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Bayesian phylogenetic analysis supports an
agricultural origin of Japonic languages

Sean Lee* and Toshikazu Hasegawa

Department of Cognitive and Behavioral Science, Graduate School of Arts and Sciences, University of Tokyo,
3-8-1 Komaba, Meguro-ku, 153-8902 Tokyo, Japan

Languages, like genes, evolve by a process of descent with modification. This striking similarity between
biological and linguistic evolution allows us to apply phylogenetic methods to explore how languages, as
well as the people who speak them, are related to one another through evolutionary history. Language
phylogenies constructed with lexical data have so far revealed population expansions of Austronesian,
Indo-European and Bantu speakers. However, how robustly a phylogenetic approach can chart the his-
tory of language evolution and what language phylogenies reveal about human prehistory must be
investigated more thoroughly on a global scale. Here we report a phylogeny of 59 Japonic languages
and dialects. We used this phylogeny to estimate time depth of its root and compared it with the time
suggested by an agricultural expansion scenario for Japanese origin. In agreement with the scenario,
our results indicate that Japonic languages descended from a common ancestor approximately 2182
years ago. Together with archaeological and biological evidence, our results suggest that the first farmers
of Japan had a profound impact on the origins of both people and languages. On a broader level, our
results are consistent with a theory that agricultural expansion is the principal factor for shaping global
linguistic diversity.
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1. INTRODUCTION
Considerable controversy surrounds prehistoric factors that
shaped the patterns of linguistic diversity. On the one hand,
farming/language dispersal theory argues that agricultural
population expansions since the end of the last Ice Age
played a critical role in shaping major patterns of linguistic
diversity [1]. This theory posits that geographically uneven
opportunities to domesticate wild plants and animals
allowed some Holocene societies to acquire agriculture,
which subsequently brought about technological advance-
ments based on social stratification, and ultimately led to
the outward population expansions of farming societies,
thereby shaping both human genetic and linguistic diversity
into the areas in which they settled.

On the other hand, diffusion/transformation theory
argues that agricultural population expansion and the pat-
terns of linguistic diversity are not closely linked [2]. This
theory posits that agricultural social intensification is
merely one of the many factors that influence biological
and linguistic diversity, and cultural/technological inno-
vations can diffuse between societies [3]. According to this
view, it is perfectly possible that diffusion between societies
allowed hunter–gatherer societies to adopt cultural
innovations from the farmers and gradually transform them-
selves into modern societies, while maintaining their own
genetic and linguistic make-ups.

Until recently, however, it was difficult to investigate
which of these two theories has more explanatory power
in a systematic manner, owing to the lack of a suitable

methodology to study languages. Early attempts to study
the patterns of linguistic diversity such as lexicostatistics
and glottochronology did not survive scientific scrutiny.
This was because these methods not only failed to dis-
tinguish shared innovations from shared retentions, but
also misconceived that rates of linguistic change both
within and between languages were universally constant.
Consequently, these methods were often found to produce
misleading inferences about divergence times as well as
topological relationships among languages [4,5].

Fortunately, recent progresses in phylogenetic
methods and their application in studying languages
were found to provide adequate solutions for these pro-
blems [6]. Accumulating empirical evidence suggests
that languages have, astonishingly, gene-like properties
in numerous aspects and they also evolve by a process
of descent with modification (for review, see [7]). This
implies that once the shared innovations among languages
are revealed by converting linguistic signals (i.e. presence
or absence of homologous words) into discrete binary
characters, various stochastic phylogenetic techniques
for modelling biological evolution can be used to ade-
quately reconstruct the history of language evolution.
During the last decade, therefore, these techniques were
quickly adopted to critically examine, and subsequently
corroborate, instances of farming/language co-dispersal
for Bantu [8], Indo-European [9] and Austronesian
speakers [10].

Nevertheless, the debate about the major prehistoric
factors that shaped linguistic diversity on a global scale is
yet to be resolved. In order to settle this controversy, rigor-
ous and systematic investigations need to be carried out for
the remaining language families around the world and the
overall coherence of the results must be made available.
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The evolutionary history of the Japonic language family
that consists of mainland Japanese, Ryukyuan and their dia-
lects [11] provides an invaluable opportunity to examine the
predictions made by the two competing theories. According
to the farming/language dispersal theory, a significant
number of farmers from the Korean peninsula expanded
into the southwest Japanese island of Kyushu around
1700–2400 years before present (YBP) bearing their pot-
tery styles, agricultural tools and weapons [12]. Also, the
evidence from cranial, dental and Y-chromosome analyses
suggests that modern Japanese people derive primarily
from a hybrid population between dominant farmers and
peripheral hunter–gatherers [13–15]. The farming/
language dispersal theory thus predicts that time depth for
the root of Japonic languages would go back to the time
when the first farmers arrived in the Japanese archipelago.

