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The present study examines the 3-dimensional data
of human crania from the Yayoi period (800 BC to
AD 250) of the Japanese archipelago by geometric
morphometrics to investigate demic diffusion
patterns. This is the first study on the Yayoi crania
using their 3D data and geometric morphometrics
with a much larger number of skeletal remains
outside of the Kyushu regions than previous studies.
The comparative results between the Jomon and
Yayoi samples show that the Yayoi people not only in
the eastern parts but also in the western parts of the
archipelago are significantly different from the final
Jomon people and the Yayoi people were not strongly
affected by the Jomon people. A relatively gradual
geological cline is also found among the Yayoi
population, suggesting that the immigrants from the
continental East Asia moved from the western parts
to the eastern parts of the archipelago though the
causes of the morphological changes are unclear.
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Introduction

Agriculture has been regarded as one of the most
significant innovations in human evolutionary history,
because it caused drastic social and biological changes.
Since the origins and processes of its adoption are diverse,
comparative studies across space and time have been
conducted (e.g., Bellwood, 2005; Kennett & Winterhalder,
2006; Lee & DeVore, 1968; Rindos, 1984). Demic versus
cultural diffusion have been an axis of the debate:
Archaeologists and anthropologists have intensively
argued on which of the migration of agriculturists or the
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adoption by hunter-gatherers played a more important
role in the spread of agriculture (e.g., Patin et al., 2014;
Skouglund et al., 2012). Since it is not dichotomous, the
relative importance of demic versus cultural diffusion has
been argued.

In the Japanese archipelago, the Yayoi period (800 BC
to AD 250) has been defined as the phase of the onset of
agriculture in Japan. Many have assumed that migrants
from the continental East Asia arrived at the northern
Kyushu region (e.g., Nakahashi, 2015) and the Yayoi
cultural package was formed, which included cultural
elements imported from the continental East Asia, ones
derived from the preceding Jomon culture, and newly
innovated items (e.g., Kaneda et al., 2022; Morioka, 2018;
Noshita et al., 2022a, 2022b; Shitara, 2019); and then the
package spread across the Kyushu, Honshu, and Shikoku
islands, replacing or interbreeding with the indigenous
Jomon inhabitants. This spread has been also assumed
to trigger or set the foundation of drastic social changes,
including increasing population, higher frequency of
intergroup conflicts, more rigid social hierarchies than
previous periods, and etc. (e.g., Nakagawa et al., 2021;
Nakao et al., 2016; Nakazono, 2004).

Despite its long history of investigation, the relative
importance of demic versus cultural diffusion was
still unclear due to several reasons. First, although
analyses of ancient DNA have provided information
transforming previous understandings of the past
society in Europe, because of soil condition and resource
scarcity, investigations on ancient DNA have progressed
only gradually compared to Europe, i.e., the region and
time spans are not sufficiently covered by ancient DNA
analyses in Japan. Thus, analyses of skeletal remains
are still meaningful as a proxy of genetic relationships
but the above issue can also hold for studies of skeletal
remains: Previous studies tended to focus on the northern
Kyushu region, which has been assumed to be the origin
of the Yayoi cultural package and thus be “typical”, and
skeletal remains in this regions tend to be well preserved
at least partly due to burial customs than those in other
regions (e.g., Matsushita & Naito, 1989; Nakahashi, 2015;
Nakahashi & Nagai, 1989; Nakazono, 2004; see Naito,
1981, as an exception). Second, skeletal remains have been
often dichotomized into “Jomon” or “Yayoi” types, which
could be troublesome to discuss interbreeding.

In the present study, we examine the diffusion patterns
of the Yayoi people based on patterns in morphological
variation of skeletal remains from the Jomon and
Yayoi populations. We collected three-dimensional
data of human skeletal remains from the Kyushu to the
Kanto regions (Figure 1). We also employ geometric
morphometrics to quantify their spatiotemporal variation.
As far as we know, this is the first study on the Yayoi
people using 3D data and geometric morphometrics. Our
results indicate that the Jomon and the Yayoi people can be
morphologically distinguished and suggest the possibility
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of their less frequent interbreeding. Moreover, we found
a regional cline in a morphological variation in the Yayoi
population, suggesting the movements of migrants from
the west to the east without interbreeding.

