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Variability in Dental Caries Prevalence Between Male and Female Foragers from
the Late/Final Jomon Period: Implications for Dietary Behavior and
Reproductive Ecology

DANIEL H. TEMPLE*

Department of Anthropology, University of North Carolina Wilmington, Wilmington, North Carolina, 28403-1220

Objectives: This study documents sex differences in dental caries prevalence among Late to Final Jomon period (4000
through 2300 BP) foragers from Japan and interprets the results within behavioral, dietary, and reproductive context.

Methods: The presence/absence of carious lesions was recorded from �1600 Late/Final Jomon period teeth. Frequen-
cies and mean numbers of carious teeth were compared between males and females according to age, tooth group, and
region using Fisher’s exact and t tests.

Results: Significantly greater frequencies of carious molar teeth were observed in females compared to males in each
age group. Few differences were observed between older and younger females as well as between females from high and
low density regions. Significantly greater prevalence of cariogenic molars were, however, observed between females in Age
Group 3 from a high compared to low density region. Significantly greater average numbers of carious molar teeth were
found in females compared to males, with no significant differences in mean number of carious teeth between age groups.

Conclusions: Differences in carious teeth between the sexes likely reflect behavioral and dietary variation for males
and females. Limited differences in caries prevalence and mean number of carious teeth between female age groups
and regions of varying population density suggests that reproductive factors played a minor role in dental caries varia-
tion between males and females. Am. J. Hum. Biol. 23:107–117, 2011. ' 2010 Wiley-Liss, Inc.

This study reconstructs sex-specific dental caries preva-
lence among Late to Final Jomon period (4000–2300 BP)
foragers. Sex-specific dental caries prevalence is then
interpreted within the behavioral, dietary, and reproduc-
tive environment of these prehistoric communities. Dental
caries is a process that results from the demineralization
of enamel by the organic waste products of oral bacteria
(Hillson, 2000; Larsen, 1997). These bacteria produce
acidogenic waste following the consumption of food par-
ticles trapped in the oral cavity. The molecular structure
of food particles combined with oral buffering capacity
determine the clearance time for these particles and also
the metabolic rate of acidogenic bacteria in the oral cavity
(Arens, 1999). Oral buffering capacity references the abil-
ity of the oral cavity to remove dietary molecules and limit
the population of oral bacteria by changing pH levels and
salivary flow rates, while clearance time references the
amount of time a food particle remains in the oral cavity
(Arens, 1999). Complex dietary molecules such as carbo-
hydrates have greater clearance times and accelerate the
rate of metabolism for oral bacteria (Arens, 1999; Hillson,
2000; Larsen, 1997). This suggests carbohydrate-rich
foods are associated with an increase in dental caries and
that this increase is associated with changes in oral physi-
ology and the natural environment of oral flora. On this
basis, dental caries prevalence is used by bioarchaeologi-
cal research as a nonspecific indicator of dietary behavior
(Larsen et al., 1991; Lukacs, 1992; Milner, 1984; Rose
et al., 1991; Temple, 2007; Turner, 1979; Ubelaker, 1984;
Walker and Erlandson, 1986).

Females are repeatedly found to express significantly
greater frequencies of carious teeth when compared to
males (Fujita et al., 2007; Larsen, 1983; Lukacs and Pal,
1993; Tayles et al., 2000; Temple and Larsen, 2007; Walker
and Erlandson, 1986). Many authors (Larsen, 1983; Lukacs

and Pal, 1993; Temple and Larsen, 2007; Walker and
Erlandson, 1986) attribute this patterning of carious teeth
to the sexual division of labor and differential access to car-
iogenic food. Specifically, males consume greater amounts
of noncariogenic meat products, while females consume
greater amounts of cariogenic carbohydrates. Contexts
where such differences are absent likely reflect equal con-
sumption of cariogenic resources and/or a lack of cariogenic
foods in the diet. Overall, these findings indicate that varia-
tion in the consumption of carbohydrate-rich foods by
males and females result in sex differences in dental caries
prevalence and that females often consume comparatively
greater amounts of carbohydrate-rich foods than males.
Recent reviews of the clinical literature suggest that

female reproductive physiology in association with life
history patterns and pregnancy may influence caries prev-
alence between the sexes (Lukacs, 2008; Lukacs and Lar-
gaespada, 2006). Two findings associated with salivary
buffering capacity support this hypothesis: (1) Salivary
buffering capacity is greatly reduced in association with
hormone fluctuations during ontogeny and pregnancy; (2)
Pregnancy is associated with a reduction in the antimicro-
bial properties of saliva. In addition, food cravings (sweet,
energy dense foods) and immune suppression during preg-
nancy as well as generally lower salivary flow rates are
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associated with greater caries prevalence in females
(Lukacs and Largaespada, 2006).
Recent bioarchaeological projects (Klaus and Tam,

2010; Watson et al., 2010) uncritically cite these reviews
(i.e., Lukacs, 2008; Lukacs and Largaespada, 2006) as evi-
dence for the influence of reproductive ecology on dental
caries prevalence, though Watson et al. (2010) does cite
rather convincing literature addressing the relationship
between antemortem tooth loss and pregnancy. A careful
review of the primary literature related to reproductive
ecology and dental caries prevalence among females sug-
gests a greater degree of caution may be in order. First,
experimental research demonstrates that injections with
testosterone and estrogen altered the size and number of
secretory organs found on the submaxillary gland (Shafer
and Muhler, 1953, 1954). Changes in caries prevalence
resulting from these experiments appeared in male, but
not female rats (Shafer and Muhler, 1953), while other
studies suggest that no specific correlation with cariogene-
sis was observed in either sex (Shafer and Muhler, 1954).
These experimental results argue for changes in the mor-
phological features associated with oral buffering capacity
in association with hormone levels, though no specific
relationship to cariogenesis in females.
Another series of papers report that salivary flow rate