In stark contrast, the diffusion/transformation theory
argues that the major settlement of the archipelago occurred
sometime between 12 000–30 000 YBP and that the
modern Japanese populations are more or less direct des-
cendants of these initial settlers [16]. This theory is
supported by genetic data [17] and posits that the apparent
transition from hunter–gatherer lifestyle to that of agricul-
ture, as indicated by the archaeological evidence, is a
result of cultural diffusion. Accordingly, this theory predicts
that the evolutionary history of Japonic languages is not
critically linked with the arrival of the farmers.

In this paper, we used a Bayesian phylogenetic method
to reconstruct the evolutionary history of 59 Japonic
languages. It was hypothesized that if the recent agricul-
tural population were responsible for shaping the
diversity of Japonic languages, then the time depth of
Japonic origin would be located within 1700–2400
YBP. Conversely, if the older Pleistocene population
made the majority of contribution to the linguistic
make-up of this region, then the time depth may be
found within 12 000–30 000 YBP. In order to estimate
the root divergence time, the posterior probability distri-
bution of Japonic language trees was inferred with
probabilistic sampling dates for two ancient languages
and a probabilistic divergence time calibration for a pair
of extant languages. In addition, four different ways of
modelling language evolution were evaluated with Bayes
factor (BF) tests in order to find an optimal evolutionary
model for the current data.

2. MATERIAL AND METHODS
(a) Lexical data

Lexical data consist of 59 lists of 210 basic vocabularies

(figure 1; a full list is in the electronic supplementary

material, figure S1). The basic vocabularies are words for

body parts, kinship terms, basic verbs, numbers and pro-

nouns [18]. These words are known to be resistant to

change and unlikely to be borrowed between languages

[19]. Wordlists were extracted from previously published ety-

mological dictionaries as well as lexicons published in the

linguistic literature. More specifically, the wordlist for Old

Japanese was extracted from Jōdaigo Jiten Henshū Iinkai

[20] and Yasumoto & Honda [21]. The wordlist for Middle

Japanese was obtained from Muromachi Jidaigo Jiten

Henshū Iinkai [22]. The wordlists for the rest of the Japonic

languages and dialects were extracted from lexicons compiled

by Hirayama [23,24].

We made cognate judgements by (i) relying on previously

identified sound correspondences that were used for

reconstructing proto-Japonic ([25]; B. E. Riley 2003,

unpublished PhD thesis; J. B. Whitman 1985, unpublished

PhD thesis); (ii) working out systematic sound correspon-

dences based on the comparative method [26]; and

(iii) consulting previously published cognate judgements in

glottochronological studies on Japonic languages [27,28]. For

example, there is a known systematic sound correspondence

between Tokyo dialect /j/ and Yonaguni /d/. In addition to

this, we identified that the mainland Japanese vowel /u/ follow-

ing affricative consonant /t
Ð
/ systematically corresponds to the

Ryukyuan /i/ following the same consonant. With these corre-

sponding patterns, it is clear that Tokyo dialect jaQt
Ð
u

(eight), joQt
Ð
u (four), joru (night) systematically corresponds

to Yonaguni dat
Ð
i, dut

Ð
i, duru, respectively. This means that

each pair of words is cognate despite their difference at the pho-

netic level. The cognate sets were encoded into binary states

showing presence (‘1’) or absence (‘0’) of a cognate, which

resulted in a 59! 675matrix (see the electronic supplementary

material, tables S2 and S3).

(b) Phylogenetic analysis

Phylogenetic analyses were conducted with Bayesian Evol-

utionary Analysis by Sampling Trees (BEAST), v. 1.6.1

[29]. BEAST uses Bayesian Markov chain Monte Carlo

sampling methods to approximate the posterior distribution

with sample frequency distribution. This particular appli-

cation was chosen because it can construct phylogenies

without specifying an a priori outgroup (which is uncertain

for an isolated language family like Japonic) by using a

strict clock model or a relaxed clock model. BEAST and its

evolutionary clock models have previously been used to

make inferences about the origins of Semitic languages [30].

