged. Later, one population 
evolved the ability to use citrate, a rare event that depended on earlier chance mutations and did not 
occur in the other eleven. 

The result supports both authors at different levels. Convergence is strong for function and the class 
of solution (high fitness in a given environment), where the possibility space is narrow. Contingency 
is strong for lineage-specific details, where the space is wide and the landscape is rugged. This 
division is the heart of the creation-structure view of evolution: history chooses among a restricted 
menu. Evidence grade: B. 

Key points. Heredity turns outputs of generators into persistent lineages. Similar forms arise by 
three routes (shared genome, shared ancestry, shared constraint and selection), and the routes 
can be told apart on a phylogeny. Convergence is common because fitness landscapes have 
few high peaks, and the genotype–phenotype map biases variation towards the same few 
outcomes. Contingency is real but operates within these limits. 

https://en.wikipedia.org/wiki/Wonderful_Life_(book)
https://en.wikipedia.org/wiki/Simon_Conway_Morris
https://en.wikipedia.org/wiki/E._coli_long-term_evolution_experiment
https://doi.org/10.1073/pnas.91.15.6808
https://doi.org/10.1073/pnas.91.15.6808
https://doi.org/10.1073/pnas.0803151105
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8. Synthesis: A Unified Framework 

8.1 One architecture, five layers 
The previous five sections described creation structures one layer at a time. This section combines 
them. The core proposition is that a recurring form is the output of a pipeline with four stages. 

1. Constraint. Mathematics and physics define the space of possible forms (Layers 1 and 2). 

2. Generation. A developmental or dynamical process explores that space with a bias, producing 
forms from parameters and noise (Layers 3 and 4). 

3. Heredity. Parameters of the generator are copied with high fidelity, so a successful 
configuration can persist (Layer 5). 

4. Selection. The environment filters the outputs, leaving those that perform (Layer 5). 

Proposition (grade D). The probability that independent systems produce the same form class 
is higher when (i) the viable region of form space is small, (ii) the generator has a large basin of 
attraction for that class, (iii) the selective landscape has few peaks, and (iv) heredity preserves 
the generator's parameters faithfully. 

This is a qualitative framework, not a formula, and it is offered as a hypothesis whose individual 
terms can be measured (Section 9). It has the advantage that each of the four conditions maps onto 
a body of existing methods: the size of the viable region can be estimated by sampling and 
simulation, basins by perturbation analysis, peaks by experimental or computational landscapes, and 
fidelity by sequencing. 

8.2 Case studies across the layers 
The figure below applies the framework to five recurring forms and to identical twins. For each, it 
shows the relative contribution of each layer, assessed from the literature discussed in this report. 
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Figure 29. Relative contribution of each layer to five recurring phenomena and to the case of identical twins. The 
ratings (dominant, moderate, minor, none) are the author's qualitative judgement from the evidence reviewed in 
Sections 3 to 7, and not measured quantities. 

Pinecone spirals are driven by geometry (Layer 2) and developmental dynamics (Layer 3): the 
golden angle is the unique solution to the packing problem and the attractor of the inhibitory-field 
dynamics. Selection and heredity matter because they maintain the machinery, but they do not need 
to select the pattern itself. 

Honeycomb is dominated by constraint (Layers 1 and 2). The hexagon is optimal and also the 
natural result of surface tension on wax. Behaviour (Layer 5, as bees' building instincts evolved) 
supplies the process, but the form is dictated by geometry. 

Snowflakes are the most purely physical case: the lattice (Layer 1), the shape of the growing face 
and diffusion-limited growth (Layers 2 and 4). Heredity and selection play no role at all, which is why 
snowflakes show that recurrence needs neither. 

Zebrafish stripes and digit patterns are developmental, with reaction–diffusion dynamics (Layers 3 
and 4) as the generator and a heavy contribution from heredity (the parameters are tuned 
genetically, as shown by the Hox dose experiments). 

Convergent body shape depends on physics (the hydrodynamic optimum) and on selection, with 
development providing the route. 

Identical twins are special: nearly everything is carried by heredity (a copy of the genome) and 
development (running the same programme twice), and the divergence between twins arises from 
noise. 

