Movement during the Yayoi Period: An Examination
of the Western Burial Area of the Doigahama Site
Using Strontium Isotope and Cranial Morphological
Analyses

TAKAMUKU Hirofumi'?, ADACHI Tatsuro®?,
NAKANO Nobuhiko??, TAJIRI Yoshinori*?, &
OSANAI Yasuhito?

ABSTRACT

This study aimed to clarify the movement of people during the Yayoi period (c. 800 ~ 600 BC—
around AD 200) by examining the western burial area of the Doigahama site using strontium (Sr)
isotope and morphological analyses. The results of the Sr isotope analysis for incisor, premolar
and molar indicated that the ¥Sr/°Sr value of the skeletal remains of individuals No. 807 and No.
1305 were distributed outside the range of Sr/%Sr value estimated by the faunal teeth excavated
from the Doigahama site. Furthermore, the results of the Sr isotope analysis for No. 1305 third
molars indicated that the weighted mean of the third molar crown and root values fell outside the
range of 8’Sr/%0Sr value of the Doigahama site. These findings suggest that No. 1305 lived in a
different area from the isotopic environment around the Doigahama site until the age of complete
formation of the third molar. Combining the results of Sr isotope analysis, morphological analysis
and archaeological context, the area along the Hibikinada coast adjacent to the Doigahama site is
considered to be the most probable area where No. 807 and No. 1305 lived before they moved.

KEYWORDS: Doigahama site, human skeletal remains, movement of people, morphological
analysis, strontium isotope analysis, Yayoi period

1. Introduction

The Doigahama site is a cemetery in the western coastal area of the Honshu (the main
island of the Japanese archipelago, Figure 1) from which over 300 skeletal remains dated
to the Yayoi period have been excavated. During the Yayoi period (c. 800~600 BC—
around AD 200, see Mizoguchi 2013), an economic transition from a hunter-gatherer
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Figure 1. Location of the Doigahama site and the surrounding geological environment. The
geological map was retraced by the author using the GIS data from a 1:50,000 geological map
(Geological Survey of Japan). (https://gbank.gsj.jp/geonavi/geonavi.php#14,34.28606,130.90103)
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economy to a rice paddy agricultural economy occurred when agricultural technology
was introduced from the Korean peninsula. In addition to these economic changes, human
morphological changes, such as facial form, dental size and shape, limb proportions and
stature, occurred from the Jomon period (c¢. 12000 BP— 2300 BP, see Mizoguchi 2013)
to the Yayoi period. Many previous studies have suggested that these morphological
changes were the result of gene flow following the immigration of peoples from mainland
Asia to northern Kyushu (Kanaseki et al. 1960; Ikeda 1981, 1998; Brace & Nagai 1982;
Yamaguchi 1982; Dodo & Ishida 1988; Mizoguchi 1988; Hanihara 1991; Kim et al.
1993; Nakahashi 1993, 2005; Matsumura 1994; Dodo 1995). The results of ancient DNA
analysis have also suggested that individuals at the Doigahama site were influenced by the
gene flow from mainland Asia (Mizuno et al. 2021; Kim et al. 2025). Kim et al. (2025)
sequenced the whole nuclear genome of an individual (No. 1604) excavated from the
Doigahama site and reported the following: 1) the Doigahama Yayoi individual had three
distinct genetic ancestries: Jomon-related, East Asian-related, and Northeastern Siberian-
related; 2) the Korean population exhibited the highest degree of genetic similarity to the
Doigahama individual among the non-Japanese populations; and 3) a two-way admixture
model, assuming Jomon-related and Korean-related, was supported by the analysis of
admixture modelling. Agricultural technology and immigration from mainland Asia
occurred first in northern Kyushu, which is the nearest island of the Japanese archipelago
to the Korean peninsula. Starting from northern Kyushu, rice cultivation, agricultural
technology and gene flow from the mainland Asia spread to the eastern area of the
Japanese archipelago. The Doigahama site is located on these routes from Kyushu to
Honshu (Figure 1). Archaeological excavations have revealed that the Doigahama site
consists of two burial areas: a western and an eastern burial area (Figure 2). The graves
in the western burial area are distributed in a linear form, while those in the eastern
burial area form clusters. Many previous studies have used archaeological and physical
anthropological methods to examine the Doigahama site and attempt to reconstruct its
social organisation (Kanaseki 1969; Harunari 1974, 2002; Koumoto 1975; Tanaka et al.
1986; Tanaka 2008; Yamada 1997; Funahashi 2000, 2016; Furusho 2001).

Strontium (Sr) isotope analysis is conducted on human skeletal remains to evaluate
prehistoric mobility patterns (e.g. Bentley 2006). Sr is a relatively abundant isotope in
rocks, and four main isotopes occur in nature. The Sr isotope ratio (*7Sr/%¢Sr) is expressed
by the ratio of the amount of 3¢Sr to 87Sr. In general, ocean floor basalt is homogeneous and
has a low #7Sr/%Sr value (about 0.703). On the other hand, granite is considered to have
a relatively high 87Sr/%Sr value because of its high rubidium/Sr ratio (Bentley 2006). The
87Sr/86Sr values in the underlying geology are incorporated into the human body, especially
teeth and bones, through water and the plants and animals that it consumes. The #7Sr/%6Sr
values of teeth may reflect the 37Sr/%Sr values of the area where the teeth formed during
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Figure 2. Layout of the remains of the Doigahama site. Left: Overall view of the Doigahama site.
Right: Enlarged figure of the western burial area at the Doigahama site. The figure was created by
the author using the Doigahama Site Anthropological Museum (ed.) (2014) as a reference.

© Japanese Archaeological Association

34



MOVEMENT DURING THE YAYOI PERIOD

childhood because teeth are not remodelled once they are formed (Bentley 2006).

Sr isotope analysis has also been conducted in Japan, including in studies using human
skeletal remains excavated from shell mounds dating to the Jomon period (Kusaka et al.
2008, 2009, 2011, 2012) and faunal remains (Gakuhari & Yoneda 2016). Previous studies
have also combined Sr isotope analysis and human dental morphology (Morita et al. 2012)
and Sr isotope analysis and human bone morphology with archaeological information
from the Kofun period (around AD 200-600, see Mizoguchi 2013) (Tanaka et al. 2017,
Yonemoto et al. 2022; Takamuku et al. 2024). In the present study, laser ablation multi-
collector inductively coupled plasma mass spectrometry (LA-MC-ICP-MS) was used for
the Sr isotope analysis, the most important feature of which is that it has a localised and
minimal effect on the material being sampled. This is important from the viewpoint of
protecting valuable skeletal materials and minimising the negative impact on other research
fields such as tooth morphology. In addition, the fact that the negative impact of the analysis
on the material is localised makes it possible to analyse multiple locations for the same
tooth, and multiple teeth within the same individual. Because the age of tooth formation
is determined based on the tooth, the analysis of multiple locations and teeth in the same
individual can trace temporal changes in the Sr isotopic ratios of the same individuals,
allowing reconstruction of the timing when that individual moved from one location to
another. In the present study, we analysed the Sr isotope ratios of teeth with later formation
for the same individuals, who were presumed to have moved based on Sr isotope analysis
that traced the timing of their relocation to the area around the Doigahama site.

Previous studies have shown that a combination of Sr isotope analysis, morphological
analysis, and archaeological evidence is crucial to maximise the accuracy of the
interpretations (Tanaka ef al. 2017; Yonemoto et al. 2022; Takamuku et al. 2024). In the
complex geological environment of the Japanese archipelago, several regions have the
same Sr isotope ratio values; therefore, the place of origin cannot be narrowed down by the
Sr isotope ratio alone. The integration of morphological analyses on skeletal remains and
archaeological information may provide a better understanding of mobility patterns based
on the genetic and cultural phylogenetic relationships among the population studied. Given
this background, using Sr isotope ratio analysis, the present study aimed to clarify mobility
patterns during the Yayoi period by examining cranial morphological data along with
archaeological information, such as funerary objects, for individuals presumed to have
changed where they lived during the Yayoi period.