Methods

Data set

Our dataset is composed of three-dimensional models
of 101 well-preserved skulls from 31 sites of the Yayoi
period and 45 from 2 sites of the final Jomon period for
comparison (see Tablel, Figure 1, and supplementary data
S1 for details). Although we could not get permission
to measure skeletal remains of the Yayoi period in the
Kyushu and Sanin regions owned by a few institutions,
our dataset included a much larger number of skeletal
remains outside of the Kyushu regions than previous
studies (e.g., Naito, 1981). Furthermore, our dataset still
included representative Yayoi sites such as Doigahama site,
Kanenokuma site, and Kuma-Nishioda site (Chikushino
city board of education, 1993; Fukuoka city board of
education, 1985; Shimonoseki city board of education &
Doigahama Anthropological Museum, 2014).

Laser scanning (using three models of laser
scanner, Creafrom HandySCAN BLACK, Creafrom
HandySCAN BLACK Ellite, and Einscan Pro HD) and
SfM/MVS techniques (using Agisoft Metashape 1.6.4
for reconstruction of 3D models from 2D photos) were
used to construct three-dimensional models (see Kaneda
et al., 2022; Nakagawa, Kaneda, et al., 2022, for more
details of SEM/MVS). It is noteworthy that we confirmed
no significant difference in three-dimensional models
constructed by different ways (Kaneda et al., 2022;
Nakagawa, Kaneda, et al., 2022; Nakao et al., 2022).

Data processing

Because the original three-dimensional models were
composed of too many meshes (from one to six million
meshes) and were unsuitable for some software for the
following analyses, we reduced the mesh numbers by the
“Simplification: Quadric Edge Collapse Decimation” filter
in Meshlab (Cignoni et al., 2008) to almost three-hundred
thousand meshes. Previous research also confirmed
that this procedure does not significantly influence the
morphological features of three-dimensional models
(Noshita et al., 2022a, 2022b).

Data analysis
We quantified morphological variation based on landmark-
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Figure 1. Site locations where human skeletal remains
in the present research were excavated. 1. Doigahama,
2. Kuma-Nishioda, 3. Shinpou, 4. Asahi, 5. Osadera, 6.
Houkaiji, 7. Shinmido, 8. Annomae, 9. Nagamine, 10.
Inome, 11. Atsuta, 12. Bishamondai, 13. Daifukumura,
14. Ohama, 15. Yamaemura, 16. Yokosakakyuryo, 17.
Aoki, 18. Takahata, 19. Myojinyama, 20. Shirasagiyama,
21. Aoyakamijichi, 22. Shinjo, 23. Chinoshima,
24. Kitoragawa, 25. Yuzugahama, 26. Tateiwa, 27.
Yokochiyama, 28. Nimasakanada, 29. Kanenokuma, 30.
Hasekoji, 31. Getsumeisawa, 32. Ikawazu, 33. Tsukumo.
The map is based on the color altitude map published
by Geospatial Information Authority of Japan with
information of the sea area from the Hydrographic and
Oceanographic Department, Japan Coast Guard, and
modified by HN using QGIS (3.20.3).

based geometric morphometrics. We obtained the three-
dimensional coordinates of 31 landmarks (see also
Nakagawa, Yoshida, & Nakao, 2022, for the locations)
based on traditional biometrics (e.g., Baba, 1981). Selected
landmarks are summarized in Figure 2 and Table 2.
If some parts of crania are lacked and we needed to
complement the focal landmark, we inverted remained
parts along the median line through the nasion, prosthion,
and bregma (i.e., central line of the crania) (e.g., Fantini
et al., 2008; Nakagawa, Yoshida, & Nakao, 2022) or
used estimate.missing function based on the thin-plate-
spline method in the geomorph package 4.0.4 (Adams et
al., 2022). Landmark coordinates are normalized by the
Procrustes superimposition method (Gower, 1975). We
carried out the principal component analysis to summarize
the morphological variation.