8.3 Interactions between layers 
The layers are not independent. Four interactions deserve emphasis. 

• Constraint shapes the generator. Because physics fixes what works, a generator that 
produces non-viable forms is removed. Over time, generators are those compatible with 
physics. 
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• Evolution tunes physical generators. The Hox-dose experiment shows evolution acting by 
changing the parameter of a physical process (the wavelength of a Turing pattern) and thus 
moving along a continuous family of forms. This is a far smaller step than building a new 
structure from scratch, which explains why evolution is fast when it follows an existing 
generator. 

• Selection acts through the landscape that physics defines. The shape of the 
hydrodynamic optimum is set by fluid dynamics, so selection can only follow it. 

• Noise creates tokens from types. Fluctuations in development create individual differences, 
leaving the class of form intact. 

8.4 Why so much order? 
The observation that the natural world is surprisingly ordered, which motivated this report, can now 
be answered in three parts. 

1. Few ingredients. Identical particles with fixed interactions mean that the same building blocks 
recur everywhere. 

2. Few attractors. Many different processes, including packing, inhibition, diffusion with 
feedback and alignment, have a small number of stable outcomes, so that many starting points 
converge. 

3. Few solutions. Selection and optimisation, applied to problems with narrow solutions (move 
through water, collect light, deliver blood), keep only a few of the forms the generators can 
produce. 

Each answer is checkable, and each fails somewhere: some patterns are chance (Section 9.3), and 
some similarities are due to shared history. But the three together account for much of what is 
observed. 

Key points. A recurring form is the product of a pipeline: constraint, generation, heredity and 
selection. The layers contribute unequally to each phenomenon, and the contribution can be 
assessed by asking what would happen if each layer were removed. Evolution typically works by 
tuning parameters of generators that physics already supplies. 
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9. Testing the Thesis: Predictions, 
Limits and Risks 
A thesis that cannot fail is not a scientific thesis. This section states what the creation-structure view 
predicts, what would count against it and where it is most at risk of being wrong. 

9.1 Testable predictions 
Table 10. Eight predictions of the creation-structure thesis 

# Prediction How to test Status 

P1 Lineages that independently solve the same 
problem show form similarity beyond what 
chance and shared ancestry predict. 

Morphometrics across 
independent origins on a 
phylogeny. 

Supported in cases 
(Section 7.4); no 
systematic survey. 

P2 A minimal generative model reproduces a 
recurring form class without form-specific 
tuning. 

Simulation (e.g. Vogel, Gray–
Scott, Reiter models). 

Supported for 
phyllotaxis, snow 
crystals, stripes. 

P3 Changing a constraint parameter shifts the 
form in the predicted direction. 

Perturbation (Hox dose and digit 
number; droplet timing and 
divergence angle). 

Supported. 

P4 Regions of form space excluded by physics 
remain empty; regions excluded only by 
development can be populated by engineering. 

Synthetic morphogenesis; 
organoids; shell and venation 
morphospaces. 

Early evidence. 

P5 Genotype–phenotype maps are strongly 
biased towards a few phenotypes. 

Computational maps; deep 
mutational scans. 

Supported (RNA, 
model systems). 

P6 The number of independent origins of a trait 
correlates with the size of its basin of 
attraction. 

Compare origin counts with 
simulated basin sizes. 

Untested 
systematically. 

P7 Where selection is weak, forms diverge more, 
beyond the limits set by constraint. 

Compare constrained and 
unconstrained traits across 
clades. 

Partly supported. 

P8 A pattern fails to appear in lineages lacking the 
generating mechanism. 

Survey Fibonacci phyllotaxis 
against meristem inhibition 
mechanisms. 

Untested. 

 

9.2 What would count against the thesis 
Three kinds of finding would weaken the framework substantially. 

1. Recurrence without mechanism. If a recurring pattern is robustly found but no generator can 
reproduce it, the framework would have no explanation to offer, and an explanation in terms of 
historical accident would gain weight. 

