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The use of phylogenetic methods in linguistics has provided new insights into the structure, age, and spread of language families. 
Despite increasing recognition of Japonic as one of the world’s primary language families, research on the family’s phylogeny 
remains limited. This study presents a new reconstruction of Japonic language history based on NichiRyuuLex, a new lexical 
dataset comprising data from 48 Japanese and 33 Ryukyuan lects for 256 concepts. The study combines lexical and 
phonotactic data to increase precision in the phylogenetic parameter estimates, providing a more informative reconstruction. 
The analyses presented here confirm previous findings on the age of the family as a whole, estimating a Japanese-Ryukyuan 
split at around 400–500 BCE, supporting that the time of diversification coincides with the influx of Bronze Age rice agriculturists 
during the Yayoi Period. The topology of the mainland Japanese clade uncovered in the analyses unifies two divisions 
recognized in traditional Japanese dialectology: the East-West division, and the center-periphery division. The topology of the 
Ryukyuan clade largely followed geographical segmentation—Northern Ryukyuan (Amami; Okinawa) vs. Southern Ryukyuan 
(Miyako; Macro-Yaeyama). The ancestor of Ryukyuan was dated to around the ninth century, coinciding with the first traces of 
cereal farming in the Northern Ryukyu Islands. In sum, the study provides greater certainty about the linguistic history and 
internal structure of mainland Japanese, as well as a more detailed perspective on the history of the Ryukyuan languages.
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1. Background
The use of phylogenetic methods to analyze linguistic 
data has provided new insights into the structure, age, 
and spread of language families (e.g. Gray et al. 2009; 
Honkola et al. 2013; Chang et al. 2015; Bouckaert 
et al. 2018; Koile et al. 2022; Ferraz Gerardi et al. 
2023; Heggarty et al. 2023), which in turn allows us to 
study general patterns of language evolution (e.g. 
Jordan et al. 2009; Dunn et al. 2011; Guillon and 
Mace 2016; Haynie and Bowern 2016; Greenhill et al. 
2017; Beyer et al. 2019; Huisman et al. 2019; 
Shcherbakova and Allassonnière-Tang 2024).1

Research on the phylogeny of Japonic languages is lim
ited (Lee and Hasegawa 2011), as Japanese was long 
seen as an isolate. It is now recognized as one member 
of the small Japonic language family, which has gener
ated renewed and broader interest in questions on its his
tory (Pellard 2015, 2021; de Boer et al. 2020; Jarosz et al. 
2022; Igarashi 2023a, 2023b; Takahashi et al. 2023; de 
Boer 2024). This study combines lexical and phonotactic 
data to produce a new reconstruction of the Japonic lan
guage phylogeny, which provides estimates with greater 
precision and sheds light on hitherto unresolved facets of 
the history of Japonic languages.

1.1 The Japonic language family
The Japonic languages spoken across the 3,000 km 
long Japanese archipelago form a fairly small family 

1Recent years have seen a steady increase in the range of language families and 
topics studied using these methods. For a full up to date overview, we recommend 
the online database curated by Simon Greenhill: https://simon.net.nz/phylogenies/.
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not demonstrably related to any others—see Tian et al. 
(2022) contra Robbeets et al. (2021) but also Vovin 
(2011, 2017), and Janhunen (2023). The Japonic lan
guages are thought to have been brought to the archi
pelago by Bronze Age rice agriculturists who migrated 
there in the first millennium BCE (the Yayoi period; 
Hanihara 1991; Hudson et al. 2020). The exact number 
of ‘languages’ is not established, but reports on mutual 
intelligibility suggest at least a dozen (Smith 1960; 
Yamagiwa 1967; Tominaga 1988; Yamada et al. 
2020), and further work might even uncover a number 
closer to 50 (see Takubo 2018). The Ryukyuan and 
Hachijo lects are recognized as endangered languages 
(Moseley 2010), but many other ‘dialects’ are equally 
under pressure from Standard Japanese.