All analyses were conducted by Blender (version 3.4.1;
Blender Online Community, 2018), R (version 4.2.1; R
Core Team, 2020) with geomorph 4.0.4 (Adams et al.,
2022) and ggplot2 3.4.0 packages (Wickham, 2016), and
Rstudio (2022.07.0+548; Rstudio Team, 2020).

Table 1. The number of the samples. The areas are arranged from the eastern to western regions. The M_
Kyushu (Middle Kyushu) region includes sites No. 8 and 9, N_Kyushu (Northern Kyushu) No. 2, 13, 14, 15,
26, and 29, Sanyo No. 12, 16, 18, 19, 20, 25, and 33, Sanin No. 1, 10, 17, 21, and 28, Shikoku No. 27, Kinki
No. 3, 5,22, 23, and 24, Tokai No. 4, 6, 7, 11, and 32, Chubu No. 31, and Kanto No. 30 in Figure 1.

Jomon Early Middle Late Unknown Total
M_Kyushu 4 4
N_Kyushu 33 1 34
Sanyo 27 4 1 32
Sanin 3 4 20 3 30
Shikoku 1 1 2
Kinki 2 1 5 8
Tokai 18 1 6 5 30
Chubu 1 1
Kanto 4 1 5
Total 45 7 53 37 4 146
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Table 2. Selected landmarks. All landmarks are defined in

Caple & Stephan (2016).
Selected metrical Selected metrical
No.  points No. points
1 Nasion 17 left Zygomaxillare
2 Nasospinale 18  Lambda
3 Prosthion 19 Opisthokranion
right Maxillofron-
4 tale 20 right Asterion
right Frontomalare
5 orbitale 21 right Entomion
6 right Ektokonchion 22 left Asterion
7 right Orbitale 23 left Entomion
right Frontotempo-
8 rale 24 Orale
9 right Jugale 25  Staphylion
right Zygomaxil-
10 lare 26  Basion
left Maxillofron-
11 tale 27  Bregma
left Frontomalare
12 orbitale 28  right Krotaphion
13 left Ektokonchion 29 right Sphenion
14 left Orbitale 30 left Krotaphion
left Frontotempo-
15 rale 31 left Sphenion

16 left Jugale

Figure 2. The locations of the landmarks. The screenshot
of 3D human crania is from SH-7 model by KYOTO
KAGAKU.

Results

The results of the principal component analysis for
comparison between the Jomon and Yayoi periods indicate
that the cumulative contribution rates are over 75% before
PC17. The PC1 mainly captures the face height and
anterior-posterior length. When the scores are smaller,
the face is higher and the anterior-posterior length is
shorter, i.e., the Yayoi people tended to have higher faces
and shorter anterior-posterior length. The PC2 refers to
the anterior-posterior length and the position of the teeth
(Figure 3). The PC1 clearly grabs the difference between
the Jomon and Yayoi periods. The PC2 shows a relatively
gradual geological cline from the northern Kyushu area,
where the immigrants from the continental East Asia
reached first (Figure 4). We also examined the correlation
between the PC2 and the geological distance from the
Northern Kyushu (i.e., the Kanenokuma site) based on
the longitude of each site, which supports the geological
cline (r = 410, p < .001). The results from analyzing the
Yayoi crania without the Jomon crania are also consistent
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Figure 3. The results of PCA for the Jomon and Yayoi
crania. The cumulative contribution rates and the 3D
locations of landmarks the PC1 and PC2 grab, where the
right side is the cranial front. The directions and lengths
of the bars indicate the direction and degree of landmark
movements according to change of each PC score. The
screenshot of 3D human crania is from SH-7 model by
KYOTO KAGAKU.

with the cline (see the PC1 and PC2 in the supplementary
material S2 and supplementary data S3). Variations
between sexes are not significant. The difference between
the Jomon and the Yayoi people in the PC1, and gradual
geological clines in the PC1 to PC2 are also found in both
sexes (see supplementary figure S4).