2. Constraint-free production. If a system lacking the supposed constraint reliably produces the 
same form (for example, hexagonal order arising in a system without any packing or tension 
effect), the constraint is not the cause. 
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3. Easy escape. If engineers can readily and stably produce forms in regions of morphospace 
that the framework treats as inaccessible, using the same developmental system, then the 
constraint is weaker than claimed. 

9.3 Failure modes 
The history of the subject contains many examples of explanations that were too good to be true. Six 
failure modes should be guarded against. 

Golden-ratio inflation. Claims that the golden ratio governs the proportions of the Parthenon, the 
human face or the stock market are mostly false or unfalsifiable. George Markowsky's survey of 
misconceptions documents many, including mismeasured buildings and selective choice of 
landmarks. The golden ratio matters in phyllotaxis because a mechanism connects it to the 
observation, and not otherwise. 

Pareidolia and selective sampling. The human visual system finds familiar shapes in noise. 
Collections of examples chosen because they fit are not evidence of a law. Always ask what the 
denominator is: how many systems were examined and how many showed the pattern? 

Adaptationist storytelling. Gould and Lewontin criticised the habit of explaining every trait as a 
direct adaptation. Features may be by-products of constraint, like the architectural spandrels of a 
cathedral, which are unavoidable consequences of arches. The creation-structure view agrees with 
this critique and gives it a constructive form: ask first what the constraints force. 

Power-law and fractal overreach. As discussed in Sections 4.5 and 6.6, claims of scale-free 
behaviour need a wide scaling range and rigorous statistics. 

Scale confusion. The same geometry at different scales (hurricane and galaxy spirals) may have 
unrelated causes. Resemblance across scales is a hypothesis, not a result. 

Contingency denial. The framework should not be used to claim that everything was inevitable. The 
citrate experiment of Section 7.7 shows that contingent events happen even under tightly controlled 
conditions. 

9.4 Open questions 
Five questions will decide how far the framework can be developed. 

1. Measuring possibility spaces. How can the size of the viable region of form space be 
estimated for real morphologies, such as leaf shapes, wing venation or skeletons? 

2. Quantifying generator bias. Can the strength of developmental bias be measured and 
compared across lineages, in units that allow a prediction of recurrence rates? 

3. Linking genes to attractors. How do changes in gene networks map onto changes in the 
parameters of physical generators, such as the wavelength of a Turing pattern? 

4. Classifying attractors. Is there a short list of morphogenetic attractor types, as there is for 
phase transitions, that covers most recurrent biological patterns? 

5. Evolvability. Do lineages differ in how easily they explore form space, and is that difference 
itself heritable and selectable? 

https://doi.org/10.2307/2686193
https://doi.org/10.2307/2686193
https://doi.org/10.1098/rspb.1979.0086
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9.5 A note on interpretation 
The recurrence of mathematical structure in nature has long invited philosophical comment. Eugene 
Wigner's essay on the unreasonable effectiveness of mathematics is the best-known statement of 
the puzzle. Positions range from Platonism (mathematical structures exist independently and nature 
instantiates them) to structural realism (what physics describes is structure) to the view that 
mathematics is a human tool that nature happens to suit. 

The word creation in this report's title is used in the sense of generation: the production of form by 
processes. Nothing in the argument requires or excludes a view about the ultimate origin of the laws 
themselves, and the scientific content stands on the evidence for mechanisms alone. This is 
deliberate. The question of why the laws are what they are lies outside the scope of a research 
programme that must be testable. 

https://doi.org/10.1002/cpa.3160130102
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10. Applications and Heuristics 

10.1 Where creation structures create value 
If recurrence reflects a small number of generators, then knowing the generators makes it possible to 
use them. Several fields already do. 