Dialect classifications based on geographical vari
ation abound (Tojo 1927, 1951; Kindaichi 1955; 
Fujiwara 1962), with general consensus on a division 
between a Japanese branch (spoken across the four 
main islands), and a Ryukyuan branch (spoken across 
the Ryukyu Islands in the south of Japan). The historic
al relationships between the dialect subgroups have 
traditionally received considerably less attention—al
though see e.g. Hattori (1978–1979) and Peng and 
Peng (1990) for examples of traditional historical lin
guistics studies. Currently, there are only two extensive 
dated phylogenies of Japonic, both presented by Lee 
and Hasegawa (2011). Their main analysis shows a pri
mary split between Japanese and Ryukyuan at around 
200 BCE. A second tree, based on a smaller but inde
pendent dataset, presented in their supplementary ma
terials, estimates this split at the start of the first 
century CE. As their aim was to investigate whether 
Japonic spread together with agriculture, they mainly 
focused on the root age without extensively discussing 
the internal structure of the family.

1.2 Contribution of this study
We use lexical and phonotactic data to provide a more in
formative reconstruction of the Japonic phylogeny, while 
accommodating the differences in the evolutionary pro
cess between the two data types. In evaluating the results 
reported by Lee and Hasegawa (2011), we focus on three 
main aspects: 1, the main split at the root, and its timing; 
2, the timing and topology of the mainland Japanese 
branch; and 3, more extensive representation of 
Ryukyuan branch. In addition, our new dataset also rem
edies minor issues with data coding and availability.

First, while Lee and Hasegawa (2011) find a split be
tween Japanese and Ryukyuan during the Yayoi period 
(1,000 BCE—third century CE), the reported 95 per cent 
HPD-intervals range from 2,000 BCE to 800 CE. This 
covers 1,000 years of the preceding non-Japonic 

hunter-gatherer Jomon period (13,500–300 BCE) and 
does not rule out the competing hypothesis that 
Japanese and Ryukyuan split after the rise of central
ized states in the Kofun period (third to sixth centuries 
CE)—as suggested by earlier glottochronological work 
(Hattori 1954, 1976) and the recent historical linguis
tics work by Pellard (2015, 2021). Both cases are prob
lematic for the language-with-farming hypothesis. In 
addition, another stream of recent research argues 
that the main split is instead between a Ryukyu- 
Kyushu clade versus the remaining mainland lects, 
based on shared non-basic vocabulary, and a shared 
sound change in one specific group of verbs (Jarosz 
2019; De Boer 2020; Igarashi 2023b, 2023a; Jarosz 
and Orlandi 2023).

Second, the main tree in Lee and Hasegawa (2011)
estimates the ancestor of the contemporary mainland 
Japanese lects to date from the 17th century, whereas 
the supplementary tree estimates this ancestor as dating 
from the 12th century. This discrepancy requires fur
ther investigation, as does the timing in general, given 
the attestation of linguistic variation in the earliest writ
ings—Old Japanese (eighth century); see e.g. Vovin and 
Ishisaki-Vovon (2021) and Kupchik (2023). Moreover, 
the internal structure of the Japanese branch shows 
higher levels of uncertainty than generally reported in 
phylolinguistic studies, with posterior probabilities of 
0.50 for the mainland Japanese clade and 0.55 for 
the—broadly recognized—Eastern Japanese subgroup, 
for example. Many lower internal nodes showed pos
terior probabilities lower than 0.50. This likely results 
from the limited lexical differentiation inherent to its 
fairly shallow time-depth.

Finally, the Ryukyuan clade is underrepresented in 
the Lee and Hasegawa (2011) study, comprising only 
10 Ryukyuan lects in total, with just one each from 
the Amami- and Okinawa subgroups. While the 
Ryukyuan lects are generally understudied, there are 
compendia of comparative data with sufficient basic 
vocabulary coverage for computational work.

This study aims to rectify the issues raised above 
through analyses of a new comparative dataset, com
prising both lexical and phonotactic data, with ex
panded coverage of Ryukyuan. Therefore, the new 
dataset is expected to provide estimates with greater 
precision and address some of the unresolved questions 
in the Lee and Hasegawa (2011) study regarding the 
competing hypotheses.

