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This is an attempt to describe and explain so-called timbre-based music as a special
system of musicking, communication, and psychological and social usage, which along
with its corresponding beliefs constitutes a viable alternative to “frequency-based” music.
Unfortunately, the current scientific research into music has been skewed almost entirely
in favor of the frequency-based music prevalent in the West. Subsequently, whenever
samples of timbre-based music attract the attention of Western researchers, these
are usually interpreted as “defective” implementations of frequency-based music. The
presence of discrete pitch is often regarded as the structural criterion that distinguishes
music from non-music. We would like to present evidence to the contrary—in support
of the existence of indigenous music systems based on the discretization and
patterning of aspects of timbre, rather than pitch. This evidence comes mainly from
extensive ethnographic research systematically conducted in eastern European and
Asian parts of Russia from the 1890s. It involved the efforts of thousands of specialists
and was coordinated by dozens of research institutions, and it has included not
just ethnomusicology but linguistics, philology, organology, archaeology, anthropology,
geography, and religious, and social studies. Much of the data has not been translated
into Western languages. Although some Soviet-era publications were tainted by Marxist
ideology, many researchers strove to provide accurate information (despite at times
having been prosecuted for their work), and post-1990 research undertook a substantial
revision of ideologically compromised concepts. Timbre-based tonal organization (TO)
differs from that based on frequency in its personal orientation: musicking here occurs
primarily for oneself and/or for close relatives/friends. Collective music-making is rare and
exceptional. The foundation of timbre-based music seems to have vocal roots and rests
on “personal song” —a system of personal identification through individualized patterns
of rhythm, timbre, and pitch contour, utilized like a “human voice” —whose sound enables
the recognition of a particular individual. The instrumental counterpart of the personalized
singing tradition is the jaw harp tradition. The jaw harp is the principal musical instrument
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FIGURE 3 | Characteristic acoustic features of the JH vowel articulations. This figure demonstrates the importance of harmonic structure for the JH vocal system. The
numbers on the curves mark the harmonics. Vertical axis indicates amplitude, and horizontal frequency. (A) Power spectra of the vowel [a] performed on khomus,
sung and spoken. (1) Khomus. There are 145 harmonics discernible above the noise floor, peaking at f9. (2) Singing (bass). There are 23 active harmonics, peaking at
f1. (8) Speaking. There are 19 active harmonics, peaking at f1. Weakness of formants seems to be part of the indigenous Yakut prosody —judging by the recordings of
native Yakut speakers we had at our disposal. In their number of active harmonics, position of the loudest harmonic and distribution of peaks (2) and (3) are
harmonically closer to each other than to (1). JH reserves higher intensity for odd harmonics, as opposed to speaking and singing. The bandwidth of harmonics is
significantly narrower for khomus than for singing and speaking. If to measure the bandwidth at the harmonic’s baseline level, the khomus f2 occupies a range
between 141 and 151 Hz, making 117 cents (a semitone). The f2 of the singing “A” ranges between 243 and 297 Hz (349 cents—a neutral third). And the f2 of the
speaking “A” ranges between 197 and 238 Hz (325 cents—a narrower third). The last notable difference is a much smaller noisiness of the khomus “A”—easily
detectable in the absence of the “furry” looking jiggles in the contour line. These jiggles are very prominent in the singing of “A” and even more so in the speaking of
“A,” especially >f7. The recordings were made on the recorder Ritmix RR-989, with the sampling rate of 44.1 kHz and the bit depth of 16 bit, and analyzed by the
software application RX Pro by iZotope with the following settings: 262144 samples FFT size, Hann window, 4x time overlap, average channel mode, 80 dB/s decay,
extended log frequency scale. The peak at 15.6 kHz reflects a permanent background noise in the room. The analysis was the average of 4 versions of (1), (2) and (3).
(B) Power spectra of “active harmonics” of all Yakut vowels articulated on Yakut khomus. The vowels are numbered according to their perceived “pitch values” in an
ascending scale (Ogotoyev, 1988), according to the convention common amongst Yakut JH players—which generally coincides with the comparative vowel’s height.
JH’s “instrumental formant,” F1, marked by the yellow rectangle, falls on f5 in all vowels except “U” and “I,” where F1 broadens to f3-f5. In contrast, “vocal formant,”
F2, marked by the red rectangle, falls on different harmonics in 6 vowels: f13 for “O,” f17 for “A,” £23 for “O,” 19 for “Y,” f21 for “A,” and f21-f23 for “I.” Only 2 vowels,
“U” and “U,” engage the same harmonics as, respectively, “O” and “O.” However, “U” differs from “O” by a smoother shape and consistent dynamic prevalence of odd
over even harmonics (>f13). “U” differs from “O” by an even greater contrast of odd/even harmonics and louder high harmonics >f47. Altogether, the harmonic
composition of F2 varies by the number of active harmonics, the ratio of the intensity of odd to even harmonics and the magnitude of dynamic “dropouts” amongst
the adjacent harmonics in the harmonic series. Therefore, each vowel possesses its unique harmonic configuration of F2. The recording was made as in (A). The
audio clip representing each vowel was selected out of a pool of 15 performances by 3 performers on 3 JHs based on averaging the dynamic values for the lowest 11
harmonics and finding the closest match to the average harmonic profile for each of the vowels.

JH formants differ from speech/singing formants for the  users must have high sensitivity to the harmonic structure of
same vowels (Leipp, 1967). A JH vowel engages six times  sounds. Thus, Nanai believe that everything sung will certainly be
more “active” (i.e., salient) harmonics than singing, and almost  heard by spirits who do not recognize human speech (Bulgakova,
eight times more than speaking. F1 in the JH is much  2000). The harmonicity of singing could be responsible
softer than in speaking and singing. The JHs F2 is much for this.
stronger. The JH’s harmonics display a much greater odd/even The hybrid nature of JH prosody poses the question: is
contrast than singing/speaking vowels do. JH harmonics are it derivative of speech, like a grammelot (Jaffe-Berg, 2001);
much narrower in bandwidth and are compromised by  of singing, like a kazoo; or is it ancestral to both language
less noise. and music?®®

Harmonicity (Plack, 2010), which has no direct parallel to
the JH for singing and is absent altogether from speech, is

deﬁmtely crucial for JH prosody (Nikolsky et al., 2017). Very %0This matter is thoroughly examined in the acoustic and ethnographic study that

likely’ harmonidty/ inharmonidty forms the p rindpal axis in the is scheduled for publication by the state People of the World Khomus Museum
discrimination of JH articulations (Nikolsky, 2017). Indigenous  and Center in Yakutsk, Russia next year.
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ESTABLISHING THE TIME AND PLACE OF
ORIGIN OF INDIGENOUS EURASIAN JH
MUSIC TRADITIONS

Archaeological evidence points to Inner Mongolia as JH’s
homeland (Figure 4).

The oldest JH belongs to the Lower Xiajiadian culture, 2146-
1029 BCE (Kolltveit, 2016). Its proximity to the Manchurian sites
where the Neolithic “singing masks” were found (Okladnikov,
1971) indicates that JH articulations might have originated from
timbral singing (Figure 5). “Singing masks” always stress the
configuration of mouth, nose, and eyes in a single face, omitting
the body; in contrast, the animalistic art of the neighboring
Siberian cultures presents the entire animal, and usually in
groups (Okladnikov and Mazin, 1979, p. 86). Each “mask”
depicts a specific vocal articulation charged with an emotional
expression that may represent an ancestral attribute (Sheikin,
2002, p. 259).

Modern Nanai tell myths about a Skull Horse-rider and
paint burial idols’ faces to house dead souls, closely resembling
skull-like Sikachi-Alyan petroglyphs (Okladnikov, 1979). The
Nanai habitat includes Manchuria, and the JH remains their
principal instrument. “Singing masks” could capture the
symbolic meaning of a particular articulation and assign it to
an ancestral figure as its “call’—like an animal call ascribed
to a totemic ancestor. The model for this could be military
calls, urany, used by Turkic peoples to distinguish a kin
(e.g., Yakut “urui!”) up until the nineteenth century (Sagalayev
and Oktiabr’skaya, 1990, p. 21). Such calls were believed to
possess supernatural power, making them suitable for the
vocoding “protection.”

