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Abstract
Among 7100 languages spoken on Earth, the Koreanic language is the 13th largest, with

about 77 million speakers in and around the Korean Peninsula. In comparison to other lan-

guages of similar size, however, surprisingly little is known about the evolution of the Korea-

nic language. This is mainly due to two reasons. The first reason is that the genealogical

relationship of the Koreanic to other neighboring languages remains uncertain, and thus infer-

ence from the linguistic comparative method provides only provisional evidence. The second

reason is that, as the ancestral Koreanic speakers lacked their own writing system until

around 500 years ago, there are scant historical materials to peer into the past, except for

those preserved in Sinitic characters that we have no straightforward way of interpreting.

Here I attempt to overcome these disadvantages and shed some light on the linguistic history

of the Korean Peninsula, by analyzing the internal variation of the Koreanic language with

methods adopted from evolutionary biology. The preliminary results presented here suggest

that the evolutionary history of the Koreanic language is characterized by a weak hierarchical

structure, and intensive gene/culture flows within the Korean Peninsula seem to have promot-

ed linguistic homogeneity among the Koreanic variants. Despite the gene/culture flows, how-

ever, there are still three detectable linguistic barriers in the Korean Peninsula that appear to

have been shaped by geographical features such as mountains, elevated areas, and ocean.

I discuss these findings in an inclusive manner to lay the groundwork for future studies.

Introduction
A penetrating insight that evolution can describe historical change of languages has enabled us
to chart out how language history unfolds within the episodes of human history, as explosive as
the Austronesian languages of the Pacific [1,2] or as complex as the Indo-European language
family of the European continent [3,4]. Considering, however, that we have managed to quan-
tify historical changes of only a dozen or so language families [5,6] out of more than 260 fami-
lies around the world [7], it is obvious that the study of language evolution must continue its
efforts to excavate and quantify as many world language histories as possible. The questions of
“how” and “why” something evolves, after all, can be fully answered only when we have an ex-
haustive description of “what” it is [8].
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In this paper, I introduce a new set of lexical data sampled across the Korean Peninsula and
quantitatively describe its evolutionary characteristics in an attempt to further our understand-
ing about the linguistic history of the Koreanic language. Unlike other languages of similar size
and presence, almost nothing is certain about the evolutionary history of the Koreanic lan-
guage. This is because much of what we know about the language comes from materials written
after the invention of the Korean alphabet, namely Hangul, in 1446. This means that the lan-
guage's change and variation prior to Hangul can only be inferred indirectly from historical
records, toponyms, and popular literature [9,10]. This indirect inference is further complicated
by the fact that much of the information is preserved in cryptic characters of Sinitic, a presti-
gious written language adopted across Asia much like Latin in Europe. In addition, the genetic
relationship of the Koreanic to other neighboring languages is still unresolved and widely spec-
ulated, from being a branch of large families such as Altaic [11] or Koreo-Japonica [12] to
being a language isolate with no demonstrable relatives [13]. This uncertainty prevents us from
triangulating the unknown points in the Koreanic language history through contrasting its
characteristics with those of sister languages. This therefore nullifies the comparative method,
which is the gold standard strategy for untangling the past of languages. Due to these disadvan-
tages, the Koreanic language has rarely been a popular subject of systematic empirical study,
and the results presented in this paper are thus an attempt to lay the first stone.

The current study compiles a total of 2316 lexicons from 15 Koreanic language variants
(Fig 1) and describes their historical characteristics using statistical methods adopted from evo-
lutionary biology. Leveraging the historical linguistic data with quantitative tools, the current
study demonstrates a non-treelike evolution of the Koreanic language variants as well as a high
degree of linguistic homogeneity within the Korean Peninsula. These features seem unusual for
a language that has a large speech community with several thousand years of population histo-
ry [9,14]. Triangulation with recent evidence from genetic [15] and human mobility [16] stud-
ies, it is argued here that these observations might be reflecting complex and continuous
human migrations within the Korean Peninsula. Despite the complex history, the data reveals
signatures of several major linguistic barriers in the Korean Peninsula. These barriers appear
consistent with the recent findings that linguistic diversity, like biological diversity, is partly
shaped by the physical environment [17,18].