Table 11. Applications of creation structures 

Field Principle exploited Example Status 

Architecture and 
materials 

Soap-film minimisation; hexagonal and 
Voronoi lattices 

Tensile roofs designed with 
soap-film models; 
honeycomb sandwich panels 

Established 

Fluid and transport 
networks 

Murray's law; fractal-like branching Biomimetic microfluidic and 
cooling networks 

Developing 

Computing and AI Cellular automata; swarm dynamics Neural cellular automata that 
grow and repair images; ant 
colony optimisation 

Developing 

Synthetic biology Engineered reaction–diffusion Stochastic Turing patterns 
built into bacterial populations 

Early 

Tissue engineering Self-organisation of cells Brain organoids formed from 
stem cells 

Early 

Design and 
biomimetics 

Transferring natural solutions Biomimetics generally Mixed; 
claims vary 
in quality 

 

The creation-structure view suggests a more principled approach to biomimetics than copying 
shapes. Rather than imitating a form (for example, a leaf), the engineer identifies the generator and 
the constraint that produced it, and then re-implements them in a new medium. The distinction 
matters because a copied shape carries the constraints of its original medium, while a copied 
generator can be adapted to a new one. 

10.2 Ten heuristics for reading a pattern 
The following heuristics condense the report into rules that analysts, designers and researchers can 
apply when they meet a recurring pattern. They are intended to be used in order, but each can stand 
alone. 

https://en.wikipedia.org/wiki/Murray%27s_law
https://en.wikipedia.org/wiki/Murray%27s_law
https://distill.pub/2020/growing-ca/
https://en.wikipedia.org/wiki/Ant_colony_optimization_algorithms
https://en.wikipedia.org/wiki/Ant_colony_optimization_algorithms
https://doi.org/10.1073/pnas.1720770115
https://doi.org/10.1038/nature12517
https://en.wikipedia.org/wiki/Biomimetics
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Table 12. Ten heuristics 

# Heuristic Do this Typical error avoided 

H1 Name the layer. Decide whether the pattern is best 
explained by law, geometry, 
development, self-organisation or 
evolution. 

Explaining physics with 
biology, or the reverse. 

H2 Demand a mechanism. Require a process that generates the 
pattern, not only a description of it. 

Mistaking resemblance for 
explanation. 

H3 Build the null. Ask what random or unconstrained 
processes would produce. 

Seeing a pattern in noise. 

H4 Count independent origins. Map the trait on a phylogeny or across 
unrelated systems. 

Treating shared ancestry as 
convergence. 

H5 Find the attractor. Test robustness: does the form return 
after perturbation? 

Confusing a fragile result 
with a stable one. 

H6 Simulate the minimum. Build the simplest generator that 
reproduces the class of form. 

Over-complicated 
explanations. 

H7 Separate type from token. Compare classes of form, not individual 
instances. 

Expecting identical instances 
from identical rules. 

H8 Check the range. Require a wide scaling range before 
claiming a fractal or power law. 

Spurious scale-free claims. 

H9 Look at what is missing. Map the forms that do not occur, and 
ask why. 

Ignoring absent forms that 
reveal constraints. 

H10 Leave room for history. If no constraint explains the pattern, 
say so and treat it as contingent. 

Forcing inevitability on 
accidents. 
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Figure 30. A decision procedure for classifying the likely source of a recurring pattern. The route is a first-pass triage 
and not a proof; the layers are those defined in Section 2.3. 

10.3 Research agenda 
The thesis points to a programme of work that can be organised in three horizons. 

Table 13. A research programme in three horizons 

Horizon Work Outputs 

Near term (0–12 
months) 

Compile a catalogue of recurring forms with the independent-
origin count, mechanism, layer and evidence grade for each. 

An open dataset; a 
reproducible scoring scheme. 

Medium term (1–
3 years) 

Measure possibility-space size and generator bias for 
tractable cases (shell coiling, wing venation, leaf margins); run 
controlled perturbation studies. 

Quantitative tests of P1, P3, 
P5 and P6. 

Longer term (3–
5 years) 

Engineer forms in predicted-inaccessible and predicted-
accessible regions of morphospace using synthetic or 
organoid systems. 

A direct test of P4; design 
rules for synthetic 
morphogenesis. 
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11. Conclusion 
The question that began this report was why nature repeats itself. The answer proposed is that 
repetition is the visible trace of a layered architecture. Mathematics and physics restrict the forms 
that can exist. Generative processes, including packing, diffusion with feedback, alignment, 
development and growth, explore the permitted forms with a strong bias, so that a handful of 
outcomes are reached again and again from different starting points. Heredity copies the parameters 
of successful generators with extraordinary fidelity, and selection filters what they produce. 

