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Abstract Despite the fact that the origin or formation of the Japanese people has long
been discussed, we still have yet to reach a consensus about it. Due to this situation, we
focused our attention on the studies of detailed and precise morphological inforrnations
concerning the Japanese crania. UsiRg the midsagittal and horizontal outlines of the
cranium, the morphological transition of the mainland JapaRese crania from the
Paleolithic age to recent times vvas aRalyzed, along with an analysis of the relations of the

populations in mainland Japan te the adjacent populations, such as the Nansei Islanders
(Okinawan), Ainu, KoreaR, and Northeastern ChiRese.
   Arnong the chaRges in cranial shape, the occipital represented tke largest intragroup
variation, with marked changes in shape from the latelfinal Jornon (Neolithic) period to
Kamakura (Medieval) period. The lateral profile of the forehead showed a directional
change, whereas the facial profile and horizontal outline of the calvaria showed a
two-phased change. In the latter case, the phase change occurred at the Kamakura
period, and the people in this period showed the extreme. Great morphological changes
occurred between the late/final Jomon period and Yayoi (Aeneolithic) period, and
between the Edo (Shogunate age) period and recent times. Geographical variations
corresponding to the process of the morphological changes were considerably great,
especially in the change occuning between the Edo period and receRt times. The recent
Kyoto group skowed a drastic change from the Edo people, whereas the Niigata group
underwent almost no change. The regional differences in the receRt and latelfinal Jomon
peoples were great when compared with the temporal changes from the latelfinal Jomon
period to recent times. The genetic infiuence of the adjacent populations on the changes
in the Japanese cranium could not be positively supported from the standpoint of
craniometry. These results call previous hypotheses on the origin and formation of the
Japanese into question.

INTRODUCTION
    The origin or forrnation of the Japanese continues to fascinate many Japanese
anthropologists, and a great deal of study on this subject has been carried out. Suzuki
(1981), Ikeda (1986), Mizoguchi (1986), and others performed specific reveiws on the
previous studies. In 1981, Suzuki classified previously proposed hypotheses on this
problem into three categories, i.e. the substitution, hybridization, and transformation
theories. The transformation and hybridization or substitution hypotheses have de-
veloped in oppositioB to each other for a long time. This opposltion has prompted the
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development of a hypothesis based on geographical variations in the morphological
changes of the Japanese. Ikeda (1981, 1986) critically synthesized the hypotheses by
taking into consideration geographical and social inequality in the change of the physical

characteristics. He then proposed a hypothesis based on population genetics.

    The discussuon on the problem of Japanese lineage has been mainly involved
morphological data, iR particular craniometrical data. However, previous mor-
phometrical data has almost exclusively been comprised of interlaRdrnark distances andl
or angles. This tendency has not changed, and in fact, it has become more widespread
due to anthropologist's familiarity with multivariate analysis. Not infrequeRtly, pub-
lished data has been uncritically quoted to the multivariate analyses. Kouchi and
Koizumi (1985) analyzed the interobserver errors in cranial measurements and warned of

the considerable effects which the errors would have on results, when closely similar
populations are aRalyzed. Moreover, since iRterlandmark distances and angles selected a
priori result in the loss of a considerable amount of information (Jacobshagen, 1981;
Strauss & BooksteiR, 1982), it needs to be clarified as to how to select a set of
measurement items. The resu}ts obtained by multivariate analyses could be meaningless
if this point is not clarified. Conceming morphometrical studies, Bookstein (1982a)
stated: "Good morphometrics is incompatible with the notion of a predetermined
character set. Rather, the characters should be defined post koc as a refiection of the
comparisons they are intended to capture (p. 464)."

    In response to thls deficiency of convertlonal measuring data, there have been maRy
attempts to develop a suitable method (Sneath, 1967; Lestrel, l974; Ramaekers, 1975;
Bookstein, 1977; Chevelud et al., 1983). The infomation treated in thoses methods has
been exteRded from one dimensioR to two or three dimensions, but still there remain
some problems when they are applied to the aRalysis of detailed morphological changes.
Yasui (1986) proposed a method in which subtle morphological differences are analyzed
gualitatively as well as guaRtitatively at populatioRaHevel. In his method, afi averaged

outliRe of form is produced as a represeRtative form of a population.
    Recently the discussion on the origiR and formation of the JapaRese has begun to
focus ofi more specific aspects, however, it is questionable whether satisfactory data has

been used in the studies. In this paper, to ascertaiR the basic information on the
formation of the Japanese, the morphological changes of the Japanese cranium from the
Neolithic JomoR period, iRcluding the upper Pleistocene Minatogawa man, to receRt
times (ca. 19eOs A.D.) are analyzed by the use of Yasui's (1986) and Booksteifl's
(1982b) methods. AIso geographical variatioRs, sexual differences in the' groups from the

Jomon period to recent times and relationships to the several populatioRs in the adjaceRt

areas are taken iRto consideration, key hypotheses previously proposed are reexamined.

                               MATERIALS

   The cranial series used in this sÅíudy were from several collections which were
excavated or collected in Japan, Korea, Northeastern China, and Sakhalin and Kurile
(Kunashiri) islands. The tiine spaR of the specimeRs ranges from the upper Pleistocene
to receRt times (ca. 1900s A. D.). Totally, 768 cranial specimens were studied (Table 1).

Among the specimens from receRt times, crania which showed atrophy at the alveolar
process or other deformations were exclued, whi}e those suitab}e for midsagittal and
horizontal outlines from the excavated collections were used because of a limited sample
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Table 1. Materials studied.

Sample
Male Female

MSoi KZo2 MSO HZO Total

Recent

 Kyoto
 Niigata

Edo
Kamakura
Kofun
Yayoi

 Dolgahama, Mitsu
Jomon
 Initial/early

 Middle
 Latelfinal

   Northeastern

   Tsukumo
Upper Pleistocene

Ainu
 Sakhalin

 Southwestern Hokkaido
Okhotsk Culture

Aleut

Nansei Islands

Korea
Northeastern China

il1

sg

1

9l

1

gf

lr

1

g`

l?

233

;i
67

 1
114

16

i
Total 429 415 307 286 768

i Midsagittal outline; 2 Horizontal outline.

size. All of the specimens used were determined as being adult; either from the original

papers or reports, or from the record of the cadavers kept in the departments of
anatomy. Sexual determination was also derived from the original records. The sex and
age of the specimens whose data have not been published were determined indepeRdent-
ly by two researchers including this author.

   As all areas around the midsagital outline or horizontal outline at the level of tke
glabella are needed to remain, the number of specimens was severely restricted in the
case of excavated collections. The specimens in the upper Pleistocene (MinatogawaI)
aRd initiallearlylmiddle Jomon could not be treated as a population. The latelfinal
JomoR specimens covered all areas of Japan, although the Rumber of samples was small
and geographically uneven. The Aeneolithic Yayoi specimens were maiRly from the
Mitsu (Saga prefecture) and Doigahama (Yamaguchi prefecture) collectioRs. Specimens
from the northwestern part of Kyushu, Kanto, and Chugoku districts were also included,
although they were small in number. Most specimens of the protohistoric Kofun period
were excavated from the western part of Honshu, but some specimens from tlte Kanto
district were also included. Specimens of the Kofun period were incorporated with those
excaveted from kofuns (kofun: specific old tumulus developed in the final Yayoi and
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Kofun periods), yokoanas (yokoana: a type of old tunnellike tomb produced in this
period), and a natural cave. All of the medieval kamakura specimens were from the

Zaimokuza collection excavated from Kanagawa prefecture. Specimens of the Edo
period (Shogunate age) were from Tokyo except for two specimens from Osaka
prefecture. The recent Japanese specimens were from Niigata and Kyoto prefectures.
The Iocalities of samples and the time span of each age are shown in Figure 1 and Table
2, respectively.
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Fig. 1. Localities of specimens.
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Table 2. Chronology of cultural periods in Japan.

Recent

Edo
Kamakura
Kofun
Yayoi

Jomon

Paleolithic

Final

Late

Middle

Early

Initial

         (years
 110-present

  380- 110
  seo- 6so
 1,7oo- 1,4eo

 2,300- 1,700

13,eoo- 2,3oo

      3 OOO-2 360       1)      4,soo-3,oeo
      s,6oe-4,soo
      7,3oo-s,6oe
      9,500-7,300
before 13,OeO

B. P.)

    The specimens from the adjacent areas used as reference populations were Ainu,
Nansei Islanders, Korean, and Northeastern Chinese. In addition, two specimens frorn
the Okhotsk culture regioR and one Aleut vvere included. Ainu specimens coRtained the
Hokkaido, Sakhalin, and Kurile (Kunashiri) groups. Specimens of Nansei Islanders
were collectioBs from the Amami, Kikai, TokuRoshima, and Okinawa islands. the
Northeastern Chinese specimeRs were collected from nearby Lu-ta (Lu-shun) and
Fu-shun. The locality of the Korean specimens was not clear. The age of the Ainu and
NaRsei IslaRders ranged from the Edo period to recent times (Ikeda, 1974). The Korean
and Northeastern Chinese specimens were from recent times.

                                METHODS

1. DRAWING OF OUTLINES
    Outlines were drawn by the help of a cubic craniophore aRd a diagraph. Two
outlines par cranium were analyzed: the midsagittal outline (norma lateralis) defined by
the nasion, subspinale, and inion, and the horizontal outline (norma•verticalis) which is

on a plane parallel to the OAE at the glabellar level. In the norma lateralis (N. L.), a

left lateral profile was drawn at the piriformic aperture, and tke basion and opisthion
were joined by a straight line at the foramen magnum. Thus, a closed outline was
obtained for each specimen.
    Anatoinical landmarks were also plotted by projecting them on each plane defined
above. The landmarks plotted on the N. L. were the nasion, subspinale, prosthion,
staphyliofi, basion, opisthion, iRioR, lambda, bregma, glabella, left suprakonchion (point

where vertical axis and upper margin of the orbita are intersected), left ektokonchion,
Ieft orbitale, left sphenion, left krotaphion, Ieft and right porions, left zygomaxillare, and

left asterion, and those plotted on the norma verticalis (N. V.) were nasion, prosthion,

inion, lambda, bregma, glabella, staphylion, basion, opisthion, and porion, zygion,
asterion, ektokonchion, frontotemporale, and maxillofrontale of both sides.
    Figures 5-32, 35-38, 42, 43, and tkeir explanations are placed collectively at the end
of this paper (pages 52-88).
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2. RECONSTRUerION OF THE OUTLINE AT DAMAGED PARTS
   Most damage on the N. L. occurred at the tip of the nasal, margin of tke piriformic
aperture, posÅíerior ends of the palate and vomer, and basioccipital, whereas damages oR

the N. V. occurred on a part of the parietal and occipital. The palate or nuchal plane
was reconstructed by a straight line which was produced based on the mean values of the
palatal length and sagittal length of the foramen magnum calculated from intact
specimens. The nasal, piriformic aperture and basioccipital were reconstructed based on

the mean outlines which were produced as shown in Figure2. A specimen of the
Okhotsk culture which was broken at the cranial base was reconstructed by the outline
of the other intact specimen of the same group. In the N.V., broken areas were
reconstructed by vlsual interpolation from the remaining portions for each specimen.

N

IPo

N

,

  lPo
s.  -s

Fig. 2. Method for reconstruction of the outlines at the piriformic aperture and basilar parts.