Vowel harmony characterizes most languages of the Altaic
Sprachbund (Ko et al., 2014), especially of the Turkic language
family (Gadzhiyeva, 1997). There, the Yakut vocal system
(Antonov, 1997) is considered the most ancient, representative
of proto-Turkic (Tenishev, 1984) and proto-Altaic languages
(Tenishev, 1997). The acknowledged paleolinguistic studies
date the break of proto-Altaic by 8000-10000 (Andreyev
and Sunik, 1982), 7000 (Starostin, 1991), or 5000 BCE
(Robbeets, 2015, p. 506)—earlier than the earliest of the
Sikachi-Alyan images (Okladnikov, 1971, p. 83-89). “Singing
masks,” then, could capture the articulation representing
a totemically important meaningful “harmonic” word, such
as “urui”®!,

“Singing masks” spread over Amur/Ussuri, Baikal, Lena, and
Aldan, dated 3000-100 BCE (Okladnikov and Zaporozhskaya,
1972; Okladnikov, 1974; Devlet, 1976, 1980; Leontyev, 1978;
Arkhipov, 1989). This distribution mostly coincides with the
oldest archaeological JH finds and modern areas of greatest JH
popularity. The northern Far East became culturally isolated
around the Bronze Age and retained Neolithic traits until the
seventeenth century Russian colonization (Andreyeva, 1987),
effectively conserving the archaic traditions.

®lIn Yakut language exclamation “urui;” especially common for shamanic verses, is
used in prayers for well-being, repelling evil, expressing a jolly feeling, calling for
fighting, or announcing an end to something (Pekarsky, 1959, p. 3070).

“Singing masks” are also depicted on Malyshevo ceramics,
2000 BCE (Okladnikov, 1968, p. 50). Similar Neolithic stone
and clay masks were excavated in Primorye (Brodianskii, 1978).
In Yenisei burials, near Sayan, “real” gypsum masks were
found, manufactured ~2000 BP, probably following some earlier
tradition of mask-making from easily decomposing materials
(Devlet and Devlet, 2011, p. 310-12). Nenets, Khanty, Mansi,
Evenk, Udege, Kumandin, Shor, and Buryat shamanic masks
likely represent the same tradition.

Closely related are tsam masks (335-37). Tsam is a theatrical
ritual dance, performed in Lamaistic monasteries across Buryatia,
Tuva, Tibet, Nepal, and Bhutan. To distinguish the tsam
protagonists from each other, their masks express different
emotions, assisted by melodies/rhythms that are specific for
each protagonist. Shamans too accompany mask-wearing with
vocal and theatric impersonations of evil or good spirits
(Zabolotskaya, 2011). Instead of masks, Tuvan shamans use
maskoids—small, mask-like plates, mounted on a hat or
knitted, called “human face” (Devlet and Devlet, 2011, p.
313). Maskoids usually reproduce conventional face-masks and
represent the ancestral spirits guarding the maskoid’s owner
(Avdeyev, 1960).

The masK’s protective function (Ivanov, 1975) resembles JH’s
“masking”: both are employed by shamans to repel evil spirits.

“Singing  masks” likely belong to the cultural
Neolithic/Mesolithic “confederacy,” stretching from the Volga-
Ural region to Tibet and China (Leontyev et al, 2006). Its
influence may have extended farther to Southeast Asia and
Oceania (Okladnikov, 1968, p. 52-64). In this entire area the
bamboo/wooden JH remains the principal musical instrument.

Archaeological data confirms the vegetative origin of the JH.
All BCE finds, except for Perm’s, occurred in Asia (Table1).
The JH crossed the Urals into the Volga planes ~200 BCE
(Aleksandrova, 2017) thereafter heading toward Hungary and
Ukraine. Finno-Ugric peoples might have carried the JH to
Northern Europe.

Archaeological finds form 6 clusters: Mongolia->China,
Mongolia->Baikal,  Baikal->Ural/Volga, = Volga->Ukraine,
Manchuria->Japan, and Western Europe. Bamboo/bone
JHs comprise two of the oldest clusters. Ural/Volga and
Manchuria/Japan combine both organic and metallic JHs.
European JHs are exclusively metallic. This clustering is
exceedingly important, because metallic and organic JHs
significantly differ in spectral texture.

SPECTRAL TEXTURE AND ITS
DEPENDENCE ON TECHNOLOGICAL
EVOLUTION

The concept of musical texture (Skrebkova-Filatova, 1985)
has not been applied to JH music. However, JH players
definitely arrange spectral components in a way similar to
parts in polyphonic music. Polyphonic thinking is common in
a great many indigenous music cultures (Jordania, 2006),
timbral music included. Tuvan vocal “solo-polyphony”
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Primorye

JH made of natural materials

JH made of natural materials & metals

JH made only from metals

%' 1,2,3...The JH finds in chronological order

&) Artefacts that depict faces performing
) “vocal articulations,” ¢.3000-100 BC

FIGURE 4 | Worldwide geographic distribution of archaeological finds of JH, dated prior to the fourteenth century, and of artifacts that depict faces performing “vocal
articulations,” dated ¢.3000-100 BCE. This map is designed to reflect JH'’s distribution pattern throughout Eurasia prior to the fourteenth century—the beginning of
JH mass production, trade inclusion and, subsequently, export to European colonies. Numbers in red reflect the chronological order of JH finds. Their dating and
publication sources are referenced in Table 1. Circles mark the geographic clustering of finds and are accompanied by their dating range. Blue color marks JHs made
of natural organic materials (bone, bamboo, wood), brown—of metallic JHs, and green—of mixed (organic and metallic). The most ancient finds cluster within the Inner
Mongolia and are all organic. Next in timeline are Southern China and Altai, both of which also house organic JHs. Still next is the cluster covering Ural Mountains and
Volga planes. It includes mixed materials. Two subsequent areas to the West, Ukraine and Northern Europe, feature exclusively metallic instruments. Manchuria and
Japan form another cluster, concurrent with the Ukrainian, and feature mixed materials. The black face icon marks the archaeological sites containing petroglyphs,
sculptures, masks or ceramics that depict human faces with open mouth—“singing masks” (Okladnikov, 1968, 1971; Okladnikov and Zaporozhskaya, 1972; Devlet,
1976, 1980; Okladnikov and Mazin, 1976; Brodianskii, 1978; Leontyev, 1978; Arkhipov, 1989; Kochmar, 1994; Devlet and Devlet, 2011)—exemplified in Figure 5.
Most singing masks petroglyphs precede JH finds and concur with the Shuiquan JH in Inner Mongolia. The oldest petroglyphs are located at Sikachi-Alian, Amur, 3rd
millennium BCE (Okladnikov, 1971, p. 83-89), and the most recent—the utmost northern location in Yakutia, at Olenek River (Arkhipov, 1989; Kochmar, 1994).
Geographically, the locations of “singing masks” coincide with the JH finds in two regions: Tuva and Primorye, but chronologically precede the JHs excavated in those
locations, suggesting that JH articulations grew out of timbral singing, probably of PS. Absence of “vocal articulations” in Inner Mongolia could be explained by the
lack of attention of Chinese archeologists, not distinguishing such pictures from other images [in the same vein, Chinese archaeologists had difficulties recognizing

JHs in the unearthed materials of a number of sites (Shulga, 2015; Kolltveit, 2016)]. On the other hand, absence of JH finds in Central and Southern Yakutia and
Kamchatka, where images of “vocal articulations” were found, might be due to the wet climate that makes preservation of organic materials unlikely.

is well-known. JH traditions also engage 2- and even 3-
part polyphony (Brodsky, 1972). Dobzhanskaya (1991)
pioneered the polyphonic notation®? of JH field recordings;
an earlier attempt had been made by Pugh-Kitingan
(1977) for a Huli JH excerpt. Polyphonic analysis must
be used to investigate JH textural typology. It is hardly
possible to comparatively study JH traditions without
accounting for the distribution of thematic material within
the spectral texture.

The JH’s texture (i.e., the structure of the harmonic
residue and harmonic base) depends on the instruments

©2She distinguished between 4 textural layers in the repertoire of Chuvan JH music
for frame-shaped JHs: (1) the FF; (2) its subharmonic chest resonance an octave
below; (3) the middle melodic layer above FF controlled by the player’s breathing
and tongue position, exhibiting “talking” qualities; and (4) a high melodic layer
that changes the sustained phonemic formants which resembles singing.

material  (Figure 6,
Appendix,”  in
resolution images).
Grass and metallic bow-shaped JHs form two poles of textural
arrangement. A grass JH generates maximal polyphony: five
undifferentiated melodic parts moving simultaneously and only
partially controlled®®. A metallic JH generates homophony:
a single melody with accompaniment. Bamboo/wood/bone

see the archive “23 figures for
Supplementary Material, for  higher

%3 There is experimental evidence that non-musicians can simultaneously track no
more than 3 concurrently running polyphonic parts, and trained musicians—up
to 4 (Stoter et al., 2013). Although this was established in relation to frequency-
based music, it can also apply to timbral-based music since most known traditions
of vocal and instrumental timbral music too use no more than 3-4 parts. It is
reasonable to expect the JH players to consistently and reliably control no more
than 2-3 melodic parts. This assumption agrees with the anecdotal information
from JH players.

Frontiers in Psychology | www.frontiersin.org

21

February 2020 | Volume 10 | Article 3051


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Nikolsky et al. The Overlooked Tradition of “Personal Music”

(1) O] @ Ald] 3) 0[]
. 7

(1Y [3] ®) VY [v]

The vocal system reconstructed from these images:
[al, [®], [2], [U], [€], [2], 1], [@], [Y] — of which [@] could be interpreted as [e].

