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ABSTRACT Variation in limb proportions between
prehistoric Jomon and Yayoi people of Japan are explored
by this study. Jomon people were the descendents of Pleis-
tocene nomads who migrated to the Japanese Islands
around 30,000 yBP. Phenotypic and genotypic evidence
indicates that Yayoi people were recent migrants to Japan
from continental Northeast Asia who likely interbred with
Jomon foragers. Limb proportions of Jomon and Yayoi peo-
ple were compared using RMA regression and ‘‘Quick-Test’’
calculations to investigate relative variability between
these two groups. Cluster and principal components analy-
ses were performed on size-standardized limb lengths and
used to compare Jomon and Yayoi people with other
groups from various climatic zones. Elongated distal rela-
tive to proximal limb lengths were observed among
Jomon compared to Yayoi people. Jomon limb proportions

were similar to human groups from temperate/tropical cli-
mates at lower latitudes, while Yayoi limb proportions
more closely resemble groups from colder climates at
higher latitudes. Limb proportional similarities with
groups from warmer environments among Jomon foragers
likely reflect morphological changes following Pleistocene
colonization of the Japanese Islands. Cold-derived limb
proportions among the Yayoi people likely indicate reten-
tion of these traits following comparatively recent migra-
tions to the Japanese Islands. Changes in limb pro-
portions experienced by Jomon foragers and retention
of cold-derived limb proportions among Yayoi people
conform to previous findings that report changes in
these proportions following long-standing evolution in a
specific environment. Am J Phys Anthropol 137:164–174,
2008. VVC 2008 Wiley-Liss, Inc.

This study documents and interprets variation in limb
proportions between prehistoric Jomon foragers and
Yayoi agriculturalists from Japan. Variation in body pro-
portions such as surface area to body mass ratios and
brachial (radial relative to humeral length) and crural
(tibial relative to femoral length) indices may in part
reflect how humans biologically respond to climate and
altitude (Bergmann, 1847; Allen, 1877; Trinkaus, 1981;
Ruff, 1994; Holliday, 1997a; Katzmarzyk and Leonard,
1998; Weinstein, 2005; Auerbach, 2007; Temple, 2007a)
as well as the impact of stress on the human phenotype
(Meadows-Jantz and Jantz, 1999; Bogin et al., 2002;
Temple, 2007a).
Geographic distributions of limb length proportions

generally follow Allen’s rule (Ruff, 1994, 2002; Katzmar-
zyk and Leonard, 1998; and others). Allen’s rule states
that polytypic homeothermic organisms that evolve in
colder environments have shorter appendages; organ-
isms of the same species from warmer climates have
elongated appendages (Allen, 1877). Reduction of
appendage size decreases surface area for heat loss in
colder environments, while greater appendage size
increases surface area for improved evaporative cooling
in warm environments (Futuyma, 1998). The relation-
ship between body proportions and climate is assumed to
evidence ecogeographic adaptation in concert with natu-
ral selection because these trends cross numerous geo-
graphically diverse species and are not likely due to
chance (Mayr, 1963; Futuyma, 1998).
The earliest, widely-accepted colonization of the Japa-

nese Islands dates to around 30,000 BP, although earlier

dates are currently under evaluation (Imamura, 1996a).
These groups were part of a Paleolithic foraging tradi-
tion that persisted until approximately 13,000 BP, when
these cultures were subsumed under the Jomon spec-
trum (Imamura, 1996a). Jomon period foragers occupied
modern-day Japan for approximately 10,000 years
(13,000 to 2,500 yBP) (Imamura, 1996a). Cranio-dental
morphology suggests that Jomon people were the
descendents of Pleistocene nomads who migrated to Ja-
pan from either Southeast or North/Central Asia around
30,000 yBP (Hanihara, 1991; Turner, 1976, 1990, 1992;
Imamura, 1996a; Omoto and Saitou, 1997; Pietrusewsky,
1999; Hanihara and Ishida, 2005; Matsumura and Hud-
son, 2005; Hammer et al., 2006; Seguchi et al., 2007).
Genetic variation among current Ainu populations, the
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living descendents of Jomon people, supports a North-
eastern or Central Asian origin for the ancestors of Jomon
foragers (Omoto and Saitou, 1997; Hammer et al., 2006).
Similar sources of data indicate that Yayoi period

(2,500–1,700 yBP) agriculturalists were the descendents
of people from modern-day Korea or northern China who
migrated to Japan and interbred to varying degrees with
indigenous Jomon foragers (Brace and Nagai, 1982;
Hanihara, 1991; Nakahashi, 1995; Omoto and Saitou,
1997; Pietrusewsky, 1999; Hammer et al., 2006). Migra-
tions from continental Asia during the Yayoi period
introduced wet rice agriculture to the Japanese Islands
(Imamura, 1996a,b; Hudson, 1999; Tsude, 2001). This
pattern of subsistence differed from the plant gathering/
domestication and fishing/hunting based economies of
the Jomon period (Imamura, 1996a,b; Tsude, 2001;
Matsui and Kanehara, 2006).
Tool kit distributions indicate that Jomon foragers

from eastern Japan had a more sophisticated system of
maritime food procurement compared to those from
western and inland regions (Akazawa, 1987, 1999). Such
differences are supported by studies of enamel hypopla-
sia that indicate a greater level of stress for Jomon peo-
ple from western compared to eastern Japan in concert
with less sophisticated maritime food procurement sys-
tems (Temple, 2007b). Variation in stress levels related
to diet among Jomon period foragers was not drastic,
however, as stature between these regions did not differ
(Temple, 2008). In addition, dental caries prevalence sug-
gests that Jomon people consumed significant amounts
of starchy carbohydrates, especially following climate
changes recorded around 4,300 yBP (Temple, 2007b).
This shift in diet did not precipitate an agricultural
economy per se, as evidence for significant energy ex-
penditure on the care of plants is not recorded among
Jomon period foragers (Imamura, 1996a,b; Tsude, 2001;
Matsui and Kanehara, 2006).
Significant energy expended on the care of domesti-

cated plants is recorded during the Yayoi period in the
form of large-scale agricultural ecosystems based around
wet rice farming (Imamura, 1996b; Hudson, 1999; Tsude,
2001). Precipitous increases in carious tooth frequencies
follow this economic shift and bear further testament to
the importance of carbohydrate-heavy crops during the Yayoi
cultural horizon (Temple and Larsen, 2007; and others).
Cranial and dental size and shape varied between

Jomon and Yayoi people in association with environ-
ment and gene flow (Suzuki, 1969; Brace and Nagai,
1982; Mizoguchi, 1986; Hanihara, 1991; Turner, 1992;
Matsumura, 1995; Nakahashi, 1995; Pietrusewsky,
1999; Okazaki, 2004). This variability is further illus-
trated through differences in limb proportions between
the two groups (Kato and Ogata, 1989; Yamaguchi,
1989). Previous studies report that Jomon foragers had
higher brachial and crural indices than Yayoi people
and were similar in limb proportions to low latitude,
tropical groups such as the African San (Yamaguchi,
1989). In this (i.e., Yamaguchi, 1989) and other studies
(i.e., Wada and Motomura, 2000), differences in limb
proportions between Jomon and Yayoi people were ana-
lyzed via bivariate methods that did not explain rela-
tive limb variability. Statistical comparisons of the limb
proportions between Jomon and Yayoi people and
groups from different ecogeographic regions were also
not performed.
This study extends previous research (i.e., Yamaguchi,