did not significantly differ between women of different
ages (Scott, 1975, 1977a,b), though this is associated with
the weak statistical power of small sample sizes
(Streckfus et al., 1998). The authors (Scott et al., 1975,
1977a,b) further discuss how age-related morphological
changes, particularly increased adipose, fibrous, and vas-
cular tissue are associated with a decline in exocrine
glands suggesting processes besides hormone levels may
be responsible for limited flow rates in older females or
that such processes occur secondarily. Later studies of
pregnant females report that salivary pH and buffer
capacity decreased during the third trimester of preg-
nancy, followed by a rapid and significant increase follow-
ing delivery (Laine et al., 1988). None of the following
additional features experienced changes: viscosity, sialic
acid, selected proteins (amylase, lysozyme, peroxidase,
lactoferrin), and anions (thiocyanate, hypothiocyanite),
(Laine et al., 1988). This suggests a weak association
between estrogen levels and salivary flow rates, combined
with a slight decline in oral buffering capacity during the
later stages of pregnancy that is followed by an immediate
uptick in these features.
A review of the clinical and experimental literature by

the same author (Laine, 2000) found that increases in oral
bacteria during pregnancy is the norm as is a reduced pH
of saliva, though flow rates remain similar. Interestingly,
these features spike following pregnancy suggesting that
these changes occur only over a short amount of time. The
review (Laine, 2000) also points out that the mineraliza-
tion of teeth (discussed below) may not be significantly
influenced during pregnancy. There is, however, evidence
that the oral environment experienced during pregnancy
may increase the risk of dental caries (Laine, 2000).
Postmenopausal women are reported to experience the

greatest differences in Usub and Ssub flow rates (Streckfus
et al., 1998). However, estrogen levels via injection of phar-
maceutical supplements did not influence salivary flow
rate. In addition, older women in the study showed no sig-
nificant difference in oral health status when compared to
younger women. Streckfus et al. (1998: p 38) conclude that,

‘‘Clinical causes of reduction in salivary flow rate are not
apparent in this study. . .[though]. . .reduction in glandular
function could [emphasis mine] increase the level of mor-
bidity in oral and systemic disorders.’’ This indicates
changes in salivary flow rates are apparent in postmeno-
pausal women, though no correlation with estrogen could
be found. A relationship with cariogenesis and decreased
salivary flow rate is possible.
One final study found an increase in amylase during

pregnancy, followed by a decrease during delivery (Salvo-
lini et al., 1998). Amylase acts as a cariogenic substrate
that converts starches into sucrose in the oral cavity
(Arens, 1999). Increases in sialic acid during the second
trimester of pregnancy contributed to reduced salivary
pH, with later declines in oral pH allowing for increased
clearance time of oral flora (Salvolini et al., 1998). Decline
in phosphorus and calcium concentration of oral fluids are
also observed during pregnancy and may contribute to
cariogenesis in pregnant women by weakening enamel
(Guidozzi et al., 1992; Salvolini et al., 1998). It is, on the
basis of these findings, likely that a relationship exists
between cariogenesis and pregnancy, though the relation-
ship is not straightforward and many clinical studies have
contrasting results. Furthermore, it would appear that
females are buffered from pregnancy-induced cariogenic
environments by increases in oral buffering capacity im-
mediately following birthing. If, however, women were
repeatedly exposed to these conditions through numerous
pregnancies, then increased cariogenesis is likely. These
trends are highlighted to a greater extent following spikes
in fertility during the agricultural and industrial transi-
tions (Lukacs, 2008). This suggests that reproductive ecol-
ogy should be considered as a potential contributor to sex
differences in cariogenesis by bioarchaeological research,
particularly under contexts of elevated fertility.
Late/Final Jomon people established complex foraging

economies in varying ecological zones of prehistoric Japan
(Imamura, 1996). Differing tool kits identified for eastern,
northern, and western/inland Japan were hypothesized to
represent considerable dietary diversity between regions
(Akazawa, 1981, 1982, 1986). Eastern and northern
Jomon foragers were thought to be involved in the year-
round exploitation of maritime resources and terrestrial
mammals, while western/inland groups were thought to
rely more heavily on plant products. Stable isotope analy-
ses of human skeletal remains, however, suggest similar
levels of plant consumption between eastern and western
regions during the Late/Final Jomon period (Minagawa
and Akazawa, 1992), while more recent studies highlight
greater consumption of maritime resources from elevated
trophic levels among Jomon people from western Japan
(Kusaka et al., 2010; Minagawa, 2001). Similar caries
prevalence between Jomon skeletal samples from eastern
and western Japan indicate similar levels of carbohydrate
intake between the two groups (Temple, 2007). In addi-
tion, stable isotope analysis suggests that freshwater fish
consumption reached notable levels at some inland Jomon
period sites (Yoneda et al., 1996), while others relied heav-
ily on C3 plants (Minagawa and Akazawa, 1992).
It is now hypothesized that both groups consumed simi-

lar amounts of maritime and plant foods, but western
Jomon people existed in a region of patchy resource distri-
bution (Akazawa, 1999). Greater frequencies of enamel
hypoplasia are observed among inland and western
compared to eastern Jomon communities offering some
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support for this hypothesis (Temple, 2007), though no sig-
nificant differences in leg length are noted between the
two groups suggesting that minimal caloric intake was
met (Temple, 2008). Evidence for ‘‘severe’’ enamel hypo-
plasia and elevated defect prevalence at one site in east-
ern Japan are used to argue for variability in systemic
stress patterning within regions (Sawada et al., 2008), a
point originally suggested by Temple (2007: p 1043),
though not cited by Sawada et al. (2008). Overall, these
studies suggest that Jomon diet varied within and
between regions and that these groups uniformly con-
sumed cariogenic plant foods.