Basic vowels from the phonetic alphabet after Nadeliayev:

\

FIGURE 5 | “Singing masks” from Sikachi-Alyan, Amur river, dated c. 3000 BCE (Okladnikov, 1971, p. 83-89) and their phonetic interpretation. These 9 images were
selected by Sheikin (2002, p. 259), who believed that they depicted pronunciation of vowels in order to perpetuate a model for articulating sacred names, important
for the ancestor cult. Such images are found near Amur river along the border between modern Russia and China, and differ from most East-Northern Siberian
petroglyphs by focusing on not animals, but humans. Specifically, these faces emphasize the configuration of open mouth and the emotional expression in an
individualized manner where no one image reproduces any other image (Okladnikov, 1971, p. 85). Similar in style, “singing masks” are found in few isolated sites to
the West of Primorye, in Tuva, and to its north, in Yakutia and Kamchatka, suggesting the enormous expansion of a Neolithic Far Eastern culture during the
Bronze-Iron Ages (Andreyeva, 1987). Each mask could hint at a particular sacred word tabooed for public use—similar to the current practice in the Altai region. The
vowel harmony, omnipresent in Uralic and Siberian languages (Kiyekbayev, 1972), especially strong in Turkic languages (Gadzhiyeva, 1997), in effect, encodes the
configuration of the mouth for the entire word, since all its syllables are bound to reproduce the same vowel (e.g., Yakut miitary call “urui”). Sheikin’s set of images is
identified as pictorial representation of a vocal system of a hypothetical “Amuric” Paleo-Asiatic language by I. Seliutina, N. Urtegeshey, T. Ryzhykova and A. Dobrinina

(Continued)
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“on

FIGURE 5 | from the Laboratory of Experimental Phonetic Research at the Institute of Philology of the Siberian Department of the Russian Academy of Science.
Based on the methodology of the founder of this institute, Nadeliayev (1960), this lab has collected an extensive database of articulations of basic phonemes of
Siberian languages (Seliutina et al., 2012). Although the lack of uniformity in Neolithic images limits the researcher to estimate the gradations in labialization and only a
gist of its palatability, however, Nadeliayev’s classification of labialization (Nadeliayev, 1980) allows the phonologist to identify vowels based on the ratio of mouth width
to height. The “Amuric” vocal system is presented in the phonetic alphabet developed after Nadeliayev by 9 of his pupils: |. Seliutina, A. Urtegesheyv, A. Letiagin, A.
Shevela, A. Dobrinina, G. Esenbayeva, A. Savelov, M. Rezakova, and Yu. Ganenko (Seliutina et al., 2012). The basic vowels from this alphabet are shown in a table at
the bottom of the figure. The “singing masks” are numbered in the order of the ascending JH “articulatory scale” as formulated by Ogotoyev (1988), with the
correction by Shishigin (2015) that places “o0” rather than “a” at the bottom of the scale. The mask images (Sheikin, 2002) and the phonetic table (Seliutina et al., 2012)
are reproduced by permission of the authors.

TABLE 1 | The earliest Jaw Harps found by archaeologists.

# JHtype Location Country Dating References

1 2 bone idioglot Shuiquan, Jianping, Liaoning China 2146-1029 BCE Kolltveit, 2016

2 1 bone idioglot Xiajiadian, Chifeng China 1200-600 BCE Honeychurch, 2015

3 4 bamboo idioglot Yanqging, Beijing China 770-403 BCE Tadagawa, 2016

4 5 bamboo idioglot Yuhuangmiao, Sichuan China 700-600 BCE Shulga, 2015

5 4 bone idioglot Jundushan, Hebei China 700-500 BCE Honeychurch, 2015

6 1 bamboo container Baojiang, Shaanxi China 576-536 BCE Tadagawa, 2017a

7 1 bone idioglot Dubrovinskii Borok, Kolyvanskii District, Ob’ Russia 300-100 BCE Borodovskii, 2007

8 1 bone idioglot Morin Tolgoi, Altanbulag soum, Tuv aimag Mongolia 300 BCE-100 AD  Honeychurch, 2015

9 4 bone idioglot Tcheremshanka and Tchultukov, Altai Russia 300 BCE-600 AD  Borodovskii, 2017

10 1 bone idioglot Aimyrlyg XXXI, Tuva Russia 200 BCE Tadagawa, 2016

11 1 bone idioglot Makhoninskoye, Chastinskii district, Perm’ Russia 200 BCE-300 AD  Aleksandrova, 2017

12 1 copper idioglot Ust’-Brykinskii, Laishevsky district, Tatarstan Russia 300-500 Aleksandrova, 2017

13 7 bone, 22 idioglot bronze  Prikamye burials and settlements, Udmurtia, Bashkortostan, Russia 300-1300 Golubkova and Ivanov, 1997
Permskii, and Kirovskii regions

14 2 bone idioglot Sakhsar, Khakassia Russia 400-500 Tadagawa, 2016

15 1 iron idioglot Adrianov Kliuch, Partizanskii district, Primorye Russia 500-600 Leshchenko and Prokopets, 2015

16 3iron idioglot Nikolayevskoye, Shaiginskoye and Smol’ninskoye, Russia 698-926 Leshchenko and Prokopets, 2015
Mikhailovskii district, Primorye

17 2 iron heteroglot Hikawa shrine, Omiya, Saitama Japan 900-950 Tadagawa, 2007

18 1 silver idioglot Idelbayevckiye burial mounds, Salavatskii district, Russia 900-1000 Mazhitov, 1981
Bashkortostan

19 1 iron heteroglot Echimauti, Rezina district Moldova 900-1000 Feodorov, 1954

20 2 bone, 2 bronze idioglot Tankeyevskii, Bulgur nekropol, Kuibyshevsky district, Russia 900-1100 Aleksandrova, 2017
Tatarstan

21 1 iron heteroglot Hlukhiv, Sumi district Ukraine Xill century Pashkovskii, 2012

22 1 iron heteroglot Uppsala Sweden Xill century Kolltveit, 2006

23 5 copper heteroglot Riga, Skanor, Ribe, Greiswald, Hamburg Latvia, X=XV centuries Kolltveit, 2009

Sweden,
Germany

The numbering reflects the chronological order from the oldest dates to the newest. “JH type” shows the number of JHs found in a given location, the material from which they were
made and the type of construction they use. “Source” cites the publications that contain descriptions of each find.

engage well-differentiated polyphony: bi-melodic  for
bamboo and tri-melodic for bone and wood (see Appendix
in Supplementary Material).

The order of the increasing discretization of parts in these
textures corresponds to the order of the growing complexity of
manufacturing a JH from a given material (Table 2).

Materials fall into three classes according to texture, timbre,
and playing technique (Table 3).

This order suggests the development toward simpler/clearer
typologies where each textural type constitutes a stage that builds
on a previous stage.

Obviously, the “metallic stage” comes after the “organic.”
Based on a comparative ethnomusicological perspective, Sheikin
(2002, p. 132) offers further distinctions. He defines the “bamboo
stage”® as representative of Oceanic cultures (exemplified in

64Sheikin speaks of the “bamboo period;” but his choice of the term “period” is
not the most accurate for designating the timeline of JH’s evolution. The word
“period” implies a “hard” end—one period replacing another. However, none of
the JH materials have been really “discontinued” in the production of JH. Once
mastered, a material usually remains in use. Therefore, the term “stage” seems more
appropriate here, since developmental stages are cumulative in nature and built on
top of one another.
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Complete texture (sp ) Constituent textural parts (sp ) # Regi Bandwidth  Pitch set Max.intensity ~Playback information

1) descant: 2526-3757 Hz 5 pitches -54 dBu » Ex.39 http://chirb.it/202Kma
2) soprano: 1330-2467 Hz 7 pitches -44 dBu » Ex.38 http://chirb.it/wKrcPB
3) alto: 701-1300 Hz 5 pitches -45 dBu » Ex.37 http://chirb.imwAMgm
4)tenor:  205-686 Hz 7 pitches -34 dBu » Ex.36 http://chirb.it/3sK4DL

(A) Grass JH (Nivkh koka-chnyr). 5-part “quintuplum” texture. 5 melodies: 1)- 5)bass:  50-175Hz 8 pitches -48 dBu » Ex.35 http://chirb.it/0c4A60
» Ex.30 http://chirb.i/M6KNww

>3

frequency (Hz)

il 1) soprano: 772-2606 Hz 11 pitches -35 dBu » Ex.43 http://chirb.it/gxzJNp

B 2)alto: 352-800 Hz 5 pitches -31 dBu » Ex.42 http://chirb.it/espmll
3)tenor:  277-331Hz 2 pitches -36 dBu » Ex.41 http://chirb.it/3CKMmh
4) bass: 10-210 Hz 1pitch  -37 dBu » Ex.40 http://chirb.it/IHsCtl