1989; Kato and Ogata, 1989; Wada and Motomura, 2000)

by employing statistical analyses that help explain how
relative limb length differed between Jomon and Yayoi
people. Size-standardized limb lengths are then incorpo-
rated into multivariate statistical procedures that are
used to reveal underlying similarities between Jomon
and Yayoi people with samples from different ecogeo-
graphic regions. These patterns of variation are then dis-
cussed and interpreted within the context of Jomon and
Yayoi environment and migration.
The above-mentioned goals for this study are realized

by testing three specific hypotheses. First, the basic hy-
pothesis that Jomon and Yayoi people express significant
differences in tibial relative to femoral length and radial
relative to humeral length is tested. Second, the hypoth-
esis that this pattern of variation will be associated with
comparatively reduced distal relative to proximal limb
length among Yayoi people and comparatively increased
distal relative to proximal limb length among Jomon
people is tested. Third, the hypothesis that Jomon limb
proportions are similar to those of people from temper-
ate/tropical climates at lower latitudes, while Yayoi limb
proportions are similar to those of people from higher
latitude, colder environments is tested.

MATERIALS

This study focuses on Jomon foragers who occupied
the coastal regions of eastern and western Honshu as
well as Yayoi people from western Honshu and northern
Kyushu (see Fig. 1). Data were collected from human
skeletal remains excavated from four archaeological sites
dated to the Late through Final Jomon period (4,000–
2,300 yBP). Data were also collected from human skele-
tal material recovered from three archaeological sites
dating to the Yayoi period (2,500–1,700 yBP). Curators,
dates, locations, and names of all sites from which data
were collected are listed and shown in Table 1 and Figure 1.
Regions associated with the Jomon and Yayoi skeletal

material included in this study are all located within the
temperate zones of Japan. Temperate climates average
temperatures greater than 108C during the warmest
months and 238 to 188C during the coldest months
(McKnight and Hess, 2004). Eastern and western Japan,
including the regions of Tokai through northern Kyushu,
experience annual temperatures that range between 08
and 378C with a mean annual temperature between 15 and
168C (Fukui, 1977). This land mass encompasses a northern
latitudinal range of approximately 33.68 through 35.08.
Comparative samples include 16 geographically

diverse groups (n 5 436) (Table 2). Approximate lati-
tudes combined with the Köppen climatic classification
of each group (McKnight and Hess, 2004) are also
included in Table 2. The Köppen climatic system is based
on similarities in native vegetation combined with an-
nual temperatures and precipitation rates (McKnight
and Hess, 2004). All comparative samples have a mini-
mum number of 10 individuals.
One exception to this requirement is the Minatogawa I

postcranial measurements (derived from Baba and Endo,
1982). Minatogawa I represents the most complete cur-
rently known human skeleton associated with the Paleo-
lithic cultures of Japan (Suzuki, 1982; Baba and Endo,
1982). Skeletal remains of the Minatogawa I individual
were excavated from the Minatogawa fissure on Oki-
nawa Island. Minatogawa has been dated to approxi-
mately 18,000 yBP based on radiocarbon analysis of
charcoal fragments (Matsu’ura, 1982). Craniometric
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studies suggest that the skeletal remains of Minatogawa
I do not represent a direct ancestor of Jomon people, but
that the individual was possibly derived from the same
migratory group (Suzuki, 1982; Baba et al., 1999). Meas-
urements for Minatogawa I are included here to under-
stand how the body form associated with early inhabi-
tants of the Japanese Islands, specifically Okinawa
Island, compare with later prehistoric people.
Craniometric and dental morphological data indicate

that long-standing in situ evolutionary processes are
associated with the morphological features exhibited by
the comparative samples drawn from North- and South-

east Asia (Pietrusewsky, 2005, 2006). It should, however,
be noted that interpretations of dental morphology sug-
gest that Northeast Asian people may have migrated to
and bred with the indigenous people of Southeast Asia,
particularly Thailand (Matsumura and Hudson, 2005;
Matsumura, 2006). These biological interpretations are,
however, largely based on dental material excavated
from archaeological sites that are not included in this
study. This suggests that the present comparative sam-
ples drawn from North- and Southeast Asia should ex-
hibit limb proportions that were likely not influenced by
significant gene flow from surrounding environments.

Fig. 1. Map indicating archaeological sites yielding the Jomon and Yayoi skeletal remains utilized by this study. Jomon: A) Tsu-
kumo; B) Inariyama; C) Yoshigo; D) Hobi. Yayoi: 1) Kanenokuma; 2) Doigahama; 3) Koura.

TABLE 1. Sites, dates, and curatorial centers for the Jomon and Yayoi skeletal material

Site Period Dates Institution

Hobi Late/Final Jomon 4000–2500 BP University Museum, Tokyo
Inariyama Late/Final Jomon 4000–2500 BP Kyoto University
Tsukumo Late/Final Jomon 4000–2500 BP Kyoto University
Yoshigo Late/Final Jomon 4000–2500 BP Kyoto University
Doigahama Yayoi 2500–1400 BP Kyushu University
Kanenokuma Yayoi 2500–1400 BP Kyushu University
Koura Yayoi 2500–1400 BP Kyushu University
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A number of samples used by this study to model eco-
geographic variation originate from outside Asia (Table
2). Limb proportions should, however, remain consistent
between groups from similar climates, regardless of
ancestry, assuming these groups occupied their respec-
tive environments for sufficient time (Holliday and Ruff,
1997). All samples that originate from regions outside of
Asia have limb proportions that conform to ecogeo-
graphic expectations (Ruff and Walker, 1993; Holliday,
1995, 1997a; Auerbach, 2007).

METHODS

Sex determination and osteometric
measurements

Jomon and Yayoi samples were divided into male and
female groups. Biological sex was determined using mor-
phological features of the pelvis such as ventral arc pres-
ence, thickness of the ischiopubic ramus, subpubic con-

cavity, and greater sciatic notch shape (Phenice, 1969;
Walker et al., 2005). Morphological features of the skull
were not used to determine sex as these methods have
proven unreliable in the absence of population-specific
discriminant functions applied to cranial measurements
(Meindl et al., 1985). Table 3 lists the sex-specific sample
sizes used in the bivariate and multivariate methods
described below. Numbers of individuals that constitute
the bivariate samples differ from those used for the mul-

TABLE 2. Comparative samples

Group N #:$ Institution3 Latitude Climate Reference

Inupiat, Kodiak Island 18 10:8 NMNH 58.08 N Polar Holliday, 1995, 1997a

Sadlermiut, Southampton Island 54 26:28 CMC 64.18 N Polar Auerbach, 2007

19th/20th CE Ainu, Hokkaido 11 7:4 Sapp. Med. Univ. 43.08 N Continental
Microthermal

This Study

Late Iron Age Poundbury, UK 50 26:24 NHM 508 N Temperate Auerbach and Ruff, 2004

Early Archaic, Windover Pond, FL 40 17:23 FSU 28.68 N Temperate Auerbach, 2007

Early Medieval, Straßkirchen,
Germany

39 13:26 SfAP 48.98 N Temperate Auerbach and Ruff, 2004

Edo Period, Japan 21 12:9 Kyoto Univ. 40.08 N Temperate Auerbach and Ruff, 2004

Pueblo IV, Cliff Dwellings,
Puye, NM

37 20:17 NMNH 35.98 N Temperate Auerbach, 2007

Shi San Hang, Taiwan 11 4:7 Acad. Sinica; SMA 258 N Temperate Pietrusewsky, 2001;
Pietrusewsky and Tsang, 2003

