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Figure 2. Reconstructing tale descent histories. Example of an ancestral state reconstruction, showing ATU 330 ‘The Smith and the
Devil" traced on a consensus tree derived from 1000 Bayesian language trees. The proportion of black shading in each internal node
represents the average probability of the tale being present in the corresponding hypothetical ancestor across the tree sample
The proportion of red shading in each node represents the number of trees in which the corresponding hypothetical ancestor was
absent. Branches are colour-coded by linguistic subfamily. The oldest ancestral node that was reconstructed, Proto-Indo-European, is
labelled ‘PIE.

1000 Indo-European language trees and data on tale distributions from the ATU Index [26] as our
previous analyses. Two sets of analyses were performed. The first estimated the posterior probability
of each tale being present in Proto-Indo-European using the ‘most recent common ancestor” command.
The second analysis tested the relative support for each tale being present or absent by ‘fossilizing’
(i.e. fixing) the node in each state, and comparing the likelihood of the two models using Bayes Factors
[37]. All the analyses employed uniform priors, the range of which was determined empirically following
a maximum-likelihood analysis. The MCMC chains ran for 1000000 iterations, every 1000th of which
was sampled into the posterior distribution following a burn-in period.

3. Results

D values for the 275 tales in our sample ranged from —2.06 to 3.9, with 100 tales exhibiting a higher
degree of phylogenetic clumping than would be expected by chance (o = 0.05) (electronic supplementary
material, table S3). These results were stable whether trait states in the outgroup taxon, Hittite, were
coded as present or absent.

When fitted to the autologistic model, the distributions of 81 of the 100 tales that returned a significant
phylogenetic signal in the D analysis were positively associated with the populations’ linguistic
affiliations (electronic supplementary material, table S4). Only 36 tales were positively associated with
spatial proximity, while in 56 cases tales were found to be less likely to be shared among societies who
are spatial neighbours. Overall, the autologistic analyses suggested that vertical transmission was more
important than horizontal transmission in 76 tales (figure 3 and table 1).

Ancestral states were inferred for the 76 most phylogenetically conserved tales identified in the D and
autologistic analyses. All the tales except two could be traced back to at least one of the hypothetical
common ancestors represented in figure 2 with a probability of greater than 50%, 71 of which could
be inferred with a high degree of confidence (greater than or equal to 70% likelihood) [28] (electronic
supplementary material, table S5). Fifty tales were reconstructed as having been present in the last
common ancestor of one or more major Indo-European sub-families with a likelihood more than 50%,
with 31 at 70% or higher (figure 4). Nineteen tales could be traced back to even earlier ancestral
populations with a likelihood of more than 50%, including four that were inferred in the last common
ancestor of all the populations included in the sample (Proto-Indo-European). However, only a small
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Figure 3. Estimates for phylogenetic and spatial association in the autologistic analyses. Scatter plot of phylogenetic () and spatial (©)
parameters estimated for 100 tales that returned a strong phylogenetic signal in the D analyses when fitted to the autologistic model.

Table 1. Effects of phylogenetic and spatial association on tale distributions estimated by the autologistic model. Numbers in the cells
represent the number of tales affected positively, negatively or neutrally by spatial (Spa) and phylogenetic associations (Phy) among
populations.

Spa+ Spa — Spa0
Phy + 25 48 8 81
................. Phy— L
................. Phy0 e
.......................................................... L

proportion of tales could be securely reconstructed in these groups, with four tales in Proto-Italic-Celtic
and Proto-Italic-Celtic-Germanic, two in Proto-Western-European and no tales in Proto-Indo-European
surpassing 70% likelihood.

The Bayesian ancestral state reconstructions failed to support the presence of three out of the four tales
that were tentatively inferred in Proto-Indo-European (table 2). However, the analyses reconstructed one
tale, ATU 330 ‘The Smith and the Devil’, in this corpus, with a posterior probability of 87%. A fossil test
returned positive support for the presence of ATU 330 (Bayes Factor 3.59).