2. Materials and methods

2-1. Skeletal samples
The human skeletal remains used in this study were excavated from the western burial
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area of the Doigahama site (Figure 2), which is separated from the eastern burial area by
an open space (about 20m wide) and ditches (SD701). The tombs are distributed in a row
around the ridge of a sand dune, and a total of 28 tombs have been found. Of the human
skeletal remains used in this study, the '*C age of the No. 1604 sample was 2305*20
years, and the calibrated ages (95.4% probability) were in the range of 405-361 cal BC
(90.7%), 275-263 cal BC (3.1%), and 243-235 cal BC (1.7%) (Kim et al. 2025). Other
samples are dated to the Yayoi period based on archaeological context, such as soil layers,
burial facilities, and burial accessories.

The total number of samples for which Sr isotope analysis was available was 13 (three
males, six females, and four nonadults). The teeth for Sr isotope analysis were mainly
incisors, but if the incisors of the individual being analyzed were not present, then
premolars or molars were used. For individuals that showed a different Sr isotope ratio
from the Doigahama site area on isotope analysis, additional analysis was conducted.
Specifically, Sr isotope ratio analysis of teeth (e.g., third molars) that form later than the
teeth analyzed first was performed, and the Sr isotope ratio values were compared among
multiple tooth types. For example, if the Sr isotope ratio of the third molar differed from
the Sr isotope ratio of the tooth used in the initial analysis (incisor, premolar, or molar),
but was the same as the Sr isotope ratio of the area around the Doigahama site, it could be
estimated that the individual moved to the area around the Doigahama site from another
region before the age at which the third molar was formed. Alternatively, if the Sr isotope
ratio of the third molar was the same as the Sr isotope ratio of the tooth in the initial
analysis, it could be assumed that the individual moved to the area around the Doigahama
site after the formation of the third molar.

To estimate the range of Sr isotope ratios in the area around the Doigahama site, the
faunal teeth excavated from the Doigahama site were used in this study. A total of six
faunal samples, consisting of deer (three samples), a raccoon dog (one sample), a dog (one
sample) and a mole (one sample), were used for the analysis. All faunal samples were
excavated from the soil layers of the Doigahama site dated from the Yayoi to the early
modern period.

2-2. Sex and age determination of human skeletal remains

Sex was assessed based on morphological features of the hip bone, such as the greater
sciatic notch, subpubic angle and ischiopubic proportion, with reference to Phenice (1969)
and Bruzek (2002). When the hip bone was unavailable, assessment of sex followed a
metric assessment of the postcranial bones (Nakahashi & Nagai 1986) and cranial features
(Buikstra & Ubelaker 1994). Age at death was estimated based on age-related changes
in the pubic symphysis (Todd 1920; Sakaue 2006) and the morphology of the auricular
surface (Lovejoy et al. 1985; Buckberry & Chamberlain 2002; Igarashi et al. 2005). In
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addition, if the hip bone was not preserved, age was estimated based on an evaluation of
the degree of obliteration of cranial sutures (Meindl & Lovejoy 1985; Sakaue 2015).

For development of the teeth (I1, P2, M1, M3) used in the Sr isotope ratio analysis,
this study referred to Ubelaker (1989), The Japanese Society of Pedodontics (1988),
and Masutomi et al. (2019). In this study, the completeness of each tooth crown was
determined to be the stage at which the tooth crown is complete and the formation of
the tooth root begins. In Ubelaker (1989), which used data from Native Americans, the
completeness of each tooth crown used in this study was shown as follows: incisors
(beginning of formation: 6*3 months, completion: 4*1 years), second premolars
(beginning of formation: 3*1 years, completion: 62 years), first molars (beginning of
formation: birth, completion: 3% 1 years), and third molars (beginning of formation: 9=
3 years, completion: 15F3 years). The Japanese Society of Pediatric Dentistry (1988)
used Japanese data and found the following: incisors (beginning of formation: 6 months,
completion: 4 years), second premolars (beginning of formation: 3 years, completion: 7
years), first molars (beginning of formation: birth, completion: 4 years), and third molars
(beginning of formation: 9 years, completion: 15 years). Masutomi et al. (2019), who
examined the stage of formation of the third molar using Japanese data, reported that the
median age of completion of the third molar’s crown was 16.9 years. Based on previous
research on the stage of tooth crown formation, the age range for tooth crown formation
in this study was defined as follows, including the error range (upper and lower limits):
incisors (3 months to 5 years old), second premolars (2 to 8 years old), first molars (birth to
4 years old), and third molars (6 to 18 years old).

2-3. Srisotope analysis

We used an LA-MC-ICP-MS instrument (Neptune Plus; Thermo Fisher Scientific,
Waltham, MA, USA) combined with an LA system (Analyte G2 Excimer; Photon
Machines, Inc., Redmond, WA, USA) installed at Kyushu University, Japan. First, the
condition of the analysis part was observed using an optical microscope to find the most
suitable, non-weathered location for analysis. The surface of the teeth was polished from
3mm to 7mm using a dental engine to make a flat plane and obtain a stable signal. Second,
we performed isotopic analyses using LA-MC-ICP-MS. Briefly, 50 measurements per line
(150 um wide and 4 mm in total length) were made, the weighted mean value of these 50
measurements was taken as the value of the line, and the weighted mean value of the result
for five lines was taken as the value of the sample. Isotopic ratios were corrected based on
the protocols described by Horstwood et al. (2008). Sea Shell, which has 37Sr/3¢Sr ratio
of 0.70917 as determined using thermal ionization mass spectrometry installed at Kyushu
University, was used for the calibration standard. Two types of modern human teeth and
natural apatite (Durango apatite; McFarlane & McCulloch 2008) were used for doubly-
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charged rare earth elements and Ca dimer corrections. Finally, the analysis traces were
observed using a scanning electron microscope (VHX-D500; Keyence, Osaka, Japan).
The analysis was carried out for more than five lines for each tooth; these values were then
used to calculate the weighted means of the 87Sr/3Sr ratios to check for deviations from the
obtained data.

2-4. Morphological analysis

To analyse the cranial morphology, a total of nine measurements (MCL: maximum cranial
length, MCB: maximum cranial breadth, BBH: basion—bregma height, BB: bizygomatic
breadth, UFH: upper facial height, OB: orbital breadth, OH: orbital height, NB: nasal
breadth, NH: nasal height) were taken, in accordance with Martin & Saller (1957) and
Baba (1991). As comparative samples for cranial morphological analysis, skeletal remains
excavated from the site dating to both the Jomon and Yayoi periods were used (Table
1). To assess cranial morphological differences between the Jomon and Yayoi samples
and summarise the data sets, a principal component analysis (PCA) based on covariance
matrices was performed using all nine measurements. The data set used for the PCA was
collected from complete individual value sets, and any individuals with missing data
were excluded. Before performing the PCA, each individual variable was generated to
a “log-shape” variable based on the method of Mosimann and colleagues (Darroch &
Mosimann 1985; Jungers et al. 1995; Mosimann & James 1979). Log-shape variables are
used to adjust size and are calculated by dividing each of the original individual variables
by the geometric mean of all variables for that individual. For the principal components
(PCs) calculated by the PCA, only those with eigenvalues greater than 1.0 were used. All

Table 1. Comparative samples for cranial morphological analysis in this study

Group Era Sample size Site

Jomon  Late-Final® 12 (Aichi prefecture) Yoshigo®
(Okayama prefecture) Tsukumo®
(Fukuoka prefecture) Yamaga, Nagainumaru,
Kuwabaruhigushi

Yayoi  Early-Middle 81 (Shimane prefecture) Koura
(Yamaguchi prefecture) Doigahama, Nakanohama
(Fukuoka prefecture) Kanenokuma, Hakugen,
Nishihiratsuka, Monden, Dojoyama, Kuma, Nagaoka,
Kumanishioda, Okubo, Kiridoshi, Mitsu, Asahikita

a) ¢. 4000 to 2300 BP (Mizoguchi 2013)
b) c. 400 ~200 BC to around AD 1 (Mizoguchi 2013)
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statistical analyses were carried out using SPSS Statistics 20 (IBM Corp., Armonk, NY,
USA) and Microsoft Office Excel 2020 (Microsoft Inc., Redmond, WA, USA).