>

frequency (Hz)

(B) Bamboo JH (Ainu mukKkuri). 4-part “duplum” texture.
» Ex.31 http:/chirb.it/ktgFmJ
___________________________ 1) descant: 3634-5175Hz chords  -65 dBu > Ex.48 http://chirb.it/rOrxDJ
. < E 2) soprano: 2474-3601 Hz 7 pitches -59 dBu » Ex.47 http://chirb.it/LmwOFy
i 684-2310 Hz 14 pitches -38 dBu > Ex.46 http://chirb.it/KMabxq
= = F .ﬁ 4)tenor:  221-703Hz 4 pitches -39 dBu » Ex.45 http://chirb.it/veEM5m
= —== 5 5)bass:  63-210 Hz 1pitch -40dBu  » Ex.44 http://chirb.it/eeDfLC

=
N
S

S — — -
(C) Wooden JH (Itelmen varyga). 5-part “triplum” texture. 3 melodies: 2)-4).
» Ex.32 http://chirb.it/gxhHrw

.......... 1) soprano: 1987-2980 Hz 7 pitches -57 dBu » Ex.52 http://chirb.it/7tGOBN
: : o s gl W . .ob e 28 )alt:  990-1938Hz 7 pitches -36dBu > Ex51 http://chirb.i/nFNAID

3)tenor:  263-964 Hz 5 pitches -32 dBu » Ex.50 http://chirb.it/bgq7P1
4)bass:  50-228 Hz 2 pitches -36 dBu » Ex.49 http://chirb.it/Ph47qs

(D) Bone JH (Mansi tumran). 4-part “triplum” texture. 3 melodies: 1
» Ex.33 http://chirb.it/ebreg6

1) alto: 2917-4213Hz chords  -53 dBu » Ex.55 http://chirb.it/s3ByGq
2)tenor:  540-2807 Hz 13 pitches -32 dBu » Ex.54 http://chirb.it/6Bzdyy

3)bass:  47-432 Hz 2 pitches -42 dBu » Ex.53 http://chirb.it/r03G3q

(E) Bronze JH (Magyar doromb). 3-part “homophonic” texture. 1 melody: 2).
» Ex.34 http://chirb.it/chLLBh

FIGURE 6 | Spectral textures of music performed on JHs made of 5 different materials. On the left, spectrograms show the spectra of JHs made of each of the 5
different materials, most commonly used in Northeastern Eurasia by indigenous players. The horizontal axis indicates time, the vertical axis frequency, and the
color-coding amplitude (from black for silence to bright yellow for maximal intensity). In most cases, the texture spreads from about 70 Hz up to 3-5kHz. On the right,
the entire texture is broken in “parts” (bands), each capturing the frequency range within which the “active” harmonics form a continuous (as much as possible)
melodic stream. The procedure for defining these parts is described in the Appendix in Supplementary Material. Arrows point to the original position of parts. To the
right of the parts are their names, following the standard nomenclature of Western choral music. Each part’s bandwidth, amplitude and number of pitch classes (i.e.,
pitch set) are listed on the right. A pitch class is defined by a dynamic spike repeatedly marking the same frequency level (plus/minus a quartertone) throughout the
clip. The dBu value reflects the greatest amplitude for a given part of the texture within the entire clip. The red color marks the most intense part that presumably
serves as the principal melodic line for the JH player. Whenever there are a few parts with many pitch classes that reach amplitudes that are close together, they are
considered “polyphonic” melodies. The green color marks the “melodic” parts. Each of the complete textures and their constituent parts can be auditioned by
downloading the corresponding audio file from the provided web link or looked up in the zip archive in the Supplement. For the description of Audio Examples Nos.
31-55, see the file “List of Audio Examples.docx” in the Supplements. (A) Grass JH (Nivkh). 5 Components, each melodic (including the bass). Each part uses similar
number of pitches. The leading melody is in tenor. The other 4 melodies are of similar intensity, except the highest one. This texture can be called scattered
“quintuplum” polyphony, since all of its parts are constantly moving in a similar way, making it hard to track their changes by ear. The only controlled part here is likely
to be the tenor. (B) Bamboo JH (Ainu). 4 Components, of which the upper 2 are melodic. Bass sustains a pedal tone. Tenor is restricted to an ongoing figuration of 2
adjacent pitches (“principal” belonging to the harmonic series, and “auxiliary” that does not belong to the harmonic series but is a step away from the “principal” pitch).
All parts are nearly equal dynamically. Soprano contains the most embellished hemitonic melody which uses twice more pitches than does the anhemitonic alto. This
is a well-differentiated “duplum” polyphony of soprano and alto, with the drone accompaniment of tenor and bass. (C) Wooden JH (ltelmen). 5 Components, of which
3 middle ones are melodic. Bass sustains a pedal tone. Descant alternates between a few ostinato cluster-chords (one principal, others auxiliary). Three lowest parts
are nearly equally intense. The polyphonic contrast is tonal (4 anhemitonic pitches for tenor vs. 14 chromatic pitches for alto). This is a fairly differentiated “triplum”
polyphony of tenor, alto and soprano, accompanied by the pedal bass and pedal-like descant. (D) Bone JH (Mansi). 4 Components, of which the upper 3 are
melodic. Dynamically, their relation resembles (C), but the stronger tenor is likely to lead. However, tonally, there is little differentiation between 3 melodic parts. This is
a poorly differentiated “triplum” polyphony, accompanied by the bass pedal. (E) Bronze JH (Magyar). 3 Components with a single melody in tenor. Tenor is the most
dynamically and melodically salient part. Its melody is accompanied by the pedal bass and the ostinato “cluster-chords” in alto. This is a well-differentiated
homophony. Black horizontal lines break 5 textures in 3 groups based on their structural similarity. (A) Stands out by its maximal polyphony and the absence of
differentiation of parts. (E) Stands out by its absent polyphony and maximal differentiation of parts (pedal-melody-ostinato). (B-D) Have limited selective polyphony. Of
the three, (B) features the strongest, whereas (D) —the weakest differentiation. (C) Features the greatest complexity. The complete spectrograms were calibrated to
blur the display of the most intense parts of the spectrum in order to better indicate the melodic continuity across pauses, along the timeline. Blurring was achieved by
maximizing the FFT size up to 65,536 samples, with the multiresolution STFT, no frequency overlap and time overlap 4x-16x, depending on the audio material. The
window is Gauss 200 dB. Frequency is displayed in mels. The spectrogram of a complete texture zooms in from about 0-100 Hz to 4,000-9,000 Hz, depending on
the audio material. Each clip was noise-reduced and dynamically normalized. The clips of textural “parts” have slightly increased frequency zoom and reduced
blurriness (greater frequency and time overlap) to display finer detail. The audio of “parts,” uploaded for audition, is normalized in order to make the parts comparable.

mukkuri) and preceding the “bone/wood stage” of Siberian  wood is rare. Hence the “bone stage” is likely to have succeeded
peoples. Sheikins periodization can be enhanced. Wooden JHs  the “wood stage.”

likely replaced bamboo as the JH spread north. Bone must have Geometry/construction was another factor that determined
replaced wood in the further expansion to the tundra, where the rise of homophony: only the bow-shaped metallic JHs are
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homophonic. Nevertheless, both factors nearly always® coincide
(Fox, 1994; Sheikin, 2002; Kolltveit, 2016). In contrast, frame-
shaped idioglot JHs do not seem to support homophony in
indigenous traditions. Therefore, the adoption of bow-shaped
metallic JHs ended up replacing JH polyphony with homophony.

It is imperative to determine the timeline of the distribution of
bow-shaped instruments (Figure 7).

Organic JHs emerged in Atlai/Baikal/Mongolia/Primorye
during the pre-Metal Age and spread north, south, and
west. Grass and chip probably succeeded twig, followed
by chip-in-frame and frame-idioglottic  instruments—
corresponding to the advance from purely “sonoric”
effects to the pitch-oriented manipulation of overtones
(Sheikin, 2002, p. 124). An example of an intermediate
“chip-in-frame” construction is the Tuvan charty-komus
(Suzukei, 1989, p. 65-6).

In the Volga/Kama/Ural region the westward expansion of
frame met a wave of eastward expansion of metallurgy to
introduce metallic JHs (Aleksandrova, 2017). Initially, these seem
to have imitated the popular organic constructions (Golubkova
and Ivanov, 1997). By the Sarmatians’ time, a single standard
for frame-shaped instruments (10.3-12.5 x 1.4-1.7 x 0.1-
0.2 cm) was established across Central Asia and southern Siberia
(Borodovskii, 2017). This must have corresponded to a single
standard of polyphonic texture.