Materials and Methods
Two hundred and forty six (246) basic vocabulary items [19,20] were extracted from each of 14
living and one (1) ancient Koreanic variants using multiple sources: (i) a large field collection
made by Shimpei Ogura [21], (ii) a modern dictionary of Koreanic variants that combine lexi-
cons from several different references [22], and (iii) an etymological glossary of Middle Korean
that contains lexicons sampled from over 240 historical documents [23]. Every attempt was
made to identify the cognate candidates [24] through checking against the known cognates
and sound correspondences [9,10,25–27]. An ideal cognate dataset, however, requires several
rounds of independent verification to ensure that all homologous words are thoroughly identi-
fied; and because the data compiled here is the first of its kind, it is possible that the data may
potentially carry a small amount of undetected error. I therefore make the data openly accessi-
ble along with the findings (S1 Dataset), so that the community can examine and modify the
cognate candidates if necessary.

BEAST 1.8.2 [28] was used to carry out Bayesian phylogenetic analyses on the cognate sets.
Multistate meaning-based cognate sets were transformed into binary states indicating presence
(‘1’) or absence (‘0’) of a cognate for each lexicon. The result was a 15 by 383 matrix (S1 Data-
set). The evolutionary rate and branch lengths were calibrated with two priors. The first
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calibration consisted of a tip-date sampling prior assigned to Middle Korean with a normal dis-
tribution (mean: 500, standard deviation: 100). This prior was based on the information that
Middle Korean was spoken around the 15th century [9]. The prior distribution was truncated
according to the oldest and the earliest sampling ages (870 and 87 years ago respectively) of the
original documents [23]. The second calibration was assigned to the clock rate parameter with
a lognormal distribution prior (mean: 3e-4, standard deviation: 0.7). This prior was based on
the clock rates empirically estimated from Japonic [29] and Ainu [30] languages under various
model settings. A series of analyses was carried out to compare the fit [31] between a simple
Markov chain substitution model and covarion model [32] with either a strict clock or a re-
laxed clock [33]. A correction for ascertainment bias was applied. Stochastic Dollo model [34]
was not used here because it was reasoned that using substitution models with reversible transi-
tion between absence or presence of a cognate would be a more conservative approach than

Fig 1. Map of the Koreanic language variants. Colored areas represent the conventional subgrouping
scheme for the Koreanic language variants (Orange-Hamgyong, Yellow-Pyongan, Aqua-Central, Blue-
Gyeongsang, Purple-Jeolla, Red-Jeju). Sample locations: 1-Jeju, 2-Southern Jeolla, 3-Northern Jeolla,
4-Southern Gyeongsang, 5-Northern Gyeongsang, 6-Southern Chungcheong, 7-Northern Chungcheong,
8-Gyeonggi, 9-Gangwong, 10-Hwanghae, 11-Southern Pyongan, 12-Northern Pyongan, 13-Southern
Hamgyong, 14-Northern Hamgyong.

doi:10.1371/journal.pone.0128448.g001
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allowing only a single transition from absence to presence under the stochastic Dollo model. In
addition, the NeighborNet algorithm [35] and Hamming distance were used for an explicit vi-
sualization of phylogenetic signal. Reticulations in the resulting network indicate the amount
of conflicting phylogenetic signal among language samples.

The internal structure of the Koreanic variants as well as the variants with admixed ancestry
were inferred by using a Bayesian clustering model implemented in STRUCTURE 2.3.4 [36].
In the context of language evolution, admixture can be conceptualized as language variants
being born from two or more ancestors due to hybridization between distinctive speech com-
munities [4,37,38]. A common form of this phenomenon might be observed from languages
spoken by adult second-language learners who strive to assimilate into a different ethnolinguis-
tic group. An extreme form of the linguistic admixture might be nativized pidgin, or creole lan-
guage. The clustering model in STRUCTURE assumes that individuals (language variants)
represent a mixture of K populations in which each population is characterized by a set of allele
frequencies (cognates) at each locus (basic vocabulary item). The algorithm then iteratively as-
signs the individuals and their allele frequencies into K clusters, so as to minimize departure
from both Hardy-Weinberg equilibrium within populations and linkage equilibrium between
loci. The algorithm estimates the amount of admixture among populations by allowing some
proportion of each individual's genotype (lexical makeup) to be assigned to more than one
population. Following the previous research [39,40], the data was processed as haploids with-
out inferring admixture linkage disequilibrium. From 100 independent runs (10,000 burn-in
and 20,000 iterations) for each of 1 to 15 K populations, the best-fitting number of K was select-
ed with the mean likelihood and Delta K [41,42].