2. Materials and methods
2.1 Lexical data
We compiled a new lexical dataset, NichiRyuuLex, us
ing an expanded concept list that consolidates the 
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Austronesian Basic Vocabulary Database list (Greenhill 
et al. 2008, as used by Lee and Hasegawa 2011), the 
100-item and 200-item Swadesh lists (Swadesh 1952, 
1955), and the Leipzig-Jakarta List (Tadmor 2009). 
The combined list comprised 266 concepts once 
cleaned, but was further adapted to better fit the 
Japonic lexicon, resulting in a total of 256 concepts— 
see Supplementary Materials for details. We collated 
data for 48 Japanese (including Old Japanese) and 33 
Ryukyuan lects using several compendia (Hirayama 
1966, 1967, 1992–1994; Arakaki 2000). This geo
graphically balanced sample is agnostic towards ‘lan
guage’ status, and instead represents each of the 
commonly recognized major dialect subgroups through 
multiple lects. Lects appearing in multiple sources 
helped cross-referencing transcription systems and uni
fy all data into a single IPA-based transcription. All en
tries were coded for cognacy based on regular sound 
correspondences and reconstructed sound changes dis
cussed in Hattori (1978–1979); Hirayama (1966; 
1967; 1992–1994), Iitoyo et al. (1982–1984), 
Nakamoto (1976; 1981), and Thorpe (1983). Clearly 
identifiable intra-family borrowings were excluded 
(e.g. Standard Japanese-like forms not showing any of 
the expected sound correspondences). The coding was 
binarised for the phylogenetic analyses.

2.2 Phonotactic data
The complexity of the Bayesian approach, estimating 
many parameters in a single analysis, requires larger 
amounts of data, and so the prevalent approach in phy
lolinguistics has been to use cognacy data, as these 
amounts have been argued to be ‘only really available 
in the lexicon’ (Greenhill et al. 2020, p. 236). 
However, the fairly shallow time-depth of Japonic en
tails limited lexical differentiation (e.g. Hattori 1973), 
which complicates unravelling the relations between 
closely-related lects. To address this, we supplemented 
the lexical data with phonotactic data, which has 
been used as a source of phylogenetic signal recently 
(Dockum 2017; Macklin-Cordes et al. 2021). 
Macklin-Cordes et al. (2021) was the first to combine 
lexical and phonotactic data in a single phylogenetic 
analysis, but did not find that adding the phonotactic 
characters improved the model. However, his study 
was on the Western Pama-Nyungan family, which has 
a greater time-depth (and thus more lexical differenti
ation), but is more homogenous in terms of phonotac
tics. In contrast, the lexically more similar Japonic 
lects still show phonotactic differentiation through 
e.g. differing obstruent mergers and monophthongisa
tion patterns, making the addition of phonotactic 
data worthwhile (see also below).

For all contemporary lects,2 we extracted biphones 
from the 256 lexical items, following the procedure de
scribed in Macklin-Cordes et al. (2021), which takes 
all two-segment sequences from each lexical item (in
cluding word boundaries)—e.g. Tokyo atama ‘head’ 
has the following biphones: #a, at, ta, am, ma, a#. 
Doing this for the entire word list creates a biphone in
ventory for each lect. Doing this for all lects creates an in
ventory of biphones across the entire family. We then 
coded binary presence/absence of each biphone in every 
lect.

2.2.1 The added value of phonotactic data
Following Macklin-Cordes et al. (2021), we measured 
the phylogenetic signal in our data using the D statistic 
(Fritz and Purvis 2010). Each independent binary char
acter was tested against two null hypotheses: 1, Its val
ues are distributed randomly with regards to 
phylogeny; and 2, its values are distributed as expected 
from a Brownian evolution model. To account for this, 
we performed a Bonferroni correcting, dividing the 
threshold for statistical significance by two (0.025). 
For the reference phylogeny, we matched our lects to 
the standard classification of the Japonic languages 
(adapted from Fig. 4.7 in De Boer 2020). The D statistic 
and associated P-values were calculated in R, using the 
phylo.d function in the caper package (Orme et al. 
2012). Table 1 shows how many characters contain 
phylogenetic signal—for the lexical data by itself, ver
sus for the combined lexical and phonotactic data.

The phonotactic data added an additional 355 char
acters with phylogenetic signals. A chi-squared test also 
showed a significant difference between the two data
sets, χ2(2) = 6.41, P = 0.041. Standardized residuals re
vealed that the combined dataset contained 
significantly more characters with phylogenetic signal 
(81 per cent vs. 76 per cent, std. res. = 1.98), significant
ly fewer characters of indeterminate nature (17 per cent 
vs. 22 per cent, std. res. = −2.43), and no differences in 
the number of characters consistent with randomness 
(3 per cent vs. 2 per cent, std. res. = 0.90). Together, 
this shows the added value of phonotactic data for 
Japonic.