4. Discussion

Our analyses of the distributions of Tales of Magic among Indo-European-speaking populations bear
out the observations of previous researchers concerning the complex spatial and historical patterning of
the international folktale record [14,15,24,25]. Nevertheless, they show that it is still possible to uncover
deep signatures of common descent in the folktale traditions of related populations. The results of the
D analyses suggested that a substantial number of tales (100 of 275) exhibit significant correlations with
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Proto-Indo-European*

328 330 402 554

Proto-Western-1E

311 328 330 332 402 425€
470 500 505 531 554 592
6504 675

Proto-Germ-Italo-Celtic

Proto-Indo-Iranian

311 328 330 332 365 402
425C 470 471~ 500 501 505
531 554 570 592 650% 675

311 328 402
4608 531 554

Proto-Italo-Celtic

311 315 328 330 332 365 402 425
500 501 505 531 554 592 650% 675

Proto-Romance Proto-Celtic Proto-Germanic Proto-Balto-Slavic

R 307 311 312° 3142315 318 321
307 311 315 328 330 311 328 330 SIT 3147 328 330 331 1| 58 330 331 332 334 361 363
3310332 402 425C 4255 | gy 4on gqga || 332361 365 A2SCAGL L gee gy 409 425C 4 4608 461
470 4712500 501 505 S0 501 554 470 4714 500 501 505 | | 470 4714 475 500 501 505 S10P
510 5108 531 554 570 0 592 562 565 570 591 592 | | 519 531 554 562 565 570 575
592 6504 675 710 6504 660 675 592 650% 660 665 672 673 675

710 735 7354 736

International tale types

307  The Princess in the Coffin 409 The Girl as Wolf 562 The Spirit in the Blue Light
311  Rescue by Sister 425C Beauty and the Beast 565 The Magic Mill

312D Rescue by the Brother 425E The Enchanted Husband 570 The Rabbit-Herd

314A The Shepherd and the Giants 425M The Snake Bridegroom 575 The Prince's Wings

314A* Animal Helper in the Flight 460B The Journey 591 The Thieving Pot

315  The Faithless Sister 461 Three Hairs 592 The Dance Among Thorns
318  The Faithless Wife 470  Friends in Life and Death 650A Strong John

321  Eyes Recovered from Witch 471A The Monk and the Bird 660 The Three Doctors

328  The Boy Steals Ogre’s Treasure 475 The Man as the Heater 665 The Man who Flew and Swam
330  The Smith and the Devil 500  Supernatural Helper 672 The Serpent’s Crown

331  The Spirit in the Bottle 501 The Three Old Spinning Women 673 The White Serpent’s Flesh
332 Godfather Death 505 The Grateful Dead 675 The Lazy Boy

334  Household of the Witch 510 Cinderella and Peau d’Ane 710 Our Lady’s Child

361  Bear Skin 510B Peau d’Asne 735 The Rich and the Poor Man
363  The Corpse-Eater 519  The Strong Woman as Bride 735A Bad Luck Imprisoned

365  The Dead Bridegroom 531 The Clever Horse 736 Luck and Wealth

402  The Animal Bride 554  The Grateful Animals

Figure 4. Estimated contents of ancestral tale corpora. Reconstruction of ancestral Indo-European tale corpora based on analyses of
the 76 most phylogenetically conserved tales. Tales contained in each box were reconstructed with a more than 50% likelihood of being
present in the corresponding ancestral tale corpus whereas tales in bold represent cases where tales could be securely reconstructed
(greater than or equal to 70%). Full results for the ancestral state reconstructions are provided in the electronic supplementary material,
table S5. Asterisks denote reconstructions in Proto-Indo-European are based on the results of Bayesian analyses (table 2).

linguistic relationships that are consistent with vertical processes of cultural inheritance. The majority
of these correlations (76 out of 100) remained robust even after accounting for spatial relationships
among linguistically related Indo-European groups in the autologistic analyses. In fact, in most of these
cases, spatial proximity appears to have had a negative effect on the tales’ distributions, suggesting that
societies were more likely to reject than adopt these stories from their neighbours.

The latter finding contrasts with previous research that reports much stronger evidence for the
spatial diffusion of folktales between neighbouring populations. A study by Ross et al. [24] found that
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Table 2. Results of the Bayesian analyses of Proto-Indo-European tales. Posterior probabilities for the presence/absence of tales
reconstructed in Proto-Indo-European were obtained from a most recent common ancestor analysis, performed in BAYESTRAITS (v. 2) [36].
The relative support for each possibility was further assessed by a fossil test. Bayes Factor support for the presence of each tale was
evaluated using the interpretive framework suggested by Kass & Rafftery [37].