This dietary diversity is further noted between Late/
Final Jomon males and females. Greater consumption of
maritime resources are, for example, noted among Late/
Final Jomon males compared to females from Hokkaido,
while little differences are noted between males and
females from Honshu (Chisolm and Koike, 1999). In addi-
tion, no significant differences between carbon and nitro-
gen concentrations are observed between Late/Final
Jomon period people from central Honshu, though signifi-
cant differences are noted in the standard deviations:
females have a significantly greater standard deviation
than males, suggesting wider dietary breadth including
plant-based food products (Kusaka et al., 2008). These
findings suggest dietary differences between the sexes in
the Late/Final Jomon period, with females possibly con-
suming greater amounts of cariogenic plant food than
males.

Jomon people are often categorized as ‘‘complex’’ forag-
ers (Habu, 2004). This distinction is associated with com-
plexity in diet, identity patterning, settlement, and popu-
lation density (Habu, 2004; Kobayashi, 2005). Population
density in eastern Japan was quite high compared to
other Late/Final foraging communities, though some
decline in these numbers occurred between the Middle
and Late/Final Jomon periods (Koyama, 1978). In western
Japan, population density was low compared to the east-
ern and central regions of Honshu, though increases are
noted during the Late/Final Jomon period (Koyama,
1978). Given these observations, it is important that dif-
ferences in cariogenesis between males and females from
the Late/Final Jomon period also be considered within the
context of population structure and reproductive ecology.

Two primary hypotheses are tested in this article. First,
significantly greater carious tooth frequencies and aver-
age number of carious teeth will be observed among
females compared males in each age group. These differ-
ences will represent dietary variation between males and
females. Second, Late/Final Jomon period females in older
age groups will express greater carious tooth frequencies
than those in younger age groups. Significant differences
in carious teeth will also be observed between females
from regions of higher compared to lower population den-
sity. These differences will represent variation in carious
tooth frequencies attendant with reproductive ecology,
specifically differences in carious teeth among older-aged
females and in regions where population density (i.e.,
reproductive output) was considerably greater. Moreover,
differences in caries prevalence and mean number of cari-
ous teeth between these females groups will help explain
if differences between males and females were driven by
reproductive factors by illustrating a life history and pop-
ulation density based component to dental caries among
females. These hypotheses differ from closely related

work (i.e., Fujita et al., 2007) by considering human skele-
tal remains only from archaeological sites dated to the
Late/Final Jomon period. Such temporal distinctions are
important due to changes in the composition of food prod-
ucts following the Middle Jomon period (Kusaka et al.,
2010; Temple, 2007).

MATERIALS

Approximate locations, dates, and site-specific numbers
of dental remains from which data were collected are
listed in Figure 1 as well as Table 1. Numbers of males
and females are listed in Table 2 by tooth category. All
sites were dated to the Late/Final Jomon period using pot-
tery chronology and/or radiocarbon analysis. That is, sites
such as Yoshigo have radiocarbon dates associated with
mollusk shells and human bone (Kusaka et al., 2009),
while sites such as Inariyama, Tsukumo, and Hobi are
based on pottery chronologies. Pottery chronology is an
accurate method to estimate site occupations in prehis-
toric Japan because of consistent agreement with radio-
carbon dates (see reviews by Aikens, 1995; Imamura,
1996; Habu, 2004). Pottery-based chronologies date the
Late Jomon period from 4000 through 3000 BP. The Final
Jomon period dates from 3000 through 2500 BP in eastern
Honshu and 2300 BP in western Honshu (Habu, 2004).
Caries prevalence and mean number of carious teeth

are also compared between females from regions of vary-
ing population density. These regions are currently named
as districts in Japan: Sanyo and Tokai. Sanyo is located in
the southwestern portion of Honshu Island, while Tokai is
located along the Pacific coast in a transitional zone of
central Honshu between Kanto and Sanyo. Here, popula-
tion density in the Sanyo region was considerably lower
than that observed in Tokai during the Late/Final Jomon
period (Koyama, 1978). One Late/Final Jomon site, Tsu-

Fig. 1. Map outlining archaeological sites used in this study: (1)
Tsukumo (Sanyo region), (2) Hobi (Tokai region), (3) Inariyama (Tokai
region), (4) Yoshigo (Tokai region).
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kumo, is found in the Sanyo district, while three Late/
Final Jomon sites are found in the Tokai district (Hobi,
Inariyama, and Yoshigo) (see Fig. 1). It is important to
point out that these differences were not experienced in
association with any major migratory behavior: ‘‘Jomon-
specific’’ alleles derived from human skeletal remains and
living descendents (Ainu) show �20,000 years of isolation
from mainland Asian populations in these groups (Adachi
et al., 2009; Hammer et al., 2006). Furthermore, biodis-
tance analysis of observed and expected variation points
toward clinal variation in craniofacial morphology among
Late/Final Jomon people (Hanihara and Ishida, 2009).