Discussion

The results of the comparison are consistent with and
confirm previous research arguing that the Jomon and
Yayoi people are different or distinguished populations
and that the clearest difference is observed in their face
height and anterior-posterior length shown by the PC1 (e.g.,
Matsushita & Naito, 1989; Naito, 1981; Nakahashi, 2015;
Nakahashi & Nagai, 1989).

However, our results suggest that the eastern Yayoi
samples in the present study were not strongly affected
by the Jomon people. The PC1 indicates that the scores of
the Jomon population tend to be higher and if the Jomon
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Figure 4. The scatter plots of the PC1 and PC2 from the Jomon and Yayoi or only Yayoi samples.
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and Yayoi people interbred, the scores of the eastern
Yayoi population should be higher though they are not.
The present results are not consistent with the previous
studies, suggesting that the Jomon and Yayoi population
interbred based on human skeletal remains both with
the Jomon and the Yayoi characteristics (e.g., Hasekdji
shiihen iseki hakkutsu chosadan, 2002; Kobe city board
of education, 2003; Matsumura, 2003). DNA analyses
of skeletal remains from the Aoyakamijichi site recently
argue that the Jomon and Yayoi people interbred at the
site though its degree was not so significant (Kanzawa et
al., 2021). The present results possibly support the results
though the morphological distances of the Aoyakamijichi
people from the Jomon people suggested by the PC1 do
not correspond to the DNA distances from the people of
the above research. This discrepancy might be due to a
generally admitted fact that the relationships between
morphology and genes are not completely straightforward,
i.e., interbreeding of the Jomon and Yayoi people were
not possibly reflected to their morphological differences.
Recent works suggest that the degree of the interbreeding
might depend on the population size (e.g., Watanabe &
Ohashi, 2023), which should be taken into account in the
future work.

The PC2 showing a relatively gradual geological
cline from the northern Kyushu region suggests that
if the first immigrants reached the northern Kyushu
region, the immigrants moved from the northern Kyushu
region to the other regions of the archipelago. It should
be noted, however, that the causes of the morphological
clines are unclear. The PCI suggests the possibility that
morphological variations of the eastern Yayoi people might
not be caused by interbreeding with the Jomon people.
Much archaeological research suggests that inter-regional
differences and intra-regional cohesions were higher in
the later Yayoi periods (e.g., Masaoka & Matsumoto, 1992;
Terasawa & Morioka, 1989), and which possibly influences
the geological cline.

Temporal and spatial variations are also found. Skeletal
remains from the Aoyakamijichi site and Shinmido shell
midden of the late Yayoi period tends to have opposite
principal component scores against the sites from the
northern Kyushu region. On the other hand, the scores of
Chinoshima and Shinjo site of the late Yayoi period are
similar to the ones from the northern Kyushu area (see
Figure 3).

Evolutionary implications of our findings should be
discussed. First, if the Yayoi and the Jomon people did not
frequently interbreed as the present research suggests, it
is plausible that the spread of agriculture did not depend
solely on cultural diffusion because some of the immigrant
population should start to engage in agriculture by
themselves at least.

Relatedly, the present results suggest the immigrants
might tend to segregate though the segregation did not
imply they always came into conflicts. Some studies argue
that higher rates of injuries are found on human skeletal
remains from western sites of the Yayoi period (especially
in the northern Kyushu region) and that population
increase (and the lack of land by rice farming) is one of
the direct causes (Nakagawa et al., 2021). Although both
the indigenous people and the immigrants plausibly faced
novel adaptive problems caused by their contact, the
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problems possibly did not lead to conflicts. This might
be due to the fact that their subsistence and living areas
were largely different (i.e., hunting and gathering or rice
farming).