Farther westward propagation of JHs involved only
metallic instruments; wood/bone JHs were used in Europe
exceedingly rarely and only before the heteroglot metallic
constructions became established (Kolltveit, 2006, p. 83)°°.
The bow-shaped construction was invented somewhere in
Ukraine/Balkans/Alps/Karelia, providing a new, simplified
texture that co-existed with the older textural standard.
However, the exclusive cultivation of bow-shaped JHs must
have established a new textural standard that spread all over
Europe and its overseas colonies®’. On land, bow-shaped JHs
spread eastward over the same territories where organic JHs had
already settled, eventually reaching the Far East®®. This brought

In Taiwan and Indonesia there are very few examples of indigenous musical
traditions that use bamboo frame-shaped JHs with metallic lamella (Kolltveit,
2016). This is also the case in Vietnam (Wright, 2001). However, judging by
available recordings of such instruments, this hybrid construction does not
substantially differ in spectral texture from the frame-shaped instruments that are
made just out of bamboo. On the territory of Russia, bow-shaped JHs are always
metallic (Sheikin, 2002, p. 129).

There are some vague ethnographical references indicating that wooden JHs
have been used in Flanders, Hungary and Ireland—however, such cases seem to be
exceptional, leaving no archaeological or historic traces (Kolltveit, 2009). It is likely
that wooden instruments such as Slovenian drumlja present a relatively modern
development, called to reduce costs and thereby increase sales of JH in modern
market conditions.

’Low quality of mass produced instruments is known to negatively affect the
standards of JH music produced on imported JHs—as compared to hand-crafted
instruments of indigenous JH traditions (Morgan, 2017). Metallic instruments, less
responsive to the player’s technique, must have further limited the spectral content
of JH texture, increasing the dominance of a single melodic “part” even more.
%Such scenario has been confirmed in relation to Yakutia where organic frame-
shaped JHs were found to precede the metallic bow-shaped JHs (Dyakonova,
2017). The same applies to the peoples of Volga-Urals (Yakovlev, 2001), Kama
(Golubkova and Ivanov, 1997), Sakhalin (Mamcheva, 2012).

about the co-existence of two autonomous traditions among
Nivkhi, Ainu, Evenks, Evens, Kets, Yughs, Selkups, Chukchi,
Itelmens, Koryaks, Kereks, Yukagirs, Khanty, Mansi, Tuvans,
Yakuts, Dolgans (Sheikin, 2002, p. 125-6), Mongols (Pegg, 2001),
and Chinese (Li, 1956). The two traditions differ in playing
techniques, sound quality, and texture, to the extent of bearing
different names among the same people (Li, 1956; Yakovlev,
2001; Sheikin, 2002; Mamcheva, 2012). The closer to the Far
East, the greater the discrepancies. This geographic distinction is
supported by the gender/age distinction. Frame-shaped JHs
constitute the female/children’s sphere of use—bow-shaped
the male/adults’ (Tadagawa, 2001; Sheikin, 2002; Dyakonova,
2017)%°,

Significantly, the traditions differ in their mythological status.
For Yenisei peoples frame-shaped JHs represent the “voice” of
a local deity in charge of successful hunting (126), whereas
metallic bow-shaped JHs are an attribute of power and prestige,
entitling the owner to protection (131). The ideological divide
also involves an aesthetic aspect. Across the entire southeastern
end of Russia, all cultures that contain both frame-shaped
and bow-shaped JHs consider the former suitable for learning
the JH, but not for “serious” music-making (Sheikin, 2002,
p. 131)70.

Hence, each model follows its own course. Around Kama,
bow-shaped JHs supplanted frame-shaped JHs (Yakovlev, 2001).
Generally, the archaic polytheistic belief in sacred places
yielded to a monotheistic cosmology under the influence of
Christianity after Russian colonization (Alekseyev, 1992, p.
215). This weakened the kin-tree/kin-bone correspondences that
provided ideological support to the frame-shaped tradition. The
strengthening of top-deity cults, the Christian-like dichotomy
of good/evil, and divine protection supported the “ownership-
based” (not kin-based) protection of bow-shaped JHs.

The autonomy of frame- and bow-shaped traditions is
corroborated by the late arrival of metallurgy to the north Pacific
coast (Figure 8). The Chinese ideograph for the metallic JH
(tieyehuang) confirms that the bamboo JH (huang) preceded it
(Tadagawa, 1991).

The scenario in which the bow shape was the descendant
of the frame shape also received organological support (Sachs,
1917; Dournon-Taurelle, 1975; Sheikin, 2002; Suzukei, 2010).
Organological analysis of European archaeological finds
indicates that European bow-shaped JHs form their own
lineage of morphological development from earlier Asiatic
samples brought to Europe through trade (Kolltveit, 2006).
Currently, the archaeological consensus holds the organic

®Thus, amongst Khanty and Mansi, frame-shaped tumran is strictly female,
related to wedding rituals of fortune-telling and “avoiding” men (Sheikin, 2002,
p. 127). Across Southeastern Siberia bow-shaped JHs are used exclusively by men
in funeral lamentations, whereas females use bowed pikolute instead (131).

70 An interesting case presents the tradition of Ude JH. Despite the fact that Ude
hunters consider frame-shaped JHs as being children instruments, nevertheless,
they report that hunters must play it after setting their hunting traps to ensure that
the prey will be trapped (132). This testifies to a more ancient origin of the frame-
shaped construction in hunter-gatherer’s societies—in contrast to the bow-shaped
construction that did not exist before the Metal Age. The same applies to their
respective musical textures.
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TABLE 2 | The correspondences between the complexity of manufacturing JHs, JH'’s spectral texture, and JH's sound qualities.

# Material Availability Manufacturing Texture Complexity Sound
1 Grass (Leymus) Readily available in Needs no tools, takes about a  “Scattered” All parts are indistinct and “Hollow” clicking, very
grasslands, albeit minute to make for anyone (haphazard) polyphony  melodically similar, most likely short, dry, yet soft and
seasonal, and (Mamcheva, 2012)—minimal of 5 melodic parts only the dynamically marked muffled, clattering at
disposable expertise required tenor is controlled, while the high intensities
other parts are “aleatoric,” all
parts are hemitonic or chromatic,
including bass
2 Bamboo (Bambusa, Readily available in a Needs basic cutting tools, Duplum polyphony of 4  All parts are clearly defined: alto  “Hollow” rattling or
Phyllo-stachys, warm and moist takes days to dry and minutes  parts: upper pair has the principal diatonic melody, rasping, relatively dark,
Dendro-calamus) climate, evergreen, to make with stone tools carries 2 melodies, soprano—secondary chromatic  rich, and quite
non-disposable (Bar-Yosef et al., lower pair accompanies melody, tenor—a dyadic or homogenous tone,
2012)—manufacturing is triadic ostinato figure (or a prolonged decay,
somewhat complicated by chord), bass—a pedal introducing tremolo at
anisotropy —some expertise monotone; alternatively, tenor high intensities
required can carry the 2nd melody while
soprano—the pedal chord with
slight variations
3  Wood (Larix, Betula, Available in accessible  Needs cutting and shaving Triplum polyphony of 5 Melodic “trio” is partially Clattering, dense and
Salix, Alnus, Picea,  lands with temperate tools, takes days to dry and parts: middle trio differentiated between rather dry, with a
Cedrus, Populus) mesothermal or about a few hours to make carries 3 melodies, secondary anhemitonic melody  distinct “clang” on the
continental with stone tools (Crabtree and  marginal parts in tenor and primary chromatic in - onset, which is more
microthermal climate,  Davis, 1968)—manufacturing  accompany (the upper alto, but not in regards to the pronounced at high
all year round, is greatly complicated by part can be absent) tertiary chromatic melody in intensities, overall
non-disposable anisotropy, orthotropy, soprano, while 2 pedal bright tone with
hygroscopy, variance in quality, parts—monotone in bass and medium long
knots and spiral chordal in descant—frame the decay—great variety in
grains—extensive expertise melodic “trio” (alternatively, there  tone for different woods
needed could be just 4 lower
parts —without a descant)
4 Bone (cortical) and  Available from animals  Needs cutting and scraping Triplum polyphony of 4 Melodic “trio” is poorly “Hollow” clucking, less
antler practically everywhere, tools, takes weeks to soak parts: upper trio carries  differentiated except for the bass definite in pitch than in
all year round, (Robinson, 1942), hours to cut 3 melodies, while that sustains a harmonic pedal bamboo and wood,
non-disposable and about a day to carve with  bass—pedal chord or  (triad or dyad), tenor usually more gentle, well-rolled
stone tools (Sidéra, dyad carries the principal hemitonic decay, quite
2011)—manufacturing is much melody, while alto—the homogenous, medium
complicated by anisotropy, secondary chromatic melody bright tone, quite
hygroscopy —extensive (but this can be reversed), and long-lasting
expertise needed soprano carries the tertiary
melody —chromatic like
secondary melody
5 Metal (copper and  Available in hard to Needs finding of ore, mining Homophony of 3 parts ~ All parts are perfectly Ringing or buzzing,

its alloys, iron, steel)

access ore deposits,
usually in mountains,
nearly all year round,
the most long-lasting

and transporting it to the
smelting site, pit-digging,
carbon and hermitization to
sustain high heat, stationary
equipment to extract, smelt
and forge metal, takes hours to
heat (Coghlan, 1939), days to
forge (Bronson, 1996) and tune
(Jaago, 2009)—demands
professional expertise