Finally, Barrier 2.2 [43] was used to explore how geographical features have shaped the lexi-
cal diversity in the Korean Peninsula. Given that the language samples are located on a two-di-
mensional surface, the Delaunay triangulation method [44] can derive a geometric network
that connects the samples with a set of triangles and closed Voronoi diagrams [45]. Given such
a network, each edge can be assigned a pairwise distance measure (Jaccard was used here) be-
tween samples. Following the assignment of distance measures, Monmonier’s maximum differ-
ence algorithm [46] draws a barrier by locating an edge with the maximum value and
proceeding to an adjacent edge with the next maximum value, until it reaches the limit of the
network or forms a loop. Five barriers were estimated initially (i.e., the minimum number of
barriers possible under the conventional subgrouping scheme [27]), and Mantel r2 values esti-
mated from an isolation-by-barrier approach [17] (i.e., applying indicator variables to separate
samples connected by geography from those disconnected by physical barriers) were used to
determine the appropriate number of barriers as well as whether or not they remain statistically
significant after controlling for geographical proximity [47–49].

Results and Discussion
Bayes factor tests strongly supported the covarion substitution model with a relaxed clock as
the best fit, with Bayes factors of 24 over the second best model using the covarion with a strict
clock (S1 Table). Fig 2 shows the results of the best-fitting model. When we inspect two differ-
ent ways of representing the resulting trees as shown in Fig 2, one characteristic stands out im-
mediately: the lack of stable hierarchical structure among the 15 Koreanic variants. The left
panel of Fig 2 shows that the estimated node supports are robust only for the first order ances-
tors of the modern variants, and the certainty of phylogenetic relationships decreases with the
nodes (i.e., estimated most recent common ancestors) getting closer to the root. Also, the ex-
pected clades according to the conventional subgrouping scheme [27] were largely unrecover-
able. The lack of hierarchical structure and the high degree of phylogenetic uncertainty
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manifest even more clearly when consensus trees are visualized as a cloudogram [50] as shown
in the right panel of Fig 2. The non-existence of agreement on branching patterns among the
consensus trees indicate that the evolution of the Koreanic language variants is far from treelike
(divergence times are not shown as they may potentially be misleading, but all estimates can be
reconstructed with S2 Dataset).

Subsequently, all relationships among the Koreanic variants were visualized in a split graph.
The reticulations in Fig 3 clearly show conflicting phylogenetic signal as expected by the lack of
hierarchical structure in the Koreanic language tree. It is, however, difficult to ascribe the ob-
served reticulations to a specific cause because they may potentially stem from a combination
of three factors: hybridization between distinctive variants giving rise to mixed variants (i.e.,
admixture [37]), movement of linguistic features between variants by non-vertical transmis-
sion (i.e., horizontal transmission [51]), and abrupt breaking up of an ancestral language into
several offspring (i.e., rapid radiation [4,52]). In order to understand the historical factors re-
sponsible for the observed reticulations, two types of inference were made. First, a Bayesian
cluster analysis was used to estimate the precise extent to which the reticulations are stemming
from admixture events among the Koreanic subgroups. The estimated mean likelihood and
Delta K (S2 Table) both indicated that, in contrast to the conventional scheme of six subgroups
[27], there are only two unique language clusters in the Korean Peninsula with a small amount
of admixture between them (i.e., only Hwanghae and Jeju having more than 10% of admix-
ture). These results are shown as pie graphs overlaid on the split graph (Fig 3). If the split
graph and the results from cluster analysis are interpreted in an inclusive manner, then it

Fig 2. Phylogenies of 15 Korean language variants. (A) Left panel shows a maximum clade credibility tree. Branches are colored according to the
conventional subgrouping scheme (Orange-Hamgyong, Yellow-Pyongan, Aqua-Central, Blue-Gyeongsang, Purple-Jeolla, Red-Jeju). All node heights are
scaled to match the posterior median node heights. The value on each branch is the posterior probability, showing the percentage support for the following
node. (B) Right panel shows a cloudogram of consensus trees. Branch lengths of each consensus tree represent the average branch lengths of all sampled
trees with the same topology. The low node supports in the maximum clade credibility tree and the lack of consistency in the cloudogram indicate that the
evolution of the Koreanic language variants is far from treelike. Estimated divergence times are not shown because they may potentially be misleading.
Numbers in the tip labels match the sample locations in Fig 1.

doi:10.1371/journal.pone.0128448.g002
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seems highly unlikely that sporadic admixture events among six distinctive subgroups is giving
rise to the observed reticulations; rather, it seems more likely that the observed reticulations are
reflecting inconsistent evolutionary signals within the two linguistically homogenous clusters,
possibly caused by prevalent horizontal transmission and/or rapid radiation.

