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One of his last pupils was 
Cassandra Extavour, who regards 
him as a genius who questioned 
everything; she also pointed to the 
importance of even-handed debate 
as a teaching method. She, like many 
of his pupils, became imaginative and 
original scientists who took his field 
into new and productive territory.

Michael Levine remembers a visit 
by Antonio to the US: “He was a force 
of nature. He never slept and kept 
me up all hours going to Greenwich 
Village and other NYC hotspots to 
listen to jazz, etc. By the time he left 
I was a wreck and ready for a de-tox 
clinic”9. 

Antonio García-Bellido had a long 
and rich scientific life. I have tried 
to illustrate his originality, his verve 
and his magisterial contribution 
to developmental genetics, a new 
discipline for the 20th century.
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Essay

For much of the twentieth century, 
theorizing about the evolutionary 
origins of music was treated as 
inherently speculative. Because neither 
music nor our musical brain fossilizes, 
early scholars assumed that the 
capacity for music — and the evolution 
of cognition at large1 — could never 
be reconstructed with scientifi c rigor. 
This view persists today, sometimes 
resurfacing in the claim that modern 
researchers “rely as much on 
conjecture as they did in Darwin and 
Spencer’s time”2,3. Such assessments 
underestimate the progress that has 
been made in the past two decades.

A rapidly expanding interdisciplinary 
fi eld — spanning psychology, 
neuroscience, biology, anthropology, 
genetics, and comparative cognition—
has transformed the study of 
musicality4. Crucially, the object of 
inquiry has shifted from music — as 
a social and cultural product5 — to 
musicality, the biological capacity 
enabling humans to perceive, produce, 
and appreciate music (pitches, 
rhythms, timbres, and so on)6. This 
change in perspective has opened 
a pathway to empirical investigation 
using methods unavailable to previous 
generations.

The capacity for music
A growing body of research has 
demonstrated that humans possess 
a natural capacity for music that 
emerges spontaneously, without 
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Recent interdisciplinary advances have transformed the study of the evolution of 
music. Rather than treating music as a cultural artifact, current research targets 
musicality — the biological capacity enabling humans to perceive, produce, and 
enjoy structured sound. Evidence from observations of infants, cross-cultural 
studies, and neuroscience shows that humans possess innate predispositions 
for rhythm, pitch, and temporal expectation that arise independently of training. 
Comparative studies have revealed that components of musicality have distinct 
evolutionary histories: primate research supports gradual development of rhythmic 
and audiomotor integration, while convergent traits in vocal-learning species 
highlight shared biological constraints. Neuropsychological and developmental 
fi ndings have further shown that musicality is not reducible to language, drawing 
instead on perceptual, motor, and affective systems that likely predate speech. 
Collectively, these insights establish musicality as a fundamental cognitive 
capacity and provide a robust framework for investigating how its components 
evolved, how they function across species, and why music is central to human life.

explicit instruction. Newborn infants 
discriminate rhythmic patterns7,8, 
respond preferentially to melodic 
contour9,10, and exhibit expectations 
about intonation and timing long 
before language acquisition begins11–13. 
Across development, children display 
an intuitive grasp of musical structure, 
suggesting the presence of domain-
relevant predispositions rather than 
mere cultural exposure14,15.

Cross-cultural fi ndings reinforce 
this view. Despite enormous variability 
in musical systems, structural 
commonalities — such as the use of a 
small set of pitch intervals, constraints 
on rhythmic patterns, and characteristic 
melodic contours — appear 
consistently across societies16–18. These 
recurring patterns, often described as 
‘statistical universals’16, are consistent 
with the presence of shared cognitive 
biases rather than purely arbitrary 
cultural conventions.

Although cross-cultural analysis 
reveals essential clues about 
musicality19, it cannot by itself answer 
the central questions of evolution. 
It focuses primarily on the music 
itself — the audible, observable 
product of musicality — and not on the 
underlying capacities that make music 
possible. Mechanistic investigations 
therefore play a complementary role, 
allowing researchers to probe how 
organisms detect regularity, perceive 
beat, encode melodic contour, or 
derive pleasure from patterned 
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sound. Addressing these mechanisms 
enables evolutionary inferences that 
cross-cultural comparisons alone 
cannot provide, particularly when they 
are examined across species and 
developmental stages. As such, we 
adopt a comparative and mechanistic 
perspective, asking what an animal — 
typically human, nonhuman primate, 
or bird — must be able to perceive, 
discriminate, or value for sound to 
function as music20.