(unavailable on
non-metallic
JHs)—with the melody
in the middle, but
possibly in the upper
part while chords in
tenor (4- and 5-part
textures, like those on
bamboo or wood are
also possible,
especially on idioglot
JH)

differentiated and easy to track:
the pedal bass, the rich melody

in tenor, and the ostinato

“chords” in alto (the upper pair
can be reversed); in alternative
scenarios an extra part can be

added in soprano, which

contains a pedal chord, while
tenor or alto carries a secondary
melody —overall, metallic JHs
produce the greatest variety of
textures; the principal melody
usually has the most degrees of
all materials (especially for steel),
hemitonic or chromatic, vs.
monotone or dyadic bass and
triadic-based chord in tenor or
chromatic (cluster-like) chord in

soprano

resonant, very full and
rich, the brightest, the
most well-defined in
pitch and the most
homogenous in tone of
all JH materials, with
the longest
decay—great variety in
tone for different metals
and alloys (metal
seems to support
much greater control of
fine tonal detail than
non-metallic materials)

The numbering in the table reflects: the progressive increase in complexity of the manufacturing technology, the decrease in availability of the material to the JH manufacturer, the
increase in discretization and variability of the components of the spectral texture, and the increase in timbral richness, fullness and homogeneity of the sound—that characterize each
of the materials [for a more complete information see Table 1 in the Appendix and “Textural typology for Appendix.xm!” (Supplementary Material)]. The identified pattern of evolution
could potentially apply not only to JH, but to other musical instruments made of the same materials. This possibility calls for additional research.
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TABLE 3 | Classification of JHs based on similarities and differences in sound quality, spectral texture types and playing techniques between the JHs made of different

materials.

# Raw material for
making

Traditional JH models Their standard organological

of this type

description

Basic playing
motion of a hand

Characteristic sound quality

Textural typology

1 Grass leaves, tree bark

or tree chips (or
splinters), or twig of a
shrub or a bush

2 Bamboo culm, wood
beam or fragment of
fresh cortical bone

3 Metal ores

Nivkh and Ulch konga
chnyr (Mamcheva, 2005),
Yakut mas khomus
(Dyakonova, 2017),
Tuvan charty-komus
(Suzukei, 1989),
yiash-komus and Telengit
taia-komus (Suzukei,
2006)

Nivkh tyf-kanga and
khar-kongon (Mamcheva,
2005), Ainu mukkuri
(Nobuhiko, 2008), Evenk
kongiipkavun (Sheikin,
1986a), Tumran of the
Ugric peoples
(Alekseyenko, 1988)

Nivkh pasla vyt kanga,
zakanga and vychranga
(Mamcheva, 2005) and
Buryat aman khuur made
of local “red copper”
(Simukhin, 2006)

|dioglot plucking idiophone,

frameless lamella (frame-shaped,

but open on one side or

wishbone shaped)—classified as

“proto-JH” by Sheikin (2002)

Idioglot plucking idiophone,

framed JH whose plate contains
a rope for energetic plucking or
pulling as well as a handle (the
lamella is framed from all sides, is

elongated and bottle-shaped)

|dioglot plucking idiophone,

bow-shaped JH whose lamella is
bent into a hook and attached to

the frame (shaped like a

horse-shoe); an alternative
construction is heteroglot, which

most commonly utilizes brass

and reproduces the

bamboo/wood constructions

and the corresponding
polyphonic textures

Touching the leaf,
gently tapping on
the chip with a
finger, or pinching
it with two fingers,
tapping on the
twig

Abrupt pulling of a
rope by the right
hand—JH
supports a greater
diversity of
technical devices
(due to greater
intensity that
exposes more
detail) than for the
proto-JHs

Hitting or
strumming the
lamella forward,
backward,
pressing or just
holding the lamella
with a finger, firm
or loose holding of
the ring by teeth or
lips, right or left
shift of the frame
(Sheikin,
1986b)—greater
diversity than in
organic JHs

Non-percussive very soft hollow
clicking sound, homogenous
and simple (the spectral
components are poorly isolated
from each other, no way of
playing melodic modes based on
harmonic series, no sustained
drone component)—brighter and
denser

Loud, low, dry, and harsh sound
that lacks in homogeneity
(“dirty”) due to either rattling,
rasping or bifurcated “clang” and
good or superb separation of
parts (can stress few parts at the
same time, plays the pentatonic
harmonic scale and uses the
clear bass drone)

Prolonged ringing or buzzing
sound, harmonically richer and
louder than JHs made from
organic materials, especially in
high range, even greater
resolution of detail (displays the
content of each part, can play
chromatic and microchromatic
melodies, place the melody in
any part except in the bass,
support superb isolation of
spectral components)

“Maximal” polyphony of
4-5 indiscrete poorly
defined parts, each of
which is moving at the
same time and sounds
similar to the other
ones

“Optimized” polyphony
of 4-5 discrete parts,
most of which are
functionally and/or
thematically different
(melody,
counter-melody,
accompanying melodic
figure, or pedal chord,
dyad or tone)

“Simple” or “complex”
(with a few different
accompanying parts)
homophony with a
single melody that is
more diverse (use more
degrees) than
polyphonic melodies of
non-metallic JHs—for
idioglot JHs; yet
heteroglot metallic JHs
in addition to
homophonic texture
use the same
polyphonic textures as

bamboo/wood JHs

In general, different hand action in production of sound on a JH corresponds to a different sound quality (Mamcheva, 2012, p. 63-55) and textural typology (see the Appendix and
listen to the audio examples in the archive “Audio for Appendix” in Supplementary Material). Their correspondence is somewhat complicated by the cumulative nature of indigenous
JH traditions, exemplified in Nivkh JHs (Mamcheva, 2005): newer technologies of manufacturing JH tend to adopt the standards of playing from older previously existing technologies,
before the novel constructions allow to forge new standards (see Appendix in Supplementary Material for the discussion of this issue). Therefore, metallic JHs are used to generate
textures characteristic for bamboo, wood or bone JHs—as well as proprietary “metallic” textures, unproducible on JHs made of organic materials.

JHs as the prototype for the metallic via westward expansion
from northeast Asia (Fox, 1988; Wright, 2004; Kolltveit,
2006; Honeychurch, 2015; Aleksandrova, 2017; Turbat,
2017; Oleszczak et al, 2018). Another expansion is likely
to have followed from South China to Austronesia (Blench,
2004).

The time frame for the genesis of organic JHs can be
established by dating the migration of the Siberian population to
America. Many North Amerindians use the PS (Ojamaa, 2002).

Example-56

The topahti—a personal Nootka song of inherited origin,
performed by Joe Titian. This topahti was given at the inter-tribal
marriage between Nootka and Kwakiutl as a dowry, and permitted

for performance only by its owner and her children (Halpern,
1974) (http://chirb.it/NvahDq).

But no JH usage is known before the Western colonization
(Wright, 2011)7!. This is hard to reconcile with the evidence
for the common genetic ancestry of Native Americans and