3. Results

3-1. Srisotopic analysis

Isotopic data obtained from the human and faunal tooth enamel are shown in Table 2 and
Figure 3. In the faunal tooth enamel, the 37Sr/%0Sr values of large mammals such as dogs,
deer, raccoon dogs, and moles exhibited wide 3Sr/%Sr values, while the values of small
mammals such as moles yielded a narrow range. This is considered the result of differences
in the behavioural range of each animal. Excluding dogs, the range of each modern animal
is 16.3~43.7ha for deer (Ishizuka et al. 2007), 280 ha for raccoon dogs (Saeki et al. 2007)
and an average of 0.0724ha for moles (Imaizumi 1983). The weighted mean 37Sr/®6Sr
value for all faunal tooth enamels was 0.70955 and the 2 ¢ value fell between 0.70938 and
0.70972 (Table 2 and Figure 3). These values likely affected the #7Sr/%6Sr values around
the Doigahama site because they included a sample of animals with a narrow range of
behaviour (moles).

In the isotopic data of human tooth enamel, most 8’Sr/%¢Sr data were within this value
range (Figure 3). However, the 87St/%6Sr value of skeletal remain No. 807 (weighted means of
87Sr/3¢Sr=0.70903, 2 0 =%0.00026) and No. 1305 (weighted means of 87Sr/3¢Sr=0.70880,
2 6 =%0.00025) was distributed outside the 37Sr/%Sr value range around the Doigahama
site estimated from the faunal remains (Figure 3). This result suggests that No. 1305 (%)
moved from a different isotopic environment around the Doigahama site by the age of
enamel formation of the central incisor crown, and that No. 807 (immature human skeletal
remain) moved from a different isotopic environment around the Doigahama site by the
age of enamel formation of the first molar crown. Moreover, to evaluate the timing of these
moves, we analysed the third molar of No. 1305 (Table 2 and Figure 4). Due to the poor
preservation of other permanent teeth and the lack of formation of some permanent teeth,
no additional analysis could be done on No. 807. The weighted means of the 37Sr/3¢Sr
values in both tooth crowns (upper part: analysis No. 1-5 in Figure 4, lower part: analysis
No. 6-7 in Figure 4) and roots (analysis No. 812 in Figure 4) of No.1305 were almost
the same as the ¥7Sr/3Sr value of the incisor (Figure 4). This result suggests that No. 1305
moved from a different isotopic environment around the Doigahama site after completion
of the third molar’s crown and root.

3-2. Morphological analysis
Next, we examined the cranial morphology of No. 1305, who was considered to move
from a different isotopic environment around the Doigahama site based on Sr isotope ratio
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Table 2. Results of the Sr isotope analyses on teeth and context information about the samples

. 87Sr/86Sr
Setl}r]r;péle Bllxl]i)l,al Sex  Age(y) Faunal SZ?S;?@ Weighted Brror (2.0)
mean
Human 801 % 20-39 — I 0.70972 0.00026
Human 805 % 40-59 — 11 0.70994 0.00063
Human 807 — 2-4 — M1 0.70903 0.00026
Human 808 d 40-59 — I1 0.70958 0.00029
Human 809 % 40-59 — I 0.70933 0.00016
Human 1302 — 1-6 — 11 0.70958 0.00011
Human 1303 — 1-6 — M1 0.70959 0.00022
Human 1305 % 30-39 — I1 0.70880 0.00025
Human 1305 % 30-39 — M3 0.70895 0.00011
Human 1405 % 45-59 — 11 0.70928 0.00013
Human 1406 d 40-59 — I 0.70953 0.00052
Human 1601 % 50-59 — P2 0.70939 0.00011
Human 1602 — 1-6 — M 0.70968 0.00014
Human 1604 % 20-39 — 11 0.70938 0.00012
Faunal — — — Deer (Cel) M 0.70974 0.00009
Faunal — — — Deer (Ce2) M 0.70983 0.00022
Faunal — — — Deer (Ce3) M 0.70930 0.00024
Faunal — — — Raccoon dog (Np) M 0.70944 0.00018
Faunal — — — Dog (Ca) M 0.70945 0.00013
Faunal — — — Mole (Ta) M 0.70947 0.00007

Teeth: M (molar), P (premolar), I (incisor tooth)

analysis. Table 3 shows the results of the PCA, and Figure 5 shows a two-dimensional
scatterplot of the PC scores. Regarding the results of the PCA, the first PC (PC1; factor
loading=1.767, contribution rate=19.635) showed high positive values for MCB and BB,
and high negative values for UFH and NH. Therefore, it can be said that PC1 is a factor
that indicates the width of the neurocranium and the ratio of the width and height of the
face. It can also be said that the higher the PC1 score, the wider the neurocranium and
the stronger the tendency to have a low face (characterized by a shorter (vertically lower)
and broader face, leading to a relatively wider facial aspect), whereas the lower the PCI
score, the smaller the width of the neurocranium and the stronger the tendency to have
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Figure 3. Results of the Sr isotope analysis for human and faunal teeth excavated from the
Doigahama site. Ce: Deer, Np: Racoon dog, Ca: Dog, Ta: Mole.
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Figure 4. Results of the Sr isotope analysis for No. 1305 and analysis points (numbers enclosed
in circles) of the third molar in No. 1305

a high face (characterized by a longer (vertically higher) and narrower face, leading to a
relatively slimmer appearance). The second PC (PC2; factor loading=1.350, contribution
rate=14.998) showed positive values with high BBH and MCB, and can be said to be a
factor indicating the width and height of the neurocranium. The higher the PC2 score, the
larger the height and width the neurocranium, and the lower the PC2 score, the smaller
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Table 3. Factor loadings of the principal component analysis

PC1 PC2 PC3

MCL Maximum cranial length 0.209 —0.083 0.942
MCB Maximum cranial breadth 0.789 0.474 —0.067
BBH Basion—bregma height —0.041 0.920 0.327
BB Bizygomatic breadth 0.784 —0.092 0.109
UFH Upper facial height —0.452 —0.327 —0.374
OB Orbital breadth 0.089 0.019 0.136
OH Orbital height 0.006 —0.062 —0.179
NB Nasal breadth —0.099 —0.382 0.018
NH Nasal height —0.512 —0.075 —0.266

Eigenvalue 1.767 1.350 1.273

Contribution 19.635 14.998 14.139

Doigahama
No.1305

(%671) 7Od

N Op A 4

) £
North Kyushu Yayoi < &> > Yamaguchi Yayoi
<

2 <><> A /A Yamaguchi Yayoi
<> North Kyushu Yaoi
B Jomon
-2 -1 0 1 2

PC1 (19.6%)

Figure 5. Scatterplot of individual PCl and PC2 scores estimated by principal component
analysis using nine cranial measurements. Circles show the confidence ellipse (68.27%) in each
population.
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the height and width of the neurocranium. The third PC (PC3; factor loading=1.273,
contribution rate=14.139) showed positive MCL values, and can be said to be a factor
indicating the length of the neurocranium. Since the factor loading of PC3 was largely
biased to one measurement item (MCL), the analysis was performed using PC1 and PC2.

Figure 5 shows the PC1 and PC2 scores of each individual developed in two
dimensions. The PC1 score (x-axis) differed between the Jomon and Yayoi populations.
The Jomon group had higher PC1 scores, wider neurocraniums and a stronger tendency for
a low face. The Yayoi group had lower PC1 scores, narrower neurocraniums and a stronger
tendency for a high face. Since many previous studies have pointed out differences in
facial proportions between the Jomon and Yayoi populations (Kanaseki et al. 1960;
Ikeda 1981, 1998; Yamaguchi 1982; Mizoguchi 1988; Hanihara 1991; Nakahashi 1993),
the results of the PCA conducted in the present study represent the differences in the
trait characteristics between the two groups. In Figure 5, individual No. 1305, who was
estimated to have moved from a different isotopic environment around the Doigahama site
based on the Sr isotope ratio analysis, is located closer to the Doigahama site and the Yayoi
group in northern Kyushu than to the Jomon group.