Musicality across species: an 
evolutionary lens
Comparative cognition offers a 
unique window into the evolutionary 
history of musicality20,21. If certain 
musical traits appear in closely related 
species — such as humans and 
apes — then those capacities likely 
existed in our common ancestor. 
If similar traits appear in distantly 
related species — such as songbirds 

or marine mammals — this suggests 
convergent evolution and gives hints to 
the biological mechanisms that support 
musical behaviors22.

As an example, comparative 
work across primate species 
has substantially advanced our 
understanding of the evolutionary 
foundations of these capacities. 
Recent evidence suggests that 
some constituent components 
of rhythmic processing, such as 
beat and isochrony perception, 
evolved gradually within the primate 
lineage23,24. Trained macaques can 
adapt their tapping to complex 
human music under constrained 
conditions25, offering insights into 
the neural architecture required for 
beat perception and synchronization, 
considered a core component of 
musicality26. 

Importantly, production alone does 
not indicate musicality. A songbird 

may produce sounds resembling 
human music, but without perceptual 
tests we cannot infer underlying 
cognitive mechanisms. The hallmark 
of comparative research is rigorous 
experimentation: what animals 
discriminate, generalize, or prefer — 
not just what we observe or what they 
can be trained to do20.

This comparative approach 
(Figure 1) recasts musicality as 
a mosaic of traits with distinct 
evolutionary histories — the 
multicomponent hypothesis22,27. 
Some constituent components may 
be ancient and widely shared; others 
may be uniquely elaborated in some 
species. Understanding this mosaic 
is essential for reconstructing how 
musicality emerged.

Rethinking the music–language 
relationship
A persistent obstacle to studying 
musicality is the language bias 
that permeates cognitive science. 
Because speech dominates human 
communication, auditory phenomena 
are often interpreted through a 
linguistic lens. Rhythm and melodic 
(or intonation) patterns are often 
treated as prosodic features10,28, and 
music is sometimes considered to be a 
by-product of speech processing29.

However, several lines of evidence 
challenge this view. Neuroimaging 
studies show that music and speech 
rely on partly distinct — and possibly 
independently evolved — neural 
pathways30,31. Developmental data 
have revealed that infants respond 
robustly to musical features long 
before they understand words32. 
Clinical cases show that patients with 
severe aphasia can retain musical 
abilities, while congenital amusia 
can occur in individuals with intact 
language33.

Cross-species evidence further 
supports this dissociation. Birds and 
marine mammals produce complex 
vocal displays with hierarchical 
melodic and rhythmic structure in the 
absence of language34, indicating that 
several components associated with 
musicality can arise independently 
of linguistic systems. Such fi ndings 
challenge the long-standing view 
that music is merely an evolutionary 
by-product of language. Instead, 
the available evidence is consistent 
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Figure 1. Diagrammatic representation of the comparative approach. 
It shows a hypothetical phylogenetic tree that illustrates the evolution of several traits that humans 
may share with monkeys and birds. Filled shapes represent a hypothetical trait (such as vocal 
learning or beat perception); open shapes indicate the absence of that trait. The position on the 
phylogenetic tree dates the possible evolutionary origin of such a trait. Circle: homologous trait, 
present in humans and monkeys, originating from a shared ancestor. Square: an independently 
evolved trait, similar in humans and birds by convergence. (Adapted from ten Cate and Honing20.)



Magazine

Current Biology 36, R171–R188, March 9, 2026 R179

ll

with the alternative hypothesis 
that musicality refl ects an ancient 
biological capacity — possibly 
predating human language — that 
later provided a scaffold for the 
evolution of communicative systems4, 
including speech prosody and 
turn-taking. This idea, originally 
proposed by Darwin in the nineteenth 
century35,36, is now gaining renewed 
empirical support from comparative, 
developmental, and neurobiological 
research.

Musicality as a co-evolved cognitive 
system
If musicality did not arise from 
language, where did it come from? 
A plausible view is that musicality 
could have evolved from existing 
elements that are brought together in 
unique ways, a system that may have 
emerged from pre-existing perceptual, 
motor, and affective building blocks 
as a biological product through 
evolutionary processes4. Rhythmic 
entrainment draws on motor planning 
and timing circuits37; pitch perception 
relies on specialized auditory 
mechanisms11; emotional responses 
to music engage reward systems that 
long predate humans38.

