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Linear Enamel Hypoplasia in Permanent Dentition of Children in
the Late Archaic and the Late Prehistoric River Valley

Emily Moes'” and Samantha H. Blatt?
University of New Mexico, USA
’Idaho State University, USA
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ABSTRACT The intensification of agriculture is often correlated with an increase in physiological stress, but
this relationship is not always clear and needs to be examined in biocultural context. This project compares the
timing and duration of stress events of foragers (4000-3000 B.P.) with those of agriculturalists (A.D. 1000-1500)
by analyzing linear enamel hypoplasia (LEH) on the permanent anterior teeth of 40 children from Late Archaic
and Late Prehistoric Ohio River Valley. Scanning electron microscopy was used to create photomontages of the
tooth surfaces. Prevalence, frequency, and duration of LEH were compared between samples using Fisher’s ex-
act tests and pairwise ANOVA. Results indicate that agriculturalist children endured the highest prevalence and
frequency of stress events; although, forager children endured longer durations of stress events. Variation in
stress experiences may be attributed to the nutritional transition to maize consumption and food storage during
the Late Prehistoric period. However, a period of increased conflict, population aggregation, and political shifts

from interaction with Mississippians are also discussed as contributing factors.

The intensification of agriculture often corresponds to
an increase in skeletal indicators of physiological stress
and growth disruption relative to hunter-gatherers in
similar environments (Cohen and Armelagos, 1984; Co-
hen, 1989; Steckel and Rose, 2002; Larsen, 2006; Ungar
et al., 2017). For example, at Dickson Mounds, Illinois,
multiple indicators show increasing levels of nutritional
stress and infectious disease with the rise of maize agri-
culture (Goodman and Armelagos, 1988; Kent 1986).
However, this trend is not universal (e.g. Winterhalder
and Kennett, 2006). Hutchinson and Larsen (1988) find
that stress experiences among Native Americans of St.
Catherines Island, Georgia increase in duration over
time, despite similarities to previous agriculturalists in
maize consumption. The authors argue this is likely due
to disease and social changes introduced by the arrival
of Spanish missionaries. Therefore, generalizations
about the well-being of archaeological populations are
not synonymous with their subsistence strategies. Life
course hypotheses regarding response to early life
stressors are dependent on accurate documentation of
duration of stress episodes and the ages at which they
occurred in order to better contextualize interpretations
(Temple et al., 2013; Temple, 2014). Hutchinson and
Larsen (1988) showed that information about stress epi-
sode duration could alter interpretations of the relation-
ship between subsistence strategy and physiological
stress.
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Physiological stress during development results in
disruption of enamel formation (Hillson, 1992), creating
enamel defects that are permanently archived in the
tooth crown. Bioarchaeologists consider these defects to
be non-specific indicators of stress attributable to causes
including psychological factors, fevers, malnutrition,
infection, and trauma (Armelagos et al., 2009; Roberts
and Manchester, 2005). While the crown of a tooth is
forming, enamel matrix is secreted continuously by
ameloblasts in successive layers starting at the crown of
the tooth. Successive growth layers are differentiated by
striae of Retzius (Hillson, 1996). Striae are temporally
divided by cross-striations, which represent a circadian
rhythm of growth, each accounting for 24 hours of
growth (Fitzgerald, 1995; Hillson, 2005; Lacruz et al.,
2012; Reid and Dean, 2006). Therefore, when cross stria-
tions are counted between striae of Retzius, the timing
in days, or periodicity of the striae, can be determined.
Externally, these striae correspond to circumferential
structures that are visible on the surface of the tooth,
known as perikymata (Antoine and Hillson, 2016; Hill-
son, 1996; Fitzgerald, 1995). Therefore, as enamel is laid
down in successive layers, each perikyma represents a
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period of development in days, as reflected by the peri-
odicity, or cross-striation count.