4. Discussion

The results of the Sr isotopic analysis conducted in the present study suggest that No. 807
moved from the isotopic environment around the Doigahama site until the age of formation
of the first molar crown. The age at which the crown of the first molar forms ranges from
birth to 4 years. The age of death of No. 807 was estimated to be 2—4 years (Table 2),
based on the complete formation of the deciduous teeth and formation of the crowns of
the first molars. The results of the Sr isotopic analysis and estimated age of death based
on the state of permanent tooth formation suggest that No. 807 most likely died shortly
after moving to around the Doigahama site from a different area. Because it is difficult to
move alone and settle in a remote residential group without being accompanied by adults
at this age, it is most likely that No. 807 moved to the Doigahama site accompanied by
an adult. The results of the Sr isotopic analysis also suggest that No. 1305 moved from a
different area after the age of formation of the third molar crown and root. As Masutomi
et al. (2019) reported that formation of the Japanese third molar’s root ranges from 16.9
to 24 years, including individual differences, these results suggest that No. 1305 (age of
death: 3039 years, see Table 2) moved to around the Doigahama site from an isotopically
different area after age 16.9 to 24 years.

Regarding archaeological information such as grave goods, No. 807 had no burial
accessories and No. 1305 was buried wearing a shell bracelet made of Anadara satowi
(Figure 6). At the Doigahama site, shell bracelets are major grave goods, and are divided
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Figure 6. Archaeological information for No. 1305 excavated from the Doigahama site. a, b:
excavation condition. c: shell bracelet, d: cranium

into two types based on the kind of sea shell used (Figure 7). The first type is made
by large scallops inhabiting the Nansei Islands of the Japanese archipelago, such as
Strombus latissimus and Conus leopardus or Conus litteratus Linnaeus. The second type
is made by clams inhabiting areas near the Doigahama site. The shell bracelets found
with human skeletal remains at the Doigahama site are distinguished as follows: the first
type, which were made from large scallops inhabiting the Nansei Islands, was mainly
for adults, whereas the second type, which were made from clams inhabiting areas near
the Doigahama site, was for juveniles. Twenty-four inshore shell bracelets have been
excavated from the Doigahama site, and there have been only two cases in which an
inshore sea shell bracelet was excavated together with adult human skeletal remains. In
those two cases, No. 1305 was the only adult wearing an inshore shell bracelet, which
suggests that No. 1305 is a rare case from the perspective of shell bracelet customs among
adults at the Doigahama site. In western Japan, the use of two-piece shell rings flourished
during the Jomon period, and adult females were the overwhelming majority of wearers;
many of the cases of shell rings being worn were on the left arm (Watanabe 1969). The fact
that No. 1305 also wore a bracelet on the left arm reflects the custom of wearing shell rings
since the Jomon period.

Moreover, at the Doigahama site, 78.5% of adults showed tooth ablation (Matsushita
& Matsushita 2014), but not No. 1305. Regarding the social meaning of the custom of
tooth ablation at the Doigahama site, some previous studies have suggested that it was
a rite of passage among the Yayoi people at the Doigahama site. Nakahashi (1990) and
Funahashi (2000) suggested that the Yayoi people at the Doigahama site first showed

© Japanese Archaeological Association

44



MOVEMENT DURING THE YAYOI PERIOD

Shell bracelet
(shells inhabited in the south east islands)

PN

D

) -
YOO ~= O
IR | :6%/\@
QIO OIO IO 2
oo oo YO g o
QIO 010 QIO o=

Inshore sea shell bracelet
(shells inhabited near the sea)

Figure 7. Two types of shell bracelets excavated from the Doigahama site. The figure was created
by the author using materials from the Doigahama Site Anthropological Museum (ed.) (2014) as a
reference.

tooth ablation at age 12 to 13 years based on an analysis of the attrition of the opposing
tooth, and that one of the explanations for tooth ablation at the Doigahama site was that it
formed part of coming-of-age ceremonies (Nakahashi 1990; Funahashi 2000). The results
of the present study suggested that No. 1305, who showed no tooth ablation, moved from
a different isotopic environment around the Doigahama site after age 24 years. This finding
offers one hypothesis about tooth extraction customs at the Doigahama site. The group of
individuals who had no tooth ablation at the Doigahama site included people who moved
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to the Doigahama site from an isotopically different area. In order to verify this hypothesis,
it will be necessary to increase the number of cases of analysis of Sr isotope ratios of
other individuals who had no tooth ablation at the Doigahama site. Depending on whether
No. 1305 was an isolated case or a common case in the group of individuals who had no
missing teeth, our understanding of the tooth ablation custom at the Doigahama site (in
particular the group of individuals with no missing teeth) would differ greatly.

Based on the above, the results of this study suggest that No. 1305 might be interpreted
as a person who moved from an area that differed from the social and cultural customs
recognised at the Doigahama site. So where did No. 807 and No. 1305 come from? In the
complex geological environment of the Japanese archipelago, there are multiple regions
with the same Sr isotope ratios, so it is not possible to determine the source of the Sr
isotope ratio values based on the Sr isotope ratio values alone. In previous studies, maps
of the Sr isotope ratios of the Japanese archipelago have been presented for groundwater
and rocks (Nakano et al. 2020) and vegetables (Aoyama et al. 2017). Referring to these Sr
isotope ratio maps, the Sr isotope ratio values for the area around the Doigahama site are
0.7096-0.7104 for groundwater, 0.710-0.716 for rocks, and 0.7090-0.7095 for vegetables.
The analysis values for animal bones in this study were 0.70938-0.70972, which are close
to the values for groundwater and vegetables. However, these values can be seen in multiple
locations across the Japanese archipelago (Aoyama et al. 2017; Nakano et al. 2020). It has
been pointed out that the Sr isotope ratio is affected by the consumption of marine food by
individuals, and that individuals with high consumption of marine food have low Sr isotope
ratios (Lahtinen et al. 2021). The values of the carbon and nitrogen isotope ratios reported by
Yoneda (2014) indicated that the carbon isotope ratio (6 '*C: —18.0 %o ) and nitrogen isotope
ratio (0'°N: 11.0 %o ) of No. 1305 are not significantly different from the average values
(013C: —18.9 %0, 0°N: 10.9 %o ) for the other individuals at the Doigahama site. However,
as Yoneda’s research (2014) analysed bone samples, the carbon isotope ratio and nitrogen
isotope ratio of No. 1305 do not strictly reflect the diet of the age of the teeth used in this
study. Therefore, the relationship between Sr isotope ratios and diet at the Doigahama site
will need to be discussed in the future. Furthermore, as we consider the possibility that the
Sr isotope ratio values of humans might fluctuate due to short-term or seasonal movement
of individuals, it is difficult to determine from Sr isotope ratio values alone where the
individuals who migrated to the Doigahama site from different isotopic environments came
from. Therefore, we would like to consider local movement around the Doigahama site from
the perspective of the archaeological context and the morphological characteristics of human
skeletal remains.