Through evolution, these capacities 
may have become integrated into 
a coherent system — a biological 
platform for organizing and 
appreciating patterned sound. Once 
in place, this system could have 
supported both the emergence of 
human music and the development 
of key aspects of language, such as 
prosody and turn-taking39.

The integration of genetics and 
genomics is beginning to enrich 
this picture. Early fi ndings suggest 
that genes associated with auditory 
processing, rhythm sensitivity40, and 
vocal learning may contribute to 
individual variation in musicality41–43. As 
cross-species genomic comparisons 
expand, we may soon be able to map 
specifi c evolutionary changes that 
supported the emergence of musical 
cognition.

This conceptualization — musicality 
as a multicomponent, evolutionarily 
grounded cognitive phenotype — 
offers a unifying framework for 
interpreting the diverse empirical 
fi ndings now accumulating across 
disciplines.

What makes us musical animals?
The rapid growth of musicality 
research signals a shift in how 
scientists conceptualize one of 
humanity’s most distinctive capacities. 
No longer confi ned to musicology, 
the fi eld now intersects with major 
questions in comparative cognition, 
developmental neuroscience, 
computational modeling, and genetics. 
These methods provide unprecedented 
opportunities to reconstruct the 
evolutionary trajectory of musicality. 
Instead of debating whether music 
is adaptive, researchers can now 
examine how specifi c components — 
such as beat perception, tonal 
expectations, or affective responses — 
evolved and how they function across 
species.

This change of focus has 
practical implications as well. 
Understanding musicality can inform 
clinical interventions for language 
disorders, motor impairments, and 
affective dysregulation44–46. It can 
shape approaches to education, 
social cohesion, and well-being47. 
Recognizing music as central to 
human nature — not as a cultural 
ornament — elevates the urgency 
of understanding its biological 
foundations.
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How did you get enticed by science? 
My family went to the Mount Desert 
Island Biological Labs for summers, 
where in high school I worked as a 
technician in a lab studying CNS control 
of the diving refl ex in seals. (I suspect 
this may have helped foster my current 
interest in body–brain interactions.) In 
college I developed a fascination with 
synaptic plasticity during development, 
so after medical and cardiology training 
I did my postdoc in developmental 
neuroscience. My focus was on the 
discovery and cloning of proteins of the 
growth cone. We identifi ed several and 
worked out their mechanism of action, 
and this is the area in which I started 
my lab at the MGH.

How did you come to work on 
zebrafi sh organogenesis? In the early 
1990s I was offered the opportunity 
to set up a Cardiovascular Research 
Center (CVRC) at the MGH. I was 
tremendously excited about our 
work in developmental neuroscience, 
but this arena was completely 
disconnected from cardiology, so 
I began to consider organ development 
as a new and more relevant focus. 
Through my friend Bob Horvitz, I had 
followed closely the power of large-
scale chemical mutagenesis genetic 
screens in Caenorhabditis elegans, 
and those of Janni Nüsslein-Volhard 
in Drosophila, and wondered if such 
an approach might be informative for 
organ systems. I proposed a chemical 
mutagenesis screen in zebrafi sh as 
the core project of the CVRC. Experts 
encouraged me to include a focus on 
early embryonic patterning as well 
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because they believed that random 
mutagenesis would cause only 
pleiotropic and uninformative effects on 
organ formation, given that organs form 
relatively late in development.

Contrary to their concerns, our 
screen (contemporaneously with that of 
Janni Nüsslein-Volhard) turned out to 
be incredibly informative about genetic 
steps that fashion organ systems. 
We found, for example, single gene 
mutations that eliminated heart valves, 
changed the fate of arteries vs. veins, 
increased, decreased, or changed 
the pattern of growth of one cardiac 
chamber, or changed the rhythm or 
contractility of the heart. We discovered 
similarly informative mutations of 
other organs as well, including the gut, 
kidney, and hematopoietic system. 
We then helped to build the genomic 
infrastructure for the zebrafi sh, and 
each of these mutations when cloned 
offered insight into a specifi c and often 
previously unknown molecular pathway. 
These screens, the fi rst in a vertebrate, 
helped to make the zebrafi sh embryo 
a tractable developmental and 
physiological system.

Why did you swerve toward drug 
discovery? In 2001 I was asked 
out of the blue by the then Novartis 
Chairman and CEO to become the 
head of research and early clinical 
development at the pharmaceutical 
corporation. I confess I did not 
even know that Novartis was a 
pharmaceutical company, and since 
I had a low (actually, an uninformed) 
opinion of research in pharma, and 
I was having a great time with our 
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