METHODS

Basic osteological protocols

Determination of biological sex using human skeletal
remains relies on qualitative scores derived from compar-
ative morphology of the cranium and pelvis (Buikstra and
Ubelaker, 1994). Morphological features of the cranium
do, however, yield less accurate sex determinations in the
absence of population-specific discriminant functions of
cranial measurements (Meindl et al., 1985). Morphological
features of the Os pubis and greater sciatic notch provide
greater accuracy in sex determination (Meindl et al.,
1985; Phenice, 1969; Walker, 2005). Morphological fea-
tures of the Os pubis and greater sciatic notch were, there-

fore, used by this study to determine sex. Qualitative
scores associated with pelvic morphology were recorded
and interpreted according to standard osteological proto-
cols (Buikstra and Ubelaker, 1994).
Both age and tooth wear significantly influence cari-

ous tooth frequencies (Hillson, 2001). All individuals
were divided into age groups based on comparisons of
tooth eruption and wear combined with epiphyseal clo-
sure. Tooth eruption and wear as well as epiphyseal
closure were scored according to standard protocols
(Buikstra and Ubelaker, 1994). Chronological age esti-
mations based on these observations are imprecise,
and often, inaccurate due to environmental and genetic
variation between reference and archaeological samples
(Sciulli, 2007). Chronological ages were, therefore, not
estimated in this sample.
Alternatively, individuals were divided into age groups

based on eruption of the first molar as well as fusion of the
clavicle and sacral bodies. First molar wear was then
scored in each group according to standard protocols
(Buikstra and Ubelaker, 1994). These protocols include
assigning a cumulative wear score for each molar on the
basis of wear scores derived for each quadrant of a tooth.
Individuals with erupted first molars, but lacking clavicu-
lar fusion were placed into Age Group 1. Individuals with
clavicular fusion, but lacking S1/S2 fusion were placed
into Age Group 2. Individuals with both clavicular and S1/
S2 fusion were placed into Age Group 3. Ninety-five per-
cent (95%) confidence intervals for molar wear scores and
epiphyseal closure groups were calculated. Slight overlap
between the samples was observed, although tooth wear
scores for each age group maintained a reasonably accu-
rate classification value (Discriminant Function Analysis
5 84%). Where overlap between tooth wear and epiphy-
seal fusion was observed, individuals were placed into age
groups based entirely on fusion of the clavicle and sacral
bodies. Generally, however, individuals with molar wear
scores ranging from zero through 11 were placed into Age
Group 1. Individuals with molar wear scores ranging from
12 through 22 were placed into Age Group 2, while those

TABLE 1. Late/Final Jomon period sites yielding dental remains utilized by this study

Age group 1 N individuals Age group 2 N individuals Age group 3 N individuals

Hobia males 1 Hobi males 7 Hobi males 4
Hobi females – Hobi females 3 Hobi females 4
Inariyamab males – Inariyama males 2 Inariyama males 8
Inariyama females – Inariyama females 2 Inariyama females 4
Tsukumob males 1 Tsukumo males 9 Tsukumo males 8
Tsukumo females 1 Tsukumo females 6 Tsukumo females 9
Yoshigob males – Yoshigo males 10 Yoshigo males 7
Yoshigo females 3 Yoshigo females 17 Yoshigo females 12

Age group 1 N teeth Age group 2 N teeth Age group 3 N teeth

Hobi males 18 Hobi males 34 Hobi males 82
Hobi females – Hobi females 49 Hobi females 53
Inariyama males – Inariyama males – Inariyama males 109
Inariyama females – Inariyama females 8 Inariyama females 46
Tsukumo males 45 Tsukumo males 67 Tsukumo males 200
Tsukumo females 59 Tsukumo females – Tsukumo females 115
Yoshigo males – Yoshigo males 59 Yoshigo males 231
Yoshigo females 54 Yoshigo females 82 Yoshigo females 80

aCurated by the University Museum of the University of Tokyo.
bCurated by the Laboratory of Physical Anthropology, Kyoto University.

TABLE 2. Total numbers of males and females in each age and tooth
category

AG 1 AG 2 AG 3 N

Anterior
Males 2 22 17 42
Females 4 15 16 35

Premolar
Males 2 26 24 53
Females 4 21 25 50

Molar
Males 2 27 24 54
Females 4 21 26 51
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with molar wear scores greater than 22 were placed into
Age Group 3.

Identification and analysis of carious teeth

Carious lesions were recorded according to their pres-
ence on a specific tooth and identified based on enamel
demineralization in stages that ranged in size from
destruction of an entire tooth crown to pin-prick sized
lesions. Carious lesions were identified under diffuse fluo-
rescent lighting with a 103 magnifying glass and dental
mirror. Overall frequencies of carious teeth were calcu-
lated as the total number of teeth with observable carious
lesions divided by the total number of teeth observed. The
frequencies and numbers of carious teeth observed by this
study are conservative because high powered microscopy
and radiography often identifies carious lesions that are
unobservable through macroscopic examination (Hillson,
2000).

The caries correction factor attempts to understand car-
ious tooth frequencies in samples where antemortem
tooth loss may underestimate caries prevalence (Lukacs,
1995). This procedure was not used because of tooth
ablation patterns observed among many Jomon skeletal
collections on teeth that include incisors, canines, and
premolars (Funahashi and Tanaka, 2004; Harunari,
1986; Nakahashi, 1999; Temple et al., 2010). Under these
circumstances, the caries correction factor may over-
estimate the prevalence of carious teeth within these
samples.

Carious tooth frequencies were compared according to
tooth type (anterior, premolar, molar) and age group (Age
Groups 1, 2, 3). Differences in expected carious tooth fre-
quencies were evaluated using Fisher’s exact tests. Fish-
er’s exact tests are applied to data where the observed
minus expected cell frequencies are greater than the
expected cell frequencies or studies that rely on limited
sample sizes (Sokal and Rohlf, 1995).

