Genome of Melody:
Applying bioinformatics to study the evolution of Gregorian chant
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Abstract

Gregorian chant was a central musical tradition in Medieval Latin Europe and one of the expressions of its
cultural unity: any Latin Christian liturgy, such as the weekly Sunday mass, would have involved Gregorian
chant as a major part of the prescribed ritual. The Gregorian legend of chant melodies’ divine origin required
the practitioners to conserve them, to the extent that this requirement motivated the development of exact pitch
notation. Nevertheless, surviving written sources document a considerable melodic diversity. Some systematic
patterns within this melodic diversity have previously been observed in chant scholarship, especially during
efforts to build a critical edition reconstructing the earliest possible forms of chant melodies with philological
approaches. Taking an evolutionary perspective, we notice analogies between biological evolution and processes
of chant transmission, which lead us to suggest recovering these “melodic dialects” using phylogenetic methods
instead. In this paper, we show that phylogenetic models recover historically plausible patterns of chant melody
evolution. We observe that some, but not all, institutional networks play a more important role than geographic
proximity. Phylogeny is shown to be a viable class of methods for studying chant melody, and we discuss next
steps for a more comprehensive evolutionary approach to chant.

1 Introduction

Gregorian chant is the universal liturgical vocal monody! of the Latin church,? an essential part of Western music
history, and a dominant musical tradition in Latin Europe, as well as an expression of its religious and political
unity. It is a musical tradition that is highly regulated by the institutions of the Roman Church: each day of the
year has an assigned set of chants to be sung at specific points of the liturgies of that day. The Roman rite (and
its variants in the Latin church) defines positions in liturgy for more than 3,000 such units of chant repertoire in
the liturgical calendar.

The moniker “Gregorian” comes from the legend of pope Gregory 1., who supposedly dictated Gregorian reper-
toire as sung to him by a dove of the Holy Spirit. Current historical understanding is that Gregory I. had little
to do with this music: rather, its origins and rise have to do with the establishment of the Frankish empire under
Pepin III. and especially Charlemagne, in the late 8th and early 9th century (1; 2, pp.514-520). The legend of
the divine origin of Gregorian chant, including its melodies, obligated practitioners to perform chant faithfully to
this implied “original” (2, pp.510-511).% A significant effort was expended to conserve chant: both in rules for
the institutional practice of the schola cantorum model, where a selected member of the given community had the
responsibility to teach new members the repertoire and correct deviations (2, pp.39-40),* and in the production

I Music written for only a single voice.

2Today specifically the Roman Catholic church, after the differentiation of Christian churches through various reform movements.

3This differentiates the Gregorian tradition from many other liturgical monodies: e.g., from Greek Catholic chant, which allows for
matching melodic patterns more closely to different pronunciations of its language, Church Slavonic, depending on the native language
of the singers. (From personal communication with Greek Catholic chant singers.)

4For instance, the abbot William of Dijon (961-1031 AD) is reported by his biographer Rodulphus Glaber to have “corrected and
emended all that was sung by his choirs during the night or the day...” (3).



of liturgical books with notated melodies, at signi cant expense (4, p.412). Conserving Gregorian melodies in fact
even motivated development of a major feature of modern music notation: the sta, an 11th-century innovation of
Guido of Arezzo, which allowed notating pitches exactly and thus enabled learning the melodies without a teacher
present (5, p.228).

Yet in this era of chant manuscript tradition between approx. 800 and 1600 AD, one rarely nds the melody
of a chant recorded as exactly the same sequence of pitches in any two di erent sources. The Gregorian melodies
spanning all of Latin Europe for the better part of a millennium were { despite the conservation pressure and
resources allocated for conservation { diverse. This diversi cation of chant (together with the diversi cation of
liturgy) went so far that the Council of Trent (1545{1563) decided to drastically limit permissible local liturgical
speci cs, and a major part of this e ort was creating a new edition of Gregorian chant for this (re-)uni ed Roman
rite: the so-called 'Medicean Gradual' (1608-1614) (2, pp.614-618), printed and massively distributed, ending the
dominance of manuscripts for transmitting and conserving chant.