2.3 Phylogenetic analyses
Each model contained both the lexical- and phonotactic 
characters, i.e. the two data types were analysed jointly 
to infer a single phylogenetic tree. We fitted two-state 
continuous-time Markov chain (CTMC) models to 

2No phonotactic characters were extracted for Old Japanese given the longstanding 
debate around its precise phonology—although see Miyake (2013) for an in-depth at
tempt at reconstruction.
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our binary data in BEAST 2 (Bouckaert et al. 2019). In 
addition to a strict clock model, we considered a log- 
normal relaxed clock model to account for potential 
rate variation across branches. Gamma-site rate models 
were employed to allow for rate variation across char
acters. As the properties of evolution for lexical features 
can be expected to be different and separate to that for 
phonotactic features, the CTMC-, gamma-site rate-, 
and clock models were fitted separately for the lexical 
and phonotactic data within each run. To estimate the 
trees in calendar time units, we applied two priors. 
For the Japanese branch, we applied a log-normal prior 
on the Old Japanese tip based on the attestation of Old 
Japanese (M = 1,260, SD = 25.5; as in Lee and 
Hasegawa 2011). For the Ryukyuan branch, we ap
plied a normal prior (M = 1,023, SD = 50) on the time 
of the most recent common ancestor (tMRCA) of 
Southern Ryukyuan,3 which forms a coherent linguistic 
subgroup (Pellard 2015). Archaeology suggests that 
Japonic speakers settled the Southern Ryukyus a single 
wave, based on the emergence of the Gusuku-type pot
tery and agriculture in the 11th century (see e.g. Asato 
and Doi 1999; Asato et al. 2004; Takamiya 2005; 
Pearson 2013), which also lines up with the timing of 
the genetic differentiation of the Southern Ryukyuan 
population (Matsunami et al. 2021; Cooke et al. 
2023; Koganebuchi et al. 2023). As a sensitivity ana
lysis, we considered two different tree priors: the cali
brated Yule (Heled and Drummond 2012) and the 
calibrated birth-death model (Heled and Drummond 
2015), which shared the same prior density on the 
tMRCA of Southern Ryukyuan. In addition, we ran 
all models without Old Japanese to ensure the lack of 
phonotactic data did not majorly affect our results 
and found that the tree topology was robust to exclud
ing Old Japanese.

3. Results
In the description below, we summarize the findings 
across all different models. The OSF repository linked 

in the Data availability statement contains the max
imum clade credibility trees and full outcomes of each 
individual model, including those excluding Old 
Japanese.

3.1 Tree topology
A primary split between a mainland Japanese clade— 
including Kyushu—on the one hand, and a Ryukyuan 
clade on the other, was present with posterior probabil
ity > 0.9 across all tree priors and clock models. 
Figure 1 summarizes the topologies of the Japanese 
and Ryukyuan clades, with reference to their geograph
ical patterning.

Within the Japanese clade, Old Japanese appeared as 
an outgroup to the rest of the clade in all analyses. The 
posterior probability for the clade comprising all con
temporary lects was 1 across all tree priors and clock 
models. Across all analyses, a core Tohoku Japanese 
clade emerged with posterior probability 1, which 
was the first to separate from its ancestor. For the re
maining mainland lects, the relaxed clock analyses sug
gested a large Central Japanese clade, comprising 
everything west of the Japanese Alps (posterior prob
abilities: Yule 0.88; Birth-Death 0.90). Within Central 
Japanese, we found a major split between the ‘core’ 
lects spoken around the historical capital area 
Kyoto-Nara (posterior probability 0.95 across both 
tree priors), and the remaining ‘peripheral’ lects (pos
terior probabilities: 0.93; 0.94). The Kyushu lects con
sistently form a subclade with posterior probability 1 
within this peripheral subgroup. These same subgroups 
(‘core’ Central, ‘peripheral’ Central, and Kyushu) were 
strongly supported in the strict clock analyses as well, 
but the structure of the clade as a whole was less re
solved. The lects spoken east of the Japanese Alps ap
peared as an outgroup to the large Central Japanese 
clade but with less coherence (posterior probabilities 
0.5–0.7). Finally, the position of some individual lects 
(e.g. Tokyo, Hachijo, Toyama, Shimane) also varied 
considerably between models.