Parametric statistical analyses are employed to under-
stand if significant differences in mean numbers of carious
teeth are possible to observe between age and sex groups.
There are, however, a number of potential problems with
performing such analyses on these samples. First, it is
necessary to employ parametric comparisons for three
separate tooth groups because anterior, premolar, and
molar teeth differ in susceptibility to the formation of a
carious lesion (see above). Unfortunately, the individuals
contained within each tooth category overlap and cannot
be considered independent. This problem is allied by only

comparing mean numbers of carious teeth for molars
using parametric methods. Table 3 indicates that the
standard deviations for mean number of carious teeth
overlap between males and females within each age group
for anterior and premolar teeth. Nonoverlapping standard
deviations are only found in the molar tooth group.
Before performing parametric tests on the mean number

of carious molars between males and females it is impor-
tant to control for age. This study compares mean number
of carious molars between age groups within each sex:
these comparisons ensure that carious teeth are distributed
equally across all age groups before numbers of carious
teeth are combined within each sex category. One-way
ANOVA with Games-Howell post-hoc tests were utilized to
ensure that no statistically significant differences in mean
number of carious molars were present between the age
groups within each sex category. The Games-Howell post-
hoc test (P < 0.05) is used due to differing numbers of indi-
viduals in each sample and the possibility of unequal var-
iances between groups. If significant differences are not
observed between age groups within each sex category,
then numbers of carious teeth will be combined between
age groups for males and females. T-tests were employed to
test for statistically significant differences in mean num-
bers of carious teeth between males and females. A power
calculation for the two-group, independent sample t-test
was performed to explain the probability of committing a
Type II error. A Folded-F test was used to test for equality
of variance. Where equality of variance is observed, the
test will default to a Student’s t statistic. Where inequality
of variance is observed, the test defaults to a Cochran’s or
Satterthwaite’s t-statistic. Parametric tests are not per-
formed on males and females from regions of differing pop-
ulation density because the Tsukumo site did not yield
sample sizes that are appropriate for these types of compar-
isons (see Table 1).

RESULTS

Frequencies of carious teeth are listed in Table 4 by age
and sex as well as tooth type. Statistically significant dif-
ferences in caries prevalence are not observed for anterior
teeth between males and females in Age Groups 1 (P <
0.999), 2 (P < 0.999), or 3 (P < 0.999). Frequencies of cari-
ous premolar teeth do not significantly differ between
males and females in Age Groups 1 (P < 0.999), 2 (P <
0.205), or 3 (P < 0.999). Significantly greater frequencies
of carious teeth are found among females compared to
males for molar teeth in Age Groups 1 (P < 0.036), 2 (P <

TABLE 3. Mean number of carious teeth by age, sex, and tooth group
with standard deviation listed in parentheses

ANTa Mean caries PREb Mean caries MOLc Mean caries

AGd 1 AG 1 AG 1
Males 0 (0) Males 0.33 (0.58) Males 0.33 (0.58)
Females 0 (0) Females 0.25 (0.50) Females 2.25 (1.3)

AG 2 AG 2 AG 2
Males 0.09 (0.29) Males 0.14 (0.36) Males 0.74 (0.98)
Females 0 (0) Females 0.29 (0.87) Females 1.52 (1.2)

AG 3 AG 3 AG 3
Males 0.06 (0.24) Males 0.13 (0.45) Males 0.75 (1.18)
Females 0 (0) Females 0.13 (0.44) Females 1.61 (1.49)

aAnterior teeth.
bPremolar teeth.
cMolar teeth.
dAge Group (designated in Methods section).

TABLE 4. Percentages of carious teeth between males and females

ANTa
N

teeth
%

Carious PREb
N

teeth
%

Carious MOLc
N

teeth
%

Carious

AGd 1 AG 1 AG 1
Males 12 – Males 22 4.5 Males 30 3.4
Females 16 – Females 25 4.0 Females 38 23.6

AG 2 AG 2 AG 2
Males 94 2.2 Males 142 2.8 Males 216 9.3
Females 46 2.2 Females 95 6.7 Females 150 21.3

AG 3 AG 3 AG 3
Males 78 1.3 Males 103 3.0 Males 160 12.6
Females 48 – Females 115 2.7 Females 159 26.4

aAnterior teeth.
bPremolar teeth.
cMolar teeth.
dAge group (Age designations are found in Methods section).
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0.0014), and 3 (P < 0.0001). These results support the pri-
mary hypothesis of this study that predicts significantly
greater carious teeth among females compared to males
during the Late/Final Jomon period.
No significant differences in carious tooth frequencies

are observed between females in Age Groups 1 and 2 (P <
0.999), 1 and 3 (P < 0.999), or 2 and 3 P < 0.999) for ante-
rior teeth. Females in Age Groups 1 and 2 (P < 0.999), 1
and 3 (P < 0.562), and 2 and 3 (P < 0.305) do not have sig-
nificantly different frequencies of carious premolar teeth.
Significant differences in carious teeth for females in Age
Groups 1 and 2 (P < 0.826), 1 and 3 (P < 0.838), and 2 and
3 (P < 0.351) are not found for molar teeth.
Table 5 shows the dental caries prevalence for females

from the Sanyo and Tokai districts. No significant differen-
ces for anterior (P < 0.999), premolar (P < 0.999), or molar
(P < 0.689) teeth are observed between females from the
Tokai and Sanyo regions in AG 1. Females from Sanyo do
not have statistically significantly different frequencies of
carious teeth on anterior (P < 0.999) or molar (P < 0.14)
teeth in AG 2. Females from Sanyo in AG 2 have statisti-
cally significantly greater frequencies of carious premolar
teeth compared to females from Tokai (P < 0.028). Females
from Sanyo in AG 3 do not have statistically significantly
different frequencies of carious anterior (P < 0.999) or pre-
molar (P < 0.551) teeth compared to females from Tokai.
Females from Tokai in AG 3 have statistically significantly
greater frequencies of carious molar teeth when compared
to those from Sanyo (P < 0.0025). Comparisons of dental
caries prevalence between females from different age groups
and geographic regions of varying population density pro-
vide mixed support for the second hypothesis of this study.
On one hand, few significant differences are observed
between females in different age groups or from regions of
varying population density. It is, however, important to
point out that one comparison, frequencies of carious molar
teeth between females in AG 3 from Tokai and Sanyo, pro-
vides some support for this hypothesis.
Mean numbers of carious teeth for each age, sex, and