3. ANALyslS OF OUTLINES
   The outlines and anatomical landmarks were drawn on the high quality paper and
digitized by the use of a tablet digitizer (Bit Pad One BOP-11, Mutho Kogyo Co. Ltd.).
The digitized data was analyzed by the method of Yasui (1986). The interpolational
interval was determiRed at 2 degree for the N. V. and 1 degree for the N. L.; thus the
number of data for each outline was 180 and 360, respectively.
   Modifications were made to the posterior margins of the alveolar process and
vomer, and the anterior nasal spine on the N. L., and the posterior part of orbital rim of
some specimeRs on Åíhe N. V. (Fig. 3), because of the limitation of the interpolational

procedure.

4. ANALysls oF DEFoRMATION By USING BIoRTHOGoNAL METHoD
   Bookstein (1982b) preseRted a method called Biorthogonal analysis for analyzing
the oriefitation and magnitude of morphological chaRges without any registrations. In
Biorthogonal analysis, a form is divided into triangular elemeRts based on anatomical
landmarks. The principle axes which show the maximum and minimum dilatations in the
deforrnation of each triangular element are computed. The product of the maximum and
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Fig. 3.
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minimum dilatatoins is the ratio by which the area of the triangular element has
iRcreased. The ratio is a measure of the directionality of the deformatioR, which is called

anisotropy ifi eRgineering. There are several ways for making clear the direction and
ratio of dilatation in accordaRce with Bookstein's method. Here, I applied his method to
the averaged midsagittal forms of the cranial series from the late!final Jomon period to

recent times by using the shape functioR of the finite element method. Figure 4 shows
the triangulation of the N. L., where each element corresponds to the boRe element as
much as possible.
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RESULTS

I. Characteristics of the Outlines

1. INTRAGROUPVARIATIONS
    The results of the test for normal distribution and the examination for relative
variability in each group are shown in Table 3. Generally, the occipital in both sexes and

the forehead in females had greater variabilities shan the other parts of the N. L.. On
the N.V., the parts showing large variability differed among the groups, but the
occipitai generally varied greatly among all of the groups. The test for nomal distribu-

tion showed tha{ all groups seem to be unimodal, although quite small areas of the
outlines in each group did not show normality (P<O.05).

2. ANALysEs oF INTRAGReup ALLoMETR\
    Intragroup allometry analyses were conducted on the N. L. (Table 4) and N. V.
(Table 5) for each group. The parts showing weak allometric tendencies are included in

the tables, however they were not statistically significant. In the N. L., positive or
negative allometry (P<O.05) could be seen in small portions of the outline in most
groups, although the Ainu, Korean, and Northeastern Chinese males exhibited
allometries widely extended along the outline. Generally, the glabellar area and external

occipital protuberance were positively allometric. These positive allometries were
stronger in males than in females. The allometries in facial parts, especially at the upper

part of the piriformic aperture, were different between the mainland Japanese groups
from the late/final Jomon period to recent times and the groups from the adjacent areas,

except for the Nansei Islanders. The former showed a negative allometry whereas the
latter showed a positive allometry. The forehead was positively allometric in the
mainland Japanese groups from the latelfinal Jomon period to recent times, while the
Ainu showed a negative allometry.
    In the N. V., allometries occurred widely expanding along the outline. The male
and female Ainu exhibited allometries on almost all parts of the outline. The anterior
part of the frontal and occipital were positive, but lateral parts were negatively
allometric in ail of the mainland Japanese groups afid in the Ainu. Korean and
Northeastern Chinese groups shewed isometry in the anterior and posterior parts, and a
positive allometry in the lateral parts. The Nansei Islanders were positively allometric aÅí

the bilateral temporal fossae. Among the mainland Japanese groups, those before the
Kofun period were allometric in the posterior part of the outlines, while those after this

period were allometric in the anterior part of the outlines.
    According to the allometric analysis, the effect of size on shape was removed by the

use of log-scaled regression lines for each element in each group. Intragroup variations
after size standardization were reduced from two thirds to half of the original variation in

all groups.

s

II. Geegraphical Variatiens

    Geographical variations in the Jomon, Yayoi, Kofun, recent periods, and the AiRu
were analyzed using the multidjmensional scaling (MDS) method (Yanai & Takai, l980)
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based on the interindividual DIR (a shape distance introduced by Yasui (1986))
matrices. Although the cumulaÅíive proportions of the variance were Rot high, the
relationships between the shape of individual outliRes and their locations on the MDS
pjane seem to be meaningful jn explaining the jnterrelation of individual outljnes. The

averaged outlines of the regional groups were compared using the size-standardized
method (Yasui, 1986) when the groups could be geographically subdivided.

1. JoMoN PERIoD
    The Minatogawa specimen from the upper Pleistocene was included in the aRalysis.
    In the males (Fig. 5), the latelfinal Jomon specimeRs from Northeastern Honshu
(from the Kanto district's northeastern wards) aRd from the Tsukumo shell mound iR
Okayama prefecture were separated on the secound axis among all of the male
specimeRs in the N. L. and N. V. outlines. The cranial shape of the Tsukumo people
was lower in height and shallower in the temporal fossae than that of the Northeastern
group. Generally, in both outlines, the other latelfinal JomoR specirnens from the
Yoshigo shell mound in Aichi prefecture, Shikoku, and Kyushu were situated closer to
the Northeastern latelfinal Jomon group than to Tsukumo group.
    The Minatogawa man was distingushable frorn the Jomon specimens by a rather low
cranium and markedly concaved temporal fossae. An initial Jomon specimen from
Kamikuroiwa cave in Ehirne prefecture was different from the Minatogawa man in that
it had a relatively rounder cranial form. The Ota speclmens from Hiroshima prefecture,
which is dated from the end of early to middle of tke Jomon period, showed a high
cranial vault, but were widely separated frorn the Kamikuroiwa on the first axis,
    The females (Fig. 6) showed a clear division between the Northeastem and Tukumo
specimens only in the N. L. outline. The Northeastem group had a higher cranial vault

than Tsukumo people. The final Jomon Shijimizuka specimens from Shizuoka prefec-
ture and Domen specimen from Hiroshima prefecÅíure situated near the Tsukumo, but
most Yoshigo and other late/final Jemon specimens were situated near the Northeastern

group. According to N.V. outlines, every specimens was co-mixed, and no clear
geographical or temporal distinction could be found.

    The early Jomon female specimeRs from the Kaigara shell mound in Iwate prefec-
ture and the Kou site in Osaka prefecture had a rather low craRial vault in contrast with

the male cranium, They were situated close to the Tsukumo specimens. The Ota and
middle Jomon Fujizuka specimen from Niigata prefecture showed a high cranial vault,
like that shown in the male specimens.
    Because both sexes of the Northeastern group and Tsukumo people were disting-
uishable from each other, their averaged outlines were cornpared by the size-
standardization method. Figure 7 shows that significant differences found in the nasal
root, upper part of the pinformic aperture, forehead, and right temporal fossa of the
male specimens (959e confidence bands for each averaged outline showed no overlap).
On the N. L. outlines, the Northeastern group had a relatively high cranium compared
with the Tsukumo people, and the outline of palate and cranial base was situated
inferiorly. The inclination angle of the foramen magnum also differed. On the N. V., it
was noticed that the bulge at the temporal fossae in the outline of Tsukumo people and
protrusion of glabellar area in the Northeastem group. Three anatomical landmarks on
the orbital rim ef the Northeastern group were located slightly higher than on the N. L.
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of the Tsukumo. The bregma of Tsukumo was situated anteriorly, and its frontal was
relatively slaRted and short in sagittal direc{ion. Zygions and porions of the Northeast-

ern group were Iocated anteriorly.
    IR the femles (Fig. 8), almost all parts aloRg the N. L. outline were significantly
different between the Northeasfern and Tsukumo greups. The frontal aRd parietal of the
Northeasfem group were strongly curved in comparison with those of the Tsukurno, and
the calvaria of the former showed a rectrangular form. The cranial base and the
iRclination of the forameB rnagnum also differed. Three anatornical landmarks on the
orbital rim and asterion of the Tsukumo females were situated slightly inferiorly, and

their lambda was located superiorly compared with those of the Northeastem females.
On the N. V. outlines, no difference could be ascertained because of the insufficient
sample size of the females from the Northeastern area.

2. YAyolPERIOD
    The resuk of MDS aRlysis on the Yayoi rna}es is shown in Figure 9. The specimens
from the Doigahama site, Yamaguchi prefecture (early period) and from the Mitsu site,
Saga prefecture (middle period) were not distinguishable from each other in either
outline. The specimeRs from the Northwestem Kyusku and Kanto district were also
within the range of the Doigahama agd Mitsu specirnens. The specimens frorn the
MyojiR-yama and Shirasagi-yarna kofuRs iR Hyogo prefecÅíure exhibited a round and
rather high cranial shape, somewhat separated from the Doigahama!Mltsu's groups.
    AII of the females were from the Doigahama site except for one that was from the
Tono-yama kofun in Okayama prefecture. The Tono-yama cranium showed a rather
round cranial shape in the N. L. outline and was located at the end of first axis (Fig. 10).

3. KoFuNPERIOD
    In the N. L. outlines of the males (Fig. 11), the specimens from the yokoanas and a

cave were distributed close together in the central part, but no geographical trend could

be found. They also exhibited a round cranial shape and were distinguishable from all
other specimens in the N. V. outlines. The male specimens from the Kanto district
which displayed a relatively long and narrow N. V. outline were also distinguishable
from the others.
    The N. L. outlines of the females (Fig. 12) showed neither geographical nor tomb

type specificities, but the round cranium of the yokoana and cave specimens was
noticeable, which corresponded to the findings in the males.
    Among the tomb sites from which more than one specimen was unearthed, the
specimens from the Torisaka kofun in Hyogo prefecture, Hongo-kamikuchi yokoana in
Shimane prefecture, and Isoma cave in Wakayama prefecture showed a close intrasite
similarity in cranial shape.

4. REcENTTIMES
    In Figure 13, the averaged outlines of the males frofn Niigata and Kyoto prefectures
are compared by eliminating the size effect on the shape difference. All parts along the
outline, except for the facial, were significantly (P<O.05) different from each other in

the N.L. outline. The cranium of the Kyoto group was reiatively short in antero-
posterior diameter, yet higher than that of the Niigata group. On the other hand, the
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horizontal outliRes skowed little difference, except for a somewhat rounded shape

relatively deepened temporal fossae in the Kyoto cranium. RegioRal differences in
females (Fig. 14) were similar to, but not as pronounced as those in the males.

and
the

5. AINu, OKHoTsuK CuLTuRE MAN, AND ALEuT
   The male sample included specimens from tke Hokkaido, Sakhalin, and Kurile
(Kunashiri) Ainu groups and Okhotsk culture men. The N. L. outline (Fig. 15, B)
suggested that all of the specimens were interspersed aitd did not suggest any distinct
geographical trend. The specimen from the Minami shell mound in Sakhalin island was
located whithin the range of the Ainu specimens from the Rorei site iR the same islaRd,
but those from the Honto site in Sakhalin island were located at some distance frorri the

Rorei. Ainu specimens from the Kunashiri island were situated close to the Okhotsk
culture men, however, these two groups did not show any special similarity to the
Hokkaido or Sakhalin Ainu group. In the N.V. outline (Fig.15, A), the Ainu
specimens from the Rorei site and the Okhotsk coast of Hokkaido were distinguishable
from each other, although there were some exceptional specimens. The Hokkaido Ainu
from the southwestern area was situated in between them. The Sakhalin Ainu from the
Honto site and Hokkaido Ainu from the Pacific coast/Tomamae area were widely
scattered.

