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The provocation: Darwin’s sentence becomes a testable
guestion

A historical statement is translated into a scientific hypothesis.

Linnaeus and Cuvier have been mry two gods,
though in very different ways, but they were
mere school-boys to old Aristotle.

Scientific question

To what extent do the conceptual foundations of biological classification,
and functional interpretation, trace back to Aristotle’s observations of
marine life?
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The working hypothesis

“Echoing” is not treated as admiration, but as measurable structural resemblance.

If Aristotle’s knowledge still echoes today, then the structure of his
information should be detectable in modern analytical terms.

Taxonomic echo Functional echo Comparative evidence
Ancient groupings should resemble __, Ancient trait descriptions should ___, Differences and similarities can be
modern taxonomic architecture in retain some correspondence with tested using the same distinctness
species relatedness. modern trait-based groupings. logic.

Hypothesis in plain words: Aristotle may not have had modern taxonomy, but he may
have organised marine biodiversity in ways that remain structurally recognisable.
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Two evidence streams: classification and traits

The same taxa, two different kinds of information, two comparable workflows.

1- Taxonomic data 2 - Biological traits
181 marine taxa from Aristotle mapped to contemporary

Traits extracted from Aristotle’s descriptions and modern
taxonomy; species distributed across higher ranks.

sources; species distributed in functional trait space.

Taxonomic matrices Trait matrices
: : Species x traits matrix
Aggregation matrix : :
) ) : Distance matrix
Species x higher taxa matrix

Dendrogram-derived groups

Common test: A+ and A+ values compared between Aristotle-derived and

modern-derived structures.
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Workflow A: testing the taxonomic architecture

Published comparison of Aristotle’s classification with the current system.

Identify Aristotle’s marine  Link the same taxa to WoRMS Build aggregation and A+ and A+ for rank/category  Mann-Whitney tests across

taxa

Anhaima

"bloodless animals"

taxonomy

Malakia

I Karkino (crabs)

Karides (shrimps)

"soft shelled"

Currently: Malacostraca

Karaboeide (lobsters)

Karkinia (hermit crabs)

Dithyra (bivalves)

Enhaima

"Blooded animals"

Vertebrata

Others,

1 Tethya (sea squirts)

Ichthyes
They have finsbecause they
are swimmers and gils for
expelling water.
Currently: Pisces

Selachil (chondrichthyes )
Lepidotoi (osteichthyes)

Ketode
[They have a blow-hole but not
gills.
Currently: Cetacea

Currently: Tetrapoda, Reptilia,|
Mammalia, Pinnipedia

Zootoka tetrapoda
“live-bearing tetrapods |

(seal)

presence/absence matrices

groups

Mollusca
Currently: Polychaeta (in part), Actiniaria,
Scyphozoa, Cephalopoda, Echinoidea,

Asteroidea, Opisthobranchia, Priapulida, etc.

Vermes

Testacea

Currently: Bivalvia, Gastropoda, Nautiloidea,

Polyplacophora, Scaphopoda, Cirripedia,
Polychaeta (in part), etc.

“shell skined" ‘Strombode (coiled
Hard part outside and fleshy
part inside. Hard part can be Monothyra (rot <olled Zoophyta
shattered. but not crushed. Currently: Anthozoa Octocorallia, Tunicata,
noi Bryozoa, etc.
Asteroidea, Ascidiace:
Asteres (sea stars) I Lithophyta

Currently: Anthozoa Hexacorallia

Aptera
Currently: Crustacea, etc.

Apodes, Jugulares, Thoracici, Abdominales,
Branchiostegi
Currently: Actinopterygii

Reptiles
Currently: Testudines, etc.

Amphibia

Nantes.
Currently: Elasmobrancii, etc.

A

equivalent levels

Taxonomy asks: do the branches of Aristotle’s classification resemble the branches of the
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Workflow B: testing the biological-traits architecture

The new analysis shifts the unit of comparison from taxonomic ranks to functional groupings.