Pottery excavated from the Doigahama site has included local pottery as well as pottery
influenced by neighbouring (Nagato area) or remote areas such as the Setouchi and north
Kyushu areas (Noriyasu 2014) (Figure 8). Local pottery, which applied patterns such as
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leaves, wings and double arcs, was shared on the Hibikinada coast area, and some sites
from the same periods as the Doigahama site have been confirmed in the Toyoura and
Ayaragi areas (Figure 8). Regarding the composition of the pottery at the Doigahama
site, some was influenced by the Nagato area. As for that influenced by the Setouchi
area, pottery with a comb pattern and polygonal ridge has also been excavated from the
Doigahama site. Pottery with these characteristics has widely been seen in the Setouchi
area, and Noriyasu (2014) suggested that it flowed into the Doigahama site through the
castern area of Yamaguchi. Regarding pottery from northern Kyushu, Itazuke-type and
red-painted pottery (with unidentified Pigment) have been excavated from the Doigahama
site. Among these, Itazuke-type pottery dates to the early Yayoi period, indicating that it
was influenced by northern Kyushu during the formation period of the Doigahama site.
In addition, the amount of pottery from northern Kyushu increased in the middle stage
of the Yayoi period, indicating that the influence from northern Kyushu continued to
flow in (Noriyasu 2014). Bronze wares excavated from the Doigahama site include small
bronze mirrors and copper iron, and the amount of bronze wares excavated from the
Doigahama site has been reported to be smaller than that of other Yayoi burial sites along
the Hibikinada coast (Kobayashi 2011). Among these wares, it has been pointed out that
small mirrors were manufactured in northern Kyushu. Regarding the ornaments excavated
from the Doigahama site, the shell ornaments mentioned above indicate exchanges with
the Nansei Islands. In addition to shell ornaments, stone ornaments have been excavated,
including jasper tube balls, jade magatama and small amazonite balls. Most of the
jasper used for tube balls was produced in the Hokuriku region, according to fluorescent
X-ray analysis (Warashina 2014). The jade used for the magatama is estimated to be
from Itoigawa and Oumi in Toyama Prefecture (Warashina 2014). The stone ornaments
excavated from the Doigahama site reveal interactions with the Hokuriku region. From
the archaeological materials excavated from the Doigahama site, it is possible to infer
interaction with other areas. There is a high degree of commonality with the plains along
the Hibikinada coast near the Doigahama site, such as the Toyoura and Ayaragi areas. In
these areas, human skeletal remains and animal bone materials were excavated dating to
the same time as the Doigahama site, so Sr isotope analysis will need to be performed
on these materials in future research. On the other hand, there was interaction with the
Doigahama site in remote areas such as the Setouchi area, northern Kyushu area, Hokuriku
area and Nansei Islands. With regard to the exchange of archaeological artifacts at the
Doigahama Site, Kobayashi (2011) evaluated the Yayoi people of the Doigahama as a
group that was engaged in rice cultivation in paddy fields (which requires a sedentary
lifestyle) but was also actively engaged in mutual interaction by sea.

Based on the cranial morphology analysis in this study, No. 1305 was similar to the
Yayoi period group on the Hibikinada coast such as the Doigahama site or the Yayoi period
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Figure 8. Pottery excavated from the Doigahama site and the area related to the Doigahama site
from the perspective of pottery. The figure above was created by the author using the Doigahama
Site Anthropological Museum (ed.) (2014) as a reference.
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group in northern Kyushu. Previous studies have pointed out that the Yayoi group on the
Hibikinada coast and in northern Kyushu were genetically influenced by migrants from
the continent. In addition, the genetic influence of migrants from the continent is linked to
the spread of Yayoi culture based on paddy rice farming, and the greater the geographical
distance from northern Kyushu, the weaker the genetic influence of migrants (Doi &
Tanaka 1987). Based on the cranial morphological analysis carried out in this study and
the results of previous research, it is highly possible that the residential area of No. 1305
before the move was strongly influenced by the genetic influence of migrants from the
mainland Asia. Among the remote areas that interacted with the Doigahama site based
on material culture, northern Kyushu is the area most affected by the genetic influence of
migrants from the mainland Asia. Yoneda er al. (2011) reported that the Sr isotope ratio
of the Hakata site on the Fukuoka Plain in northern Kyushu was 0.707-0.708, and that of
the southern area of the Fukuoka Plain, where many Yayoi period sites are located, was
0.705-0.706. As this was lower than the Sr isotopic ratio of No. 807 and No. 1305 at the
Doigahama site, it suggests that the Fukuoka Plain was unlikely to be the residence area
of No. 807 and No. 1305 before they moved to Doigahama. In the Setouchi and Hokuriku
regions, few cases of excavated human skeletal remains from the Yayoi period have been
reported. On the Nansei Islands of the Japanese archipelago, the number of skeletal remains
from the same period as the Doigahama site is limited, but human skeletal remains dated
from the end of the Yayoi period to the Kofun period have been excavated at the Hirota
site in Tanegashima. A previous study suggested that these remains have more traditional
Jomon morphological characteristics than do the Yayoi people in northern Kyushu and the
Doigahama site (Nakahashi 2003). Moreover, based on an analysis of ancient mtDNA,
Shinoda et al. (2020) suggested that no outside influx would have changed the genetic
composition of the population in the late shell mound period, which is chronologically
consistent with the Yayoi period in the Honshu area. Considering the findings of those
previous studies, it is unlikely that No. 1305 moved directly from the Nansei Islands.

Combining the results of the Sr isotope analysis, morphological analysis, and
archaeological context, the area along the Hibikinada coast adjacent to the Doigahama site
is considered to be the most probable area where No. 807 and No. 1305 were before they
moved to Doigahama. However, at this point, the possibility of other regions cannot be
denied. It will therefore be necessary to collect more Sr isotope ratio data from the western
burial area of the Doigahama site and surrounding Yayoi sites.

5. Conclusion

This study examined the moves of individuals from the western burial area of the
Doigahama site based on Sr isotope and cranial morphological analyses. The results of
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the Sr isotope analysis suggested that the 37Sr/%6Sr value of No. 1305 and No. 807 was
distributed outside the ®7Sr/%Sr value range of the Doigahama site estimated by faunal
teeth. Furthermore, Sr isotope analysis for No. 1305’s third molars with a later age of
complete formation suggested that the weighted means of No. 1305’s crown and root
values for the third molars were outside the 37Sr/%°Sr value range of the Doigahama site
estimated by faunal teeth. These results suggest that No. 1305 most likely lived in an
area different from the isotopic environment around the Doigahama site until the age of
complete formation of the third molar. In the cranial morphological analysis, PCA based on
nine cranial measurements suggested that the trait characteristics of No. 1305 were more
similar to the Yayoi population, which was genetically influenced by the migrants from
mainland Asia, than to the Jomon population. Combining the results of Sr isotope analysis,
morphological analysis and archaeological context, the area along the Hibikinada coast
adjacent to the Doigahama site is considered to be the most probable area where No. 807
and No. 1305 originated.

Acknowledgements

We would like to express our gratitude to the late Professor Yoshiyuki Tanaka (Graduate
School of Social and Cultural Studies, Kyushu University), Dr Kyoko Funahashi (Graduate
School of Social and Cultural Studies, Kyushu University) and Dr Shiori Yonemoto
(Kyushu University Museum) for their helpful suggestions, and for granting access to the
human skeletal collections under their care. The comments provided by the editor and two
anonymous reviewers significantly improved this article. This work was supported by JSPS
KAKENHI Grant Nos. JP20K13234 and JP16K13293.

References

Aoyama, K., Nakano, T., Shin, K.C. & Izawa A. 2017. Variation of strontium stable isotope
ratios and origins of strontium in Japanese vegetables and comparison with Chinese
vegetables. Food Chemistry 237:1186—-1195.

BABA Hisao 1991 Craniometry, in ETO Moriharu (ed.) Togaikeisokuho [Osteometry].
Jinruigakukoza [Anthropology], Additional Volume 1: Anthropometry, I osteometry:
173-249. Tokyo: Yusankaku Shuppan. F35&5 1991 [BZEFHANE | TIREES G
FEg2 & NEEHIE  ABUAFEIERE 1] pp. 173-249. B KB HIRR.

Bentley, R. A. 2006. Strontium isotopes from the earth to the archaeological skeleton: a
review. Journal of Archaeological Method and Theory 13(3): 135-87.

Brace, C. L. & Nagai, M. 1982. Japanese tooth size: past and present. American Journal of
Physical Anthropology 59: 399—411.

Bruzek, J. 2002. A method for visual determination of sex using the human hip bone.

© Japanese Archaeological Association

50



MOVEMENT DURING THE YAYOI PERIOD

American Journal of Physical Anthropology 117: 157-68.

Buckberry, J. L. & Chamberlain, A. T. 2002. Age estimation from the auricular surface of
the ilium: a revised method. American Journal of Physical Anthropology 119: 231-9.

Buikstra, J. E. & Ubelaker, D. H. 1994. Standards for data collection from human skeletal
remains. Proceedings of a Seminar at the Field Museum of Natural History. Arkansas
Archeological Survey Research Series No. 44, Arkansas.

Darroch, J. N. & Mosimann, J. E. 1985. Canonical and principal components of shape.
Biometrika 72: 241-52.