When a systemic stress event occurs, energy is di-
verted away from ameloblasts, causing a deficit in ma-
trix secretion and the enamel volume, interrupting the
normal distribution of perikymata (Hillson, 1992). The
result is an increased distance between successive
perikymata. These physiological disruptions during
growth produce localized defects on the enamel sur-
face, which can occur as pits, furrows, or planes
(Hillson, 2005). Linear enamel hypoplasia (LEH) is the
most recognizable and commonly reported form of
enamel defect (Hillson and Bond, 1997; Ten Cate, 1994),
and takes the form of a horizontal line or linear array of
pits on the enamel surface (Goodman and Rose, 1990;
Hillson, 1996). The width of LEH is the result of the
number of affected perikymata; therefore, representing
a quantification of the duration of stress events
(Antoine and Hillson, 2016; Hubbard et al., 2009). The
appearance of LEH is further influenced by its location
on the tooth surface since perikymata are more widely
spaced near the occlusal/apical surface and more
densely packed at the cervix. This means that LEH near
the crown cervix of an incisor, for example, will appear
narrower compared to its matching defect on a canine,
which will appear in the middle of the crown. Matched
defects will often appear at different locations when
using two different teeth due to differences in the tim-
ing of enamel development. Regardless of their loca-
tions on two or more teeth, defects that form in re-
sponse to the same systemic stress are composed of the
same number of striae of Retzius and perikymata
(Antoine and Hillson, 2016; Hillson and Bond, 1996).

The occlusal wall of LEH represents the period dur-
ing which the stress event occurred, while the cervical
wall represents the period of recovery (Guatelli-
Steinberg, 2008; Hillson and Bond, 1997). The associa-
tion of LEH with perikymata thus correlates with the
chronological development of the tooth enamel. In
tooth cusps, striae of Retzius dome over each other and
do not outcrop on the surface. As compared to posteri-
or teeth, anterior teeth are the most useful to examine
for LEH because more of their enamel surface is cov-
ered by perikymata (Goodman and Armelagos, 1985;
Hillson and Bond, 1997; Guatelli-Steinberg et al., 2012).

This study reconstructs patterns of growth disrup-
tion of permanent teeth of subadults using incremental
microstructures to examine LEH prevalence, frequen-
cy, duration, and age of occurrence among temporally
distinct populations with different subsistence strate-
gies (foraging and agricultural) within the prehistoric
Ohio Valley. Linear enamel hypoplasia prevalence,
frequency, and duration measure different aspects of
the stress experience. Prevalence indicates the propor-
tion of people in a sample who were affected by a
physiological growth disturbance during childhood.
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Frequency reflects the average number of growth dis-
ruptions that any one person in the sample is likely to
have experienced. Lastly, LEH duration is an indication
of how long an individual was affected by a single
growth disruption. In other words, LEH duration re-
flects the amount of time until that person began recov-
ering from such an incident. Therefore, discordance of
LEH prevalence, frequency, and stress episode dura-
tion is possible, though not always expected.

With the advent of agriculture in North America,
maize became an important subsistence staple, alt-
hough it varied regionally in the rate of adoption (e.g.
Cassidy, 1984; Cook and Schurr, 2009; Goodman and
Rose, 1984; Sciulli and Oberly, 2002). Isotopic analysis
from numerous sites within the Ohio River Valley indi-
cate rapid incorporation of maize in the diet in the Late
Prehistoric period (1100 - 400 B.P.) with intensified ag-
riculture (Greenlee, 2002). Although maize meets daily
caloric requirements, it is a poor source of amino acids
and protein (Spielmann and Angstadt-Leto, 1996, Whit-
ney and Rolfes, 2011). The phytates and plant proteins
in maize inhibit iron absorption, and niacin in maize
binds to glucose molecules, decreasing their bioavaila-
bility (Baynes and Brothwell, 1990; MacKay et al.,
2012). The nutritive value of maize is also altered dur-
ing food processing further removing important miner-
als and fiber depending on the processing protocols
(Rylander, 1994). If absorption or consumption of iron
and other nutrients is low, anemia could result, leading
to susceptibility of disease and infection (Dubos, 1965;
Scrimshaw, 1964; 2003).