Late Pleistocene, Okinawa Island,
Minatowgawa I

1 1:0 UTOK 26.08 N Temperate Baba and Endo, 1982

Late 19th CE Aboriginal
Australians

26 8:18 AMNH; NMNH;
DC; MdH; MNdAE;
NM; NHM

27.08 S Tropical Auerbach and Ruff, 2004

‘‘Negrito’’ Philippines 27 6:21 MdH 13.08 N Tropical Auerbach and Ruff, 2004

African Pygmy 10 3:7 IRSN; Univ. Gen 2.08 N Tropical Holliday, 1995, 1997a

19th CE South African San 19 8:11 SAM 25.08 N Tropical Slome, 1929

Ban Chiang, Non Nok Tha,
Thailand1,2

15 14:1 Univ. Hawai‘i;
UNLV; MUMS

16.58 N Tropical Pietrusewsky and Douglas,
2002; Douglas, 1996

Uganda 46 19:27 MU; KNM 0.08 N Tropical Ruff and Walker, 1993

1 Ban Chiang postcranial measurements are available via the World Wide Web: http://seasia.museum.upenn.edu/skeletal/
banchiang_data.htm
2 Non Nok Tha postcranial measurements are available via the World Wide Web: http://seasia.museum.upenn.edu/skeletal/nonnoktha_
data.htm
3 Acad. Sinica: Academia Sinica, Taipei, Taiwan; AMNH: American Museum of Natural History, New York, NY; DC: Duckworth Osteo-
logical Collection, Cambridge, UK; IRSN: Institut Royale des Sciences Naturelles, Brussels, Belgium; KNM: Kenya National Museum,
Nairobi, Kenya; Kyoto Univ: Kyoto University, Kyoto, Japan; MdH: Musée de l’Homme, Paris, France; MNdAE: Muzeo Nationale di
Antropologia e Etnologia, Florence, Italy;MU: Makerere University, Kampala, Uganda;MUMS: Maidol University Medical School, Siriraj
Hospital, Bangkok, Thailand; NM: Naturhistorishes Museum, Vienna, Austria; NHM: Natural History Museum, London, UK; NMNH:
National Museum of Natural History, Washington, DC; Sapp. Med. Univ: Sapporo Medical University, Sapporo, Japan; SAM: South
African Museum, Capetown, South Africa; SfAP: Staatssammlung für Anthropologie und Palaeoanatomie, Munich, Germany SMA:
ShihsanhangMuseum of Anthropology, Tapei, Taiwan;Univ. Gen: University of Geneva, Geneva Switzerland;Univ. Hawai‘i: University
of Hawai‘i, Manoa, HI;UNLV: University of Nevada at Las Vegas, Las Vegas, NV;UTOK: University of Tokyo, Tokyo, Japan.

TABLE 3. Sex specific samples

Group
N RL
vs. HL

N TL
vs. BFL

N Multivariate
Sample

Jomon Female 32 28 14
Jomon Male 39 40 29
Total Jomon 71 68 43
Yayoi Female 29 27 21
Yayoi Male 33 28 20
Total Yayoi 62 55 41
Total Combined 133 123 84
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tivariate methods because bivariate comparisons relied
only on preservation of the tibia and femur or humerus
and radius rather than all four elements.
All long bone measurements were collected with a

standard osteometric board and recorded to the nearest
millimeter. Each bone for the Jomon and Yayoi samples
was measured three times by DHT with the maximum
or modal measurement recorded as correct. Under cir-
cumstances where the modal measurement fell below
the maximum, the modal measurement was used. Bicon-
dylar femoral length (BFL), tibial length (TL) (measured
from the most superior point of the lateral condyle to the
most inferior point of the medial malleolus), maximum
humeral length (HL), and maximum radial length (RL)
were measured to examine variation in limb proportions
according to standard protocols (Buikstra and Ubelaker,
1994). BFL measurements were not available for the
Yayoi sample. Maximum femoral length (MFL) measure-
ments were converted to BFL for the Yayoi sample by
multiplying MFL by 0.991. This factor represents the av-
erage ratio of BFL to MFL for modern Japanese and
Jomon foragers (Yamaguchi, 1989). It was necessary to
convert MFL to BFL for the Yayoi sample because the
majority of comparative studies interested in relative
limb length and ecogeographic expectations compare these
measurements as TL relative to BFL (e.g., Trinkaus, 1981;
Holliday, 1995, 1997a,b; Weinstein, 2005).

Comparison of Jomon and Yayoi limb proportions

Log-transformed limb lengths were used to evaluate
differences and similarities in RL relative to HL and TL
relative to BFL. Relative variation in Jomon and Yayoi
long bone lengths were compared according to sex-spe-
cific groups because these indices are often different for
males and females (Trinkaus, 1981; Yamaguchi, 1989).
Log-transformed measurements of TL relative to BFL as
well as RL relative to HL were compared using reduced
major axis (RMA) regression combined with the ‘‘Quick-
Test’’ method described by Tsutakawa and Hewett
(1977). RMA regression is used because these data were
measured with error and do not include dependent and
independent variables (Sokal and Rohlf, 1995). The
‘‘Quick-Test’’ calculation tests the null-hypothesis that
the joint distribution of measurements (X, Y) above and
below the RMA regression line for any two samples does
not significantly differ (Tsutakawa and Hewett, 1977).
These methods help test the hypotheses of the study by
graphically illustrating the relationship between Jomon
and Yayoi limb proportions and helping to explain how
these samples differ in terms of relative limb length.

Limb proportions and ecogeography

Prior to use of the multivariate statistical methods
outlined below, Jomon and Yayoi limb lengths were size-
standardized. This standardization follows procedures
described by Darroch and Mosimann (1985), where size-
standardized data are calculated as the ratio of each
variable to the geometric mean for all variables of a
given individual. Geometric means were derived by mul-
tiplying together every long bone measurement (BFL,
TL, HL, RL) for each individual and calculating the nth
root of this product (Darroch and Mosimann, 1985). The
nth root is determined by the overall number of meas-
urements for the individual. Thus, geometric means

derived from the samples under consideration take the
fourth root of this product.
Similarities in limb shape were calculated using hier-

archic cluster analysis with group average linkage meth-
ods (HL, RL, BFL, TL) and UPGMA output for all sam-
ples listed in Tables 1 and 2 to help depict similarities in
limb proportions between the Jomon, Yayoi, and groups
from similar environments. Cluster analysis of size-
standardized limb lengths were utilized by previous
research to portray similarities in limb proportions
between Neandertals and modern human groups drawn
from various climates (Holliday, 1997a). It is important
to note that close clustering of groups based on limb
shape does not necessarily reflect close biological ances-
try. Rather, the purpose for using cluster analysis was to
examine similarities and differences in morphology
related to ecogeographic variation. Thus, similarities in
limb shape between distantly related groups are possi-
ble. Principal components analysis of size-standardized
limb lengths was then used to explain how these varia-
bles contributed to variation in limb proportions between
these groups.
Multivariate procedures used a pooled sex sample.