As there is yet no statistical method to distinguish between the reticulations caused by hori-
zontal transmission from those caused by rapid radiation, the second type of inference was
made through triangulating the current results with other lines of evidence. Analyses of mito-
chondrial DNA [53], Y-chromosome STR [54], and genome-wide SNP [15] all indicate that
there is no statistically significant population structure within the Korean population (as esti-
mated by FST or STRUCTURE) except for a small difference between Jeju Island (sample loca-
tion 1) and the rest of the region [53,54]. This consistency between the genetic and the current
findings allows us to infer that the observed linguistic/genetic homogeneity might be pointing
to a common mechanism underlying both domains, and thus a particular historical process
that explains one domain might also explain the other as well. If we subsequently include a
third line of evidence to this framework, then it becomes apparent that the strongest candidate
for the hypothesized common mechanism is a complex and continuous horizontal gene/cul-
ture transmission within the Korean Peninsula. The Koreanic speech community has a long

Fig 3. Split graph showing the results of NeighborNet and STRUCTURE. Reticulations indicate presence of conflicting signal, which can be interpreted
as admixture, horizontal transmission, and rapid radiation. Circles at the tips represent the amount of admixture between clusters (K = 2) estimated by
STRUCTURE. Numbers in the tip labels match the sample locations in Fig 1.

doi:10.1371/journal.pone.0128448.g003
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tradition of keeping genealogical records, called Jokbo, that exhaustively keep track of all indi-
viduals of a family clan including who they are married to (in terms of patrilocality). A recent
study [16] taking advantage of this genealogical information revealed that, for at least last 750
years, women seemed to have married almost any men in the Korean Peninsula, meaning that
the migration of Koreanic speaking females was geographically unbounded, resembling a ran-
dom-mating population in evolutionary biology. Moreover, it was also suggested that if the dis-
crepancy between the ancestral and current geographic distributions of the patrilocal clans is to
be explained by a simple diffusion process from the clan homelands to the current residents,
then it is estimated to have taken around 67,000 years for the clans to be as geographically
mixed as they currently are. This means that the population history of Koreanic speaking
males is characterized by frequent relocation of residents (i.e., abandoning homelands). If we
are correct to think that these three lines of evidence point to the same historical process, then
a high degree of reticulations and homogeneity among the Koreanic variants could be due to
migration-triggered horizontal gene/culture transmission. In other words, the geographically
unrestricted gene/culture flows might have wiped out any accumulated traits that differentiate
subgroups, and contributed to the observed homogeneity and the uncertainty of the tree
representation.

It is difficult at this stage to pinpoint exactly what is responsible for the hypothesized inten-
sive migrations. Interestingly, however, Sinitic languages have previously been argued as a
prime example of the internal human migrations obscuring the hierarchical relationships [55],
and it has been thought that the major factors that triggered those migrations were war, natural
disaster, famine, and change in economic landscape [56]. Considering that the Sinitic and Kor-
eanic languages are the closest geographical neighbors, it can be hypothesized that their history
may be intertwined by similar evolutionary forces, such as decline in food production due to
climate change in the region, causing a major population drop and rapid opening up of new
niches for the surviving populations to move into. On a broader level, it has previously been ar-
gued that language evolution on a global scale go through a cycle of two modes of change: a
punctuation mode in which languages diverge from one another in a clear treelike fashion, and
an equilibrium mode in which languages of an area blur their own hierarchical structure by ex-
changing linguistic features among themselves [57]. Along this line of thought, I speculate that
the Koreanic and Sinitic languages could be taken as examples of the equilibrium mode of lan-
guage evolution. Accumulation of more quantitative descriptions of similar cases from around
the world would allow us to identify the shared factors that explain how and why this phenom-
enon occurs.