In order to search for the most appropriate model of evol-

ution for our data, we constructed phylogenies with four

different ways of modelling language evolution, all of which

adopted a single time-reversible substitution rate for cognate

gain and loss; accommodating for rate variation within

language with gamma correction [31] or covarion model

Figure 1. Map of Japonic languages. Subgroups are coded
with colour circles: yellow, eastern Japanese; orange, western
Japanese; red, Hachijyo; blue, Kyushu; purple, northern
Ryukyuan; pink, southern Ryukyuan.
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[32]; and accounting for rate variation between languages

with a strict clock or a relaxed clock model [33]. A full

description of these models can be found in the electronic

supplementary material.

The evolutionary rate and time depth of root were esti-

mated by incorporating calibration priors. This was done

with two relaxed sample date calibrations and a probabilistic

divergence time calibration. The relaxed sample date calibra-

tions were assigned to Old and Middle Japanese with

lognormal priors in which their 95 per cent of the distri-

butions lie between the upper and the lower bounds of

each era; 1216–1300 YBP for Old Japanese [20] and 437–

674 YBP for Middle Japanese [22]. These time-dated tips

were used in a manner similar to how a leaf-dating method

is applied to ancient DNA data in order to deal with uncer-

tainty in temporal information [34]. This is deemed to be

more appropriate than assigning point calibrations because

the wordlists for Old and Middle Japanese are compilations

of the lexicons from a range of sources collected over a

period of time.

A probabilistic divergence time calibration prior was

assigned to Tokyo and Kyoto. From historical records, it is

clear that the city of Kyoto has been the political centre of

Japan from around 1200 YBP until the Tokugawa military

regime took control of the country and moved the govern-

ment to the city of Edo (present Tokyo) 407 YBP. In

addition, both the historical records and linguistic evidence

suggest that following the shift of power, the governing

elite, merchants and craftsman settled into the new capital,

and their languages (ancient western language spoken in

the old capital of Kyoto) fused with native dialects spoken

by the original inhabitants of Edo to give rise to a distinct

dialect, which later evolved into Tokyo dialect [35,36].

Accordingly, we incorporated this prior information into

our analyses by assigning a normally distributed prior to

the Tokyo–Kyoto pair with the mean of 407 YBP (i.e. the

year the Tokugawa regime was established in Edo) and the

standard deviation of 135.2 years. This means that 95 per

cent of the distribution lies between 142 and 549 YBP,

with a 2.5 per cent percentile at the lower bound of the era

and a mirroring range towards the 97.5 per cent percentile.

The mirroring range was incorporated to introduce some

amount of uncertainty into the calibration.

For tree topology, we used a constant coalescence prior

informed by Jeffrey’s prior (or 1/x prior) as this prior makes

the simplest assumption and has the least amount of

influence on the evolutionary rate.

All four models were run for 30 000 000 steps, with

samples taken every 3000 steps. This produced a sample of

9000 trees for each model after discarding the first 1000

trees as burn-in. Post-run inspections using TRACER v. 1.5

[37] indicated that all chains reached convergence after the

burn-in and all parameters obtained sufficient effective

sample sizes in all four models (greater than 100; chain

length divided by the autocorrelation time).

In order to select the most suitable model of evolution for

our data, BF was estimated from each pairwise model com-

parison via importance sampling [38,39]. This method uses

the smoothed harmonic mean of sampled likelihood distri-

bution as a means to estimate marginal likelihood, and

then produces BF from the difference in the marginal likeli-

hoods between two models in comparison. Significance of

BF from each model comparison was evaluated according

to a conventional benchmark [40].

3. RESULTS
(a) Model selection

A series of BF tests indicated that a model using a relaxed
clock with the covarion model (uncorrelated lognormal
distribution (UCLD) þ Cov) was the best fit for the
data. According to the conventional benchmark [40],
BF greater than 12 means a model is strongly favoured;
BF between 12 and 3 means a model is slightly favoured;
and BF between 3 and 1 is considered trivial. The
UCLD þ Cov model’s BF was consistently well beyond
12 when compared with other models (BF ranging from
92 to 538). Thus, all reports of the results hereafter are
based on the UCLD þ Cov model.