    An Aleut and the specimens from the Susuya shell mound in Sakhalin island were
incorporated with the Ainu female groups from the Hokkaido, Sakhalin, Kurile islands
(Fig. 16). From the N. L. outlines, the Hokkaido Ainu from the southwestem area and
Sakhalin Ainu appeared distinctly separated. Specimens from the Susuya shell mound
were located within the range of the Southwestern Hokkaido Ainu. The Hokkaido Ainu
groups from Okhotsk and Pacific coasts were widely scattered. The Kurile Ainu and
Aleut (only one specimen in each group) were situated close to each other, and were
relatively near the Sakhalin Ainu. From the N. V., it appears that the Ainu groups from
Southwestern Hokkaido and Sakhalin were separated from each other. The Aieut and
Kurile Ainu were located at some distance from the other Ainu specimens.
    Although there was no consistent separation of local groups between both sexes,
Sakhalin and Southwestern Hokkaido Ainu groups were somewhat separated from each
other in the females. These two groups were used for a comparison of averaged outlines.
The N. L. outlines of the males (Fig. 17, B) showed significant differences (P<O.05) at

the piriformic aperture and anterior part of the parietal. The Southwestern Hokkaido
Ainu exhibited a less projected margin of the piriformic aperture, more slanted forehead

and higher lecation of the vertex. The location of the anatomical landmarks showed that
the Southwestern Hokkaido Ainu had a relatively lower face. In the N. V. of the males
(Fig. 17, A), the temporal fossae of the Southwestern Hokkaido Ainu were deepened,
and its glabellar area was projected anteriad. In the females (Fig. 18), the pattern of

differences was similar to, but more remarkable than that of the males.

III. Morphological Ckanges from Late/final Jomen Period to Recent Times

    In accordance with the analysis of geographical variations, the lateffinal Jomon
people were subdivided into the Tsukumo and Northeastern groups, aRd the recent
mainland Japanese were divided into the Niigata and Kyoto groups. The Yayoi people
were represented by the specimens from the Doigahama and Mitsu sites.
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1. COMpARISON OF THE AVERAGED OUTLINES

a) From Latelfinal Jomon to Yayoi Periods
    In a comparison of N. L. outlines of the males from the Yayoi period and Tsukumo
Jomon site (Fig. !9), significant differences (p<O.05) occurred only in the glabellar area

and the tip of the nasal. Comparison was hampered due to the small sample size of the

Tsukumo specimens. The cranium of the Yayoi males did not show a prominent
glabella, a developed external occipitai pretuberaRce, a project nasal, Ror a deep-set
nasion, which have been regarded as special characteristics of the Jomon cranium.
Furthermore, the Yayoi males showed a higher face and somewhat rounded calvaria in
contrast with the slanted forehead and protruded parietal of the Tsukumo males on the
N. L. outlines, and also showed an evenly rounded anterior rnargin and a relatively
shortened anteroposterior diameter on the N. V. outlines. The bregma of the Yayei
peopie was shifted posteriad, associated with the inferiad shift of the lambda. The
zygions and porions were also shifted posteriad. The differences between the Yayoi and
Tsukumo Jomon crania in the females (Fig. 20) were similar to those of the males.
    The results of the comparison between the Yayoi males and the other latelfinal
Jomon counterpart, Northeastern group, differed from those of Åíhe former case. In the
males (Fig.21), since so-called Jomonoid characteristics described above were less
develeped in the cranium of the Northeastern Jornon group, the facial part and calvaria
of the Yayoi people were not clearly different. The major difference between them
occurred at the cranial base. The basion was shifted superiad, resulting in a change of

the inclination angle of the foramen magnum. On the other hand, in the Yayoi people,
an evenly rounded anterior margin with a relatively short antero-posterior diameter and
a shallow temporal fossa were more clearly noticeable on the N. V. outline than in the
comparison between the Yayoi and Tsukumo males. The comparison between the Yayoi
females and Northeastern female group (Fig.22) showed quite Iarge differences,
although the cornparison was carried out of the N.L. outline only because of an
inadequate sample size. The most distinct difference (significantly at P<O.e5) occurred

at the cranial base, which was also seen in the males, and the curvature of the parietal
also significantly (P<O.05) reduced in the Yayoi females.

b) From Yayoi to Kofun Periods
    In the males (Fig. 23), significant differences (P<O.05) in tke N. L. occurred at the

areas around the opisthion and lambda. The posterior part of cranium in the Kofun
males was somewhat protruded, and opisthion shifted relatively superiad. The skift of
the opisthion resulted in a retrograde change in the inclinaton angle of the foraman
mugnum as compared with that occurred between the Iatelfinal Nortkeastern Jomon
group and the Yayoi people. On the N.V. outlines, the Kofun males showed a
relatively long cranial shape with significant differences (P<O.05) in the left side of the

occipital and, though not so marked, anteriorly projected glabellar area. The Kofun
females showed an almost identical shape to that of the Yayoi females, except for the
inclination angle of the foramen magnum which changed in a manner similar to that of
the males (Fig. 24).

c) From Kofun to Kamakura Periods
    The males in the Kamakura period (Fig. 25) differed from the Kofun males. The N.
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L. outlines showed differences in the alveolar process, anterior and posterior parts of the

bregma, and the occipital plane. The N. V. outline ,differed in the upper margin of the
right orbita and left half of the occipital. The cranium of the Kamakura males was
relatively high and round in the N. L. outline, while it was somewhat long in antero-
posterior diameter in the N. V. outline. In the Kamakura females (Fig. 26), the N. L.
outline revealed a more vertical forehead, but the N. V. showed a dolichocranic shape.
A low nasal roof among the Kamakura people was also marked in both sexes.

d) From Kamakura to Edo Periods
    The cranial diffefences between the Kamakura and Edo periods were not too great
in the males (Fig. 27). The N. L. revealed that significant differences (P<O.e5) occurred

at the margin of the piriformic aperture and extemal occipital protuberaRce, while the
N. V. outlines revealed differences ilt the left temporal and right ternporal fossa. The

development of the external occipital protuberance was marked in the Edo period. In
addition, a higk nasal roof and a round forehead were noticed in the Edo people; the
high nasal roof was a retrograde change compared with the change which occurred from
the late/final Jomon to Kamakura periods. The N. V. outline of the Edo males was
rounder than that of the Kamakura males, especially Åíhe anterior part of the temporal,
which was distiRctly round on both sides. In the females (Fig. 28), the N. L. of the Edo

period showed little change frem that of the Kamakura period, except for a more
rouRded forehead in the former, whereas the N. V. of the former showed a rnarkedly
rounded shape. The facial height in the Edo period was relatively higher in both sexes.

e) From Edo Period to Recent Times
    In a comparison between the Edo and recent Niigata groups, the N. L. outliRes of
the males (Fig. 29) showed significant differeRces (P<0.05) in the nasal, posterior part

of the froRtal, and oceipital p}ane. Among tke recent Niigata group, the nasal rooÅí
continued to become higher, but the fronfal and occipital showed a retrograde change.
The cranial vault of the Niigata group was felatively lengthened in antero-posterior
diameter, and the lateral profile showed a slant frontal. The N. V. outline were almost
identical to each other, but somewhat more rounded in the Niigata group. In the
females (Fig.30), the N.L. showed that differeces had occurred at the mafgin of
piriformic aperture and forameR magnum, while the N.V. revealed changes in the
glabellar area and bilateral temporals. The foramen magnum shifted relatively inferiad,
and the N. V. outline become more rounded, especially, a protrusion of temporal on
both sides was noticeable in the Niigata group.
    The recent Kyoto group displayed quite diffefent results from those of the Niigata
group and shewed a great diÅíference from the Edo peeple in both sexes as well as in
both outlines. In the males (Fig. 31), the N. L. outliRe revealed significant (P<O.05)
differences in the forehead, Rasal, and all areas of the occipital, while the N. V. diffefed

in the aRterior margin, right temporal fossa, and the temporal on both sides. The higher
nasal roof, downward shift of the cranial base resulted in a higher cranial vault, and an

evenly rounded occipital outline were Roticeable in the recent Kyoto group. On the N.
V. outline of the males, it was revealed that the cranium of the Kyoto group was
relatively shortened in antero-posterior diameter witk bilaterally protrudiRg temporal.
The Kyoto females (Fig. 32) also differed from the Edo females iR almost the same

manner as the rnales. '
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    In {he cranial changes from the Edo period to recent times, the Niigata and Kyoto
groups kad a cominon facial change, but they greatly differed from each other in
neurocranial shape, especially in the males.

f) Summary ofAyeraged 0utline Compartsons
    A weli developed glabellar area and deep-set nasion occurred in the latelfinal
Jomon but disappeafed after this period, whereas the developed external occipital
protuberance in males occurred again in the Edo period. The lateral profiIe of the
forehead showed a consistent change in which the profile become more and more
vertical, except for the recent Niigata males. The projection of the nasal roof and shape

of the horizontal outline showed a two--phased change. The first phase was from the
Jomon to Kamakura periods, where the nasal roof become Iower and lower, and the
shape of the horizontal outline became relatively longer and longer in antro-posterior
diameter and narrower and narrower in width. The other phase occurred during the
periods after the Kamakura, where changes reversed from the former phase. The
Kamakura people, especially the females, had the lowest nasal roof and the most
dolichocranic from.
    Shape differences in the averaged outlines between two temporally adjacent groups
(Fig.33) were assessed by the use of the ifitergroup DIRs. The largest intergroup
differences occurred, in both sexes, between the late!final Jomon and Yayoi periods,
and between the Edo period and Kyoto recent group. Differences between the Kofun
and Kamakura periods and between the Kamakura and Edo periods concerRing the N.
V. outlines of the females were also quite Iarge.

    In the changes of the N. L. outline from the latelfinal Jomon to Yayoi periods, two
regional Jomon groups showed almost equivalent DIR values when compared with the
Yayoi people, except for the Northeastern Jomon females. The Northeastern Jomon
females showed the largest DIR values among the comparisons of all groups and differed

greatly from the contemporary Tsukumo females. As described above, however,
changing parts of the outlines between these periods differed according to which group
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was used for the comparison. In the changes of the horizontal outline between the latel

final Jomon and Yayoi periods, the Tsukumo people had smaller DIRs than the
Northeastern group. The N. V. of the Kamakura females differed from those of two
adjacent periods owing to the specific morphology of cranial vault. The changes from
the Edo period to recent times showed reglonal differences. The cranial shape of the
recent Kyoto group changed frem fhat of the Edo people showing one of the largest DIR
values in both sexes, whereas the Niigata group had the smallest of all DIR values when

compared with the Edo people.

2. CHANGE IN CRANIAL SIZE
    Figure 34 shows the cranial size (radius length of a circle whose area is approxi-
mated to the area enclosed by each averaged outline) oÅí each group. Concerning the N.

L. outlines of males, the recent Kyoto group showed the largest N.L. size. The
prehistoric group (JomoR and Yayoi peoples) were also large. The smallest N. L. was of
the receBt Niigata group which displayed a strikiRg cofitrast to the Kyoto group from the

same period. In the N.L. outlines of females, the largest group was the latelfinal
Northeastern JomoR group, followed by the Kofun people. The smallest size was of the
recent Niigata. Almost the same resuks as those for the N. L. outlines were obtaiRed for
the N. V., however, in comparison with the N. L. sizes, disproportionate sizes of the N.