It is often assumed that maize gruel was introduced
to infants around six months of age in Late Prehistoric
populations, when growth needs begin to exceed the
nutrients supplied in breast milk (Wright, 1997). Even
though breast milk was likely still a significant compo-
nent of an infant’s diet during this time, maize gruel
may not have been sufficient in providing supplemen-
tary nutrients. Therefore, throughout the weaning pro-
cess, LEH may represent stresses initially caused by
nutritional deficiency (Blakey et al., 1994).

Bone remodeling is also influenced by nutritional
stresses and disease (Frost, 2003), and an increase in
remodeling per unit area can indicate greater health
risk (Cho and Stout, 2003). Nutritional problems are
synergistically bound to the frequency of infection
since ubiquitous pathogens can become increasingly
virulent under the influence of decreased host re-
sistance due to poor nutrition (Dubos, 1965; Scrim-
shaw, 1964; 2003). Greater remodeling rates in maize
agriculturalists compared to foragers have been record-
ed from Lower Illinois River Valley sites and other lo-
cations (Stout, 1983; Stout and Lueck, 1995; Stout and
Teitelbaum, 1976). These greater rates may reflect nu-
tritional stress of a low protein maize diet.

In the Ohio River Valley, Perzigian et al. (1984) and
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Cassidy (1984) studied stress indicators and dietary
transitions, respectively, from Archaic (6000 - 3000
B.P.) to Late Prehistoric (1100 - 400 B.P.) periods. Den-
tal caries and attrition show the greatest difference in
populations through time in the Ohio Valley (Sciulli
and Oberly, 2002). Maize agriculturalists exhibit high-
er frequencies of dental caries and increased frequen-
cies of pathological conditions such as periapical le-
sions and antemortem tooth loss (Sciulli and Oberly,
2002). Although these conditions are a byproduct of
age, the earlier appearance and elevated frequencies
of dental caries among agriculturalists has been large-
ly attributed to the increased consumption of dietary
carbohydrates (Larsen, 2006; Selwitz et al., 2007).

Materials

The sample for this study consists of photomontages
of cast replicas of the immature (i.e. incomplete enam-
el growth) permanent anterior dentition of 40
subadults from three archaeological assemblages: the
Duff, Buffalo, and SunWatch sites (Figure 1). The his-
tologically determined ages at death of individuals in
the sample range from 2.23 - 10.06 years (Duff), 1.57 -
6.45 years (Buffalo), and 1.09 - 7.15 years (SunWatch)
(calculated in Blatt, 2013). Poor preservation of
subadult remains in the archaeological record in this
area contributed to the limited sample size. Sites cho-
sen for study also display a significant degree of ge-
netic homogeneity (Sciulli, 1990; Sciulli and Oberly,
2002) thereby reducing the potential for variability in
the data due to genetic factors. Therefore, we assume
that any discrepancies in dental growth and develop-
ment among the present samples are attributable to
individual variation and /or environmental influences.
In addition to the age distribution of well-preserved

Figure 1. Map of Ohio showing the locations of
the sites used in this study.
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subadults, the three sites were selected for their re-
gional consistency and the well-studied archaeological
and biological contexts they provide.

Given the body of research on the increased disease
load that is often associated with the rise of maize ag-
riculture (e.g. Cohen and Armelagos, 1984; Larsen,
2006), we first predicted that the agricultural samples
in this study would exhibit a statistically significant
increase in physiological stress as measured by a high-
er prevalence and frequency of LEH compared to the
foraging sample. Second, we predicted that these
stress episodes would last longer among the agricul-
turalists due to the assumed persistence of pathogens
among a large, sedentary population. Third, we hy-
pothesized that agriculturalist children would exhibit
the earliest age of first LEH occurrence because a
weaning diet supplemented by maize porridge is
more likely to lead to malnutrition and systemic stress
earlier in development than a foraging diet that in-
cludes a broader spectrum of foods and essential nu-
trients (Ungar et al., 2017). Overall, the objectives of
this study were to assess change across time in the
stress experiences that impacted prehistoric children
of the Ohio River Valley in association with subsist-
ence and social transitions.