Bayes Factor support

for presence
(absent) (interpretation)

ATU330 0.87 0.13 3.59 (‘positive’)

similarities among European variants of the tale “The Kind and Unkind Girls” (ATU 480) are strongly
correlated with geographical proximity independently of linguistic relationships, but not vice versa.
Another more recent study by Ross & Atkinson [25] suggests that the distributions of shared tale types
among Arctic hunter-gather societies are predicted by both geographical and linguistic associations, with
the former being more influential. However, it is important to emphasize that we only compared spatial
versus phylogenetic effects for tales that had already been screened for a phylogenetic signal (in order to
determine whether that signal was genuine). It is highly plausible that horizontal transmission played a
much greater role in the tales whose distributions were not predicted by linguistic relationships in the
D analyses—which included ATU 480 ‘The Kind and Unkind Girls’, consistent with Ross ef al.’s [24]
findings. This raises a more general question about why populations seem to readily adopt some tales
from their neighbours, while apparently rejecting others. Theoretical studies of cultural evolution suggest
that patterns of cultural diversity are often shaped by parochial transmission biases (e.g. conformism,
neophobia) that inhibit the exchange of information between groups and preserve local distinctions
[6,38—40]. However, relatively little work has examined the extent to which these biases target particular
kinds of traits, or the circumstances under which they might be relaxed [9,41,42]. While the answers to
these questions lie beyond the scope of this study, our findings regarding the differentiated phylogenetic
and spatial distributions of folktales provide a rich context for further investigation into these problems.

The durability of the phylogenetic signatures returned by the D analysis and autologistic tests,
highlighted by the ancestral state reconstructions, revealed the existence of shared ancestral traditions in
each of the major clades of the Indo-European family (figure 4). The results of these analyses have major
implications for current debates concerning the origins of Tales of Magic [16,17]. Whereas most folklorists
since Grimm believe that written versions of fairy tales were originally derived from oral tradition,
some literary scholars [17,18] have claimed that there is very little evidence to support the precedence
of oral traditions over literary ones and argued that it is unlikely that these stories could have been
transmitted intact for so many generations without the support of written texts. Our findings contradict
the latter view, and suggest that a substantial number of magic tales have existed in Indo-European oral
traditions long before they were first written down (electronic supplementary material, table S5). For
example, two of the best known fairy tales, ATU 425C ‘Beauty and the Beast’ and ATU 500 “The Name of
the Supernatural Helper” (‘Rumplestiltskin’) were first written down in the seventeenth and eighteenth
centuries [43]. While some researchers claim that both storylines have antecedents in Greek and Roman
mythology [44,45], our reconstructions suggest that they originated significantly earlier. Both tales can
be securely traced back to the emergence of the major western Indo-European subfamilies as distinct
lineages between 2500 and 6000 years ago [2,3], and may have even been present in the last common
ancestor of Western Indo-European languages (figure 4).

In general, the number of tales that could be inferred in ancestral tale corpora decreases as they
approach the root of the tree, with a concomitant decline in the reliability of these reconstructions.
Although fourteen tales were inferred as present in Proto-Western-Indo-European (more than 50%
likelihood), only two had a likelihood of more than 70%. Four tales were inferred as having a greater
than 50% likelihood of being present in Proto-Indo-European, none of which had a likelihood of more
than 70%. While the phylogenetic signal of a tale is bound to be eroded over time by transmission errors,
competition with other tales, population turnover and diffusion between groups, the reconstruction of
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very ancient Indo-European tale traditions is further problematized by the uncertainty associated with
deeper nodes in the tree. Thus, whereas the hypothetical ancestors for Proto-Romance, Proto-Germanic,
Proto-Celtic and Proto-Indo-Iranian have a posterior probability of 100% in our tree sample, the
corresponding value for Proto-Western-Indo-European is 90%, falling to 77% for Proto-Indo-European.
However, despite these limitations, we were able to trace the inheritance of several tales deep into Indo-
European prehistory, securely reconstructing them in the tale corpora of Proto-Italo-Celtic (ATU 328, ATU
330, ATU 402 and ATU 554), Proto-Italo-Celtic-Germanic (ATU 328, ATU 330, ATU 402 and ATU 554) and
Proto-Western-European (ATU 330 and ATU 554). Even more remarkably, the Bayesian analyses were
able to infer the presence of one tale, ATU 330 ‘The Smith and the Devil’, in the last common ancestor of
the Indo-European family, Proto-Indo-European (table 2).