Second, the inferred diffusion pattern of the Yayoi
people is also consistent with cultural diffusions of
archaeological remains such as Ongagawa pottery of the
early Yayoi period. It has been commonly claimed that the
pottery spread with the first immigrants and the techniques
of rice farming to the eastern parts of the archipelago in
the early Yayoi period because their shapes were relatively
uniform though regional differences were larger in the
more distant regions from the northern Kyushu region (e.g.,
Kaneda et al., 2022; Morioka, 2018; Noshita et al., 2022b).

Some limitations of the present study should be
discussed. First, as argued in the Introduction, we could
not access Yayoi samples from the Kyushu and Sanin
regions owned by a few institutions, which makes our
samples from these regions seemingly limited. Actually,
some previous studies have pointed out that regional
differences among the northern, eastern-northern, and
southern Kyushu regions are found (e.g., Matsushita &
Naito, 1989; Naito, 1981), which could not be discussed in
the present research. However, it is plausible that this does
not significantly influence the results. The main aim of the
present research is to examine the diffusion pattern from
the northern Kyushu regions. Our samples still include
ones from some representative sites from the above areas,
and it is generally argued that samples from the areas are
not significantly variable.

Second, the present study did not divide the Yayoi
sample into more detailed subperiods of the Yayoi period,
i.e., early, middle, and late periods, and the areas and
subperiods of samples are rather biased. As argued above,
for instance, we could not ignore the temporal or regional
differences shown by site of the late periods in the present
study and some previous studies (e.g., Matsushita & Naito,
1989). Thus, we admit that the present results refer only to
the overall demic patterns in the whole Yayoi period with
a relatively lower resolution. It should be noted that since
conditions of human skeletal remains in the eastern parts
of the Yayoi period are much worse than the western parts,
finer results need future excavations with much more
samples.

Third, other parts of human skeletal remains than
crania and other kinds of archaeological remains should
be integratedly examined and compared for investigating
their adaptive transitions. Even though the immigrants and
the indigenous people did not frequently interbreed but
also not engage in conflicts, it remains unclear how they
adapted to their novel meeting. For instance, how did the
indigenous people change their subsistent strategy? And
how adaptive or non-adaptive changes were they (e.g.,
Kennett & Winterhalder, 2006)? More various aspects on
the diffusion of the Yayoi period should be explored in the
future works.

Acknowledgments

This study was supported by JSPS KAKENHI (No.
20K00019, 19H05738, 20K22029, and 21K12590) and
2023 Nanzan University Pache Research Subsidy I-A-
2. We greatly appreciate owners of the human crania

62



examined in the present research (see supplementary data),
and Takayuki Matsushita (Doigahama Anthropological
Museum), Mikiko Abe, Masatake Kai (Osaka Metropolitan
University), and Isao Yumura (Tottori Yayoi Kingdom) for
their cooperation.

Author contribution

All designed the research. HN, TN, and TK gathered the
3D data. HN and TK analyzed the data and HN wrote
the original draft. All edited it and approved the final
manuscript.

Ethical statement

Data gathering and using the data were properly permitted
by each institution (see the supplementary data S1 for the
details of the institution). The details and the numbering of
the permission depend on the institution.

Supplementary material
Electric supplementary materials are available online.

References

Adams, D. C., Collyer, M. L., Kaliontzopoulou, A., &
Baken, E. K. (2022). Geomorph: Software for geometric
morphometric analyses [Computer software]. https://
cran.r-project.org/package=geomorph

Baba, H. (1981). Jinkotsu keisoku ho [A method for
measuring human skeletons]. In M. Eto (Ed.),
Jinruigaku koza bekkan 1: Jintai keisoku ho I1
Jinkotsu keisoku ho [Lectures on anthropology (extra
volume 1): A method for measuring humans II A
method for measuring human skeletons] (pp. 159—
358). Yuzankaku.

Bellwood, P. (2005). First farmers: The origins of
agricultural societies. Wiley.