Despite the complex history of horizontal transmission in the Korean Peninsula, a simple
computational geometry approach was able to detect linguistic barriers that show close corre-
spondence with geographical features such as mountains, elevated regions, and ocean (Fig 4).
Five barriers were estimated initially (S1 Fig), and then increase in Mantel r2 was observed with
each barrier addition to explain the difference in lexical beta diversity [58] between the variants
connected by geography and those separated by a barrier. When the estimated r2 values were
plotted and interpreted in a manner similar to a scree plot (S2 Fig), it became apparent that ad-
dition of more than the first three barriers led to only a negligible increase in r2 for Pearson cor-
relation and no increase for Kendal rank correlation. It was thus reasoned that only the first
three barriers are meaningful. All r2 estimates remained statistically significant after controlling
for geographical proximity (S3 Table). The left panel of Fig 4 maps point-by-point estimates of
altitude of the Korean Peninsula on a longitude-latitude grid, and the right panel shows the es-
timated barriers on a geometric network of the Koreanic variants. By overlapping these two
maps, it can be observed that (i) barrier A matches the Sobaek Mountains that run between
Gyeongsang variants (sample locations 4 and 5) and Jeolla variants (locations 2 and 3) as well
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as the Taebaek Mountains that put Gangwon variant (location 9) in an elevated area, (ii) barri-
er B runs along the Jeju Strait that physically isolates Jeju variant (location 1) from the rest, and
(iii) barrier C corresponds to the Rangrim (Nangnim) Mountains that draw a border around
the highlands occupied by northern and southern Hamgyong variants (locations 13 and 14). If
these interpretations are correct, then they are in agreement with the recent findings that the
way in which languages diversify over time is deeply intertwined with the landscape that they
occupy [17,18]. Curiously, the identified barriers show no correspondence to the estimated lan-
guage clusters (Fig 3). I speculate that the reason for this difference is that the degree of beta di-
versity defining the linguistic barriers is small, and only an algorithm that focuses on the
maximum difference, however small, can pick up the signal in the data. If the estimated barriers
are correct, then it can be suggested that there are two barriers in the yellow cluster (i.e., south-
ern and central variants) and one barrier in the orange cluster (i.e., northern variants) shown
in Fig 3. Although the patterns between the two results cannot be fully reconciled at this point,
I argue that the discrepancy actually gives us some confidence that one of them is unlikely to be
an epiphenomenon of the other.

Summary and Conclusion
The results presented here indicate that the early historical relationships among Koreanic vari-
ants are considerably non-treelike. This makes it unlikely that other tree-based inferences (e.g.,
phylogeographic analysis) would make any further contributions. Although all other

Fig 4. Maps showing the geographical features and linguistic barriers. (A) Left panel shows point-by-point estimates of altitude in the Korean Peninsula.
(B) Right panel shows the result of Barrier analysis on a geometric network of sample locations. Sample locations: 1-Jeju, 2-Southern Jeolla, 3-Northern
Jeolla, 4-Southern Gyeongsang, 5-Northern Gyeongsang, 6-Southern Chungcheong, 7-Northern Chungcheong, 8-Gyeonggi, 9-Gangwong, 10-Hwanghae,
11-Southern Pyongan, 12-Northern Pyongan, 13-Southern Hamgyong, 14-Northern Hamgyong.

doi:10.1371/journal.pone.0128448.g004
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possibilities cannot be ruled out completely, it appears that the strongest candidate for the
cause of a weak higher-order structure as well as a high degree of homogeneity within the Kore-
an variants is intensive gene/language flows triggered by geographically unrestricted migra-
tions. Despite the dynamic demic history, major geographical barriers in the Korean Peninsula
seem to have left detectable signatures in the pattern of lexical diversification, suggesting a
strong tie between the evolution of Koreanic variants and the geographical features of the Kor-
eanic Peninsula.

Similar to many other ethnolinguistic groups in Asia [59], the rise of national identity as
well as rapid change in the economic landscape have led the Koreanic speakers to set on an
evolutionary course that can seriously threaten its internal linguistic diversity. Therefore, our
chance to understand the Koreanic language history is diminishing fast. While it is fully recog-
nized that the results presented here cannot readily contribute to answering more fundamental
questions such as the origin and expansion of the Koreanic language, it is hoped that the efforts
made here to bring the Koreanic language history into the realm of language evolution would
provide a good starting point for future investigations. Accumulation of more historical lin-
guistic data, both modern and ancient, will allow us to better understand the dynamics of lan-
guage evolution in the Korean Peninsula, and its place within a larger scheme of language
evolution in Asia.
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