Previous multivariate analyses of limb proportions per-
formed calculations on males and females separately to
offset biases stemming from size-dimorphism (Weinstein,
2005). This study differs from Weinstein, 2005) by using
size-standardized limb lengths in the multivariate analy-
ses. Past studies (i.e., Holliday, 1997a) also pooled males
and females together after skeletal measurements were
standardized for size. It is noted that size is sometimes
correlated with shape in inter-sex or species comparisons
even after measurements are standardized by individual
geometric means (Mosimann, 1987; Jungers et al., 1995)
and this may create unrealistic similarities between
groups of different sizes (Corruccini, 1987). Errors such
as these are, however, mostly reported among distantly
related species or between males and females within spe-
cies that have considerable levels of sexual dimorphism
(Corruccini, 1987; Jungers et al., 1995).

RESULTS

RMA regression plots of RL relative to HL and TL rel-
ative to BFL are reported in Figures 2 through 5. Table
4 lists the results of the ‘‘Quick-Test’’ analysis performed
on these data. Jomon males and females were statisti-
cally significantly more frequently observed above the
RMA regression line for RL relative to HL and TL rela-
tive to BFL, while Yayoi males and females were more
frequently observed below the RMA regression line for
RL relative to HL and TL relative to BFL. This relation-
ship appears to be driven by longer radii and tibiae rela-
tive to humeri and femora among Jomon compared to
Yayoi people, or alternatively, shortened tibiae and radii
relative to femora and humeri among Yayoi compared to
Jomon people. This finding supports the first hypothesis
of the study by illustrating significant differences in rel-
ative limb length between Jomon and Yayoi people. In
addition, the second hypothesis that predicts greater dis-
tal relative to proximal limb lengths among Jomon com-
pared to Yayoi people and reduced distal relative to prox-
imal limb length among Yayoi compared to Jomon people
is also supported.
Two important similarities are revealed by the cluster

analysis of size-standardized limb lengths. First, Jomon
limb shape is similar to groups from tropical environ-
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ments at lower latitudes (see Fig. 6). These groups
include samples from Africa, Australia, Florida, the Phil-
ippines, and Thailand. Second, similarities between the
Yayoi and individuals from higher latitudes and colder
environments are observed. These groups originate from
Alaska (Inupiat), Germany, England, and Kyoto. This

finding supports the third hypothesis of the study that
predicts greater similarity in limb shape between Jomon
people and groups from warm, low latitude environ-
ments and Yayoi people with groups from colder, high
latitude locations. In addition, it is important to note
similarity in limb proportions between Minatogawa I
and groups from colder, high latitude environments.
Similarities in limb proportions between the modern
Japanese sample from Kyoto with the Yayoi and other
groups from colder, high latitude environments are also
observed.
Principal components analysis bears out both the simi-

larities and differences of limb shape between these
groups (Table 5; Fig. 7). Eigenvectors of the first princi-
pal component contribute to approximately 50.9% of the
variation observed between these groups. Eigenvectors
of the first principal component contrast femoral and
humeral length with tibial and radial length. This indi-
cates that the first principal component is related to
shape that illustrates variation in distal and proximal
limb elements. Here, Jomon limb proportions are similar
to groups from warmer, low latitude environments.
These groups have elongated distal relative to proximal
limb lengths. Yayoi agriculturalists appear to exhibit
similarities in limb proportions with groups from colder,
high latitude environments in association with reduced
distal relative to proximal limb lengths.
Eigenvectors of the second principal component

account for 34.6% of the variation between these groups
and contrast femur and tibia with humerus and radius.
This indicates that the second principal component is
related to shape that illustrates variation associated
with upper versus lower limb segments with notable

Fig. 4. Bivariate plot with RMA regression line of log-trans-
formed RL relative to HL for males. Jomon are represented by
open circles; Yayoi are represented by shaded squares.

Fig. 3. Bivariate plot with RMA regression line of log-trans-
formed TL relative to BFL for females. Jomon are represented
by open circles; Yayoi are represented by shaded squares.

Fig. 5. Bivariate plot with RMA regression line of log-trans-
formed TL relative to BFL for males. Jomon are represented by
open circles; Yayoi are represented by shaded squares.

TABLE 4. Results of Quick-Test analysis on limb indices

Index Males Females

TL vs. BFL Jomon[ Yayoi
(P � .004)

Jomon[ Yayoi
(P � .002)

RL vs. HL Jomon[ Yayoi
(P � .004)

Jomon[ Yayoi
(P � .05)

Fig. 2. Bivariate plot with RMA regression line of log-trans-
formed RL relative to HL for females. Jomon are represented by
open circles; Yayoi are represented by shaded squares.
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exception to the Philippines sample. It is possible that
this result is associated with greater climatic susceptibil-
ity for the lower compared to upper limb, where differ-
ences between RL relative to HL are less pronounced
than those observed in TL relative to BFL. Limb propor-
tion variation related to climate is often more pro-
nounced in the lower limb (Trinkaus, 1981; Yamaguchi,
1989; this study), while secular studies of relative limb
length indicate a relatively faster rate-of-change in the
lower limb following migration and environmental diver-
sification of indigenous groups from the New World
(Auerbach, 2007).

DISCUSSION

Jomon limb proportions

Relatively increased distal limb length among Jomon
compared to Yayoi people is observed. Jomon foragers
have similar limb proportions to groups from temperate
and/or tropical environments from lower latitudes. This
pattern of variation could be the outcome of two possible
evolutionary scenarios. First, the Paleolithic ancestors of
Jomon people may have arrived in Japan from a temper-
ate/tropical environment and retained limb proportions

associated with such climates. In contrast, the second
scenario proposes that limb proportions of the earliest
Paleolithic foragers from Japan were initially similar to
high latitude groups from colder environments, but
changed after experiencing the warmer environment of
Japan over considerable amounts of time.
Either of these scenarios is possible given the fact that

Pleistocene Japan was climatically mild: Pleistocene
ancestors of the Jomon people arrived in Japan around
30,000 yBP (Imamura, 1996a). The last glacial maximum
in Japan (25,000–10,000 yBP) is characterized by glacial
spread only on the mountain peaks of Honshu and Hok-
kaido and coniferous trees adapted to warm, moist envi-
ronments in Honshu and Northern Kyushu (Tsukada,
1986). Postglacial warming is recorded from 10,000
through 4,300 yBP. Mean annual temperatures during
this time were 38C warmer than modern climates across
the Japanese Islands. Cooling trends began around
4,300 yBP and are associated with a rise in Fagus,
Tsuga soeboldii, Abies firma, and general coniferous for-
ests (Tsukada, 1986).
The Sundaland is a biogeographical region that

includes the Sunda Platform and Shelf. The Sunda Plat-
form supports the Malay Peninsula and Archipelago as
well as the Philippine Islands, Java, Palawan, Sumatra,
and Borneo, while the Sunda Shelf is a southerly exten-
sion of the Southeast Asian continent. These regions
(i.e., the Sunda Shelf and Platform) were exposed during
the Pleistocene, making the Sundaland a contiguous
landmass. Pollen spectra indicate that the environmen-
tal characteristics of Pleistocene Sundaland included
tropical lowland forests and mangrove trees set along
the edges of rivers, while mountain environments were
primarily associated with rainforest (Sun et al., 2000).
Tropical environments for the Sundaland are further
supported by Late Pleistocene faunal assemblages recov-
ered from Borneo including pigs (Sus barbatus), leaf eat-
ing monkeys and macaques, and monitor lizards (Barker
et al., 2007). Global variation in human tooth size and

TABLE 5. Principal components analysis of size-standardized
limb lengths for Jomon, Yayoi, and comparative samples

Principle
Components BFL TL HL RL % VAR

Eigenvectors of PC1 0.673 20.407 0.442 20.431 50.9
Eigenvectors of PC2 0.497 0.640 20.487 20.327 34.6

Fig. 7. Principal components graph of size-standardized
limb lengths for Jomon, Yayoi, and comparative samples. Com-
parative sample titles follow those listed in Figure 6.