DODO Yukio and ISHIDA Hajime 1988 Tokotsu no keitai shoheni no shutsugengata
kara mita Doigahama Yayoijin [Nonmetric analysis of the Doigahama crania of
the Aeneolithic Yayoi period in western Japan], in The Association for Publishing
Commemorate Theses for Professor M Nagai’s Retirement (ed.) Nihon minzoku
bunka no seisei [The Formation of Japanese and Japanese Culture]: 127-42. Tokyo:
Roxtsuko-sixyuxtupan. [ &2 g1 - FHZE 1988 [HHH OEE/NERO BRI 5
Fic o WR N ) THAR R « S D A4 il—k B LR B il i —
pp. 127-142. HUT © /RBLH R,

DODO Yukio 1995 Hone kara mita Nihon rettd no jinruishi [Origins of Japanese], in
DODO Yukio (ed.) Mongoroido no chikyii [Lands for mongoloids 3: Formation of
Japanese]: 129-91. Toky®d: The University of Tokyd Press. Fi &< i 1995 [Eh 5 H
TeHAFN SO N | T dv+ FOMIER] pp. 129-171. Bt @ BETRAHTRS.

Doi, N. & Tanaka, Y. 1987. A geographical cline in metrical characteristics of Kofun skulls
from western Japan. Anthropological Society of Nippon 95: 325-43.

Doigahama Site Anthropological Museum (ed.) 2014 Doigahama iseki [Doigahama
site] Volume 1 (Main texts) and 4 (Figures). Yamaguchi: Shimonoseki City Board of
Education and Doigahama Site Anthropological Museum. -7 FGEEf « NBE
S a—V7 L () 2014 THH dsEph) 55 1 o0 AR « 553 S0 TIxIbdRD
CETBE - TRATBEZES. HH il - AP 2 -7 L.

FUNAHASHI Kyoko 2000. Doigahama shiidan ni okeru basshi fiishii no shakaiteki igi
[Social significance of the tooth extraction custom in the Doigahama group]. Kobunka
danso [Journal of the Society of Kyushu Prehistoric and Ancient Cultural studies] 45:
45-71. SHERTT 2000 [HH4 ISR 51 %tk aE Ot 2R T bk
9545 5. pp. 45-71.

FUNAHASHI Kyoko (ed.) 2016 Basshi fiishii to shakai shiidan [Ritual tooth extraction
and social groupings]. Tokyo: Suirensha. FHRELRIT 2016 [HkbkEE & (L3RR 5
TV NRAR.

FURUSHO Hiroaki 2001. Doigahama iseki to sono shakai [Doigahama site and their
society]. Kikan Kokogaku [Archaeology Quarterly] 92: 40-3. tHJEHREEH 20001 [+
Frr s & zothe ) TEFIE ) 85 92 5. pp. 40-43.

GAKUHARI Takashi & YONEDA Minoru 2016. Sutoronchiumu doitai bunseki ni
motozuku inyitba no suitei [Estimation of translocated horses based on strontium
isotope analysis]. Nara bunkazai kenkyiijo kenkyii hokoku [Research Reports of Nara

© Japanese Archaeological Association

51



TAKAMUKU Hirofumi, ADACHI Tatsuro, NAKANO Nobuhiko, TAJIRI Yoshinori & OSANAI Yasuhito

National Research Institute for Cultural Properties] 17: 53-62. HHEREH « KHIFE
2016 [ 2 b7 LEGAD IS EED < B ARE OHEE | TR B ST F e
& %17 i pp. 53-62.

Hanihara, K. 1991. Dual structure model for the population history of the Japanese. Japan
Review 2: 1-33.

HARUNARI Hideji 1974. Basshi no igi (2) [Significance of teeth ablation (2)]. Kokogaku
kenkyii [Quarterly of Archaeological Studies] 20(3): 41-58. FHF5H 1974 [k D
7% (2) | [EH2EI5E) 56 20 %3 5. pp. 41-58.

HARUNARI Hideji (ed.) 2002 Jomon shakai ronkyii [Discussion on Jomon Society]
Tokyo: Hanawa-shobo. # K75 # 2002 [HESCrE 2w &%) et @ HEE.

Horstwood, M. S. A., Evans, J. A. & Montgomery, J. 2008. Determination of Sr isotopes
in calcium phosphates using laser ablation inductively coupled plasma mass
spectrometry and their application to archaeological tooth enamel. Geochimica et
Cosmochimica Acta 72: 5659-74.

Igarashi, Y., Uesu, K., Wakebe, T. & Kanazawa, E. 2005. New method for estimation of
adult skeletal age at death from the morphology of the auricular surface of the ilium.
American Journal of Physical Anthropology 128: 324-39.

IKEDA Jiro 1981. Isetsu yayoijin ko [A different theory concerning the Yayoi people].
Kikan jinruigaku [Anthropology Quarterly] 12, 3-63. HIFHZRER 1981 [F#& [574E A
%) IEAANBEED 12 5. pp. 3-63.

IKEDA Jiro 1998 Nihonjin no kita michi [The Route Traveled by the Japanese]. Tokyo:
Asahi Shinbun Sha. {FHZRES 1998 [HAND X 7zt ] Ht @ & HHTHIE (51 H5EE).

IMAIZUMI Yoshiharu 1983 Mogura no kari [Mole hunting], in Dobutsu kodo no imi [The
Meaning of Animal Behavior]: 123-47. Tokyo: Tokai daigaku syuppankai. 555
1983 [ €7 S D%F0 | TEWTEIOREK] (H &SRR . pp. 123-147. 5 BHEK
iR,

Ishizuka, Y., Kawai, Y., Ohtani, S., Ishii, W., Hachijo, K., Katayama, A. & Matsushita,
Y. 2007. Effect of season, time and vegetation on the home range of two sika deer
(Cervus nippon) in Osaka, Japan. Mammal Study 47: 1-9.

Jungers, W. L., Falsetti, A. B. & Wall, C. E. 1995. Shape, relative size, and size-
adjustments in morphometrics. American Journal of Physical Anthropology 38:
137-61.

KANASEKI Hiroshi (ed.) 1969 Yayoi no shakai [The Society of Yayoi Period]. Kodaishi
hakkutsu [History of Japanese Culture I1]: 203-9. Tokyo: Gakushi-kenkixyuusixya.
BRERE 1969 T4 D2 | TR 1. pp. 203209, HEL © ZEHIFEAL.

KANASEKI Takeo, NAGAI Masafumi and SANO Hajime 1960. Yamaguchiken
toyouragun hohokuchd doigahamaiseki shutsudo yayoijidai tokotsu ni tsuite
[Craniological studies of the Yayoi-period ancients, excavated at the Doigahamasite,
Yamaguchi Prefecture]. Jinruigaku kenkyii [ The Quarterly Journal of Anthropology] 7
(Supplement): 1-36. BRILK « KHESC « 78— 1960 LR SHAR S LT L
PR R RN DWW T AR ARIZE) 5957 & (M) . pp. 1-36.

© Japanese Archaeological Association

52



MOVEMENT DURING THE YAYOI PERIOD

Kim, Jonghyun, Fuzuki Mizuno, Takayuki Matsushita, Masami Matsushita, Saki Aoto,
Koji Ishiya, Mami Kamio, Izumi Naka, Michiko Hayashi, Kunihiko Kurosaki,
Shintaroh Ueda and Jun Ohashi. 2025. Genetic analysis of a Yayoi individual from
the Doigahama site provides insights into the origins of immigrants to the Japanese
Archipelago. Journal of Human Genetics 70: 47-57.

Kim, J. J., Ogata, T., Mine, K., Takenaka, M., Sakuma, M. & Seo, Y. N. 1993. Human
skeletal remains from the Yeanri site, Kimhae, Korea. In Archaeological research
report of the university museum, 281-334. Pusan: Pusan National University.

KOBAYASHI Yoshiya 2011 Hibikinada no haka to shiiraku — Doigahama iseki to sono
shithen [Burial and Settlement in the Hibikinada — around the Doigahama site.] Yayoi
bunka no hajimari — Doigahama iseki to Hibikinada shithen [The Beginning of Yayoi
Culture — Doigahama site and around the Hibikinada]: 78-93. Osaka: Museum of
Yayoi culture. /A 2011 M8 5L & 98~ T dilh & 2 ORI~ | TR
SAEDIZ U F D —L o deiih & BS540 pp. 78-93. KB+ KRB LR AL
fiH.