Within the Ryukyuan clade, Amami and Okinawa 
emerged as clear subgroups, together forming a 
stable Northern Ryukyuan subclade—all posterior 
probabilities > 0.99 across all tree priors and clock 

Table 1. Comparison of the number of characters containing phylogenetic signals across the lexical and phonotactic datasets.

Phylogenetic signal No phylogenetic signal Indeterminate

Lexical data only 435 11 123

Lexical + phonotactic data 790 26 163

χ2(2) = 6.41, P = 0.041

3We define the Southern Ryukyuan branch to include the lects Hateruma, Hatoma, 
Hirara, Ikema, Iriomote, Ishigaki, Kuroshima, Nagahama, Ohama, Oura, Tarama, 
Taketomi, Uechi, and Yonaguni.
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models. Within Southern Ryukyuan (which was mono
phyletically constrained), a clear Miyako subgroup 
emerged with a posterior probability of 1 across all ana
lyses. A monophyletic Macro-Yaeyama subgroup 
emerged consistently in the strict clock analyses (0.99 
across both tree priors), but its posterior probability 
was considerably lower in the relaxed clock analyses 
(0.49 across both tree priors).

3.2 Dating
The upper bounds of the 95 per cent Bayesian credible 
intervals (BCIs) for the estimated age of the entire fam
ily (12,000–880 BCE) did not entirely rule out an initial 
diversification during the Jomon period. However, the 
full BCIs and median values (470–380 BCE) strongly 
suggest that the initial diversification of Japonic hap
pened during the Yayoi period. The lower bounds of 
the BCIs (210–70 BCE) predate the Kofun period.

The 95 per cent BCIs of the Japanese clade tMRCA 
range from 980 to 1,420 CE, which clearly suggests di
versification in the Middle Japanese period (9th–16th 
century), but it is less certain whether it occurred after 
the Early Middle Japanese period (posterior probabil
ities: 0.592–0.661).

The lower bounds of the 95 per cent BCIs (970–980 
CE) of the Ryukyuan clade tMRCA predate the Gusuku 
period (11th century onwards), suggesting 

diversification prior to this (posterior probabilities: 
0.991–0.994), coinciding with the first population 
movements from the mainland into the Ryukyu islands. 
Figure 2 summarizes the findings across the combina
tions of clock models and tree priors, with reference 
to the findings reported by Lee and Hasegawa (2011).

4. Discussion and conclusion
The analyses presented here strongly support a primary 
split between mainland Japanese and Ryukyuan, in line 
with both traditional views in dialectology and work in 
(computational) historical linguistics (Pellard 2009, 
2015; Lee and Hasegawa 2011). We found no support 
for the recently revived proposal grouping together the 
Kyushu and Ryukyu lects into one clade (cf. De Boer 
2020; Igarashi 2023a). Lexical correspondences for 
this proposal are generally only found in non-basic vo
cabulary (Jarosz 2019; Jarosz and Orlandi 2023), 
which, together with other commonly cited evidence 
—e.g. shared sound changes occurring in one specific 
verb class (Hattori 1978; Igarashi 2023b)—are more 
likely to result from contact from when Proto- 
Ryukyuan was still spoken in Kyushu (see also Pellard 
2015, 2021). Regarding the age of the family, Pellard 
(2015) previously noted the temporal discrepancy 
between the start of the Yayoi period around 1,000 
BCE and the first split between Japanese and 

Figure 1. Map showing the locations of the lects included in this study, with summarized topologies for (a) the Japanese clade and (b) the 
Ryukyuan clade, with main subgroups discussed in the running texts colour-coded—dark grey indicating that the position of that lect 
remains unresolved.
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Ryukyuan occurring as much as 800 years later, dated 
to around 200 BCE (Lee and Hasegawa 2011).4 The 
models presented here estimated the Japanese- 
Ryukyuan split to have occurred around 400–500 
BCE, which means this discrepancy is also present in 
our results, albeit to a lesser degree. While there is no 
clear explanation, Vovin (2017) has suggested that 
Japonic was once a more diverse language family than 
it is today, and perhaps these estimated ages reflect 
the partial loss of this diversity.