Blender Online Community (2018). Blender - a 3D
modelling and rendering package [Computer
software]. Stichting Blender Foundation. http:/www.
blender.org

Caple, J. & Stephan, C. N. (2016). A standardized
nomenclature for craniofacial and facial
anthropometry. /nternational Journal of Legal
Medicine, 130, 863—879. https://doi.org/10.1007/
s00414-015-1292-1

Chikushino City Board of Education. (1993). Kuma-
nishioda chiku iseki gun [Kuma-Nishioda sites].
Chikushino city.

Cignoni, P. Callieri, M., Corsini, M., Dellepiane, M.,
Ganovelli, F., & Ranzuglia, G. (2008). MeshLab: An
open-source mesh processing tool. Sixth Eurographics
Italian Chapter Conference, 129—136.

Fantini, M., de Crescenzio, F. F., Persiani, F., Benazzi, S.,
& Gruppioni, G. (2008). 3D restitution, restoration
and prototyping of a medieval damaged skull. Rapid
Prototyping Journal, 14(5): 318-324. https://doi.
org/10.1108/13552540810907992

Fukuoka City Board of Education. (1985). Shiseki
Kanenokuma iseki [A historic spot: Kanenokuma site].
Fukuoka city.

Gower, J. C. (1975). Generalized procrustes analysis.
Psychometrika, 40, 33-51. https://doi.org/10.1007/
BF02291478

Nakao et al. LEBS Vol. 14 No. 2 (2023) 58—-64

Demic diffusion of the Yayoi peopl

Hasekdji Shithen Iseki Hakkutsu Chosadan. (2002).
Hasekaji shithen iseki (No. 236) [Hasekoji sites (No.
236)]. Togoku Rekishi Kokogaku Kenkyjo.

Kaneda, A., Noshita, K., Tamura, T., Nakagawa, T., &
Nakao, H. (2022). A proposal of a new automated
method for SFM/MVS 3D reconstruction through
comparisons of 3D data by SfM/MVS and handheld
laser scanners. PLOS ONE, Article €0270660. https://
doi.org/10.1371/journal.pone.0270660

Kanzawa, H., Kakuda, T., Adachi, N., & Shinoda, K.
(2021). Tottoriken Tottorishi Aoyakamijichi iseki
shutsudo Yayoi koki jinkotsu no kaku DNA bunseki
[Nuclear DNA analysis of human bones of the late
Yayoi period excavated at Aoya-Kamijichi site,
Tottori-shi, Tottori Pref.] Bulletin of the National
Museum of Japanese History, 228, 295-307.

Kennett, D. J. & Winterhalder, B. (Eds.). (2006).
Behavioral ecology and the transition to agriculture.
University of California Press. https://doi.
0rg/10.1525/9780520932456

Kobe City Board of Education. (2003). Shinpo iseki
noteseiho hakkutsu chosa hokokusho [Excavation
report on the western part of Note area at Shinpo site].
Kobe city.

Lee, B. R. & DeVore, 1. (Eds.). (1968). Man the hunter.
Routledge. https://doi.org/10.4324/9780203786567
Masaoka, M. & Matsumoto, 1. (Eds.). (1992). Yayoi
shiki doki no yoshiki to hennen: Sanyo San’in [The
typology and chronology of the Yayoi pottery: Sanyo

and Sanin regions]. Mokujisha.

Matsumura, H. (2003). Toraikei Yayoi jin no kakusan
to zoku Jomon jidai jin [Expansion of the Yayoi
immigrants and epi-Jomon people in Japan]. Bulletin
of the National Museum of Japanese History, 107,
199-215.

Matsushita, T. & Naito, Y. (1989). Yayoi jin: Chiiki sa [The
Yayoi people: Regional differences]. In M. Nagai, T.
Nasu, H. Kanaseki, & M. Sahara (Eds.), Yayoi bunka
no kenkyi 1: Yayoi jin to sono kankyo [Research
on the Yayoi culture 1: The Yayoi people and their
environment] (pp. 65-75). Yuzankaku.