Fig. 6. UPGMA output of hierarchic cluster analysis per-
formed on size-standardized limb lengths of Jomon, Yayoi, and
comparative samples: Inupiat, Kodiak Island (Inupiat); Sadler-
miut, Southampton Island (Sadlermiut); 19th/20th CE Ainu,
Hokkaido (Ainu); Late Iron Age Poundbury, UK (England);
Early Archaic, Windover Pond, FL (Florida); Early Medieval,
Strabkirchen Germany (Germany); Edo Period, Japan (Kyoto);
Pueblo IV, Cliff Dwellings, Puye, NM (New Mexico); Shi San
Hang, Taiwan (Taiwan); Late Pleistocene, Okinawa Island, Min-
atowgawa I (Minatogawa); Late 19th CE Aboriginal Australians
(Aborigine); ‘‘Negrito’’ Philippines (Philippines); African Pygmy
(Pygmy); 19th CE South African San (San); Ban Chiang, Non
Nok Tha, Thailand (Thailand); Uganda (Uganda).
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shape supports the clustering of Jomon foragers with in-
digenous groups from Australia, Melanesia, and South-
east Asia (Hanihara and Ishida, 2005; Matsumura and
Hudson, 2006). More specifically, however, Jomon people
possess a battery of dental traits associated with sunda-
donty (Turner, 1992). These dental traits date to the
Late Pleistocene and were characteristic of people who
initially colonized Sundaland (Turner, 1990). Inhabitants
of Sundaland are hypothesized to have migrated to Ja-
pan, Northeast Asia, and Southeast Asia via this now
submerged land bridge around 30,000 yBP (Turner,
1990; Turner et al., 2000).
If Jomon people were descendents of the prehistoric

inhabitants of Sundaland, then it is likely that the
ancestors of the Jomon arrived in Japan with temperate/
tropical limb proportions. Thus, increased distal relative
to proximal limb lengths observed among Jomon people
would indicate retention of an ancestral trait and not bi-
ological adjustment to the late Pleistocene/early Holo-
cene climate of the Japanese Islands. It is, however, im-
portant to note that people with dental traits associated
with sundadonty migrated from Southeast Asia to north-
ern China and Siberia before 30,000 yBP (Turner et al.,
2000). These findings suggest that the sundadonty den-
tal pattern observed in Jomon people may reflect migra-
tions to Japan via Northeast Asia, rather than directly
from Sundaland. It is also important to point out that
the some of the dental traits associated with sundadonty
carry a reasonable degree of environmental influence
and low heritability (Nichol, 1988). Thus, the possibility
that Jomon people experienced a change in limb propor-
tions following the arrival of Pleistocene nomads to the
Japanese Islands from Northeast or North/Central Asia
is also quite likely.
Currently, North/Central Asia experiences annual tem-

peratures ranging from 24 to 118C with a considerably
cooler climate recorded during the last glacial maximum
(Zhuo et al., 1998). Levels of permafrost observed in the
Altai Mountains were, for example, approximately 1000
m lower than current levels (Zhuo et al., 1998). This
environment significantly differs from the mild condi-
tions reported for Late Pleistocene Honshu and Kyushu.
Biodistance analysis of morphometric and genetic data

indicates that the ancestors of Jomon people migrated to
Japan from colder environments. Similarities in cranio-
metric features are noted between Jomon people and
those from modern Japan, mainland China, and Taiwan
(Pietrusewsky, 1999). Cranio- and odontometric data
show closer relationships between Jomon people and
those of the archaic New World rather than those from
Neolithic China, Korea, or Southeast Asia; relationships
between Jomon people and those of the archaic New
World argue for a common North/Central Asian ancestry
for these populations (Seguchi et al., 2007). Genetic anal-
ysis of haplogroups (Y-chromosome) and polymorphic loci
on nuclear DNA, both collected from living Ainu, further
highlight similarities between Jomon and Northeastern
or North/Central Asian people (Omoto and Saitou, 1997;
Hammer et al., 2006). In addition, estimated body
breadth (via femoral head breadth) among Jomon forag-
ers is similar to groups from cold environments (Temple,
2007a), and in fact, comparable to the Minatogawa I
specimen (Baba and Endo, 1982). This finding is particu-
larly important to the results and interpretations of this
study because body breadth is a highly conserved trait
that reflects ancestral climatic adaptation (Ruff, 1994,
2002; Auerbach, 2007). Wide body breadths for Jomon

foragers and Minatogawa I are indicative of migrations
to Japan from a colder environment such as that
reported for North/Central Asia.
Inclusion of postcranial measurements from the Mina-

togawa I skeleton (derived from Baba and Endo, 1982)
in the cluster analysis suggests that the early inhabi-
tants of the Japanese Islands had limb shapes associated
with groups from higher latitudes and colder climates
(Figs. 6, 7). Minatogawa I only represents the remains of
a single individual. If, however, Minatogawa I shares a
common ancestor with Jomon people (see Suzuki, 1982;
Baba et al., 1999) and represents the limb shape of the
earliest inhabitants of the Japanese Islands, then Jomon
limb proportions represent morphological change experi-
enced after colonization of the Japanese Islands. Such
changes would have occurred over a period of approxi-
mately 20,000 years. This depth-of-time is similar to
that reported by past studies addressing secular change
in limb proportions (Holliday, 1997b; Auerbach, 2007).
Experimental studies of relationships between envi-

ronment and limb proportions suggest greater plasticity
in the distal elements. Mammals exposed to cold temper-
atures experience vasoconstriction of the distal appen-
dages, particularly the tibia, and shortening of these
limbs (Weaver and Ingram, 1969; Lee et al., 1969; Rie-
senfield, 1973), possibly in response to the inhibition of
epigenetic signals involved in growth (Serrat et al.,
2007). Greater variation of distal compared to proximal
limb segments is also observed in comparisons of relative
limb segment variability between broad cross-sections of
global populations (Holliday and Ruff, 2001). This indi-
cates that variation in limb proportions is driven by
plasticity of distal elements.
Similar proximal limb lengths between Jomon people

and the Minatogawa I specimen combined with evidence
for significant variation in distal limb lengths between
the two groups are observed (Baba and Endo, 1982). In
this sense, Jomon limb proportions may represent a
transitional variant between colder and temperate cli-
mates. Distal elements possibly responded to the envi-
ronment of Late Pleistocene and Holocene Japan
through elongation, while proximal elements remained
similar to ancestral groups.