V. outlines were recogRized in the Tsukumo and recent Kyoto groups; i.e. the formef
was relatively Iarge aRd latter small. Generally, the more ancient the group is, the larger

the size, with some exceptions.
    For the N. L. outlines of males arnong the reÅíerence groups from the adjacent areas,
the Southwestern Hokkaido Ainu showed Åíhe largest size (iÅí was also largest among all
of the groups), followed by the Korean and SakhaliR Ainu groups. The Nansei Islanders
showed the smallest size. For the N. L. of reference females, the Ainu groups from
Sakhalin aRd Southwestern Hokkaido, and Nansei Islanders were a}most the same iR
size, whereas the N. L. of the Korean was remarkably small. For the N. V. outlines, the

two Ainu groups except for the female Ainu from Southwestern Hokkaido were
relatively large. The Koreafl females were relatively small in comparison with its N. L.

size, a characteristic also found in the Tsukumo and Kyoto groups.

3. MDS ANALysls oF THE GRoups FRoM JoMoN PERIoD To REcENT TIMEs
    Beside the groups of each period, the MiRatogawa, initial/early and middle Jomon
specimens were included in this analysis, so that noR size-stadardized DIRs were used.
The size-standardized DIR matrices are set out iR Appendixes 3 and 4.
    The results of the males are showR iR Figure 35. Cumulative perceRtages for the
first two axes were 73.89o aRd 73.79ro in the N. L. and N. V. respectively. In the N. L.

outlines, the Minafogawa, Kamikuroiwa, and Ota specimens could not be situated near
the latelfinal Jomon groups and were separated far from each other, each showing a

Fig. 34. Changes of the cranlal size in the mainland Japanese groups, aRd the cranial slze of the
reference groups: JMN, latelfinal Jomon period; YYI, Yayoi period; KFN, Kofun period; KMR,
Kamakura period; EDO, Edo period; RCT, recent times; TKM, Tsukumo group; NEJ,
Northeastern Jomon group; NGT, Niigata group; KYT, Kyoto group; NEC, Northeastern Chinese
group; KRA, Korean gfoup; SKA, Sakhalin Ainu gfoup; SHA Southwestem Hokkaido Ainu
group; NNI, Nansei Islanders.
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specific shape; the Minatogawa man was situated near the Tsukumo and Kofun peopies,
the Kamikuroiwa specimen was near such modern groups as the recent Niigata and Edo,
and the Ota specimens were near the recent Kyoto and latelfinal Northeastern Jomon
groups. AmoRg the groups from the latelfinal Jomon period to receRt times, the
Tsukumo and Kofun peoples made one cluster, while the Yayoi, Kamakura, Edo, and
recent Niigata groups made another. The Northeastern group in the latelfinal Jomon
and Kyoto people, especially the latter, were isolated from tke others. Each group was
teinporally aligned along either axis, except for the Northeastern group iR the Iate/fiRal

JornoR and recent Niigata group. Conceming the N. V. outlines, the Minatogawa and
Kamikuroiwa specimens were separated far from the others. The former had well-
developed temporal fossae, and the latter showed, though not so developed, a similar
shape to the Minatogawa man. The Ota people were situated close to the cluster which
contained all of the groups, but within the cluster it was closer to the Kamakura and Edo

peoples than to the late/final Jomon people. There was no temporal alignment in the N.
V. outlines.

    In the females (Fig. 36), cumulative percentages were 70.49o and 74.69o for the N.

L. aRd N.V., respectively. In the N.L. outlines, the Jomon samples did not align
temporally. The Ota people were separated farthest from the early Jomon specimens
and were situated close fo the Kyoto group. The latelfinal Jomon people were situated
in between them. The groups after the latelfinal Jomon period aligned temporally
except for the Kamakura people which wefe situated relatively near to the Tsukumo
people. In the N. V., the Kamakura peeple were the only group separated from the
others showing a dolichocranic shape. The two recent groups and the Ota and Fujizuka
specimens in the end of early or middle Jomon period showed a round cranial shape and
separated farthest frorn the Kamakura people. The late/final Jomon people were
situated more closely to the recent groups than the Yayoi, Kofun and Kamakura
peoples.
    The changes throughout all of the periods can be summarized as: (1) the end of
early or middle Jomon people occupied a pecullar position among Jomon samples and
were always situated near the recent groups, which resulted in a lack of temporal
alignment among them; (2) in the two latelfinal Jomon groups, the Tsukumo group was
closer to the later groups than the Northeastern group; (3) the groups from the late/final

Jomon period to recent times almost aligned temoporally in the N. L. outlines, whereas
there was no ternporal alignment in the N. V., where the latelfinal Jomon and recent
groups situated close to each other; (4) the recent Kyoto group was always situated with

considerable distance from the other groups.

4. BIORTHOGONAL ANALySIS OF SHAPE CHANGE
    The partial deformaÅíions of the cranium corresponding to the changes of outline
morphology were analyzed according to its triangular elements (Fig. 4). The maximum
and minimum dilatations, and anisotropy for all of the triangular elements are set out in

Tables 6 and 7. The deformation ellipses for males and females are shown in Figures 37
and 38, respectively.

    In the change from the latelfinal Jornon to Yayoi periods, the orientatioRs of the
maximum dilatation for each element in the males were almost identical between the two
cases, where the Tsukumo group was used for one case and NortheasÅíern group for the
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other as a late!final Jomon group. On the contrary, the results of the females differed
according to which group was used as a latelfinal Jomon group. In the females, the axis
of tke maximum dilatation orieitted nearly vertical in most elements wheR the Tsukumo
group was involved, whereas the facial and parietal elements showed horizontal direction

when the Northeastern group was used. The facial and parietal elements sexually
differed in direction; the directions were more vertical in the males than in the females.

The direction in the basilar and occipital elements showed no sexual differences.

   The change from the Yayoi to KofuR periods differed from the previous change.
The maximum dilatation shifted to a more horizontal direction in many elements.
However, this shift in directioR did not necessarily occur in the same manner in both
sexes. Horizontal directioR occurred in the facial, intermediate II, and parietal elements

in the males, whereas it occurred in the orbita, intermediate, basilar, and occipital
elements in the females.
   Sexual differeRces were great iR the change from the KofuR to Kamakura periods.
Most of the elements were dila{ed showing vertically oriented maximum dilatation in the
males, whereas in the females anterior elements such as the facial, orbita, and frontal
showed horizontal direction, while the basilar and occipital elemefits showed vertical
direction.

   The change from the Kamakura to Edo periods also showed sexual differences. The
direction of the maximum dilatation continued from the preceding chaRge, except for the
temporal and basilar l elements in the males. In the females, the facial, intermediate I,
aRd temporal elements dilated with vertically oriented maximum dilatation, wkile the
others dilated in oblique angle to the vertical.

   IR the change from the Edo period to recen{ times (Niigata group), for all elements
saviRg the orbita, the maximum dilatation in the males showed horizoRtal direction. By
contrast, the females showed fio horizontal directioR in the elements except for the
intermediate II. The facial, froRtal, basilar I, and occipital I dilated iR a vertical
direction. The orbital element showed vertical direction in both sexes.
   Throughout all of the changes, in both sexes, the largest anisotropy occurred in the
change from the Iatelfinal Jomon to Yayoi periods (Fig.39). The elements in the
occipital part greatly deforrned until the Kamakura period. The elements other than
basilar and occipital were rnoderately deformed from the Yayoi to Kamakura periods.
In the chaRge from the Kamakura to Edo periods, the anterior part of cranium was
subjected to great deformatioRs iR the females, whereas all of the elements were evenly
deformed in the males. From the Edo period to recent times (Niigata) only small
deformations occurred in both sexes, except for the elements of orbita and occipital II
whick showed somewhat great deformations in the males.
   As a whole, the rnagnitude of the deformations was almost equivalent, as shown iR
Figure 39, but the principle axes of the deformations differed in their orientation for

each sex.

5. CHAN6E oF SExuAL DIFFERENcEs
   The sexual differences esÅíimated by the DIRs in each period are shown in Figure 4e.
The difference in the N. L. outlines was greatest in the late/final Jomon period but
suddenly reduced in the Yayoi period. Thereafter the weak reduction continued into the
Edo period, but the difference increased again in the recent groups. The N. V. showed
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Fig. 39. Anisotropies of deformation in 12 triangular elements. Solid line is for males and broken
line for females. See the legend of Fig. 34 for abbreviations.

similar change to that of the N. L. outlines, but there were some differences. On the N.

V. outlines, a moderate change of the sexual differences between the latelfinal Jornon
and Yayoi periods occurred with rather great geographical variatioRs, and a leap of the

change was shown between the Edo period and receRt times. Araong the reference
groups from the adjacent areas, the groups other than the Nansei Islanders and Sakhalin
AiRu showed the same great differences in the N.L. as the }atelfinal JomoR people

ny

r-

- s ".. s '7 s ' -s .-- NN No N
f
El

1 N

-- x

/ N x
x x

pt- s xN - s. "o s y s
-
cy

Tm. 1 Ns h. s

. - -- -
1

--o ---

Nx

.-..
' x

-.-. ---- x
' ---' s' s--og

E-

ov 1 N
.

" N 1 s
t s

1 1 N l

NN - -- NN
Nx t NN

o-

-rv t.

" - N
/ N - x

1 x - N1 N '--. --- p x
-

o
.



Morphoiogical Transition of Japanese Cranium 35

'ill

o

o

o

o

.

.

KYT"`ii;`igjj7r 

.

v

  o-

               TK"E  
  
  
  
  
  
Nx

g.
N

.

.

- nidsagittal
o-----o borizontal

NEJ

                    e.o 1.o 2.o (xlO'i)
                                  DIR
Fig. 40. Changes of sexual differences in the cranial shape (DIR). See the legend of Fig. 34 for

abbreviatioRs.

showed. On the other hand, the sexual differences in the N. V. outlines were small,
except for the Korean group. These differences in the reference groups were a little
greater than or equivalent to the difference of the Edo people which exhibited the
smallest difference among the mainland Japanese groups. The difference in the Korean
group was Iargest in both outlines.

    Sexual differences iR the size (Fig. 41) were assessed using the SZD (a size distance

iRtroduced by Yasui (1986)). The difference in size become larger from the latelfinal
Jomon to Yayoi periods, but it suddenly reduced to the smallest in the Kofun period.
Thereafter the sexual difference iit size continued to iRcrease and becarne equivalent to

the level of the latelfinal Jomon people in the recent groups. Among the groups from
the adjacent areas, the Korean and Southwestern Hokkaido Ainu groups were disting-
uished from the others by their large SZD values. Their values were also larger than
tkat of Åíhe Yayoi people which were the largest arnong the the mainland Japanese

groups.