Morioka, H. (Ed.). (2018). Shoki noko katsudo to Kinki no
Yayoi shakai [The initial agriculture and the Yayoi
society of Kinki area]. Yuzankaku.

Naito, Y. (1981). Yayoi jidai jinkotsu [Human skeletal
remains of the Yayoi period]. In T. Ogata (Ed.),
Jinruigaku koza 5: Nihonjin I [Lectures on
anthropology 5: The Japanese People 1] (pp. 57-99).
Yuzankaku.

Nakagawa, T., Kaneda, A., Tamura, K., & Nakao, H.
(2022). SfM to laser keisoku ni yoru kojinkotsu
keisoku kekka no hikaku [A comparative study of
measurement methods digitizing human skeletal
remains: SfM and laser scanning]. Nabunken Ronso, 3,
39-64.

Nakagawa, T., Tamura, K., Yamaguchi, Y., Matsumoto, N.,
Matsugi, T., & Nakao, H. (2021). Population pressure
and prehistoric violence in the Yayoi period of Japan.
Journal of Archaeological Science, 132, Article
105420. https://doi.org/10.1016/j.jas.2021.105420

Nakagawa, T., Yoshida, M., & Nakao, H. (2022). Okayama
ken (Hiroshima Hyogo ken) syutsudo kofun jidai
Jinkotsu no kikagakuteki keitai sokutei ni yoru bunseki
[A geometric morphometric study on human skeletal
remains from the Okayama, Hiroshima, and Hyogo
prefectures). Kodai kibi, 33, 43—60.

Nakahashi, T. (2015). Wajin eno michi: Jinkotsu no nazo

63


https://doi.org/10.5178/lebs.2023.111
https://cran.r-project.org/package=geomorph
https://cran.r-project.org/package=geomorph
http://www.blender.org
http://www.blender.org
https://doi.org/10.1007/s00414-015-1292-1
https://doi.org/10.1007/s00414-015-1292-1
https://doi.org/10.1108/13552540810907992
https://doi.org/10.1108/13552540810907992
https://doi.org/10.1007/BF02291478
https://doi.org/10.1007/BF02291478
https://doi.org/10.1371/journal.pone.0270660
https://doi.org/10.1371/journal.pone.0270660
https://doi.org/10.1525/9780520932456
https://doi.org/10.1525/9780520932456
https://doi.org/10.4324/9780203786567
https://doi.org/10.1016/j.jas.2021.105420

o otte [The road to the Japanese people: A pursuit
of mysteries in human skeletal remains]. Yoshikawa
kobunkan.

Nakahashi, T. & Nagai, M. (1989). Yayoi jin: Keishitsu
[The Yayoi people: Physical traits]. In M. Nagai, T.
Nasu, H. Kanaseki, & M. Sahara. (Eds.), Yayoi bunka
no kenkyii 1: Yayoi jin to sono kankyo [Research
on the Yayoi culture 1: The Yayoi people and their
environment] (pp. 23-51). Yuzankaku.

Nakao, H., Nakagawa, T., and Yoshida, M. (2022). 3D
data of human skeletal remains acquired by two kinds
of laser scanners: Einscan Pro HD and Creafrom
HandySCAN BLACK™ | Elite. Journal of the Nanzan
Academic Society Humanities and Natural Sciences,
24,309-314.

Nakao, H., Tamura, K., Arimatsu, Y., Nakagawa, T.,
Matsumoto, N., & Matsugi, T. (2016). Violence in
the prehistoric period of Japan: The spatiotemporal
pattern of skeletal evidence for violence in the Jomon
period. Biology Letters, 12, Article 20160028. https://
doi.org/10.1098/rsb1.2016.0028

Nakazono, S. (2004). Kyiishu Yayoi bunka no tokushitsu.
[The nature of the Yayoi culture in the Kyushu].
Kyushu University Press.