Yayoi limb proportions

Yayoi people are characterized by short distal relative
to proximal limb segments and cluster with groups from
colder environments at higher latitudes, most notably,
modern Japanese (see Fig. 6). This result is not surpris-
ing given the consistency of findings that indicate Yayoi
people were the descendents of Northeast Asian
migrants to the Japanese Islands and, to a lesser extent,
Jomon foragers (Brace and Nagai, 1982; Mizoguchi,
1986; Hanihara, 1991; Turner, 1992; Nakahashi, 1995;
Matsumura, 1995; Omoto and Saitou, 1997; Pietrusew-
sky, 1999; Hammer et al., 2006). That is, once Yayoi pe-
riod migrants arrived in the Japanese Islands from
Northeast Asia, the majority of Jomon people, particu-
larly those in western Japan, were genetically subsumed
by these groups.
Environments in Northeast Asia differed from the

temperate climate of Holocene Japan. Modern Northeast
China and Korea are continental microthermal climates
with lower mean annual temperatures than Honshu and
Kyushu (Fukui, 1977; McKnight and Hess, 2004).
Indeed, palynological studies of Holocene Northeastern
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China indicate vegetation zones consisting of deciduous
broad leafed and mixed coniferous forests similar to
those found in colder, high latitude environments (Shi
et al., 1993). Comparatively wide body breadths also sup-
port the contention that the Yayoi people evolved in a
colder environment (Temple, 2007a). These findings sug-
gest that the Yayoi people had limb proportions that
indicate retention of cold-adapted morphology.
Depth-of-time is an important consideration regarding

the retention of cold-derived limb proportions among the
Yayoi people. Intralimb indices among Early Upper Pale-
olithic people from Europe are similar to groups from
warm, low latitude climates in association with migra-
tions into this region, most likely from Africa (Trinkaus,
1981; Holliday, 1997b). Evidence for brachial and crural
index variation among Early Upper Paleolithic humans
in response to the periglacial conditions of Europe are,
however, absent indicating that these changes occur over
significant periods of time (Trinkaus, 1981; Holliday,
1997b). This idea is also supported by tighter correla-
tions between the intralimb indices of immigrants with
the mean annual temperature found in their homeland,
rather than living location (Trinkaus, 1981). More
recently, secular studies of indigenous North Americans
have reported a significant depth-of-time between the
initial colonization of specific regions in the Americas
and changes in intralimb indices that correspond to spe-
cific climates (Auerbach, 2007). All Yayoi sites in this
study are dated to points very near the first arrival of
these migrant groups to Honshu and Northern Kyushu
(2,500 through 1,700 yBP). It is, therefore, likely that
the Yayoi people experienced little change in limb shape
in association with a relatively brief colonization of the
Japanese Islands. Similarity in limb proportions between
the Yayoi and modern Japanese samples (Figs. 6, 7),
which were separated by a temporal period of approxi-
mately 2,500 years, further supports this hypothesis.

CONCLUSIONS

This study documented relative limb length variability
and relationships between limb shape and climatic
adjustment between Jomon and Yayoi people. Jomon for-
agers had comparatively longer distal relative to proxi-
mal appendages when compared to Yayoi people. Multi-
variate analysis suggests Jomon people had limb propor-
tions that were similar to other groups from tropical/
temperate environments at lower latitudes, while Yayoi
people express limb proportions that were more similar
to groups who occupied colder environments at higher
latitudes.
Biodistance analyses indicate that the ancestors of

Jomon people migrated to Japan from North/Central or
Southeast Asia around 30,000 yBP (Turner, 1976;
Turner, 1990; Hanihara, 1991; Turner, 1992; Imamura,
1996a; Pietrusewsky, 1999; Matsumura and Hudson,
2005; Seguchi et al., 2007). Hypotheses suggesting a
North/Central or Northeast Asian ancestry for the ances-
tors of Jomon people are, however, supported by genetic
studies drawn from living Ainu (Omoto and Saitou,
1997; Hammer et al., 2007). Based on evidence that sug-
gests the ancestors of Jomon foragers migrated to Japan
from a colder environment, it is likely that Jomon limb
proportions changed following long-standing colonization
of the climatically mild Japanese Islands. In contrast,
Yayoi people, who represent a more contemporary series

of migrations to this region from Northeast Asia (Hani-
hara, 1991; Turner, 1992; Nakahashi, 1995; Omoto and
Saitou, 1997; Pietrusewsky, 1999; Hammer et al., 2006),
maintained cold-derived limb proportions. Both of these
observations conform to previous studies (i.e., Trinkaus,
1981; Holliday, 1997a; Auerbach, 2007) that suggest con-
siderable depths of time before limb proportions change
in response to climatic variation.

ACKNOWLEDGMENTS

The authors are grateful to Sam Stout, Kris Gremillion,
and Debbie Guatelli-Steinberg from The Ohio State Uni-
versity for their support of this research. Gratitude is
offered to Kazumichi Katayama, Naomichi Ogihara, and
Wataru Yano from Kyoto University as well as Gen Suwa,
Soichiro Mizushima, and Aiko Sasao from the University
Museum, University of Tokyo for providing DHT access to
and assistance with the Jomon skeletal material included
in this study. The authors also thank Takahiro Nakaha-
shi, Shozo Iwanaga, Koji Mizoguchi, Yoshiyuki Tanaka,
and Kenji Okazaki from Kyushu University for providing
DHT access to and assistance with the Yayoi skeletal col-
lections included this study. Acknowledgement is also due
to Hirofumi Matsumura (Sapporo Medical Univ.) for
allowing DHT access to and assistance with the Ainu
skeletal samples included in the comparative analysis sec-
tion. Trenton Holliday (Tulane Univ.), Michael Pietrusew-
sky (Univ. of Hawai’i), Chris Ruff (Johns Hopkins Univ.),
and Michele Toomay Douglas allowed the authors either
primary or internet-based access to data for the compara-
tive samples reported here. Brandie Stork (The Ohio
State Univ.) kindly provided assistance in collating refer-
ences. Lastly, the authors thank Chris Ruff and two anon-
ymous reviewers whose comments greatly improved this
manuscript.

LITERATURE CITED

Akazawa T. 1987. Variability in the types of fishing adaptation
of the later Jomon hunter-gatherers. In: Bailey G, Parkington
J, editors. The archaeology of prehistoric coastlines. Cam-
bridge: Cambridge University Press. p 78–92.

Akazawa T. 1999. Regional variation in Jomon hunting-fishing-
gathering societies. In: Omoto K, editor. Interdisciplinary per-
spectives on the origins of the Japanese. Kyoto: International
Research Center for Japanese Studies. p 223–231.

Allen JA. 1877. The influence of physical conditions on the gene-
sis of species. Rad Rev 1:108–140.

Auerbach BM. 2007. Human skeletal variation in the New
World during the Holocene: effects of climate and subsistence
across geography and time, Ph.D. dissertation, Johns Hopkins
University, Maryland.

Auerbach BM, Ruff CB. 2004. Human body mass estimation. A
comparison of mechanical and morphometric methods. Am J
Phys Anthropol 125:331–342.

Baba H, Endo B. 1982. Postcranial skeleton of Minatogawa
Man. In: Suzuki H, Hanihara K, editors. The Minatogawa
Man: the Upper Pleistocene man from the Island of Okinawa.
Tokyo: University Museum, University of Tokyo, Bulletin no.
19. p 61–195.