(b) Date estimation

It was predicted that if the farming/language dispersal
theory were correct, then the estimated time for the
root of Japonic language phylogenies would be found
within 1700 and 2400 YBP. On the other hand, if the dif-
fusion/transformation theory were correct, then the root
would be found anywhere between 12 000 and 30 000
YBP. As it can be seen in figure 2, the median age of
the root, 2182 YBP (the mean: 2398 YBP; the standard
error: 47.21 years; 95% HPD: 1239–4190 YBP), is
clearly in concordance with the age range of the farm-
ing/language dispersal theory. All node heights in the
tree are scaled to match the posterior median node
heights since some of the node height distributions are
slightly skewed. Figure 3 is a histogram of the estimated
time for the root of Japonic languages. The root time esti-
mates were consistent across all four models and
reasonably robust even when the Tokyo–Kyoto calibration
was removed.

To investigate the reliability of the result, another set of
analyses was carried out with an independent set of
Japonic language data compiled by Starostin [41]
(available from http://starling.rinet.ru/main.html). We
acknowledge that Starostin’s data are considered contro-
versial by some scholars, as he made debatable
reconstructions of proto-Japonic and used them to
argue for genetic relationships to other equally debatable
proto-languages (e.g. proto-Tungusic). However, this was
not deemed to be a major problem for the current pur-
pose, as those controversial reconstructed lexicons are
excluded from our analyses. The data consist of 110
basic vocabulary lists on nine Japonic languages. After
the cognate sets were converted to binary codes, a series
of model testing was conducted. The maximum clade
credibility tree from the best fitting model indicates that
the median root divergence time is 1976 YBP (the mean:
2080 YBP; the standard error: 9.13 years; 95% HPD:
1232–3279 YBP), clearly in agreement with the estimation
from our data (see the electronic supplementary material,
figure S2).

(c) Phylogenies and networks

The maximum clade credibility tree from the posterior
distribution of 9000 samples is shown in figure 2.
A value on each branch of the tree is the posterior prob-
ability, which shows the percentage support for the
following node (i.e. subgroup). The posterior probability
close to 100 per cent implies that there is a strong support
for the subsequent node. Any values below 50 per cent
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indicate weak support and are thus not shown in the
figure.

The tree topology correctly reflects the expected two
major subgroups in the Japonic family: the Ryukyuan
group (purple and pink circles) and the mainland Japa-
nese group (yellow, orange, blue and red circles)
[11,24]. Within the Ryukyuan group, the tree correctly
reflects that there are two minor subgroups: northern
(purple circles) and southern Ryukyuan (pink circles).
Also within the mainland Japanese group, all of the blue
circles (Kyushu) and most of the orange circles (western
Japanese) cluster with those of the same colours, in
addition to these two clusters forming a minor subgroup
in accordance with their geographical proximity (figure 1
or the electronic supplementary material, figure S1).

However, our phylogeny fails to recover the entire east-
ern and western Japanese, and node supports are
generally low (below 70%) among mainland Japanese
dialects. The cause of this outcome may be explained at
two levels: proximate and ultimate. At the proximate
level, low node supports among dialects occurred because
the isoglosses that separate dialects are small and they do
not overlap together; therefore, the algorithm ended up
exploring several potential subgrouping patterns with
similar probabilities (i.e. dialect chains; [26,42]).

This also means that the relationships among main-
land Japanese dialects are non-tree-like, in which its
extent can be visualized with NEIGHBORNET analysis
[43], as shown in figure 4. It might be expected that
under the ‘dialect chain formation/break-up’ model of
lexical evolution [44] in which the intermediate dialect
chains would be pruned and produce a tree-like linguistic
relationship as a function of time [45], one should see
more or less the same amount of reticulations from both
mainland Japanese and Ryukyuan dialects, as they are
both descendants of a 2200-year-old common ancestor.
However, the split graphs in figure 4 seem to suggest
that mainland Japanese on the left side has a significantly
higher level of conflicting signals than Ryukyuan on the
right. If correct, one possible cause for relatively low
node supports among mainland Japanese dialects may
be found at the ultimate level; the difference in the
degree of internal linguistic contact [42] within mainland
Japanese and Ryukyuan. An obvious difference between
the two groups is that whereas each Ryukyuan dialect is
contained within a geographically isolated island, main-
land dialects are connected to their neighbours via land
routes. Thus, the lack of geographical barriers might
have slowed down the pruning process among mainland
Japanese dialects (either by allowing horizontal
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Figure 2. Maximum clade credibility tree of Japonic languages. All node heights in the tree are scaled to match the posterior
median node heights. The value on each branch of the tree is the posterior probability, showing the percentage support for a
node following a particular branch. Posterior probabilities below 50% are not shown. The green bar represents the age range
predicted by the farming/language theory (1700–2400 YBP).
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transmission or complex population diffusion), and this
could potentially be the cause of low node supports in
that part of the tree.