The topology of the mainland Japanese clade uncov
ered in our analyses neatly unifies the two divisions rec
ognized in traditional Japanese dialectology: the 
East-West division based on various structural features, 
and the center-periphery division based on patterns of 
lexical diffusion (see Kawaguchi and Inoue 2002). At 
the same time, further work is required to determine 
the position of divergent lects such as Shimane and 
Hachijo. In addition, the age estimates provided by 
the models raise more questions than they provide 

answers, as they suggest that the contemporary main
land Japanese lects share a common ancestor that is 
much more recent than Old Japanese. This is puzzling 
given the attested differences between the central and 
eastern varieties of Old Japanese, some of which persist 
to this day. Further research is needed to explain this 
apparent paradox. Attestations of Eastern Old 
Japanese are not abundant enough to precisely deter
mine its lexical differentiation (Vovin and 
Ishisaki-Vovin 2021), but perhaps whatever diversity 
there was has been slowly eroded over time under the 
influence of historically high-prestige and (later) 
standard(-like) varieties.

The major subgroups uncovered in the topology of 
the Ryukyuan clade largely followed geographical seg
mentation—albeit with some uncertainty around some 
Macro-Yaeyama lects (Hateruma and Yonaguni). 
Further divisions of the subgroups also largely followed 
previously suggested classifications—see e.g. Lawrence 
(2000, 2006) on Okinawa and Yaeyama, respectively, 
and Pellard (2009) on Miyako. The ancestor of the 
Ryukyuan branch was dated to around the turn of the 
9th century, which coincides with the first traces of cer
eal farming appearing in Amami and Okinawa between 
the 8th and 10th centuries (see also Jarosz et al. 2022). 
The relatively short branch between this ancestor 
and the Southern Ryukyuan subgroup suggests that 
the entire island chain was settled fairly soon after the 
initial movement into the Ryukyu islands, representing 

Figure 2. Posterior estimates of tMRCA for (a) all taxa, (b) the contemporary Japanese lects, and (c) the Ryukyuan lects. For each of the 
(a)–(c), the top and middle parts present the posterior estimates from our study for the strict clock analyses and relaxed clock analyses, 
respectively. The shaded areas represent the posterior densities estimated from the analyses with the calibrated Yule prior, while the 
dashed contour lines represent those estimated from the analyses with the calibrated birth-death prior. For a given clock model, the solid 
bars represent the 95 per cent Bayesian credible intervals from the analyses with the calibrated Yule prior, while dotted bars represent the 
intervals from using the calibrated birth-death prior. Corresponding posterior medians are indicated by the crosses on the bars. The bottom 
part of each panel presents the posterior estimates presented in the main text (‘Main’) and supplementary materials (‘Supp.’) by Lee and 
Hasegawa (2011), where the posterior medians are available for all tMRCA estimates, but Bayesian credible intervals for the root only.

4At the same time, Pellard (2015, 2021) has suggested that the split between 
Japanese and Ryukyuan happened during the Kofun period (250–500 CE), which would 
make the discrepancy even larger. Recent ancient DNA studies have identified a com
ponent in Kofun period individuals not present in Yayoi period individuals (Cooke et al. 
2021) and found that both contemporary mainland Japanese and Ryukyuan populations 
are genetically more similar to these Kofun individuals than they are to the Yayoi in
dividuals (Cooke et al. 2023). This raises questions about who exactly the people as
sociated with this DNA component were, and how—if at all—they influenced the 
linguistic situation.
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a burst-like expansion also found in Austronesian 
(Gray et al. 2009).

In sum, the analyses confirm previous findings on the 
age of the family as a whole, provide greater certainty 
about the linguistic history and internal structure of 
mainland Japanese, as well as a more detailed perspec
tive on the history of the Ryukyuan languages. We pre
sent our updated phylogenetic tree of the Japonic 
language family to be used as a resource in broader 
studies on language evolution.

Finally, our results show that other types of data can 
successfully complement lexical data—the standard in 
phylolinguistic studies. In this regard, our study con
trasts with Macklin-Cordes et al. (2021), who found 
that the addition of phonotactic characters did not pro
duce a better model. In the Japonic case, they were par
ticularly useful for inferring the internal branch 
structure, likely because of its relatively shallow time- 
depth. Moreover, the phonotactic data added informa
tion as binary characters, which makes integration with 
the binary cognacy data more straightforward—cf. 
Macklin-Cordes et al. (2021), who needed to incorpor
ate phonotactics as frequency-based features. Future 
work on the finer structure of other language families 
might thus benefit from binary phonotactic data, espe
cially as it can be easily extracted from the lexical data.
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