There are long-open questions in chant scholarship about the nature of this diversity within the medieval
Gregorian melodies (6; 7; 8; 9; 10; 2; 11). It could be an e ect of randomness in the imperfect transmission
processes (memorization, manuscript copying, as well as musical dictation (12)), especially as memorization was key
to transmitting Gregorian chant at least until the invention of exact pitch notation on the sta in the 11th century
(2, pp.466-470). Scribal errors did happen, and given the authority of written sources and their use in learning chant,
such error could propagate. However, one should not underestimate capacity of medieval memorization practices
(13; 14) to retain and transmit a xed melody, especially with adiastematic notation (neumes, see 1a) serving as
mnemonic signs. Froger argues that outright mistakes would likely be corrected by later scribes (15); the lessons
from building a large-scale critical edition of chant at the Solesmes monastery indicate that the stemmatological
perspective of \mistakes" should be superseded by a perspective of \acceptable variants” (15; 16, p.54).

What, then, are these \acceptable variants"? Traditions have been observed inepertoire choices for individual
feasts (17; 18), but in melodies, this has not been systematically reported so far beyond strong (though not quanti-
tative) evidence of a split between \Germanic" or \East Frankish" vs. \French" or \West Frankish" melodies (8).

The adoption of repertoire from a di erent community of practitioners does not necessarily imply the adoption of
corresponding melodies in the dialect of that source community: this can be a complicated, diverse relationship.

This is our central research question: did \melodic dialects” of Gregorian chant exist? Are the
observed di erences between melodies of the multiple written versions of same chants systematic? That is, has
Gregorian melody diversi ed in the period of manuscript chant culture in ways that have correlates in chronology,
geography, or the speci c institutional contexts (individual monastic orders, dioceses and their cathedrals, and other
ecclesiastical communities)? Then, if signi cant melodic dialects are observed, they can inform us about relative
signi cance of the factors shaping chant transmission.

Addressing such questions with computational models at scale is possible using digital chant scholarship re-
sources, most notably the Cantus database, Cantus Index (20; 21), and its broader digital ecosystem (i.e., the
DACT project 6, SIMSSA Cantus Ultimus’), as well as other digital chant scholarship projects (Corpus Monodicur,
ECHOES®). These databases contain more than 20,000 fully transcribed chant melodies, and thus seem promis-
ing for quantitative approaches. Descriptive statistics have of course been extracted from the Cantus Database
(20), including dendrograms for visualizing the relationship between sources in terms of repertoire, but not yet for
melodies (and in any case, hierarchical clustering methods merely aggregate by some distance without explicitly
determining which clusters are in fact meaningfully di erent from each other). While multiple works have focused
on computational investigation of chant modality (22; 23; 24; 25; 26), and on relating Gregorian chant to other
European liturgical monodies (27; 28), these have not yet addressed the question of multiple Gregorian versions of
one melody ((22) acknowledges it as an issue).

We notice that Gregorian chant and its history have some properties remarkably analogous to building blocks
of evolutionary genetics.

" Sequences. Melodies are sequences of pitches from a limited alphabet (ca. 20 elements) de ned by medieval
music theory and remaining stable over the applicable time period (5).

" Homology. The tradition of Gregorian chant is organized into several thousand units of repertoire, each

5This is documented for example by the reception of Easton's version of a new o ce for the 14th century feast Visitation of Mary
(19). The new chant was a (complex) contrafact of an existing Franciscan o ce, and di erent communities used di erent underlying
Franciscan o ce melodies with the text.

8https://dact-chant.ca/

"https://cantus.simssa.ca/

8https://corpus-monodicum.de/

9https://echoes.fcsh.unl.pt/
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