If geographical isolation really did play a role to mod-
erate lexical evolution of Japonic, then the same process
may also be observed for other language families; sub-
groups of the same language family spoken in plains
would be slower to achieve tree-likeness than those
spoken in mountainous terrains or islands, given that
both do not differ significantly in their divergence times.

4. DISCUSSION
The results presented here indicate that the origin of
Japonic languages is closely bound with the arrival of
the first farmers around 2400 YBP. Together with the
archaeological and biological evidence [13–15], these
results imply that the first farmers had a profound
impact on the origins of people as well as languages in
the Japanese archipelago. These observations support
the farming/language dispersal theory, which posits that
agricultural expansion is the principal factor for shaping
the patterns of human genetic as well as linguistic
diversity [1].

If our results are correct, one surprising aspect of pre-
historic Japan becomes apparent; the hunter–gatherer
population, which settled in Japan around 12 000–
30 000 YBP, managed to fend off the farmers for
thousands of years until being abolished suddenly and dra-
matically with the arrival of proto-Japonic-speaking
farmers around 2400 YBP. To place this in perspective, it
should be noted that the hunter–gatherer societies and
their languages in Europe began to be abolished by those
of the farmers as early as 8500 YBP [9]. Even some of

Japan’s closest neighbours such as China had started agri-
culture since 9000 YBP [1], which progressively brought
about fully fledged kingdoms equipped with metal tools
fighting each other for political unification. During all
this transition outside, the hunter–gatherers of Japan con-
tinued to prosper by using simple stone tools and without
adopting full-scale agriculture, despite knowledge of culti-
vation of many crops [12]. There are probably two reasons
that explain their unusually long survival. First, the popu-
lation size of the hunter–gatherers may have been too
large to be invaded by nearby farmers. The hunter–gath-
erer of Japan was perhaps one of the most affluent hunter–
gatherers known to humankind, endowed with a large
range of plants, animals and sea foods [46]. This vast
availability of food resources is probably related to the
fact that the world’s oldest known pottery was made by
the hunter–gatherers of Japan [47]. The development of
pottery meant that unlike other hunter–gatherers
around the world, they had a means to cook and store
the foods that were available abundantly in their environ-
ment, and such could have triggered a population
explosion to the extent that it prevented the farmers
asserting any force over the hunter–gatherers for a long
time. The second reason behind their long survival
could be that it probably took a few thousand years for
the farmers to modify rice, one of their main food sources,
to grow in cold climate [48]. The archaeological evidence
suggest it was not until around 3500 YBP that rice farm-
ing of warm southern China spread to the much colder
Korean Peninsular [49], which is thought to be the most
recent homeland of proto-Japonic-speaking farmers. A
combination of these two factors might have contributed
to the unusually long occupation of the hunter–gatherers
in Japan.