In sum, the results of the ancestral state reconstructions demonstrate that phylogenetic comparative
methods can yield penetrating insights into the contents of ancient tale corpora which are difficult to
access using conventional literary-historical approaches. Of course, this does not diminish the value
of excavating the literary record for evidence about the origins and development of oral tales. Indeed,
research carried out in this vein can supply extremely useful means of cross-checking the results of
comparative phylogenetic analyses. For example, research into tale types and motifs in Graeco-Roman,
Germanic and Celtic mythology support the antiquity of many of the magic tales that we reconstructed in
ancestral Indo-European populations (electronic supplementary material, table S5). These data provide
useful materials for further efforts to validate our findings. Ancient variants could be used to calibrate
phylogenetic analyses of specific tale types [22,23] in the same way that ancient languages are used
to date the origins of linguistic families [2,3]. Hypotheses concerning the descent history of a given
international type (e.g. ATU 330) could then be tested against the structure of phylogenetic relationships
and estimated root age inferred from different historical and cultural versions of the tale.

In some cases, it may also be possible to evaluate inferences about ancestral tale corpora in relation
to other sources of information about past societies, such as historical, archaeological, linguistic and
genetic data. Our findings regarding the origins of ATU 330 ‘The Smith and the Devil” are a case
in point. The basic plot of this tale—which is stable throughout the Indo-European speaking world,
from India to Scandinavia—concerns a blacksmith who strikes a deal with a malevolent supernatural
being (e.g. the Devil, Death, a jinn, etc.). The smith exchanges his soul for the power to weld any
materials together, which he then uses to stick the villain to an immovable object (e.g. a tree) to renege
on his side of the bargain [26]. The likely presence of this tale in the last common ancestor of Indo-
European-speaking cultures resonates strongly with wider debates in Indo-European prehistory, since
it implies the existence of metallurgy in Proto-Indo-European society. This inference is consistent with
the so-called "Kurgan hypothesis’, which links the origins of the Indo-European language family to
archaeological and genetic evidence of massive territorial expansions made by nomadic pastoralist tribes
from the Pontic steppe 5000-6000 years ago [3,46—48]. The association of these peoples with a Bronze Age
technological complex, as reconstructed from material culture data [49] and palaeo-linguistic inferences
of PIE vocabulary (which include a putative word for metal, aios) [50], suggests a plausible context

for the cultural evolution of a tale about a cunning smith who attains a superhuman level of mastery
over his craft. By contrast, the presence of this story in PIE society appears to be incompatible with
the alternative ‘Anatolian hypothesis” of Indo-European origins. The latter proposes a much earlier
and more gradual process of demic diffusion associated with the spread of agriculture from Neolithic
Anatolia 8000-9000 years ago [51]—prior to the invention of metallurgy. However, it should be noted
that according to some variants of the model [2,52], the lineage leading to all surviving Indo-European
languages may have diverged from the now extinct Anatolian languages as recently as 7000-5500 B.C.E,
a range which overlaps with the earliest archaeological evidence for smelting at numerous sites in
Eurasia [53]. Consequently, a Bronze Age origin for ATU 330 seems plausible under both major models
of Indo-European prehistory.

On a more general level, this example highlights how the kinds of stories told in ancient populations
often reflect broader features of their cultures. While the content of ATU 330 is most obviously
relevant to the technological capabilities of Proto-Indo-European society, anthropologists have long
speculated that folktales may preserve other kinds of information about the ancestral contexts in which
they originated, such as social organization, subsistence practices and religion [14,54]. Comparative
phylogenetic methods provide a powerful set of tools with which to investigate these hypotheses
more scientifically. We anticipate that future studies in this area will not only shed new light on the
origins of fairy tales, myths, legends and other types of traditional narrative, but also offer novel and
complementary perspectives on archaeological, genetic and linguistic reconstructions of the past.
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