KOUMOTO Masayuki 1975 Yayoi jidai no shakai [Society in the Yayoi period]. Kodaishi
hakkutsu [Ancient History Excavation]. 4: 87-98, Tokyo: Kodansha. HytE.Z 1975
MR RO 1E2s | TR FEHR) 4. pp. 87-98. HAT & AakAL.

Kusaka, S., Ikarashi, T., Hyodo, F., Yumoto, T. & Katayama K. 2008. Variability in stable
isotope ratios in two Late-Final Jomon communities in the Tokai coastal region
and its relationship with sex and ritual tooth ablation. Anthropological Science 116:
171-81.

Kusaka, S., Ando, A., Nakano, T., Yumoto, T., Ishimaru, E., Yoneda, M., Hyodo, F. &
Katayama, K. 2009. A strontium isotope analysis on the relationship between ritual
tooth ablation and local movements among the Jomon people in Japan. Journal of
Archaeological Science 36: 2289-97.

Kusaka, S., Nakano, T., Yumoto, T. & Nakatsukasa, M. 2011. Strontium isotope evidence
of local movements and diet in relation to ritual tooth ablation: a case study from the
Inariyama Jomon site, Japan. Journal of Archaeological Science 38: 166-74.

Kusaka, S., Nakano, T., Morita, W. & Nakatsukasa, M. 2012. Strontium isotope analysis
to reveal local movements in relation to climate change and ritual tooth ablation of
Jomon skeletal remains from western Japan. Journal of Anthropological Archaeology
31: 551-63.

Lahtinen, M., Arppe, L. & Nowell, G. 2021. Source of strontium in archaeological
mobility studies- marine diet contribution to the isotopic composition. Archaeological
and Anthropological Science 13: 1-10.

Lovejoy, C. O., Meindl, R. S., Pryzbeck, T. R. & Mensforth, R. P. 1985. Chronological
metamorphosis of the auricular surface of the ilium: a new method for the
determination of adult skeletal age at death. American Journal of Physical
Anthropology 68: 15-28.

Martin, R. & Saller, K. 1957. Lehrbuch der Anthropologie. Stuttgart: Bd.T. Gustav Fisher

© Japanese Archaeological Association

53



TAKAMUKU Hirofumi, ADACHI Tatsuro, NAKANO Nobuhiko, TAJIRI Yoshinori & OSANAI Yasuhito

Verlag (In German).

MASUTOMI Yukako, HENMI Youko, TANAKA Yukiko and MASUTOMI Kenji 2019.
Daisandaikytshi no ekkususengakuteki keiseijiki no chdsa to chirydkainydjiki
ni kansuru kentd [Timing of therapeutic intervention for third molar based on
radiographic evaluation]. Shoni shikagaku zasshi [The Japanese Journal of Pediatric
Dentistry] 57(1): 66-79. #&EHET - BRET - HPH T - #HEEZ 2019
553 REBD T v 7 AN BUR A OFR & & 168 AR BI 9 2 8T [/ R b
FlAMEEED 57(1). pp. 66-79.

Matsumura, H. 1994. A microevolutional history of the Japanese people from a dental
characteristics perspective. Anthropological Science 102: 93—118.

MATSUSHITA Takayuki and MATSUSHITA Masami 2014 Doigahama iseki [ Doigahama
site] Volume 2 — Human Skeletal Remains. Yamaguchi: Shimonoseki City Board of
Education and Doigahama site Anthropological Museum. 7 FEdf - AFHY:
S a—Y7 L () 2014 T i) 552 S0 DAERD (LR IR @ REIm#
BEAR, BH s - NHEI 2 -V 7 L.

McFarlane, C. & McCulloch., M. 2008. Sm—Nd and Sr isotope systematics in LREE-
rich accessory minerals using LA-MC-ICP-MS. in Sylvester, P. (ed.) Laser-Ablation
ICP-MS in the Earth Sciences: Current Practices and Outstanding Issues.
Mineralogical Association of Canada Short Course, 40, pp. 117-133. Vancouver.

Meindl, R. S. & Lovejoy, C. O. 1985. Ectocranial suture closure: a revised method for the
determination of skeletal age at death based on the lateral-anterior sutures. American
Journal of Physical Anthropology 68: 57—66.

Mizoguchi, K. 2013. The Archaeology of Japan: From the earliest rice farming villages to
the rise of the state. Cambridge University Press.

Mizoguchi, Y. 1988. Affinities of the proto-historic Kofun people of Japan with pre- and
proto-historic Asian populations. Journal of the Anthropological Society of Nippon
96: 71-109.

Mizuno, F., Gojobori, J., Kumagai, M., Baba, H., Taniguchi, Y., Kondo, O., Matsushita,
M., Matsushita, T., Matsuda, F., Higasa, K., Hayashi, M., Wang, Li., Kurosaki,
K. & Ueda, S. 2020. Population dynamics in the Japanese Archipelago since the
Pleistocene revealed by the complete mitochondrial genome sequences. Scientific
Reports 11: 12018.

Morita W., Kusaka S., Yano W. & Nakatsukasa M. 2012. Dental metric variability
associated with human local movements from skeletal remains of two Jomon sites
(Yoshigo and Inariyama) in the Atsumi Peninsula area. Anthropological Science 120:
167-77.

Mosimann, J. E. & James, F. C. 1979. New statistical methods for allometry with
application to Florida red-winged blackbirds. Evolution 33: 444-59.

Nakahashi, T. & Nagai, M. 1986. Sex assessment of fragmentary skeletal remains. Journal
of Anthropological Society of Nippon 94: 289-305.

Nakahashi, T. 1990. Ritual tooth-ablation in Doigahama Yayoi People. Journal of the

© Japanese Archaeological Association

54



MOVEMENT DURING THE YAYOI PERIOD

Anthropological Society of Nippon 98: 483-507.

Nakahashi, T. 1993. Temporal craniometric changes from the Jomon to the modern period
in western Japan. American Journal of Physical Anthropology 90: 409-25.

NAKAHASHI Takahiro 2003 Kagoshimaken tanegashima hirota iseki shutsudo jinkotsu
no keishitsu jinruigaku teki shoken [Morphological reports of human skeletal remains
excavated from Hirota Site, Tanegashima, Kagoshima Prefecture, Japan]. Hirota
iseki [Hirota site]: 281-94. Kagoshima: Scientific Research Group on Hirota Site and
Kagoshima Prefectual Museum of Culture Reimeikan. FPf&=£18 2003 [ E VLS RS 1
BRSO IE NS AT R ) DA pp. 281-294. JAHEAIk R
B - BRISRSE L E R > 2 — BRI

NAKAHASHI Takahiro 2005 Nihonjin no kigen [The origins of the Japanese]. Tokyo:
Kodansha. FiE=#1E 2005 THA A DRI BT« Ga%At.

Nakano, T., Yamashita, K., Ando, A., Kusaka S. & Saitoh Y., 2020. Geographic variation of
Sr and S isotope ratios in bottled waters in Japan and sources of Sr and S. Science of
the Total Environment 704: 135449.

NORIYASU Kazufumi 2014 Doigahamaiseki shutsudo no yayoi doki [Yayoi pottery
sequence excavated from the Doigahama site]. Doigahama iseki [Doigahama site
Volume 3 — General and Specific Reports]: 19-32. Yamaguchi: Shimonoseki City
Board of Education and Doigahama Site Anthropological Museum. 21— = 2014
[ o WS D TRA: T8 | T hoH o Wil 55 3 o0t TEam - #8458 pp. 19-32.
(IR - PEHABEZAER. tH e - NI 2 —U7 L.

Phenice, T. W. 1969. A newly developed visual method of sexing the os pubis. American
Journal of Physical Anthropology 30: 297-301.

Saeki, M., Johnson, P. & Macdonald, D. W. 2007. Movements and habitat selection of
raccoon dog in a mosaic landscape. Journal of Mammalogy 88: 1098—111.

Sakaue, K. 2006. Application of the Suchey—Brooks system of pubic age estimation to
recent Japanese skeletal material. Anthropological Science 114(1): 59—64.

Sakaue, K. 2015. A Bayesian approach to age estimation from cranial suture closure in
Japanese people. Bulletin of the National Museum of Nature and Science. Series D,
Anthropology. 41: 1-11.