Our Japonic phylogeny seems to imply that the arrival
of the farmers did not necessarily lead to a burst of
language diversification, or if it were the case, our tree
would have a series of short branches following the root
leading to the tips. This demands an explanation because
(i) soon after their arrival, the proto-Japonic farmers were
already divided into several chiefdom-like political units
fighting each other to gain access to resources, as indi-
cated by archaeological evidence of defensive moats
surrounding settlements, arrowheads and skeletons
damaged by sharp objects [50], and (ii) a fully fledged
centralized government makes its first appearance 1000
years after the arrival of the farmers; the Nara era that
spoke Old Japanese. If we are correct to assume that
languages separated by political barriers may take differ-
ent evolutionary paths [42] and that political power in
Japan was not unified for a long time, then there could
have been more linguistic diversity in early Japan. Our
source for Old Japanese also acknowledges that there
could have been some linguistic variations in the Nara
era [20]. At present, we do not know the fates of those
ancient languages, if there were any. There are two possi-
bilities. One possibility is that the early linguistic diversity
could have been wiped out with the emergence of a strong
centralized political power in the Nara era, and hence
leaving no traces behind. The other possibility is that
the early chiefdom-like political units were not able to
maintain their states long enough to give rise to any
detectable language splits. Further research would be
required to clarify this matter.
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Figure 3. Histogram of the estimated time for the root of
Japonic languages. Green bar represents the age range pre-
dicted by the farming/language theory and grey bar
represents the age range predicted by the diffusion/trans-
formation theory. The median root divergence time is 2182
YBP and the mean is 2398 YBP with the standard error
of 47.21 years. The 95% highest probability density is
1239–4190 YBP.
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A synthesis of evidence from linguistic phylogenetics,
biology and archaeology can potentially provide a power-
ful framework for testing the plausibility of hypotheses
regarding possible genetic relationships of Japonic to
other language families. For example, if we are correct
to think that the agricultural population and their
languages dispersed from the Korean Peninsula 2400
YBP, then the hypothetical Japonic-Austronesian family
(e.g. [51]) seems implausible because (i) the hypothesis
fails to provide neither archaeological nor biological evi-
dence, demonstrating that Austronesian speakers
travelled through China and Korea for thousands of
years to make their appearance in Japan, and (ii) even if
we assume that Austronesian farmers arrived in Japan
via the islands of Ryukyu around 2400 YBP and gave
rise to Japonic languages, it still cannot explain why the
agricultural lifestyle introduced by Austronesian farmers
was based on the models found in the Korean Peninsula
[12]. Similarly, a hypothesis of linking Japonic with
Altaic languages also seems problematic because it con-
tradicts biological evidence that more distant ancestors
of Japonic-speaking people are likely to be found in
Sino-Tibetan-speaking Southeast Asia, rather than in
Altaic-speaking Central Asia [15,52]. The search for gen-
etic links of Japonic to other language families is an area
that deserves more attention, and the integrated frame-
work presented here may play an important role in this
respect.

A potential problem with any phylogenetic approach to
lexical data is a horizontal transmission of words between
languages. This is particularly problematic since it is dif-
ficult for one to be absolutely sure that every single
borrowed word has been detected. However, a recent
simulation study suggests that the amount of undetected
borrowing needs to be unrealistically high (greater than
20% per 1000 years) to invalidate time estimation or
tree topology [53]. We thus argue that our results would
withstand some amount of undetected horizontal trans-
mission that may exist in the data. But at the same
time, we also acknowledge that high levels of horizontal
transmission do occur in some cases [54], and our results
would be seriously affected if this turns out to the case.
Another potential criticism is that our method cannot
accurately distinguish between two theories because the
proposed time depth of the diffusion/transformation

theory (12 000–30 000 YBP) lies beyond the limit that
many linguists consider recoverable from linguistic data
(8000–10 000 YBP). However, it should be noted that
this limit is estimated under an assumption that all
words evolve at the same rate, which is very unrealistic.
A recent work suggests that a more realistic model of cog-
nate evolution, which is similar to the models used here,
allows linguistic ancestry to be detected even after 20
000 years [55]. Therefore, if our data had any signals
indicating deep evolutionary relationships in support of
the diffusion/transformation theory, then our method
would have accurately reflected such signals to the node
heights.

A phylogenetic approach is one of the most notable
endeavours to produce insights into the mode and
tempo of language evolution. But this approach alone
cannot reveal all the details of language evolution and
there are other Darwinian approaches that are making
great contributions to advance our knowledge of the
phenomenon. A few examples are: languages tend to
evolve in a punctuational burst-like manner following spe-
ciation events [56]; frequency of word-use in everyday
speech contributes to evolutionary rate heterogeneity
within languages [57]; frequency of use also gives rise to
regularity in verb forms [58]; and both the genetic
drift-like process [59] and adaptation [60] may regulate
vertical transmission of language from a generation to
the next. It is needless to say that a complete understand-
ing about why linguistic mutations arise, accumulate and
give birth to different languages still lies in the future. Be
that as it may, a Darwinian framework holds great
promise for further elucidating the intertwined history
of physical replicators like our genes and non-physical
replicators like our languages.

We thank Tom Currie for helpful comments at the early stage
of this work and Teresa Romero for constructive feedback on
the manuscript. We also thank two anonymous reviewers for
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useful information on technical issues. S.L. was supported
by the University of Tokyo Fellowship.
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22 Muromachi Jidaigo Jiten Henshū Iinkai 2001 Jidaibetsu
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