Baba H, Narasaki S, Ohyama S. 1999. Minatogawa fossil homi-
nid fossils and the evolution of Late Pleistocene humans in
East Asia. Anthropol Sc 106:27–45.

Barker G, Barton H, Bird M, Daly P, Datan I, Dykes A, Farr L,
Gilbertson D, Harrison B, Hunt C, Higham T, Kealhofer L,
Krigbaum J, Lewis H, McLaren S, Paz V, Pike A, Piper P,
Pyatt B, Rabett R, Reynolds T, Rose J, Rusworth G, Stephens
M, Stringer C, Thompson J, Turney C. 2007. The ‘human rev-
olution’ in lowland tropical Southeast Asia: the antiquity and

172 D.H. TEMPLE ET AL.

American Journal of Physical Anthropology



behavior of anatomically modern humans at Niah Cave (Sar-
awak. Borneo). J Hum Evol 52:243–261.

Bergmann C. 1847. Uber die verhaltniesse der warmeokonomie
der thiere zu ihrer grosse. Gott Stud 1:595–708.

Bogin BP, Smith P, Orden AB, Varela MI, Loucky J. 2002. Rapid
change in height and body proportions of Mayan American
children. Am J Hum Biol 14:753–761.

Brace CL, Nagai M. 1982. Japanese tooth size: past and pres-
ent. Am J Phys Anthropol 59:399–411.

Buikstra JE, Ubelaker DH. 1994. Standards for data collection
from human skeletal remains. Fayetville: Arkansas Archaeo-
logical Survey Research Series no. 44.

Corruccini RS. 1987. Shape in morphometrics: comparative
analysis. Am J Phys Anthropol 73:289–303.

Darroch JN, Mosimann JE. 1985. Canonical principal compo-
nents of shape. Biometrika 72:241–252.

Douglas MT. 1996. Paleopathology in human skeletal remains
from the Pre-Metal, Bronze, and Iron Ages, northeastern
Thailand, Ph.D. dissertation, University of Hawaii, Hawaii.

Fukui E. 1977. The climate of Japan. Tokyo: Kodansha Limited.
Futuyma D. 1998. Evolutionary biology. Sunderland: Sinauer

and Associates.
Hammer MF, Karafet TM, Hwayong P, Omoto K, Harihara S,

Stoneking M, Horai S. 2006. Dual origins of the Japanese:
common ground for hunter-gatherer and farmer Y-chromo-
somes. J Hum Genet 51:47–58.

Hanihara K. 1991. Dual structure model for the population his-
tory of Japan. Japan Rev 2:1–33.

Hanihara T, Ishida H. 2005. Metric dental variation of major
human populations. Am J Phys Anthropol 128:287–298.

Holliday TW. 1995. Body size and proportions in the Late Pleis-
tocene western Old World and the origins of modern humans,
Ph.D. dissertation, University of New Mexico, New Mexico.

Holliday TW. 1997a Postcranial evidence of cold adaptation in
European Neandertals. Am J Phys Anthropol 104:245–258.

Holliday TW. 1997b. Body proportions in Late Pleistocene
Europe and modern human origins. J Hum Evol 32:423–447.

Holliday TW, Ruff CB. 1997. Ecogeographic patterning and stat-
ure prediction in fossil hominids: Comment on Feldesman and
Fountain. Am J Phys Anthropol 103:137–140.

Holliday TM, Ruff CB. 2001. Relative variation in the human
proximal and distal limb segments. Am J Phys Anthropol
116:26–34.

Hudson MJ. 1999. Ruins of identity: ethnogenesis in the Japa-
nese Islands. Honolulu: University of Hawaii Press.

Imamura K. 1996a. Prehistoric Japan: new perspectives on in-
sular East Asia. Honolulu: University of Hawaii Press.

Imamura K. 1996b. Jomon and Yayoi: the transition to agricul-
ture in Japanese prehistory. In: Harris DR, editor. The origins
of agriculture and pastoralism in Eurasia. Washington:
Smithsonian Institution Press. p 442–464.

Jungers WL, Falsetti AB, Wall CE. 1995. Shape, relative size,
and size adjustments. Yearbk Phys Anthropol 138:137–161.

Kato K, Ogata T. 1989. Main long bones of limbs of the Jomon
people: proportions in their lengths. Okajim Folia Anat Japon
66:13–22.

Katzmarzyk PT, Leonard WR. 1998. Climatic influences on
human body size and proportions: ecological adaptations and
secular trends. Am J Phys Anthropol 106:483–503.

Lee MMC, Chu PC, Chan HC. 1969. Effects of cold on the skele-
tal growth of albino rats. Am J Anat 124:239–250.

Matsui A, Kanehara M. 2006. The question of prehistoric plant
husbandry during the Jomon period in Japan. World Archaeol
38:259–273.

Matsumura H. 1995. A microevolutional history of the Japanese
people as viewed from dental characteristics. Anthropol Sc
102:103–118.

Matsumura H. 2006. The population history of Southeast Asia
viewed from morphometric analyses of human skeletal and
dental remains. In: Oxenham M, Tayles N, editors. Bioarch-
aeology of Southeast Asia. p 59–90.

Matsumura H, Hudson M. 2005. Dental perspectives on the
population history of Southeast Asia. Am J Phys Anthropol
127:182–209.

Matsu’ura S. 1982. Relative dating of the Minatogawa man by
fluorine analysis. In: Suzuki H, Hanihara K, editors. The
Minatogawa Man: the Upper Pleistocene man from the Island
of Okinawa. Tokyo: University Museum, University of Tokyo,
Bulletin no. 19. p 205–208.

Mayr E. 1963. Animal species and evolution. Cambridge: The
Belknap Press of Harvard University.

McKnight TL, Hess D. 2004. Physical geography: a landscape
appreciation. Saddle River: Prentice Hall.

Meadows-Jantz L, Jantz RL. 1999. Secular change in bone
length and proportion in the United States, 1800–1970. Am J
Phys Anthropol 110:57–67.

Meindl RS, Lovejoy CO, Mensforth RP, Don Carlos L. 1985. Ac-
curacy and direction of error in the sexing of the skeleton:
Implications for paleodemography. Am J Phys Anthropol
68:79–85.

Mizoguchi Y. 1986. Contributions of prehistoric Far East Asian
population to the population of Japan: a Q-mode path analysis
based on cranial measurements. In: Akazawa T, Aikens CM,
editors. Prehistoric hunter-gatherers in Japan: new research
methods. Tokyo: University Museum, University of Tokyo,
Bulletin no. 27. p 107–136.

Mosimann JE. 1987. Multivariate analysis of size and shape:
modeling with the Dirichlet distribution. In: Computer Sci-
ence and Statistics: Proc 19th Symp on the Interface, Phila-
delphia. p 1–9.

Nakahashi T. 1995. Temporal craniometric changes from the
Jomon to the modern period in western Japan. Am J Phys
Anthropol 90:409–425.

Nichol CR. 1988. Complex segregation analysis of dental mor-
phological traits. Am J Phys Anthropol 78:37–59.

Omoto K, Saitou N. 1997. Genetic origins of the Japanese: par-
tial support for the dual structure hypothesis. Am J Phys
Anthropol 102:437–446.

Okazaki K. 2004. A morphological study of the growth patterns
of ancient people in the northern Kyushu-Yamaguchi region,
Japan. Anthropol Sc 112:219–234.