This account is pluralist. The spirals of a pinecone, the hexagons of a honeycomb, the arms of a 
snowflake and the body of a dolphin have different causes. What they share is a structure of 
explanation: each is the product of a small possibility space, a biased generator and, in the living 
cases, a filter. The five-layer model gives that structure a vocabulary, and the ten heuristics give it a 
practice. 

The account is also testable and limited. It predicts that independent systems solving the same 
problem will converge, that minimal generative models will reproduce recurring forms, that perturbing 
constraints will shift forms predictably and that genotype–phenotype maps will be biased. Many of 
these predictions are already supported, and a few have yet to be tested. It does not claim that 
everything is inevitable: contingency operates within the constraints, as the citrate experiment 
shows. 

The practical consequence is a change in the question asked of any pattern. Instead of asking only 
what does this resemble, the creation-structure view asks which constraints, generator and filter 
produced this, and would a different system with the same constraints produce it too? A pattern for 
which the answer is known can be predicted, simulated and, increasingly, engineered. 
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Glossary 
Table 14. Terms used in this report 

Term Meaning 

Allometry The study of how traits scale with body size. 

Attractor A state or set of states towards which a dynamical system evolves from many 
starting points. 

Convergent evolution Independent evolution of similar traits in lineages without a recent common ancestor. 

Creation structure The rules, constraints and generative processes that determine which forms can 
emerge, how they develop and why patterns recur. 

Deep homology Shared genetic regulatory circuits underlying structures that are not homologous as 
organs. 

Developmental bias A tendency of development to produce some variants more readily than others. 

Dissipative structure An ordered structure maintained by a flow of energy or matter through an open 
system. 

Fitness landscape A surface in form or genotype space whose height gives fitness. 

Generator A process that produces form from parameters and noise. 

Genotype–phenotype 
map 

The relationship between a genetic sequence and the form it produces. 

Homology Similarity due to inheritance from a common ancestor. 

Morphogen A signalling molecule whose concentration specifies cell fate by position. 

Morphospace A space whose axes are parameters of form; each point is a possible morphology. 

Parastichy A visible spiral line of neighbouring organs in a phyllotactic pattern. 

Phyllotaxis The arrangement of leaves, seeds or scales on a plant axis. 

Reaction–diffusion A system of interacting, diffusing substances that can generate spatial patterns. 

Self-organisation Emergence of global order from local interactions without a central plan. 

Symmetry breaking The adoption by a system of a state with less symmetry than the laws that govern it. 

Universality Independence of large-scale behaviour from microscopic detail near a phase 
transition. 
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Appendix: Key Quantities 
Table 15. Quantities cited in this report 

Quantity Value Where used 

Golden ratio, φ (1 + √5) / 2 ≈ 1.6180 Sections 3.4, 4.1, 4.2 

Golden angle 360° / φ2 ≈ 137.508° Section 4.2 

Crystallographic rotation orders 2, 3, 4, 6 Section 3.4 

Wallpaper, point and space groups 17; 32; 230 Section 3.4 

Perimeter of unit-area cell: triangle, square, 
hexagon 

4.56; 4.00; 3.72 Section 4.3 

Densest sphere packing π / √18 ≈ 74.05% Section 4.3 

Murray daughter-to-parent diameter ratio 
(symmetric split) 

2−1/3 ≈ 0.794 Section 4.4 

Ising critical temperature (2D, units of J/k) 2 / ln(1 + √2) ≈ 2.269 Section 3.5 

Kleiber exponent ≈ 3/4 Section 5.5 

Plateau vertex angle: three films; four edges 120°; ≈ 109.5° Section 3.3 

Replication error after proofreading and repair ≈ 10−9 to 10−10 per base Section 7.1 

Human germline mutation rate ≈ 1.2 × 10−8 per base per 
generation 

Section 7.1 

Independent origins of C4 photosynthesis > 60 Section 7.4 
 