IV. Relationships Between Mainland Japanese Greups and
    Peoples in Adjacent Areas

    MDS analyses based on the size-standardized DIR matrix were carried ouÅí for the
groups from the late/final Jomon period to recenf times and the Nansei Islanders,
Southwestern Hokkaido and Sakhlin Ainu, Korean, and Northeastem Chinese groups.
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1. MALEs
    Cumulative percentages of the first two axes were 71.99o and 73.49o for the N. L.
and N. V. outlines, respectively (Fig. 42). Concerning the analysis of the N. L. outliRes,

the mainland Japanese groups were aligned tempofally aloRg the secoRd axis. The
receRt Kyoto group was off this alignment and was situated close to the Northeastern
Chinese group. Ail of the Tnainland Japanese groups were situated in between the
Korean aBd Ainu groups on the first axis. Two Ainu groaps were situated ciose to each
other yet separated from the groups of the mainland Japanese by some distance. Among
the mainland Japanese groups, the Kofun people were relatively near the Ainu groups.
The Korean and Northeastem Chinese groups were also separated from the mainlaltd
Japanese groups. The Korean group was separated the farthest among tke reference
groups. Nearby the recent Niigata and Edo groups there was the Nasei Islanders.
   Conceming the N.V. outlines, the Korean and Southwestern Hokkaido Ainu
groups were separated from each other at each end of the first axis, as was shown in the

N. L. outliRes. The Sakhalin Ainu group was separated from the SouÅíhwestern Hok-
kaido Ainu and was situated close to the Kofun people. The Northeastem latelfinal
Jomon and Kamakura groups were located close to the Southwestern Hokkaido Ainu.
The Northeastern Chinese group was separated from the receRt Kyoto group, and the
Yayoi people were situated in between them. The Nansei Islanders were near the Kofun
and Sakhalin AiRu groups. The Korean group was the most dissimilar group to the
mainlaRd Japanese, as was also shown in the N. L. aRalysis.
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2. FEMALES
    In the females, 73.19o and 78.19o were the cumulative percentages for the N. L. and
N. V. outlines, respectively (Fig. 43). The Korean group was situated at one end, and
the Sakhalin Ainu group at the oppsite end in the N. L. outline. The other groups were
iR between them but nearer to the Sakhalin AiRu. The Southwestern Hok•kaido Ainu
group was separated Åírom the Sakhalin Ainu group and situated close to the Nansei
Islanders; both were near the Kofun and Kamakura groups. Among the groups of the
mainland JapaBese, the Tsukumo people showed the greatest similarity to the Sakhalin
Ainu, while the latelfinal Jomon people from Northeastern Japan were separated from
the others on the second axis. The Northeastern Chinese female group was more similar
to the rnalnland Japanese groups than the males were. The Korean female group was
separated the farthest frorii mainland Japanese groups, as was also shown iR the male
anaiysis.

    The analysis of the N. V. outlines revealed the Kamakura people at one end aRd the

Korean group at the opposite end. Two AiRu groups were situated between the
Kamakura and some mainland Japanese groups which were situated close to the
Kamakura people. The Sakhalin Ainu group was closer to the Kofun agd Yayoi peoples
than to the Southwestern Hokkaido Ainu group. The Nansei lslanders were situated
within the range of the mainland Japanese groups and showed a similarity to the Edo
and Kofun peoples. The Northeasfern Chinese group was close to the recent Kyoto and
Niigata groups, whereas the Korean group was separated from all groups from mainlaRd
JapaR.
    As a whole, for both sexes, the Korean greup was the most dissimilar group among
the reference groups. The recent Kyoto group was situated relatively near the Korean
group among the maiRland Japanese groups, while the Kyoto group was always sepa-
rated from the other mainland Japanese groups with considerable distance. On {he other
hand, the Northeastern Chinese group showed a slmilarity to the recent groups of the
mainland Japanese, especially among the females. Two Ainu groups showed a distiRct
shape and were separated from the mainland Japanese groups. Tke Nafisei'Islanders
were closest to the maiRland Japanese groups.

DISCUSSION

1. MINAToGAwA MAN AND JoMoN PERIOD
    The Minatogawa specimens were given aR age of 18,25e-16,600 years B. P. on the
basis of C-14 aftalysis (Kobayashi et al., 1974), and the primitiveness of their morpholo-

gical characteristics was stressed by Suzuki (1982). The aRalysis of Åíhe outline morpholo-

gy also showed a specific shape of the Minatogawa cranium iR comparison to the Jomon
cranium. Although the specimens of the latelfiRal JornoR period, such as the Harazaki
(Okayama prefecture) and Kasori (Chiba prefecture) specimens, had relatively lower
cranial vaults than the Minatogawa specimen, the shape of their calvaria on the N. L.
was clearly distinguiskable from that of the Minatogawa maR; projection of the glabellar

area was rather weak, and the forehead was oriented vertically in the JomoR specimens,
while the glabellar protfusion of the Minatogawa rnan was not only projected anteriad,

but also widely extended around the giabella. On the N. V. outline of the Minatogawa
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man, as pointed out by Suzuki (1982), deeply concaved temporal fossae were conspi-
cuous, and the parts where the lambdoidal suture passes through were also concaved.
These characters did not arise in the Jomon people. Therefore, it could be concluded
that the Minatogawa specimen belongs to a group which is morphologically different
from the Jomon people.
    Suzuki (1982) suggested a genetic closeness betweeR the Minatogawa rnan and
Jomon people. However, the cranial shape of the Minatogawa man is not easily joined
to the initial/early and middle Jomon people of the mainland Japan. The difference
between the initiallearly or middle Jomon people and the MiRatogawa man is larger
than the diffemce between the latelfinal Jomon people and the Minatogawa man.
Consideration of the specific morphology of the initial/early and middle Jomon people is

needed when the genetic relationship between the MiRatogawa man and Jornon people is
discussed.

    The morphological chafiges duriRg the Jomon period were discussed by Ogata
(1973, 1977, 1981). According to him, the initiallearly Jomon people had a small face,

especially small in facial height, in comparison with the later Jomon people, aRd
displayed a somewhat femalelike appearance. Sorne sexual differeRces were found in
this analysis, althougk the materials of the initiallearly Jomon period studied were only

one male and two females. The Kamikuroiwa male specirnen had a rather rouRd cranial
vault, though not very high, and was distinguishable from the later Jomon people. The
female specimens of the early Jomon period, however, had a low neurocranium and
were similar to the Tsukumo people in the final Jomon period. By the end of early or
iniddle Jomon period, the height of cranium had become large in both sexes, judging by
the specimens from the Ota (Hiroshima prefecture) and Fujizaka (Niigata prefecture)
sites. I" the latelfinal Jomon period the specimens from Northeastefn Japan displayed a
high cranial vault, while those from the Tsukumo shell mouitd showed a reduced cranial
height, which appears to skow a specific morphology to this area.
    Morhological changes in the Jomon period were, gefierally, greater in males than in
females, which is in agreement with Ogata's findiRgs (1977). But his classificatioR of the

Jomon peeple into the gracile initiallearly group and the robust middlellatelfinal group

is oversimplified. The early Jomon females were not only simiiar to the Tsukumo
people, but were also somewhat larger in size than the late/final Jomon people.
    The regiofial differences in the latelfinal Jomon period occurred most clearly
between the Tsukumo site and Northeastem Japan. The latter area includes the Kanto
and Tohoku districts (and Hokkaido in the case of the females), where the specimens
were decidedly similar to each other, as pointed out by Dodo (1982). Yamaguchi
(1981a) compared the craniometrical data obtained from three regional gfoups (Kanto,

Yoshigo, Tsukumo) and found certain geographical morphociines. According to this
analysis, however, the Yoshigo specimens were not sjtuated midpoint between the
Northeastern and Tsukumo specimens, but instead skowed a close similarity to Åíhe
Northeastern specimens. Moreover, the specimens fecovered from Shikoku and Kyushu
islands, which are situated west of the Tsukumo site, were more similar to the
Northeastern group than to tke Tsukumo group. Therefore, Ro morphocliRe was
recognizable when the cranial shape was compared by the outline analysis. Rather,
among the latelfiRal Jomon people a specific inorphology of the Tsukumo people could
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be pointed out. It is necessary to reveal the geographical pattern of such site specificities

as Tsukumo's for accurate analysis.
    In the discussion on the affinity of the JomoR people with other ancient or modern

peoples, Kofiganei (1890, 1894) stressed that the AiRu were direct descendants of the
Jomon people. Although there were objections to Koganei's conclusion (e.g., Kiyono &
Miyatmoto, 1926), the morphological similarity between the Jomon people aRd Ainu has
been receRtly pointed out (Dodo, 1982; Yamaguchi, 1982). According to this analysis,
close similarity between them was shown only in the N. L. outlines of the females.
GeRerally, the Ainu were similar to the KofuR and Kamakura peoples rather than the
latelfinal Jomon people, judging from the other outliRes. Because the Ainu showed a
specific morphology when compared with the mainland Japanese groups, iR particular
the long and narrow shape in the horizontal outlin, it is difficult to conclude that the

Jomon people show a closef affinity with the Ainu than with the other mainland
JapaRese groups.

2. YAyOIPERIOD
    The Yayoi people have been the most controversial group iR the study of the
formation of the Japanese. It has beeR said that the Yayoi people, especially those from

the west tip of Honshu and the northern part of Kyushu, greatly differed from the
Jomon people. A great difference between the JomoR and Yayoi peoples became
evideRt in this analysis. The cause of this morphological difference has been discussed
from two diffefent standpoints. One standpoint is that the morphological difference was
ascribed to the change in life style caused by the introductioR of agriculture (Suzuki,
1969), and the other is that the difference was due to the immigrants who broughÅí the
race cultivation from the continent to Japan (Kanaseki, 1955, 1962, 1972). It is possible

Åío consistently integrate these two explanations taking geogfaphical variation into
account. Indeed, Kanaseki (1962) and Naito (1971, 1981) found a geographical variation

of the Yayoi people in Kyushu and pointed out that immigrants and their descendants
were regionally restricted to the Rorthern part of Kyushu.
    Owing to the scarcity of Yayoi specimens other than from the Doigahama and Mitsu
sites, analysis of geographical variations in the whole of mainland 3apan is limited. Table

8 shows the DIR values between each Yayoi specimen and averaged outlines of the latel
final Jomon groups among the males. The Yayoi specimens from Kanto district and
Northwestern Kyushu showed somewhat smaller DIR values than the DoigahamalMitsu
specimeRs when compared with the late/fiRal Jomon people. The Yayoi specimens from
Kanto district used here are the same specimens that Suzuki (1969) aRalyzed when he
pointed out the morphological coRtinuity from the Jomon people in the Kanto district.
Those obtained from Northwestern Kyushu have been said Åío retain Jomonlike charac-
teristics (Naito, 1971). These specimens were pooled, aRd the mean values of DIRs were

compared.
    As a resulf, the difference in the N. L. outlines betweeR the DoigahamalMitsu and
the pooled Kanto!Northwestern Kyushu groups was not significant (t=:e.866, df==28)
when compared with the averaged outline oÅí the Tsukumo people. However, the
difference betweeR them was significant (P<O.e5) in comparison with the late/final
Jomon people from the Northeastem Japan. The difference in N. V. outlines betweeR
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the Doigahama/Mitsu and pooled Kanto/Northwestem Kyushu groups was not appa-
rent, because of large individual variations in the latter group. The Yayoi specimens

from Kanto/Nortkwestem Kyushu were more similar to the Jomon specimens from
Northeastern Japan than those from the Tsukurno site, although the difference was not
significant (t==2.22, df=8). This may iRdicate that the Yayoi people in these areas were

directly descended from the native Jomon people, siRce the latelfinal Jomon specimens
in Kyushu showed a close similarity to those from KaRto district. The Doigahama/Mitsu
people, on the other hand, showed almost equivaleRt DIR values when compared the
two latelfinal Jomon groups, and those values were somewhat larger than the values of
the pooled KantolNofthwestern Kyushu group.

Table 8. DIR values (Å~100) for the Yayoi specimens against the averaged outlines of two late!
final Jomon local groups in males.