tooth group are listed in Table 3. Males in AG 1 do not sig-
nificantly differ in mean number of carious molar teeth
when compared to males in AG 2 (P < 0.873) or AG 3 (P <
0.895). Males in AG 2 do not significantly differ in mean
number of carious molar teeth when compared to males in
AG 3 (P < 0.999). Females in AG 1 do not significantly dif-
fer in mean number of carious molar teeth when compared
to females in AG 2 (P < 0.875) or AG 3 (P < 0.999).
Females in AG 2 do not significantly differ in mean num-

ber of carious molar teeth when compared to females in
AG 3 (P < 0.999). This result indicates that the mean
numbers of carious molar teeth are not significantly differ-
ent between age groups for either sex. The mean number
of carious teeth for males and females are, therefore, pos-
sible to combine and mean number of carious teeth
between males and females is possible to compare without
regard to age. The probability of committing a Type II
error in rejecting the null hypothesis regarding differen-
ces in mean number of carious teeth between Jomon
males and females is not statistically significant (P <
0.946). Approximately equal variances are observed
between males and females (F 5 1.66, P < 0.07). Mean
number of carious teeth is significantly greater among
females compared to males (Student’s t 5 3.83, P <
0.0002).

DISCUSSION

Evidence for behavioral and dietary variation

Significantly greater frequencies of carious teeth were
observed among female compared to male members of the
Late/Final Jomon period in each age group, while a signif-
icantly greater mean number of carious teeth were
observed among female compared to male members of the
L/F Jomon period. Differences in dental caries prevalence
between the sexes among Jomon people depart from previ-
ous bioarchaeological research among foraging cultures.
Variation in caries prevalence between males and females
from prehistoric and contemporary hunter-gatherer com-
munities is not observed at a number of coastal and inland
settings (Campbell, 1938; Douglas, 2006; Larsen, 1983;
Walker et al., 1998). Variation in dental caries prevalence
between males and females is more often observed in early
agricultural communities including groups from South-
west Asia (Lukacs, 1996; Lukacs and Pal, 1993), the Geor-
gia Bight (Larsen, 1983), Mesoamerica (Kelley et al.,
1991), and Japan (Temple and Larsen, 2007), while select
sites in Southeast Asia also highlight this trend
(Oxenham, 2000; Tayles et al., 2000). This may be associ-
ated with greater food sharing between the sexes among
hunter-gatherers (see: Bird, 1999) or a lack of foods with
cariogenic components among many prehistoric foragers
(noted above). In any event, variation in caries prevalence
between males and females is often interpreted as a conse-
quence of dietary variation stemming from the sexual di-
vision of labor (SDL).
Ethnographic studies of mixed horticultural commun-

ities suggest that dietary differences between males and
females occur in conjunction with the SDL (Walker and
Hewlett, 1990). This pattern of labor distribution is associ-
ated with reproductive ecology and child care in extractive
foraging communities (Marlowe, 2007). Extractive forag-
ers are defined as food procurement economies that rely
on foods contained within an environmental matrix (Mar-
lowe, 2007). Female involvement in child rearing among
extractive foragers may correlate with variability in
energy allocation to specific activities between the sexes
(Panter-Brick, 2002). Female Ache and Hiwi foragers do
not partake in hunting as a fitness enhancing strategy
(Hurtado et al., 1992). Women in these communities are
instead involved in the extractive procurement of plant-
based resources, while supervising offspring. This behav-
ioral strategy minimizes the impact of health related
insults on children that occur in the absence of adult

TABLE 5. Percentages of carious teeth between females from Sanyo
and Tokai

ANTa
N

teeth
%

Carious PREb
N

teeth
%

Carious MOLc
N

teeth
%

Carious

AGd 1 AG 1 AG 1
Sanyo 5 – Sanyo 8 – Sanyo 12 20.0
Tokai 11 – Tokai 18 5.5 Tokai 26 36.8

AG 2 AG 2 AG 2
Sanyo 15 – Sanyo 23 21.0 Sanyo 40 40.0
Tokai 30 3.3 Tokai 72 2.8 Tokai 150 21.3

AG 3 AG 3 AG 3
Sanyo 26 – Sanyo 36 – Sanyo 58 13.7
Tokai 22 – Tokai 79 3.9 Tokai 101 34.7

aAnterior teeth.
bPremolar teeth.
cMolar teeth.
dAge group (Age designations are found in the Methods section).
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supervision and may represent an evolutionary stable
strategy (Hurtado et al., 1992). These findings suggest
that the SDL is related to the procurement of varying
resources among hunter/gatherer communities, and quite
possibly, an evolutionary stable strategy employed to off-
set subadult mortality.

Differences in food procurement activities attendant
with the SDL provide differential access to and con-
sumption of cariogenic foods, and consequently, varia-
tion in dental caries prevalence (Walker and Hewlett,
1990). It is repeatedly pointed out that females involved
in the procurement of plant-based resources consume
greater amounts of these foods when compared to males
of the same community (Walker and Hewlett, 1990).
This consumption occurs during resource procurement
and preparation. Similarly, males consume greater
amounts of meat in societies with a strong SDL. Here,
males are reported to first share meat returns with coa-
litionary allies (Hawkes et al., 2001). Meat sharing
among allies acts as a signal of phenotypic quality to
both potential mates and other males within a group
(Bird, 1999; Hawkes, 1990; Hawkes et al., 2001; Mar-
lowe, 2007).