Noshita, K., Kaneda, A., Tamura, K., Nakagawa, T., &
Nakao, H. (2022a). Ongagawa shiki doki o rei toshita
sanjigen moderu to nijigen jissoku zu déta no hikau [A
comparative analysis of two- and three-dimensional
data using Ongagawa pottery as an example]. Journal
of Computational Archaeology, 27(1/2), 1-10.

Noshita, K., Kaneda, A., Tamura, K., Nakagawa, T., &
Nakao, H. (2022b). Ongagawa shiki doki no keitai ni
kansuru sariteki kosatsu: Tamura iseki, Yano iseki,
Ayaragi-go iseki o chiishin ni [A mathematical study
on outline morphologies of Yayoi pottery: A case
study focusing on the Ongagawa-style pottery from
the Tamura, Yano, and Ayaragi-go sites]. Nabunken
Ronso, 3, 65-82.

Patin, E., Siddle, K. J., Laval, G., Quach, H., Harmant,
C., Becker, N., Froment, A., Régnault, B., Lemée,
L., Gravel, S., Hombert, J-M., Van der Veen, L.,
Dominy, N. J., Perry, G. H., Barreiro, L. B., Verdu,
P., Heyer, E., & Quintana-Murci, L. (2014). The
impact of agricultural emergence on the genetic
history of African rainforest hunter-gatherers and
agriculturalists. Nature Communications, 5, Article
3163. https://doi.org/10.1038/ncomms4163

R Core Team. (2020). R: A language and environment
for statistical computing [Computer software]. R
Foundation for Statistical Computing. https:/www.
R-project.org/

Rindos, D. (1984). The origins of agriculture: An
evolutionary perspective. Academic Press.

RStudio Team. (2020). RStudio: Integrated development
for R [Computer software]. RStudio. http://www.
rstudio.com/

Shimonoseki City Board of Education & Doigahama
Anthropological Museum. (2014). Doigahama iseki
dai 1-12 ji hakkutsu chosa hokoku sho [The first
to twelfth excavation reports of Doigahama site].
Shimonoseki city & Doigahama Anthropological
Museum.

Shitara, H. (2019). Noko bunka fukugo keisei no kokogaku:
Noko no hajimari 1 [The archaeology of the formation
of agricultural culture complex 1]. Yuzankaku.

Skouglund, P., Malmstrém, H., Raghavan, M., Stora, J.,
Willerslev, E., Gilbert, M. T. P., Gétherstrom, A., &

Nakao et al. LEBS Vol. 14 No. 2 (2023) 58—-64

Demic diffusion of the Yayoi peopl

Jakobsson, M. (2012). Origins and genetic legacy of
Neolithic farmers and hunter-gatherers in Europe.
Science, 336(6080), 466—469. https://doi.org/10.1126/
science.1216304

Terasawa, K. & Morioka, M. (Eds.). (1989). Yayoi shiki
doki no yéshiki to hennen: Kinki 1 [The typology
and chronology of the Yayoi pottery: Kinki region 1].
Mokujisha.

Watanabe, Y. & Ohashi, J. (2023). Modern Japanese
ancestry-derived variants reveal the formation
process of the current Japanese regional gradations.
iScience, 26(3), Article 106130. https://doi.org/10.1016/
j.15¢1.2023.106130

Wickham, H. (2016). ggplot2: Elegant graphics for data
analysis [Computer software]. Springer-Verlag New
York. https://ggplot2.tidyverse.org

64


https://doi.org/10.1098/rsbl.2016.0028
https://doi.org/10.1098/rsbl.2016.0028
https://doi.org/10.1038/ncomms4163
https://www.R-project.org/
https://www.R-project.org/
http://www.rstudio.com/
http://www.rstudio.com/
https://doi.org/10.1126/science.1216304
https://doi.org/10.1126/science.1216304
https://doi.org/10.1016/j.isci.2023.106130
https://doi.org/10.1016/j.isci.2023.106130
https://ggplot2.tidyverse.org