Midsagittal Outline Horizontal Outiine

 Sano 1
 Sano 2
 Ourayama 4

 Ohama
 Ropponmatsu 657
 Pooied
Mean+SD for

 Doigahama/Mitsu
 (min.-max.)

NE Jomon

2.20

2.62

2.74

2.49

2.66

Tsukumo

2.83

2.54

3.28

3.69

2.84

NE Jomon

3.32

1.42

1.26

2.31

Tsukumo

2.63

2.48

1.79

1.94

2.54+028*

3.26+O.65

(2.26-5.01)

3.e4+O.45

3.29+O.62

(2.30-5.09)

2.08+O.95

2.62+O.83

(1.63-4.71)

2.21+O.41

2.27+O.88

(1.12-4.63)

* significantly differed from Doigahama/Mitsu at p<O.05.

   The morphological peculiarity of the DoigahamalMitsu specimeRs, especially in
facial height and stature, was pointed out by Kanaseki (1959), and here again their
peculiarity could be recognized from the N. L. outlines, but not the degree which
Kanaseki stressed. Kanaseki (1959) concluded that the peculiar shape of the
DoigahamalMitsu crania suggested their origin was from the Korean peRinsula. Prehis-
toric data from the contiRent is indispensable to such a migrant hypothesis as KaRaseki's,

but suitable materials were not adequateiy available at that time, nor are they. In this

context, based on craniometrical data, Nagai (1985) recognized a close similarity
between the Doigahama and Iean-li old mound specimens near Busan, South Korea (2-
7 A. D.), and Ikeda (1981, 1982) pointed out Åíhat the Doigahama people were similar to
the Neolifhic specimeRs from the northerR part of the KoreaR peninsula and Northern
China. Terakado (1985) said that the specimens frorn the IeaR-li old rnound were the
most similar to the Doigaham people, aRd that those from the Unggi Neolithic and
Nangnang old mound in North Korea showed a distinct shape distance against the
Doigahama people. In his analysis, he illustrated that although the Doigahama speci-
mens showed the greatest similarity to tke specimens from the Iean-li old mound, the
shape distance between them was almost equivalent to those betweeR the Doigahama
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and Tsukumo people, and between the Doigaharna and Ainu. These three conclusions
are quite varied, and, moreover, the age of tke materials studied is not contemporary
with that of the DoigahamalMitsu. The Jodo shell inound in South Korea, which is said
to be almost the same age as that of the DoigahamalMitsu, showed quite a large shape
distaRce in comparison with the Doigahama people (Ikeda, 1982). Therefore, it cannot
be said that there are enough data to support the immigration hypothesis.
   When moderR specimens frorn the continent are used in an analysis of the rela-
tionships between the Doigahama/Mitsu and certain continental groups, many difficul--
ties arlse because of the scarcity of studies. IR this study, modem Korean and
Northeastern Chinese were used, of which tke Northeastern Chinese group more
resembled the DoigahamalMitsu people. The Korean group was the most dissimilar
group to the DoigahamalMitsu people among all the samples studied. The dissimilar-
ities appeared in DIR values, allometric analysis, and sexual differences. Hanihera
(1984) poinÅíed out a close similarity of the DoigahamalMitsu people to those from
Northern ChiRa (Mongolian) and Siberia, but the Northeastern Chinese (Rot Mongolian)

used here showed a DIR value almost equivalent to those of the recent Niigata and
Tsukumo peoples when cornpared with the DoigahamalMitsu people. Specific similarity
of the DoigahamalMitsu people to the two continetal samples could not be recognized.
   The DoigahamalMitsu people showed some peculiarities iR comparison with the
other Yayoi people, but it is uncertain whether or not their peculiarity is a result of the

immigration of certain continental people. The Doigahama and Mitsu sites have a
different nature from those of the Kanto district and NorthwesÅíern Kyushu. In the
former areas, the tombs utilizing burial urns were predomainant. Therefore, it is
undeRiable that the cause for the morphological differences between the Doigahamal
Mitsu and the other Yayoi people is Rot the immigration from the contiRenÅí but is oRly
the difference of their subsistence.

   Some specimens iR the late Yayoi pefiod were recovered from the kofuns which
were typical of the next Kofun period. These specimens (three individua}s were used
here; Shirasagi-yama and Myojin-yama in Hyogo prefecture and Tono=yama in
Okayama prefecture) were outside of the variation of the DoigahamafMitsu specimens
aRd showed a round cranial shape similaf to the shape shown in the recent Kyoto people
and the modern Korean group. Ikeda (1984) has already pointed out their specific
morphology based on craniometrics. However, futher discussion is difficult until enough
material can be utilized for the analysis.

3. KoFuNPERIOD
   The averaged craRial shape of the Kofun people showed the greatest siinilarity to
the DoigahamalMitsu people aRd also resembled the Yayoi specimens from the Kanto
and Northwestefn Kyushu. The similarity between the Kofun aRd Yayoi peoples has
been pointed out by KaRaseki (1955) and Suzuki (1965), and recently, the continuity
between the two groups has been studied by taking geographical variations into accout
(Nagai, 1985; Naito, 1985; Terakado, 1985; Yamagucki, 1985). Since all of these authors

agreed with the continuity betweeR the Yayoi aRd Kofun peoples, it is thought that most

Kofun people originated from the Yayoi people, without marked morphological
changes.
   The geographical variations in the Kofun people were first analyzed by Mofisawa
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(1976). He pointed out that the Kofun people in the eastern part of Japan had a larger
neurocranium than those in the western part of Japan. Contrary to his conclusions, this

study concluded that the crania from Kanto district were smalier than those from the
western part of Japan. According to the DIR analysis, although the Kofun people
showed a great individual variations, no geographical trends could be found. The
specimens from Kanto district bare}y showed a somewhat long and narrow shape on the
N.V. outline, and were distinguishable froin the others. These fiRdings are also
ineonsistent with the discussion on the Kofun people recently presented by Ikeda et at.
(1985).

    When morphological variations in the Kofun people are analyzed, consideration of
the type of tombs as well as geographical division is required. Various tomb types, such
as kofun (tumulus), congregated tombs, yokoana, and cave tombs appeared as a result
of the complicated socioeconomical system duriRg this period. The distribution of a type

of tomb does not necessarily correspond to a geographical division. Among the
specimens from various tomb types, the N.L. outlines of the specimens from the
yokoana and cave sites were less variable than those from kofuns, especially in males,

and the analysis of the N. V. showed a somewhat rounded shape in both sexes.
Regarding the large variation in the Kofun people as a whole, this uniformify iR the
yokoana and cave sites compared with the other types of tombs indicates the emergence
of morphological differences in accordance with social status.

4. KAMAKURAPERIOD
    AII of the specimens in the Kamakura period studied here were from the Zaimoku-
za site in Kanagawa prefecture, on which Suzuki et al. (1956) based their study which
ernphasized the extremely long and low cranial forrn and marked alveolar prognathism
of the specimens. These characteritics were confirmed in this study, but not to the
degree which Suzuki et al. stated. These characteristics developed to the highest level in

the Kamakura period, especially the dolichocranic condition of the females, which was
remarkably different from the crania in the periods before and after this period. On the
other hand, the Iateral profile of the forehead showed an intermediate stage of develop-

ment between the Kofun and Edo periods. Naito and Matsushita (1978) recognized the
same characteristics as those of the Zaimokuza people in the medieval specirnens from
Kyushu and concluded that the characteristics found by Suzuki et at. (1956) were
widespread all over the rnainland 3apan during this period. Since there seems to be no
drastic environmental change, socioeconomical change nor the movement of people
during this period, the peculiar characteristics are curious. Ikeda (1982) suggested that
the characteristics which appeared in the medieval cranium were caused by an intensified

endogamy. His suggestion rnay be a clue to explain this phenomenon.

5. EDo PERIoD AND RECENT TIMES
    AIthough the Edo people did not differed very much from the Kamakura people,
except for the N. V. outlines of the females, the cranial shape of the Edo people did
show some mordernized characteristics, such as a higher face with an anteriorly pro-
jected Rasal roof, a more rounded and vertical forehead, and a reduced dolichocranic
condition. All of these morpkological changes have continued up to recent times. This
result confirms the studies by Suzuki et al. (1957, 1962) aitd Suzuki (1969).
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    The recent people from Niigata prefecture have undergone quite small changes from
the Edo people in Tokyo. By contrast, the recent Kyoto people showed largely different
characteristics from the latÅíer. They exhibited the reufidest cranial shape amoRg all of

the mainland Japanese groups in this study. On the other hand, the Edo specimens frorn
Osaka prefecture had a rounder craRia than those from Tokyo. They were situated the
margin or outside of the vafiation of the Edo people from Tokyo in the MDS analysis.
Kanda (1959) pointed out the close similarity of the Edo specimens from Osaka city to
the modern specimens from Kinki district, excluding the weak difference of facial
profile. This indicates a close similarity between the Edo and recent peoples in the Kinki

district. Indeed, the comparison between the craniometrical data obtained from Kanto
district (Suzuki et al., 1962) and those from Kinki district (Kanda, 1959) suggests Åíhat the

people in Kinki district underwest srnaller changes between these periods than the
people in Kanto district.

    As a whole, it can be said that the Edo people were on the way to moderizasion, but
the process of modernization was not uniform throughout all areas of the mainland
Japan. In this contex, it is probable tkat the people in Niigata prefecture, especially the

males, underwent quite small changes between these periods.
    Regional differences of cranial shape have obviously existed between Niigata and
Kyoto prefectures in recent times. The cranium from Niigata prefecture was relatively
low and somewhat long and Rarrow in its horizontal outline compared with the cranium
from Kyoto prefecture and closely similar to the cranium of the Edo people from Tokyo,

as mentioned above. The morphological differences between the Niigata and Kyoto
groups recognized in this study are in agreement with the study by Hanihara et al. (1982)

who examined the craniomentrical data from 12 regional groups.
    Conceming the rnagnitude of the differences, however, Yamaguchi (1981a) and
Dodo (1982) concluded that the regional differences between contemporary groups can
be ignored when they are compared to the differences between the groups in different
periods. Their conclusion is opposite to the present results.

6. AINu AND NANsEAsLANgERs
    The local variations in the Ainu have naturally been an analytical subject of interest

because they have lived in such a wide area, including the whole of Hokkaido, Sakhalin,

and some of the Kurile islands. According to this aRalysis, although some local
differences were found, as have been pointed out by previous studies (Ito, 1967;
Yamaguchi 1981b), there are some confiicting conclusions. The local differences in the
Ainu were genarally greater in the females than in the males. The Ainu groups from the
Sakhalin, aRd the Southwestern and Okhotsk coast areas of Hokkaido each showed a
local specificity. In males, the variations in the N. L. outlines of these three Ainu groups

almost overlapped, while the variations in the N. V. the groups frorn Sakhalin and
Okhotsk coast of Hokkaido were distinct from each other. Although lto (1967) pointed
out a similarity between the Sakhalin and Okhotsk coasÅí Ainu groups, present results do
not. Yamaguchi (1981b) said that there existed a clear craniomentrical differences
between the two Hokkaido Ainu groups from the Southwestern and Pacific coast areas,
however, this study does net agree with his conclusions, since the Ainu from Pacific
coast area showed great individual variations, and did no{ clearly differ from the
Southwestern Hokkaido Ainu. Ainong the fernales, the Sakkalin and Southwestern
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Hokkaido Ainu groups were distingunishable from each other, and the differences
between them were rather great.
    Genetic influences on the Ainu from outer peoples have been sometimes suggested,
with the introgressions from the Northem peoples (Yamaguchi, 1982) and from the
mainland Japanese (Yainaguchi, 1981b) as the most likely route. The specimens of the
Okhotsk culture and Aleut, though quite few in number, were compared with the Ainu
groups, but none showed special similarity to any Ainu groups. The Southwestern
Hokkaido AiRu showed a somewhat close similarity to the female mainland JapaRese
groups in the N. L. outliRe but, as a whole, the Ainu were similar Åío each other and
seem to have their owR special characteristics.