This division of labor is observed among Ainu people
(living descendents of Jomon foragers). In Ainu society,
men were responsible for hunting bear and deer, with
kin-based groups taking responsibility for the procure-
ment of either resource (Watanabe, 1972). Women were,
on occasion, permitted to hunt deer with clubs and
ropes, though prohibited from using bows and arrows.
Similar rules were followed regarding fishing: men
were involved in spear fishing, while women used traps
to procure fresh-water fish. Plant gathering was specifi-
cally a female-based activity, with women from neigh-
boring domiciles responsible for the procurement of
plants in similar areas (Keira and Keira, 1999). These
women would then be involved in the cleaning, boiling,
and processing of such plants. In terms of food sharing,
political authority was obtained on the basis of generos-
ity: men who shared meat were often granted greater
prestige and meat was consumed first by elder males
(Ohnuki-Tierney, 1999). Such observations suggest a
distinct SDL related to the procurement of resources
among Ainu people and indicate dietary distinctions in
association with this division.

Morphological differences between males and females
are associated with the SDL in Jomon society. Greater re-
sistance to bending in the anterior–posterior plane is
observed in the femora of males compared to females from
the Jomon period, possibly in association with differences
in femoral loading arising from the SDL (Kimura, 2006;
Kimura and Takahashi, 1982). Sexual dimorphism is also
noted in both cortical area and polar moments of inertia in
the humeral diaphysis of Jomon people: The degree of sex-
ual dimorphism is more marked than archaic foragers
from North America and likely indicates occupational dif-
ferentiation between males and females (Sakaue, 1998).
More specifically, males have greater humeral robusticity,
but similar humeral shape compared to females indicating
similar movement, but differing intensity in upper limb
activity (Knobbe, 2010). In this context, males were likely
involved in high intensity loading of the upper limb
through open-ocean rowing and swimming, while females
may have been involved in the procurement/processing of
plant foods and possibly maritime behavior such as swim-

ming (Knobbe, 2010). These findings suggest that Jomon
hunter-gatherers had a sexual division of labor associated
with resource procurement.
On this basis, it is important to establish ethnobotanical

evidence for cariogenic food consumption among these
prehistoric foragers. Ethnobotanical evidence for domesti-
cated yams (Disocorea japonica) is reported from Jomon
period sites and likely represented a major contributor to
diet among these groups (Matsui and Kanehara, 2006).
Other major contributors to Late/Final Jomon period diet
include walnuts, chestnuts, and acorns; carbonized
remains of ‘‘cookie’’ or ‘‘biscuit’’ like foods made from proc-
essed nuts are also reported from numerous sites
(Kobayashi, 2005). Ethnoarchaeological studies of Ainu
hunter-gatherers also highlight the boiling and processing
of starch heavy root-plants known as turep as well as tap-
ping maple trees to extract the sucrose-rich syrups (Keira
and Keira, 1999).
Disocorea japonica, acorns, chestnuts, and walnuts

have starch heavy compositions. Amylase enzymes are re-
sponsible for breaking down starch molecules in the oral
cavity. During this process, starches are converted to su-
crose, a known cariogenic molecule (Arens, 1999). Varia-
tion in the gene copy number for the AMY1 allele are
reported indicating some human populations may have
comparably greater amounts of amylase (Bank et al.,
1992; Redon et al., 2006). Recent studies indicate that this
trend is associated with selection for amylase production
in human populations including hunter-gatherers with
elevated starch consumption: greater amounts of amylase
improve starch digestion and possibly decrease intestinal
disease (Perry et al., 2007). This suggests that the
enzymes in the oral cavity convert starch molecules into
cariogenic substrates and greater amounts of these
enzymes are present in groups with elevated starch con-
sumption. This process may provide an additional expla-
nation for the reduced prevalence of caries following the
initial transition to wet rice economies in Southeast Asia
(Pietrusewsky and Douglas, 2002; Tayles et al., 2000): low
prevalence of amylase enzymes among these early agricul-
tural people provided a natural buffer against carious
lesion formation.
Furthermore, starch is a disaccharide carbohydrate

(Arens, 1999). Experimental studies suggest that disac-
charide carbohydrates require significant periods of time
for clearance from the oral cavity in association with com-
plexity of structure (Firestone et al., 1982), though recent
research suggests that the relationship between cariogen-
esis and starch consumption is more complex (Lingstrom
et al., 2000; Tayles et al., 2000). Exposure to heat cata-
lyzes gelatinization whereby starch is transformed into
maltose, maltoriose, and low weight dextrin (Grenby,
1997). Molecules such as maltose, maltotriose, and dextrin
then act as cariogenic substrates through increased clear-
ance time from the oral cavity (Lingstrom et al., 2000). Ex-
perimental research demonstrates greater caries preva-
lence in animals fed refined (cooked and processed) versus
unrefined starches (Frostell and Baer, 1971). This sug-
gests that many of the plant foods consumed by Jomon
people had cariogenic components, particularly following
cooking and processing. Sex differences in dental caries
prevalence and mean number of carious teeth between
Jomon males and females should then be viewed as a con-
sequence of dietary differences between the sexes, possi-
bly arising from the SDL.
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It is important to add a note of circumspection regard-
ing these interpretations: Jomon people were a dietarily
variable cultural group. Jomon people from different
regions of Japan exploited different resources in associa-
tion with the availability of specific foods (Akazawa, 1999;
Kusaka et al., 2010; Minagawa and Akazawa, 1992;
Yoneda et al., 1996, 2004). As a result, it should be noted
that the interpretations derived from this study are spe-
cific to the sites reported here. Differences in patterns of
cariogenesis and diet between regions are possible, if not
likely. Specifically, regions such as Hokkaido, where den-
tal caries prevalence remained low (Oxenham and Matsu-
mura, 2008), may not express differences in carious tooth
frequencies between the sexes because foods consumed by
these groups were considerably less cariogenic, despite
isotopic evidence for dietary differences between the sexes
(Chisolm and Koike, 1999).