SHINODA Kenichi, KANZAWA Hideaki, KAKUDA Tsunco, ADACHI Noboru and DOI
Naomi 2020. Okinawaken yomitanson shutsudo kaizuka jidai jinkotsuno DNA bunseki
[DNA analysis of human bones of the Shell Midden Period Excavated in Yomitan,
Okinawa]. Kokuritsu rekishi minzoku hakubutsukan kenkyii hokoku [Bulletin of the
National Museum of Japanese History] 219: 295-9. f&H#k— - 0 - AHIE
i - 205 - LARESE 2020 PRBRETAA H USROS O DNA 7047 ) TIEN7E
S RABTEYIEERIFST RS ) 219 5 pp. 295-299. T-3EUL © FINZIRE 5L BRI AH.

TAKAMUKU Hirofumi, YONEMOTO Shiori, ADACHI Tatsuro and TAJIRI Yoshinori
2024 Hirota iseki kaso shutsudo jinkotsu no sutorontiumu doitaihi bunseki to keitai
kaiseki [Sr isotope ratio analysis and morphological analysis of human skeletal
remains excavated from the lower stratum of the Hirota Site]. Kyushu koukogaku [The

© Japanese Archaeological Association

55



TAKAMUKU Hirofumi, ADACHI Tatsuro, NAKANO Nobuhiko, TAJIRI Yoshinori & OSANAI Yasuhito

Journal of Archaeological Society of Kyushu] 99: 1-21. @ifsii&sl « Kook « e
B - HAFE T 2024 TJAHGEE FEHEANEO Sr FAHALL KT & FERefiRsT | TIuN#
o) 99 5 pp. 1-21.

TANAKA Yoshiyuki, DOI Naomi and NAGAI Masafumi 1986 Doigahama iseki dai
10 ji chosa shutsudo jinkotsu no shinzoku kankei [Kinship of human skeletal
remains excavated in the 10th Survey at the Doigahama Site]. Doigahama
iseki dai 10 ji chosa hakkutsu chosa gaiho [The 10th Survey at the Doigahama
Site]: 37-42. Yamaguchi: Houhoku Town Board of Education. HHE.Z « £
MEE 35 - Sk HFE S 1986 [k o 158 6 55 10 23R A Y - A& o Bk B 4%
- 2 BB e 10 RFEHEFEMER ) pp. 37-42. ILCIR BT @ BILITABERER.

TANAKA Yoshiyuki 2008 Hone ga kataru kodai no kazoku [Bones tell the ancient
kinship]. Tokyo: Yoshikawa-koubunkan. HH E.Z 2008 ["5AVE2 RO BT
EUIEN 4

TANAKA Yoshiyuki, YONEMOTO Shiori, FUNAHASHI Kyoko, TAKAMUKU
Hirofumi, IWAHASHI Yuki, FUKUNAGA Masahiro, FUJII Megumi, ADACHI
Tatsuro, NAKANO Nobuhiko and OSANALI Yasuhito 2017 Kanaihigashiura iseki
shutsudo jinkotsu [Human skeletal remains excavated from the Kanaihigashiura site].
Kanaihigashiura iseki [Kanaihigashiura site]: 269-96. Gunma: Gunma Prefectural
Board of Education. HHERZ « KyCsiflk « FHERTF - mflissl - AfEhZ - okt
K« BEHFRE - RN - IR - NINERA 2017 TR BEEy AT Tt
BELEPR pp. 269-296. HESIL @ BESIRAGRER.

The Japanese Society of Pedodontics. 1988. Nihonjinshoni ni okeru nytshi * eikytishi no
hoshutsujiki ni kansuru chosa kenkyii [The chronology of deciduous and permanent
dentition in Japanese children]. Shoni shikagaku zasshi [The Japanese Journal of
Pediatric Dentistry] 26(1): 1-18. HAV/NEHRIEZ 1988 THARNNLIC T 2 7L -
TR DEAHRFHNC BE 9 2 AR A ) /NI bRl AHERE ] 26(1). pp. 1-18.

Todd, T. W. 1920. Age changes in the pubic bone: 1. The white male pubis. American
Journal of Physical Anthropology 3: 467-70.

Ubelaker, D. H. 1989. Human skeletal remains: excavation, analysis, interpretation (2nd
ed.). Washington, DC: Taraxacum.

WARASHINA Tetsuo 2014 Doigahama iseki shutsudo sekisei tamarui no sekizai
gensanchi bunseki [Origin analysis of Gem stones excavated from the Doigahama
site]. Doigahama iseki [Doigahama site Volume 3 — General and Specific Reports]:
67-113. Yamaguchi: Shimonoseki City Board of Education and Doigahama Site
Anthropological Museum. ZRMHTH 2014 [ TH 7 it Lo A8 EHO A5 PE
oA ) T SEsh) 553 oot TR - #F5HR) pp. 67-113. LIS REE @ FEY
MAEZAR, tH 7 EN - NI 2—-U7 L.

WATANABE Makoto 1969. Jomon jidai ni okeru kaiwa [Shell bracelets in the Jomon
period]. Kodai bunka [Cultura Antiqua] 21(1): 1-8. P05 1969 [HFESCHHRIC BT
Hig) M'ysefk) 21-1. pp. 1-8.

YAMADA Yasuhiro. 1997. Doigahama shiidan no shakai kozo [Social structure in the

© Japanese Archaeological Association

56



MOVEMENT DURING THE YAYOI PERIOD

Doigahama site]. Senshigaku kokogaku ronkyii 11 [Archaeological Inquiries II]:
41-70. Kumamoto: Tatsuta-Koukokai. [LIFHEEEA 1997 [ 4 7 bR DO #2483 | [
s« BN T pp. 41-70. FEHE H AR,

Yamaguchi, B. 1982. A review of the osteological characteristics of the Jomon population
in prehistoric Japan. The Journal of the Anthropological Society of Nippon 90: 77-90.

YONEDA Minoru, GAKUHARI Takashi, ISHIMURA Eriko and TOMIOKA Naohito
2011 Hakata isekigun ni okeru hito to dobutsu no shokusei - Rikagaku bunseki wo
mochiite [Food habits of humans and animals at the Hakata archaeological site - Using
physical and chemical analysis]. Shinshii fukuokashishi [Fukuoka city history (New
Edition)], Archaeological materials 3, The History of Fukuoka reconstructed from the
artifacts: 338-69. Fukuoka: Fukuoka city. AHIKE « kg « AR - EhEA
2011 MEZEIRICET 2 & b EBMOBE—IYL 202w DI i
B B3 EY D AT AR OJER . pp. 338-369. MR © k.

YONEDA Minoru 2014 Doigahama iseki kara shutsudo shita yayoijidai jinkotsu no
tanso chisso doitai bunseki [Carbon and Nitrogen analysis of the Doigahama Yayoi
skeletons]. Doigahama iseki [Doigahama site Volume 3 — General and Specific
Reports]: 207—14. Yamaguchi: Shimonoseki City Board of Education and Doigahama
Site Anthropological Museum. KFHFE 2014 [ - 7 S 5 4 U7z ERHR S
DR « FRFNARIIHT ) T sph) 5953 oo TR - #8455 pp. 207-214. 111
FRRES © FRMABEER, TH @ - NI 2 -7 L.

YONEMOTO Shiori, FUNAHASHI Kyoko, ADACHI Tatsuro, MIGISHIMA Kazuo,
KOBAYASHI Motoharu, NAKANO Nobuhiko and OSANAI Yasuhito 2022
Mizoguchi-no-tsuka kofun hisosha no shiga sutorontiumu doitai bunseki [Sr isotope
ratio analysis isotope ratio analysis of the teeth of the person buried in Mizoguchi-no-
tsuka Kofun]. Nagano-ken kouko gaxtsukai shi [The Journal of the Archaeological
Society of Nagano Prefecture] 162: 1-13. AKyrHifk « G T « @R - R
K+ /IMKIER - MEFHE - NUNBEN 2022 TECIOBIERFESOWF A ba > F
¥ LRRTARLL AT ) TREFRE 522550 162, pp. 1-13.

© Japanese Archaeological Association

57