    Although Yamaguchi (1981b) suggested that the Ainu groups from the Pacific coast
alld nearby Temamae (Eastefn Hokkaido in his term) are typical, the cranial outlines of

this Ainu group showed a great individual variation which comprised the variatioR of the

other Ainu groups.
    Hanihafa (1985) and Dodo (1986) stated that the Ainu originated from the Jomon
people and that they retain many Jomonoid characteristics as a result of a different
process of morphological change from that of the mainland Japanese. They classified the
Jomon and Ainu peoples as Proto- or Pre-Mongoloid. Present analysis of the outline
morphology led us to a different conclusion from them. k was ofily in the N. L. outline
of the Sakhalin Ainu females that a close similarity to the Jomon (Tsukumo) people
appeared. The other Ainu groups relatively resembled the Kofun and Kamakura
peoples rather than Jomon people among prehistoric and historic groups. As a whole,
they showed a specific shape difference to the mainlaRd Japanese groups. If the Ainu
originated from the coinmon Jomon people, it might be said that the morpho}ogical
changes of the Ainu are parallel to the changes of the mainland Japanese which occurred
from the Jomon to Kofun periods.
    The outlines of the Nansei Islanders in all cases were within the range of the
mainland Japanese groups in contrast to Ainu. The studies on the affinity of the Nansei
Islanders to other peoples have been inconsistent between craniometric analysis (Tagaya
& Ikeda, 1976) and somatemetric analysis (Ikeda & Tagaya, 1980) or biochemical
analyses (e.g., Nakajima et al., 1976). Present results were in agreement with the
craniometric study. But since the Nansei Islanders showed a similarity to the KofuR
people and somewhat differed from the contemporary Edo aRd recent mainland people,
except for the N. L. outline of tke males, they may have chaRged through a different
process than that of the mainlaitd Japanese.

7. HlsTRy oF CRANIAL MoRpHoLOGy IN JApANEsE
    Until Suzuki's study (1967), it was not revealed with a background of morphological

detail that the crafiial form in the Japanese had changed through the history of this
population. Most anthropological studies in Japan before him focused upon the affinity

between populations based on some morphological similarity without regarding the
temporal change of merphological characteristics. Suzuki (1969) revealed that JapaRese
(in Kanto district) underwent drastic changes of cranial form and stature in the Yayoi

period, and from the Edo period onward. He attributed the cause of these changes to
the changes in the socioeconomical system which was proposed by Hasebe (1949).
    According to this study, the part on the outlines which underwefit the greatest



Morphological Transition of Japanese Cranium 45

change throughout all of the periods was the occipital. This bone seems to be easily
modified by mechanical stress arisen from the sustentacular muscular system. In the
analysis of intragroup allometry, the area showing positive allometries gradually shifted
from the posterior margin to the anterior in the horizontal outline. These facts seem to
support the transformation hypothesis (Suzuki, 1981), but there remain some problems

which cannot be explained by this hypothesis. It is thought that the Jomon people
developed their masticatory muscles because they had heavily worn teeth. However, the
form of temporal fossa which is susceptive to the stress of the temporal muscle showed a
great difference between the two latelfinai Jomon regional groups. The temporal fossa
of the final Jomon people from the Tsukumo site was shallow and had an odd bulge at
the midplace in contrast with a deeply concaved temporal fossa in the Northeastem
group. This suggests that the form of the temporal fossa does not necessafily correspond
to rnasticatory stress. Rather it is thought that there was some site-specific morphologic-

al traits independent of the life mode, because no data indicates a difference in their

subsistence economies.
    Among the changes in cranial shape, the profile of the forehead showed a directlon-
al change in which it became more and more rounded and vertically oriented throughout
all of the periods, whereas the projection of the nasal roof, alveolar prognathism, and
shape of the horizontal outline altered their mode of change in the medieval Kamakura
period. Although most of them were revealed by Suzuki (1969), these facts are not
concordant with his transformation hypothesis. Moreover, in the ckanges from the Edo
peried onward, there seems to be some geographical variation in morphological changes.

Despite the fact that the two recent groups are contemporary, or rather the Kyoto
specimens were older, the recent Niigata group underwent quite small changes from the
Edo people, whereas the recent Kyoto group showed great changes from the Edo
people, and displayed a peculiar round cranial shape when compared with the other
mainland Japanese groups (it is probable that the Edo people in the area nearby Kyete
prefecture had a vestige of the cranial shape of the receRt Kyoto people). It is
improbable that there was a great regional difference in the socioeconomical system
which caused this large variation of morphological change between the Edo period and

recent tlmes.
    Another suggestion for the cause of the morphological changes, especially in the
Yayoi period, is migration from the Asian confinent (Kanaseki, 1955). In this case, it is

impossible to separate the physical effects of migration on the morphological change
from those of socioecomomical change, because the immigrants froin the Asian continent
might have come to Japan bringing a subsistence econoiny differed from that of tke
native people. The replacement or absorption of the Japanese by the immigrants is a
phylogenetic problem. It is necessary to identify the characteristics which remain stable
under environmental stress and which can be used for the estimation of the phylogenetic
affinity. This criterion cannot be certified now. In this study, although I used an overall

similarity of the outlines, all of the adjacenÅí populations showed a specific morphology of

their own compared with the prehistoric and historic mainland Japanese groups (Yayoi
people were not an exception), so that it is impossible to infer which is the aRcestral

population of the present Japanese. Since it is thought that the peoples of the outer
areas also underwent some morphological changes a study on morphological changes
involving mally populatjons jn adjacens areas is required.
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    The cranial shape in the Japanese chafiged from the Jomon period to recent times.
Each cranial part did not necessarily have a uniform contfibutioit to this change.
Nevertheless, according to the analyses of tke outlines aRd of the allometory as a whole,

the changes of cranial morphology in the mainland Japanese apparently restricted within

a limit when compared with the adjacent populations. The cranial shape of aRy
mainland Japanese groups decidedly differed from the Ainu and modem Korean. In the
history of this morphological change, there were some geographical variations, of which
the variations in the Jomon period and recent times were considerably great. This fact
claims to reconsider the result of Yamaguchi (1981a) and Dodo (1982) who underesti-
mated the geographical variation against the tempofal change.
    In the geographical variations clarified by the preseRt study, the Tsukumo people
which have rnost frequently been referred to as the representative group of the Jomon
people showed site-specific characteristics. The specificity of the Tsukumo people may
support the suggestion of H[owells (1966) who pointed out that the Jomon people were
isolated in relatively small tribal populations. On thls point we must await more detailed

analyses of site specificity in the Jornon period. To rnake clear the geographical variation

in the Jomon period, it is necessafy to analyze the subtle morphological traits of each
site. On the other hand, the Kofun people who lived in the first imperialized society
showd a morphological variation corresponding to tumb types, which may reflect the
differentiation of the socioeconomy during this period. Also they showed a large-scaled
geographical variation in which the specimens from Kanto district had a longer and
narrower cranium in contrast with the specimens from the western part of Honshu. This
geographical variation also occurred in the Edo period and recent times, with empha-
sized differences. These facts indicate that the pattern of geographical variations in the

cranial shape of the mainland Japanese changed with the times. Therefore, accurate
analyses on the changing pattern of geographical variation throughout the times could
give a clue for revealing the cause of morphological change in the Japanese.
    Suzuki (1967) suggested that the drastic change in the modern Japanese is caused by
an "Urbanizing injury", but he attributed most of it to changes in life style. On the other

hand, Ikeda (1981) stated that morphological changes showing geographical or social
differences were produced by the geographical or social inequality of mating distances
(exogamy in urbunization and endogamy in ruralization). His hypothesis is reasonably
explicable to the process of morphological changes in the Japanese, but it can also
explain everything if there is no prudent check. It needs further examination iR detail.
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Appendix 1. Non-size-standardized DIRs (Å~100) for all male groups and individuals.

KYT NGT EDOKMRKFN YYI TSM NEJOTA KMWMTW
R Kyoto
R Niigata

Edo
Kamakura
Kofun
Yayoi

Tsukumo
NE Jomon
Ota

Kamikuroiwa

Minatogawa

2.13

1.69

2.07

2.64

1.99

2.89

2.17

2.22

3.60

4.34

O.93

1.06

1.71

1.25

1.10

2.02

2.e4

3.11

3.06

3.87

1.30

O.65

1.28

1.53

1.25

2.25

1.95

3.06

3.07

4.03

1.48

1.04

O.84

1.41

1.43

2.05

1.55

2.94

3.55

3.33

O.96

O.55

e.69

1.04

1.03

l.60

l.74

3.17

3.76

3.07

O.92

1.05

1.23

1.66

1.15

1.54

1.63

2.79

3.55

3.44

O.98

O.69

O.92

1.41

O.77

1.13

1.96

3.04

4.01

3.eo

1.48

1.35

1.30

1.23

Lll
1.74

1.58

2.3e

4.17

3.04

2.07

1.78

1.70

1.84

1.75

2.28

1.92

1.89

4.91

5.85

2.36

251
2.74

3.13

2.44

2.42

2.35

2.87

3.42

3.71

2.68

3.03

3.15

3.13

2.77

2.82

3.12

2.43

3.56

2.92

Upper right is horizontal outline and lower left midsagittal one.

Appendix 2. Non-size-standardized DIRs (Å~10e) for all female groups and individuals.

KYT NGT EDOKMR KFN YYI TSM NEJ OTA FJZ

R Kyoto
R Niigata

Edo
Kamakura
Kofun
Yayoi

Tsukumo
NE Jornon
Ota
Fujizuka
Early JomoR

1.49

1.88

2.43

2.09

2.27

3.21

2.10

2.34

4.26

1.14

1.01

1.72

1.36

1.60

2.40

2.38

2.64

3.62

1.75

Lll

1.24

1.27

1.43

2.30

2.45

2.90

3.37

3.44

2.95

2.oe

1.04

1.53

1.89

2.47

3.41

3.01

1.83

1.32

O.66

1.83

1.08

1.62

2.28

2.99

2.92

1.82

1.16

1.05

2.21

O.89

1.59

2.65

3.01

2.92

1.55

1.08

1.19

2.72

1.08

1.20

2.92

3.61

2.48

1.51

1.31

1.27

2.75

1.26

1.54

1.13

3.01

3.22

1.56

1.81

2.03

3.55

1.99

2.19

1.75

1.79

4.7e

1.30

1.60

2.14

3.58

1.94

1.88

1.69

1.86

1.50

Upper right is horizontal outline and lower left midsagittal one.
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Appendix 3.
neighboring

 Size-standardized
populations.

DIRs (Å~100) for ail male groups in the mainland Japan and

KYTNGT EDOKMRKFN YYI TSM NEJSKA SHA NNIKRANEC
R Kyoto
R Niigata

Edo
Kamakura
Kofun
Yayoi

Tsukufno

NE Jomon
Sakhalin Ainu

S Hokkaido
Nansei Is.