Phenice TW. 1969. A newly developed visual method of sexing
the Os pubis. Am J Phys Anthropol 297–302.

Pietrusewsky M. 1999. Multivariate craniometric investigations
of Japanese, Asians, and Pacific Islanders. In: Omoto K, edi-
tor. Interdisciplinary perspectives on the origins of the Japa-
nese. Kyoto: International Research Center for Japanese
Studies. p 65–104.

Pietrusewsky M. 2001. The people of Shi San Hang, preliminary
results of osteological investigations. International Sympo-
sium on Austronesian Cultures: Issues Relating to Taiwan.
Taipei: Academia Sinica.

Pietrusewsky M. 2005. The physical anthropology of Pacific,
East Asia, and Southeast Asia: a multivariate craniometric
assessment. In: Sargat L, Blench R, Sanchez-Mazas A, edi-
tors. The peopling of East Asia: Putting together archaeology,
linguistics, and genetics. London: Routledge Curzon. p 203–
231.

Pietrusewsky M. 2006. A multivariate craniometric study of
the prehistoric and modern inhabitants of Southeast Asia,
East Asia, and surrounding regions: a human kaleidoscope?
In: Oxenham MF, Tayles N, editors. Bioarchaeology of
Southeast Asia. Cambridge: Cambridge University Press. p
59–90.

Pietrusewsky M, Douglas MT. 2002. Ban Chiang, A prehistoric
village site in northeastern Thailand. I: the human skeletal
remains. Philadelphia: University of Pennsylvania Press.

Pietrusewsky M, Tsang CH. 2003. A preliminary assessment of
health and disease in human skeletal remains from Shi San
Hang: a prehistoric aboriginal site on Taiwan. Anthropol Sc
111:203–223.

Riesenfield A. 1973. The effect of extreme temperature and star-
vation on the body proportions of the rat. Am J Phys Anthro-
pol 39:427–460.

Ruff CB. 1994. Morphological adaptation to climate in modern
and fossil hominids. Yearbk Phys Anthropol 37:65–107.

Ruff CB. 2002. Variation in human body size and shape. Ann
Rev Anthropol 31:211–232.

173JOMON AND YAYOI LIMB PROPORTIONS

American Journal of Physical Anthropology



Ruff CB, Walker A. 1993. Body size and body shape. In: Walker
A, Leakey R, editors. The Narikotome Homo erectus skeleton.
Cambridge: Harvard University Press. p 234–265.

Seguchi N, Umeda H, Nelson AR, Brace CL. 2007. Population
movement into the Japanese archipelago during antiquity: a
craniofacial and odontometric perspective. Am J Phys Anthro-
pol Supp 44:213.

Serrat MA, King D, Lovejoy CO. 2007. Effects of temperature
on long bone growth in mice: an experimental model for inter-
preting Allen’s rule. Am J Phys Anthropol Supp 44:215.

Shi YF, Kong ZZ, Wang SM, Tang LY, Wang F, Yao T, Zhao X,
Zhang P, Shi S. 1993. Mid-Holocene environments and cli-
mates in China. Global Planet Change 7:219–233.

Slome D. 1929. The osteology of a Bushmen tribe. Ann S Afri-
can Mus 24:33–60.

Sokal RR, Rohlf FJ. 1995. Biometry. New York: W.H. Freeman.
Sun X, Li X, Luo Y, Chen X. 2000. The vegetation and climate

at the last glaciation on the emerged continental shelf of the
South China Sea. Palaeog Palaeoclimatol Palaecol 160:301–
316.

Suzuki H. 1969. Microevolutional changes in the Japanese pop-
ulation from prehistoric to present day. J Fac Sc Univ Tokyo
5:379–308.

Suzuki H. 1982. Skulls of the Minatogawa Man. In: Suzuki H,
Hanihara K, editors. The Minatogawa Man: the Upper Pleis-
tocene man from the island of Okinawa. Tokyo: University
Museum, University of Tokyo, Bulletin no. 19. p 7–51.

Temple DH. 2007a. Human biological variation during the agri-
cultural transition in prehistoric Japan. Ph.D. dissertation,
Ohio State University.

Temple DH. 2007b. Dietary variation and stress among prehis-
toric Jomon foragers from Japan. Am J Phys Anthropol
133:1035–1046.

Temple DH. 2008. What can stature variation reveal about envi-
ronmental differences between prehistoric Jomon foragers?
Understanding the impact of systemic stress on developmen-
tal stability. Am J Hum Biol. DOI 10.1002/ajhb.20756.

Temple DH, Larsen CS. 2007. Dental caries prevalence as evi-
dence for agriculture and subsistence variation during the
Yayoi period in prehistoric Japan: Biocultural interpretations
of an economy in transition. Am J Phys Anthropol 134:501–
512.

Trinkaus E. 1981. Neandertal limb features and cold adapta-
tion. In: Stringer CB, editor. Aspects of human evolution. Lon-
don: Taylor and Francis LTD. p 187–224.

Tsude H. 2001. Yayoi farmers reconsidered: new perspectives on
agricultural development in East Asia. Bull Indo Pac Prehist
Assoc 5:53–59.

Tsukada M. 1986. Vegetation in prehistoric Japan: the last
20,000 years. In: Pearson RJ, Barnes GL, Hutterer KL, edi-
tors. Windows of the Japanese past: studies in archaeology
and prehistory. Ann Arbor: Center for Japanese Studies, Uni-
versity of Michigan. p 11–56.

Tsutakawa RK, Hewett JE. 1977. Quick test for comparing two
populations with bivariate data. Biometrics 33:215–219.

Turner CG. 1976. Dental evidence on the origins of the Ainu
and Japanese. Science 193:911–913.

Turner CG. 1990. Major features of sundadonty and sinodonty,
including suggestions about East Asian microevolution, popu-
lation history, and Late Pleistocene relationships with Austra-
lian Aboriginals. Am J Phys Anthropol 82:295–317.

Turner CG. 1992. Sundadonty and sinodonty in Japan: the den-
tal basis for a dual origin hypothesis for the peopling of the
Japanese Islands. In: Hanihara K, editor. Japanese as a Mem-
ber of the Asian-Pacific populations. Kyoto: International Cen-
ter for Japanese Studies. p 97–111.

Turner CG, Manabe Y, Hawkey DE. 2000. The Zhoukoudian
Upper Cave dentition. Acta Anthropol Sin 19:253–268.

Wada Y, Motomura H. 2000. Temporal changes in stature of
western Japanese based on limb characteristics. Anthropol Sc
108:147–168.

Walker PL. 2005. Greater sciatic notch morphology: sex, age,
and population differences. Am J Phys Anthropol 127:385–391.

Weaver ME, Ingram DL. 1969. Morphological changes in swine
associated with environmental temperature. Ecology 50:710–713.

Weinstein KJ. 2005. Body proportions in ancient Andeans from
high and low altitudes. Am J Phys Anthropol 128:569–585.

Yamaguchi B. 1989. Limb segment proportions in human skele-
tal remains of the Jomon period. Bull Nat Sci Mus Ser D
18:41–48.

Zhuo Z, Baoyin Y, Petit-Marie N. 1998. Paleoenvironments in
China during the last glacial maximum and the Holocene op-
timum. Episodes 21:152–158.

174 D.H. TEMPLE ET AL.

American Journal of Physical Anthropology