71JHs, rather popular amongst modern Inuits (Nattiez, 1976), have been
introduced in Alaska, Canada and Greenland from Western Europe (Whitridge,
2015). The JH-like use of the feather of an arctic bird, common eider (Somateria
mollissima), was observed amongst the Inuits of the Belcher Islands and northern
Quebec (Oakes, 1991). They hold the feather in their mouths and beat it with one
hand. A photograph of this is published in the LP “Inuit Throat And Harp Songs”
(Green and Hodge, 1980). Most likely, feather is used as a more affordable material
to substitute the imported metallic JH. However, the possibility that the feather
use is a local invention that might have preceded JH trade cannot be completely
discarded. However, even in this case, such feather use remains totally isolated.
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FIGURE 7 | World distribution of JH made of organic and metallic materials prior to the Industrial Period. This map combines archaeological and ethnographic data
on local production and consumption of JH across the world, excluding mass international trade from Europe, in order to establish the routes of the spread of metallic
and non-metallic JH indigenous traditions. Yellow color marks those countries where JHs were produced and widely consumed by local population. Such countries
were selected based on the integration of findings of linguistic research on the presence of native words for JH in local languages (Fox, 1994; Sheikin, 2002, p.
411-503; Bakx and Crane, 2017), of archaeological finds (de Ramén and Rivera, 1982; Beck et al., 1983; Barr, 1994; Kungurov, 1994; Yakovlev, 2001; Pignocchi,
2002, 2004; Crane, 2007; Wright and Impey, 2007; Wright, 2011; Honeychurch, 2015, p. 20; Whitridge, 2015) [plus references from Table 1], and of
geo-ethnographic research (Vertkov et al., 1963; Galaiskaya, 1973; Fox, 1988, 1994; Sheikin, 2002; Wright, 2004; Yesipova et al., 2008; Suzukei, 2010; Mamcheva,
2012). Geo-ethnographic data was also used to distinguish between the areas of distribution of bow-shaped metallic and frame-shaped organic JHs. Five icons with
corresponding pictures mark the geographic locations of musical cultures that use JHs made of different materials. Red numbers indicate the zones of distribution for
different types of JHs—encircled in different colors. (Number 1) Marks the blue oval that shows the area where organic-made JHs have been prevalent (see Figure 4).
This area most likely constitutes the cradle of JH music. (Number 2) Marks the green ovals that encircle the areas where metallic JHs have coexisted with organic
ones. It is in these areas, that presumably, the transition from organic to metallic instruments took place. Two areas [(2a) and (2b)] correspond to the oldest centers of
metallurgy (see Figure 8). The transition probably occurred first in 2a), where the access for import of organic JHs from zone (1) was geographically broader and
easier than in (2b), and organic JHs were likely to have been established prior to the wide spread of metallic artifacts. Transition in (2c) area most likely occurred much
later because of the later arrival of metallurgy (see Figure 8). (Number 3) Marks the brown oval that encircles the area where exclusively metallic JHs were cultivated.
The color-coded arrows show the probable direction for spreading of the organic and metallic JH technologies. Green arrows indicate the distribution of the initial
handicraft metallic JHs that might have emulated popular wooden/bone/bamboo types. Brown arrows indicate the distribution of the mass-produced bow-shaped
metallic construction, prevalent in Europe. Across the ocean, these arrows connect the European dominions with their offshore colonies. Over the land, brown arrows
indicate the chain of cultural contacts that led to the establishment of local production centers of metallic JHs. Evidently, one of the routes of this spread went contrary
to the original spread of the organic JHs—from European West to Far East, over the Steppe Belt’s borderline with the northern forests via the chain of neighboring
Turkic cultures that all favor metallic JHs. This route earned the nickname of “Fur Route” (Rubinson, 1992; Bunker, 1993). Another route went from Central Asia to
China via the Silk Road—historic as well as prehistoric, as recent research suggested (Christian, 2000; Kuzmina, 2008; Barinova, 2013).

south Altaians 23000-18000 BCE (Schurr, 2015). How could an
instrument so important for Siberian peoples be totally missing
from their American descendants? The Altai-Sayan region is
home to the JH. According to genetic and linguistic evidence,
Yakuts, whose national symbol is the khomus, descend from
there (Pakendorf, 2007). Siberia and Alaska remained connected
until 8000 BCE, but glaciers blocked Alaska from the rest
of the continent until 11000 BCE (Dixon, 2015). Sequencing
mitochondrial genomes from pre-Columbian South American
skeletons 8,600-500 BP indicates that a small population entered
the Americas through a costal route 16,000 BP (Reich et al., 2016).
This date comes close to the earliest archaeological evidence of a
human presence on the North American continent: 13,000 BP
(Anderson and Bissett, 2015).

The most plausible scenario is that the JH tradition did
not exist along the northeast Asian coast before 10,000 BP,
when access to America was open. Throughout the Quaternary
Northeastern Asia enjoyed a remarkably stable climate, and
lowlands remained ice-free (Zamoruyev, 2004). The prevailing
landscape of the non-glaciated area of Altai was desert-steppe,
covered with grass, with patches of woody vegetation at stream
valleys—changing into coniferous forest or forest-steppe only
in the Holocene (Hais et al., 2015). Similar vegetation covered
Mongolia and Tuva. Modern forest-steppe regions, e.g., Ob’-
Irtysh Baraba, remained steppe throughout the early Holocene
until 5500 BP (Zhilich et al., 2017). In highlands such as the
Chuya Alps, the first forestation is dated 7000 BP (Agatova
et al, 2012). Forestless landscape stretched toward North
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FIGURE 8 | Historic spread of copper metallurgy in Eurasia. This map displays the locations of earliest regional centers of smelting copper ores—according to the
available archaeological research on the earliest metallurgy (Chernykh, 1966, 1992, 2012; Sunchugashev, 1975; Zhuravlev, 1977; Sergeyeva, 1981; Prakash and
Tripathi, 1986; Rybakov, 1987; Kon’kova, 1989; Thiel, 1989; Mishra, 1994; Reedy, 1997; Kiriushin, 2002; Tylecote, 2002; Nguyen, 1986; Baipakov and
Taimagambetov, 2006; Simukhin, 2006; Yanin, 2006; Ciarla, 2007; Hauptmann, 2007; Kaniuth, 2007; Park and Gordon, 2007; Subbotina, 2008; Herva et al., 2009;
Roberts et al., 2009; White and Hamilton, 2009; Radivojevi¢ et al., 2010; Erb-Satullo, 2011; Higham et al., 2011; Wan, 2011; Potts, 2012; O’Brien, 2014; Garner,
2015; Gelegdorj, 2015; Mei et al., 2015; Hung and Chao, 2016; Huo, 2016; Tripathi, 2018). The routes and timeline of its spread suggests the spread of metallic JHs
along with the new homophonic tradition of JH music. The timeline is indicated by color-coding of the circle-icons that mark the location of smelting sites: the
darker—the older. The epicenter of metallurgy is in modern Turkey and Iraq, although a concurrent independent center might have existed in Vinca culture, in Balkans,
Belovode (Radivojevi¢ et al., 2010). Anther independent center emerged in Fennoscandia (Herva et al., 2009) and the neighboring Karelia (Zhuravlev, 1977). Copper
metallurgy spread from Balkans to Ukraine, thereon bifurcating, with one branch heading to the northeast forest zones of Russia (up to Ural Mountains), while the
other moving southeast through the Steppe Belt all the way to Zabaikalye and Mongolia. There, again the route bifurcated: north, going to Yakutia, and south to
Primorye. The other wave from the epicenter reached Iran, branching in 3 directions: toward Indus’ valleys, Himalayas, and Middle Asia, through Turkmenistan,

Uzbekistan and Kazakhstan to the Uyghur territories via the route that later became known as the Silk Road (Kuzmina, 2008). Around Lop Nor this branch met the
outshoot of the Steppe Belt route and proceeded through modern China to its North and South kingdoms. The southern branch eventually hit Indochina, then
heading to Indonesia and Pacific islands. This entire area, Manchuria and Japan were the last to develop metallurgy —no earlier than in Middle Ages. Therefore, if for
Volga-Ural area frame-shaped JHs co-evolved with the metallic JHs, for cultures at the eastern end of Eurasia bow-shaped JHs came from West and formed its own
special niche, different from the already established frame-shaped JH cultures. The bow-shaped tradition must have taken a long time to develop—as metallic
artifacts were becoming more affordable to local population. Another zone where frame- and bow-shaped JHs form different cultural traditions is the vast area from
southeastern Indochina to Papua New Guinea. The two zones where metallic bow-shaped JHs must have penetrated concurrently with organic frame-shaped JHs

where both might have shared the same or similar forms of use, are Himalayas-Pamir-Tian-Shan mountains and Yunnan-Myanmar area.

America, including Beringia (Hoffecker and Elias, 2007). The
tundra belt extended to 57°N, then turned into steppe that
covered most of Eurasia (Tarasov et al., 2000). Forestation
was prominent only much farther south, at Taiwan’s latitude,
during the late Pleniglacial (Hope et al, 2004)—too distant
from Beringia.

The scarcity of trees would have prevented the formation
of the “person/kin/ethnos=tree/species/forest paradigm” that
underlies the Siberian timbral music culture. The emergence of
“sacred” tree cults depends on trees’ importance in sustaining
a human population, which requires that they be available in
abundance. Otherwise, plants’ proprietary “voices” cannot be

discovered by population groups large enough to institute a
musical tradition.

CONCLUSION

Not all known music systems abide by the principle of discrete
changes in pitch. In fact, many music cultures rely on timbral
changes in their TO. One trait such cultures share is the
prevalence of the “personal” over the “collective” use of music,
upholding the opposition between “timbre-centered” (definite
timbre/indefinite pitch) and “frequency-centered” (definite
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pitch/indefinite timbre) music systems. Current psychoacoustic
research seems to support this opposition.

The large concentration of “timbral” cultures in the former
USSR prompted research (often emic’?) on their TO, promoted
by the centralized infrastructure of research institutions, “top-
down” funding (official ideology favored “people’s music”),
and the intense development of ear-training research. The
accumulation of vast ethnographic and archaeological data
over much of the twentieth century made it possible to
create a “historic” perspective on the evolution of folk
music. The integration of sciences within Soviet academe
supported a multi-disciplinary approach that combined
fieldwork with experimental testing. The gathered evidence
suggests that “frequency-” and “timbre-centered” musics
contrast each other in their TO, patterns of usage, and their
social implementation.