Aristotle descriptions + Harmonise trait states and  Species-by-traits - distance  Convert dendrogram nodes A+ and A+ across 40-80%
modern literature code matrices matrix - dendrogram into group paths similarity bands

| Petchey & Gaston logic

|
a
ﬁ 0
N ’J_‘ __________________ A functional dendrogram captures trait similarity

across the whole hierarchy.
]

J

k |
‘ | I For our purpose, it becomes a bridge: ancient and
1 2 3 4 5 6 7 modern trait descriptions can be converted into
comparable hierarchical structures.

Figure 1 An example functional dendrogram of the relations
between species 1-7. The dendrogram has been “cut” by the

dashed line at an arbitrary level to assign species to four functional ° ° .
groups: {1}, {2,3}, {4, 5}, {6, 7}. The total branch length (FD) for Key mEthOdOIoglcaI ChOIce° a" nOd.es Of the.
species 1-7 is the total length of branches #—/ The branch length dendrog ram are used, not only a smgle arb|trary

remaining after species 6 and 7 are lost is the length of branches a—i
(branches j, £, and /lost). Horizontal lines on this dendrogram do

cut.

not contribute to FD.

BEeS2026 - LifeWatch ERIC



Workflow B: testing the biological-traits architecture

The actual dendrograms
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Workflow B: testing the biological-traits architecture
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A common analytical language: Taxonomic Distinctness

The same indices make the two approaches comparable.

Average Taxonomic Distinctness
(A+)

How far apart are the species, on average,
across the classification or trait-derived tree?

Variation in Taxonomic
Distinctness (A+)

How even or uneven is the distribution of
species across that tree?

Taxonomic tree Functional tree

Ancient ranks Ancient traits
vs modern ranks vs modern traits

Same question: do the distributions of A+ and A+ differ significantly?
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Taxonomic result: Aristotle’s architecture still echoes

The published analysis found similarity at meaningful hierarchical levels.

No evidence of difference Evidence of difference
Rank 3 vs Class / Order Rank 3 vs Phylum
Rank 2 vs Order / Family Rank 2 vs Class

Interpretation

Aristotle’s marine groupings do not simply match modern ranks, but they show a
recognisable hierarchical architecture. This supports the idea that at least part of
his taxonomic reasoning is still visible in current classification.

Taxonomy gives the strongest “echo”: the ancient system and the modern

system are not identical, but their structure is comparable.
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Biological-traits result: stronger differences, but a fine-scale
convergence

The new analysis compares modern and Aristotle trait-derived dendrograms.

10° 5
1 HEE Delta+ (AVTD)

Mann-Whitney p-value (log scale)

1074 4

10_13

1072 5

1073 5

40-50
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Biological-traits comparison: modern vs Aristotle

B Lambda+ (VarTD)

50-60

Similarity band

60-70

70-80

Main pattern

» 40-80%: significant differences for A+
and A+

* 40-50%, 50-60%, 60-70%: differences
are especially strong

« 70-80%: differences are not significant

Interpretation

Aristotle’s descriptions do not reproduce
the full modern functional trait
architecture. Yet at high similarity, close to
species-level functional resemblance, the
two systems become more comparable.
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Taxonomy and traits tell complementary stories
The same historical question becomes richer when tested through two data types.

Taxonomic approach
Strong structural resemblance at appropriate
rank comparisons.

Two tests of Darwin’s claim: taxonomy and traits

10° E

— 1071
Q@
3 .
o Trait approach
% Broader functional differences, with convergence
5 1072 at the fine similarity band.
a
10775 .
- Synthesis
Taxonomy Taxonomy Traits Traits Darwin’s claim is not simply confirmed or
(R3 vs Class) (R2 vs Order) 40-80 70-80 rejected: it becomes quantifiable and nuanced.

The ancient evidence echoes most clearly in classification, and more selectively in
biological trait organisation.
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Take-home message

Aristotle’s observations of marine life still echo, not as modern
biology, but as an early architecture of biodiversity reasoning.

What lies beyond

The workflow now turns historical natural history into reusable biodiversity informatics:
datasets, matrices, dendrograms, distinctness indices and reproducible comparisons.

Comparisons still need to go deeper and compare actual nodes of the dendrograms rather than
similarity levels.

LifeWatch ERIC contribution

A pathway to publish the method as a reusable workflow in the LifeWatch ERIC

Taxonomy VRE / my.lifewatch.eu ecosystem.

Thank you
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