Korea

NE China

Ainu

2.20

1.94

2.05

2.52

2.06

2.90

2.16

3.43

3.73

2.12

1.72

1.23

1.e3 1.36

     O.63
1.06

1.70 1.28
1.30 1.44

1.13 1.23

2.01 2.27

2.00 2.02
1.96 2.12

2.28 2.37
1.81 1.55

3.le 2.76
1.97 1.78

1.52

1.02

O.83

1.39

1.43

2.05

1.57

2.10

2.18

1.28

3.11

1.9e

1.eg o.go

O.60 1.11

e.68 1.29
1.05 1.72

     1.14
1.03

1.61 1.55

1.60 1.63

1.29 1.88

1.S4 2.25

1.70 1.61

3.72 3.01

2.35 1.75

1.e9 1.56

O.73 1.39
O.94 1.28

1.49 1.22

O.81 1.19
1.10 1.73

     158
1,94

2.29 2.42
2.25 2.41

2.33 1.70
3.92 3.26

2.65 1.94

1.32

O.85

O.76

O.93

O.90

1.42

1.26

1.14

1.35

2.31

4.43

3.e9

1.89 1.08

1.61 O.58

1.42 O.80

e.82 e.95
1.65 O.53

2.11 1.21
1.84 e.97

1.24 1.05

1.24 O.73

     1.41
2.22

4.64 3.13
3.42 2.12

1.79

1.89

2.11

2.68

2.13

151
1.76

2.73

2.17

3.17

2.e4

1.99

1.15

1.25

1.62

2.06

1.52

1.04

1.28

2.09

155
2.55

1.45

O.95

Upper right is horizontal outline and lower left mdsagittal ene.

AppeRdix 4.
neighboring

Size-standardized
populatioRs.

DIRs (Å~leO) for all female groups in the mainland JapaR and

KYTNGT EDOKMRKFN YYI TSM NEJSKA SHA NNIKRANEC
R Kyoto
R Niigata

Edo
Kamakura
Kofun
Yayoi

Tsukumo
NE Jomon
Sakhalin Ainu

S Hokkaido
Nansei Is.

Korea
NE China

Ainu

1.48

1.88

2.44

2.10

2.27

3.2e

2.21

3.46

2.00

1.63

1.99

1.67

1.18 1.70

     1.le
1.01

1.72 1.24

1.36 1.26

1.61 1.43

2.39 2.29
2.52 2.47
2.51 2.17
1.37 1.46

1.19 1.4e

3.19 3.41

1.41 1.47

3.35

2.89

2.01

1.03

1.53

189
2.47

1.95

1.51

1.56

3.93

1.73

1.67 1.77

1.23 1.15

O.81 1.05
1.96 2.19

     O.97
1.08

1.61 1.59

2.28 2.73
1.87 2.02

1.23 1.74

1.27 1.58

3.60 3.82
1.42 1.81

1.53 1.44
1.06 1.24

1.25 1.31

2.77 2.81

1.21 1.37

1.24 1.56

     1.13
2.93

1.8S 3.02
2.24 2.le
2.24 1.87
4.73 3.e9
2.69 2.52

2.33 2.76
1.77 2.33

1.24 1.47

1.47 1.30

1.06 1.81

1.13 1.99

1.54 2.51

1.88 2.40

     1.64
1.93

2.20 1.52
5.02 3.26

2.59 1.32

1.98

1.45

O.96

1.97

O.99

1.e6

1.26

1.44

O.92

1.66

2;?

1.5e

1.83

2.71

4.46

2.82

2.74

2.60

2.34

3.46

3.52

2.84

2.85

1.15

O.82

1.32

3.26

1.87

1.64

1.63

1.57

2.33

2.44

1.63

2.16

Upper right is horizontal outline and lower left mdsagittal one.
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EXPLANATION OF FIGURES 5-32, 35-38, 42, AND 43

Fig. 5. MDS analysis using the DIRs for the Minatogawa man and Jomon males: A, horizontal
outline; B, midsagittal outiine.

Fig. 6. MDS analysis using the DIRs for the 3omon females: A, horizontal outline; B, midsagittal
outline.

Fig. 7. Comparison between two local latelfinal Jomon male groups from the Tsukumo site (n =
7 in both outlines, solid line) and Northeastern Japan (n==8 in midsagittal and n=:le in horizontal,

broken line). Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal
outline. Zone within two thin lines is 95% confidence limit for averaged outline. Innermost lines
are C. V.xe.5. Arrows indicate the differeRces between two groups.

Fig. 8. Comparison between two local late/final Jomon female groups the Tsukumo site (n==9 in
both outlines, solid line) and Northeastern Japan (n==8 in midsagittal and n =6 in horizontal,
broken line). Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal
outline. See the explanation of Fig. 7.

Fig. 9. MDS analysis using the DIRs for the Yayoi males: A, horizontal outline; B, midsagittal
outline.

Fig.10. MDS analysis using the DIRs for the Yayoi females: A, horizontal outline; B,
midsagittal outline.

Fig. 11. MDS analysis using the DIRs for the Kofun males: A, horizontal outline; B, midsagittal
outline.

Fig.l2. MDS analysis using the DIRs for the Kofun females: A, horizontal outline; B,
midsagittal outline.

Fig. 13. Comparison between two recent local male groups from Niigata (n :50 in midsagittal
and n=:51 in horizontal, solid line) and Kyoto (n = 60 in midsagittal and n==56 in hroizontal,
broken line). Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal
outline. See the explanation of Fig. 7.

Fig. I4. Cornparison between two recent local female groups from Niigata (n==41 in midsagittal
aRd n = 40 in horizontal, solid line) and Kyoto (n =70 in both outlines, broken line). Averaged
outlines were size-standardized: A, horizontal outline; B, midsagittal outline. See the explanation
of Fig. 7.

Fig. 15. MDS analysis using the DIRs for the Ainu and Okhotsk culture males: A, horizontai
outline; B, midsagittal outline.

Fig. I6. MDS analysis using the DIRs for the Ainu and Aleut females: A, horizontal outline; B,
midsagittal outline.

Fig.17. ComparisoR between two Ainu local male groups from Sakahalin (n=:21 in both
outlines, solid line) and southwestern Hokkaido (n = 8 in both outlines, broken line). Averaged
outlines were size-standardized: A, horizontal outline; B, midsagittal outline. See the explanation
of Fig. 7.

Fig. 18. Comparison between two Ainu local female groups from Sakhalin (n==11 in midsagittal
aRd n =le in horizontal, solid line) and southwestern Hokkaido (n=10 in midsagittal and n=:8 in
horizontal, broken line). Averaged outlines were size-standardized: A, horizontal outline; B,
midsagittal outline. See the explanation of Fig. 7.

Fig. 19. Changes of the male cranial outlines from the latelfinal Jomon (Tsukumo; n==7 in both
outlines, solid line) to Yayoi (n=25 in both outlines, broken line) periods. Averaged outlines
were size-standardized: A, horizontal outline; B, midsagittal outiine. Zone within two thin Iines is

959o confidence limit for averaged outline. Innermost lines are C. V.xe.5. Arrows indieate the
differences between two groups.
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Fig. 20. Changes of the female cranial outliRes from the Iatelfinal Jomon (Tsukumo; R=9 in
both outiines, solid line) to Yayoi (n =11 in midsagittal and n =9 in horizontal, broken line)
periods. Averaged outlines were size-standardized: A, horizontal outiine; B, midsagittal outline.
See the explafiatiofi of Fig. 19.

Fig. 21. Changes of the male cranial outlines from the latelfinal 3omon (Northeastern; n==8 in
midsagittal and n :le in horizontal, solid liRe) to Yayoi (n==25 in both outlines, broken line)
periods. Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 22. Changes of the midsagittal outline of the female crania between the Northeastern late/
final jomon group (n==8, so}id line) and Yayoi people (n =11, broken line). Averaged outlines
were size-standardized. See the expianation of Fig. 19.

Fig. 23. Changes of the male cranial outlines from the Yayoi (n=:25 in both outlines, solid line)
to Kofun (n==4e iR midsagittal and n =36 in horizontal, broken line) periods. Averaged outlines
were size-standardized: A, horizontal outline; B, midsagittal outline. See the explanation of Fig.
19.

Fig. 24. Changes of the female cranial outlines from the Yayoi (n==11 in midsagittal and n= 9 in
horizontai, solid line) to Kofun (n=:21 in midsagittal and n=19 iR horizontal, broken line)
periods. Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 25. Changes of the male cranial outlines from the Kofun (n =40 in midsagittal and n = 36 in
horizontal, solid line) to Kamakura (n==27 in midsagittal and n :28 in horizontal, broken line)
periods. Averaged outlines were size-standardized: A, horizontal eutline; B, midsagittal outline.
See the explaRation of Fig. 19.

Fig. 26. Changes of the female cranial outlines from the Kofun (n==21 in midsagittal and n==19
in horizontal, solid liRe) to Kamakura (n=13 in midsagittal and n==10 in horizontal, broken line)
periods. Average outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 27. Changes of the male cranial outlines from the Kamakura (n =27 in midsagittal and n==28
in horizontal, soiid line) to Edo (n=:57 in midsagittal and n=55 in horizontal, broken line)
periods. Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 28. Changes of the fefnale cranial outiines from the Kamakura (n = 13 in midsagittal and n=
10 in horizontal, solid line) to Edo (n=:29 in midsagittal and n=:27 in horizontal, broken Iine)
periods. Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 29. Changes of the male cranial outlines from the Edo period (n==57 in midsagittal and n=:
55 in horizontal, solid line) to recent tirries (Niigata; n =50 in midsagittal and n=:51 in horizontal,

broken line). Averaged outline were size-standardized: A, horizoRtal outline; B, midsagittal
outline. See the explanation of Fig. 19.

Fig. 30. ChaRges of the female cranial outlines from the Edo period (n=:29 in midsagittal andn=
27 iR horizoRtal, solid line) to recent times (Niigata; n== 41 in midsagittal and n :40 in horizontal,

broken line). Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal
outline. See the explanation of Fig. 19.

Fig. 31. Changes of the male cranial outlines from the Edo period (n==57 in midsagittal and n :
55 in horizontal, solid line) to recent tirnes (Kyoto; n=:6e in midsagittal and n=56 in horizontal,

broken line) periods. Average outlines were size-standardized: A, horizontal outline; B,
midsagittal outline. See the explanation of Fig. 19.

Fig. 32. Changes of the fefnale cranial outlines from the Edo period (n =29 in midsagittal and
n =27 in horizontal, solid line) to recent times (Kyoto; n= 70 in both outlines, broken line)
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periods. Averaged outlines were size-standardized: A, horizontal outline; B, midsagittal outline.
See the explanation of Fig. 19.

Fig. 35. MDS analysis of the craRial shape changes in maies based on the intergroup DIRs: A,
herizontal outline; B, midsagittal outline.

Fig. 36. MDS analysis of the cranial shape changes in females based on the intergroup I)IRs: A,
horizoRtal outline; B, midsagittal outline.

Fig. 37. Partial deformations occurred in the changes of cranial form in males. Each ellipsis
shows the rnagnitude of deformation, and cross shows the orientation of maximum and minimum
dilatations. See the legend of Fig. 34 for abbreviations.

Fig. 38. Partial deformations occurred in the change of cranial form in females. See the legends
of Figures 34 aBd 37.

Fig.42. Relationship among the male groups of the mainland Japanese and neighboriRg
populations, based on the size-standardized DIRs.

Fig.43. Relationship among the female groups of the mainland Japanese and neighboring
populations, based on the size-standardized DIRs.
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