Variation in reproductive physiology

No significant differences in dental caries prevalence
were found between females from different age groups. No
significant differences between age groups were observed
for mean numbers of carious teeth in the Late/Final
Jomon period samples. Few significant differences in den-
tal caries prevalence were observed between females from
Tokai and Sanyo. Females Age Group 3 from Tokai
expresses significantly greater dental caries prevalence
than females from Sanyo. The results comparing carious
tooth prevalence between females of different age groups
differ from previous studies (i.e., Fujita et al., 2007). Dif-
ferences between the results are likely attributable to
how the two studies categorized age. Fujita et al. (2007)
use two age groups for the Jomon sample, while this
study derived three age groups. These differences do
NOT reflect errors in either study, just different methods
for categorizing age groups. Differences are, however,
NOT observed even when females from Age Group 1 are
compared to a combined sample of females from Age
Groups 2 and 3. This trend likely represents differences
the in data sets between this study and those reported by
Fujita et al. (2007). In particular, this study only
included Late/Final Jomon period samples, whereas
Fujita et al. (2007) include skeletal samples from earlier
time periods. Given the significant difference in dental
caries prevalence between females in AG 3 from the
Sanyo and Tokai region, reproductive factors should be
discussed as a possible contributor sex-specific variation
in caries prevalence between the samples.
Reproductive factors are considered, but rejected as a

major contributor to sex-specific differences in dental
caries prevalence among post-contact Mochica people at
Mórrope, Peru: Significant declines in fertility were noted
between the pre- and postcontact samples combined with
an accentuated difference in caries prevalence between
the sexes (Klaus and Tam, 2010). Previous studies in
Yayoi period Japan also considered, but rejected reproduc-
tive physiology as a primary contributor to variation in
caries prevalence between males and females because a
more universal trend of sex-specific differences in caries
should be observed in association with reproductive physi-
ology (Temple and Larsen, 2007). It was later noted that
reproductive physiology may not have significantly influ-
enced oral health among low density foragers because of
correspondingly low fertility rates—women did not experi-

ence significant changes in salivary buffering capacity
until after reductions in interbirth intervals and increases
in the number of births following the agricultural transi-
tion (Lukacs, 2008). Dietary factors are, however, still con-
sidered the primary contributor to variation in sex-specific
caries prevalence in prehistoric Japan (2500 to 1700 BP):
Differences in caries prevalence between males and
females are observed in Southern Honshu, but not North-
ern Kyushu (Oyamada et al., 1996; Temple and Larsen,
2007), despite greater population growth rates in North-
ern Kyushu during the Initial Yayoi Period (Nakahashi,
1993; Nakahashi and Iizuka, 1998). If reproductive ecol-
ogy were a primary contributor to variation in caries prev-
alence between the sexes during the Yayoi period, then
significant differences in caries prevalence should also be
noted between the sexes in Northern Kyushu. These find-
ings suggest that the impact of reproductive physiology on
caries prevalence must be examined within regionally and
temporally specific context.
Birth-rates for the Sanyo and Tokai regions of Late/Final

Jomon period Japan have not been calculated, in part due to
restricted sample sizes of skeletal remains recovered from
these regions. This study will, therefore, utilize archaeologi-
cal estimates of population density and life expectancies as
crude indicators of birth rate. It is, for example, known that
Jomon life expectancy was greater than original publica-
tions (i.e., Kobayashi, 1967) suggest, with an average life ex-
pectancy of 32 years at 16 years of age and the greatest pro-
portion of deaths occurring around 65 years of age (Nagaoka
et al., 2008). This indicates a ‘‘low pressure demographic
system’’ where fertility, rather than mortality, was associ-
ated with population density shifts (McCaa, 2002).
Population density during the Late to Final Jomon pe-

riod declined considerably in Tokai and increased gradu-
ally in Sanyo (Koyama, 1978). Tokai still maintained a sig-
nificantly greater density (7,600 people, 0.61 people per
km2) when compared to the Sanyo region (2,700 people,
0.04 people per km2), despite opposite directions of popu-
lation growth during the Late through Final Jomon period
(Koyama, 1978). These estimates of population size, and
by inference birth rate, are much smaller than those cal-
culated for the early agricultural and industrial groups
reported to experience declines in oral buffering capacity
due to reproductive factors (see: Lukacs, 2008). On this
basis, it is likely that birthrate in these groups did not
reach a level that influenced dental caries prevalence
among females in younger age groups from high and low
density regions, a point also discussed by Lukacs (2008: p
905) in regard to the lack of sex-specific variability in
caries prevalence among low-density foragers.
Elevated caries prevalence between females in Age

Group 3 from high compared to low density regions may,
in part, reflect differences in reproductive output between
eastern and western Japan, though it is important to cau-
tion that the population density of eastern Japan was in
decline during this time. This indicates that differences in
dental caries prevalence between males and females from
the Late/Final Jomon period primarily reflect diet, though
some contribution from reproductive factors is possible in
Age Group 3.

CONCLUSION

Females from the Late/Final Jomon period have a sig-
nificantly greater prevalence of dental caries when com-
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pared to males in each age group. Females also have a sig-
nificantly greater mean number of carious teeth compared
to males. This difference is not dependent on age. Varia-
tion in caries prevalence between males and females from
the Late/Final Jomon period likely reflects behavioral and
dietary differences between the sexes in these samples.

Significant differences in caries prevalence were not
observed between females from younger and older age
groups. In addition, females from areas with greater popu-
lation density did not have significantly greater frequen-
cies of carious teeth than females from areas with low pop-
ulation density in most age groups. Females in Age Group
3 from Tokai (high density) did, however, have a signifi-
cantly greater prevalence of cariogenic molars than those
from Sanyo (low density). These results suggest that
reproductive physiology may have played some role in the
observed pattern of sex-specific differences in caries prev-
alence, though this role was apparently limited to was
likely limited to older age cohorts.
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