Timbral TO relies on PS in vocal, and JH musicking
in instrumental domains. Every member of such traditional
society possesses at least one PS that serves for personal
identification. Musical elements usually indicate family relations
and birthplace through similarities with other individuals
PSs. Locals have a keen ear and memory for cross-relating
thousands of PSs throughout their life (better than for
remembering faces)”>.

PS contributes to mental health in the traditional Siberian
lifestyle. Ongoing singing throughout ones day secures
consistency in self-consciousness under environmental stress,
common in severe Siberian conditions, thus protecting one
from psychological disorders. Pathological singing accompanies
multiple personality disorder (meneryia) and sleep-singing
disorder (tyyl yryata), most probably related to the dysfunction
of the PS circuit.

In traditional societies, PS lowers the standard of musicality
to maximize singing accessibility. Close relatives sing their PS for
aphoniacs. An indefinite intervallic structure and an absence of
the notion of “wrong notes” make a PS performable by almost
anyone. Playing JH is even more accessible.

The JH opposes PS by “de-personalizing” one’s natural voice
via the JH’s vocoding mechanism. While camouflaging one’s
voice, the JH “impersonates” a wealth of environmental sounds.
Its exceptional mimicry allows for re-creating the “real world”
musically through the timbral abstraction of sounds and their
arrangement according to principles of phonetic symbolism.

The JH addresses the objective aspects of reality, PS the
subjective. Together, they form a coherent musical worldview,
which explains why numerous North Asiatic ethnicities have so
few “pitched” musical instruments: They simply did not have
much need for them.

72Thus, three of the authors of this paper were raised in the native cultural
environment of Yakutia, and therefore combine a first-hand “emic” knowledge
about its indigenous music (and language) with an expertise in musicological
analysis of such music.

73Long-term memory for melodic structures is known for remarkable longevity
and capacity (Halpern and Bartlett, 2010). Accurate memorization of music can be
life-long (Bartlett and Snelus, 1980). Music seems to provide superior encoding,
evident in the phenomenon of earworms, unique to the domain of music (Halpern
and Bartlett, 2011).

Indefinite-in-pitch rhythmo-timbral “themes” effectively
represent:

e for PS—one’s daily chores (“person”=monotheme,
“chores”=variables in PS’s variations);
e for JH—one’s environment (“person’=low  drone,

“environment”=mid/high spectrum).

Both rest on the traditional hierarchic paradigm: “person”-“kin”-
“ethnos”="“tree”-“tree-species”-“forest.” Such a paradigm must
have formed in southeastern Siberia/Manchuria ~10,000 BP.
JHs made of ancestral plants were initially used as talismans.
The accumulation of onomatopoeic devices and conventions of
phonetic symbolism created “timbral words,” “timbral phrases,”
instrumental patterns emulating PSs, and, eventually, proprietary
JH TO, where the key role belongs to a set of “harmonic
templates.” Each template carries a specific semantic value,
enabling linguistic-like semiosis: meaningful elements comprise
meaningful components, but convey emotional rather than
referential information. This development must have directed the
entire evolution of Eastern Eurasian timbre-based music systems
in opposition to the frequency-based music of the Eurasian
West’*. The JH was for the prehistoric East what the bone pipe
was for the prehistoric West.

The personal nature of PS/JH traditions stems from their
reliance on timbre, which is fundamentally unsuitable for
collective musicking. Collective performance of PSs or JHs
would make their message unrecognizable. Only frequency-based
music allows the tradition of collective performance to form
and continue.

Western frequency tradition, exemplified by Aurignacian
pipes (Morley, 2013), might have African roots. Africa
underwent two major demographic expansions prior to
the Aurignacian, enabled by its tropical ecology (Lahr
and Foley, 2001). The second expansion (86,000-61,000
BP) carried haplogroup L3 outside of Africa (Atkinson
et al, 2009). Genetic evidence suggests that non-Africans
descend primarily from this migration, whose maximum
falls on 70,000 BP, coinciding with the improved climate in
East/Central Africa (Soares et al., 2012). At that time, the
East African effective population size was at least 10,000
people (Relethford, 1998), vs. the census maximum of 3,700 in
Gravettian Europe””.

Tropical environments generally support greater population
densities than those at higher latitudes (Layton and O’Hara,
2012). Environmental conditions impact demographic density

74For more information on the role of flute-like instruments in determining a
music system see “Tonal organization in tuning of Paleolithic and Neolithic pipes”
(Nikolsky, 2015, Appendix-2).

75The median ratio of effective population size to census size remains exceedingly
low across 43 mammalian species, constituting on average 0.003 (Nei and Graur,
1984). The method of mismatch analysis, introduced by Rogers and Harpending
(1992), allows for estimation of size and timing of ancient demographic based
on the genetic data. Population growth at the time of expansion is estimated to
be 100-fold or even greater (Rogers, 1997). And the timing of it clusters around
50,000 BP (Sherry et al., 1994). The African expansion of this time suggests
a demographic picture with sparse population outside of Africa, while a rapid
population explosion inside of Africa (Relethford, 1998).
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the most, and even the tropical desert supports a denser
population than the polar biome (Tallavaara et al., 2018).
Intergroup connectedness also drops at higher latitudes; the large
effective population of connected groups in the African Middle
Stone Age contrasts with stochastic variation without linear
trajectories in the contemporaneous European Mediterranean
region (Malinsky-Buller and Hovers, 2019). Sparse groups
migration leads to frequent losses of gained cultural skills.
Steady post-Gravettian demographic growth triggered the
cumulative cultural complexity that characterizes behavioral
modernity (Shennan, 2001). Part of this was the consistent
increase of foragers’ group size (Grove, 2012). By 45,000
BP, the median effective population size in Europe equaled
that which sub-Saharan Africa had reached 101,000 BP—
alongside the markers of modern behavior (Powell et al,
2009).

Population growth promotes group cohesion, territoriality,
ethnogenesis, and language formation (Robb, 1993). “Frequency
music” likely followed suit. Steady demographic growth
accompanied the Neolithic “revolution” and civilizations’
rise (Hassan, 1981)—together with “frequency-based” music
(Nikolsky, 2016). Collective music-making was part of the
“demographic expansion package” designed to consolidate and
empower the “tribe” to grab and hold its territory.

Radically different is the demography of northeastern Eurasia.
Siberia is famous for its immense land (13,100,000 km?),
sparse population (200,000 before Russian colonization), and
the so-called everlasting importance of hunting/gathering for
sustenance (Naumov, 2006). Such population density—0.065
person/km?-approximates the 0.036 person/km? maximum
of Magdalenian Europe (Maier, 2017). Harsh living in the
traditional lifestyle makes landholding not a viable strategy.
Constant migration by small “packs” requires marking and
regulating the sharing of territory between all neighbors,
helping each other to survive (Funk, 2006). Therefore, local
beliefs assign power not to the “tribe” but to the spirit-
masters of landmarks on whose disposition human “tenants”
must rely. This has laid the foundation for the PS/JH pan-
Siberian framework. And since the climate in Northeastern
Asia remained remarkably stable throughout the Quaternary
(Zamoruyev, 2004), it is reasonable to believe that the
institution of PS/JH characterizes the music culture of local
prehistoric people.

It can hardly be a coincidence that the area where JH remains
to be the principal musical instrument in scarce instrumentarium
is identical with the area of the greatest concentration of
Denisovan genomes. The highest levels of Denisovan ancestry is
found in Oceanic populations (Vernot et al., 2016). Denisovan
genomes are also present in Eastern Eurasians and Native
Americans (Qin and Stoneking, 2015). Denisovans may have
interbred with early humans over the territory of Northern
China (Martinén-Torres et al., 2017), where the oldest JHs were
unearthed. Longevity of the JH dominance might constitute
a distant remnant of the Denisovan timbral music tradition,
preserved in the refugium of isolated Pacific islands, north-
Chinese deserts and Altai mountains. Neanderthal heritage could
entail the “frequency music,” carried from Africa by Homo
Heidelbergensis. The latter adapted to the northern latitudes as

opposed to southern Homo erectus—and so is the case with
Neanderthals as opposed to Homo Heidelbergensis (Grove et al.,
2012). Either of them might have adapted the southern collective
“frequency music” to the northern ecosystems, generating a
new’® personal “timbral music.”

The sparse Neanderthal (French, 2016) and Denisovan (Meyer
et al, 2012) populations of the Pleistocene Altai (Buzhilova
et al., 2017) might have also subscribed to “timbral music”.
Homo’s “timbral music” either descended from Neanderthals
and Denisovans, or “downgraded” from the European “frequency
music” carried by “Ancient North Siberians” from the West
~38,000 BP (Sikora et al., 2019).
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optimal approach to taking acoustic measurements of Jaw Harp
recordings and interpreting their results.
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