A total of 31 individuals, of 40 originally sampled,
had adequately developed and preserved enamel mi-
crostructures for the purposes of this study. Individu-
als were included if they had at least 40% of the enam-
el present on their incisors (Blatt, 2013). Subadults un-
der the age of two years were excluded from analyses
for this reason (Reid and Dean, 2000). Deciduous teeth
were excluded since they do not consistently display
perikymata. We excluded teeth with taphonomic
changes and/or excessive wear to limit error in
perikyma counts that would skew chronological as-
sessment.

Duff Site (n=9)

The Duff site (22LO111), located in the mid-western
area of Ohio (see Figure 1), consists of a relatively
large and complete cemetery (Sciulli and Aument,

| 1987). Radiocarbon dates of 2,950 + 155 years B.P. and

3100 + 40 years B.P. from skeletal material indicate
that the site was used for a short period of time during

| the terminal Late Archaic (ca. 3000 - 2500 B.P.) (Sciulli

and Aument, 1987; Sciulli, 1990). During this time,

{| populations lived in small scattered groups at season-
- al habitation sites subsisting through hunting and

gathering (Parmalee, 1969). The dietary breadth of the

! | Dulff people centered on diverse faunal assemblages,
«.«vds) Nut harvesting, wild plants, and riverine resources

(Emerson et al., 2009; Parmalee, 1969). Domesticates,
such as maize, were neither produced nor consumed
during this period, as supported by isotopic and ar-
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chaeological evidence (Stothers and Bechtel, 1987).
The migratory nature of hunting and gathering popu-
lations allowed for the occupation of seasonal habita-
tion sites, reducing the risk of resource depletion and
nutritional deficiency. Sciulli and Aument (1987) re-
port high young adult mortality, and low infant mor-
tality among individuals at the Duff site. Warming
from the Hypsithermal Period is believed to have de-
creased the carrying capacity in the region during the
latter part of the Late Archaic, but populations appear
to remain stable (Ford, 1977).

Buffalo (n=18)
The Buffalo site (46PU31) is located along the banks of
the Kanawha River in Buffalo, West Virginia (see Fig-
ure 1). It was hastily excavated between 1963-1965
(Hanson, 1975), during which some burials were
avoided, crushed, and displaced by bulldozers
(Drooker, 2000). The site consisted of permanent set-
tlements inhabited year-round, spanning several tem-
poral/cultural traditions from the Archaic to the Late
Prehistoric (1000-1500 A.D.) (Hanson, 1975). For the
purposes of this study, only the latter period, which
encompasses Fort Ancient, will be discussed since
sample materials from Buffalo date from this time.
Fort Ancient is considered a regional culture of kin-
structured villages that responded similarly to vary-
ing degrees of Mississippian influence (Cook, 2008;
Cowan, 1986; Griffin, 1943; Henderson and Turnbow,
1987; Turnbow and Sharp, 1988). The Fort Ancient
occupation of the site is seen in two overlapping vil-
lages and burials clustered in groups near house struc-
tures (Hanson, 1975). From the original excavations,
very little information is reported about subsistence or
social stratification at Buffalo. Many charred hickory
nuts and walnuts were recovered from the site, and it
appears that deer were brought back to the site for
butchering. There is no reported evidence for other
plants used at the site; although, numerous remains of
mammals and birds were recovered (Hanson, 1975).
Nevertheless, it is commonly assumed that the sub-
sistence economy at Buffalo was associated with horti-
culture or less intensive agriculture (e.g. Blatt, 2013;
Hanson, 1975; Sciulli and Oberly, 2002). Isotope data
(13C/ 12C) of Mid-Late Prehistoric remains throughout
the region indicates that maize was by far the most
consumed food by the Fort Ancient people. Late Pre-
historic Ohio Valley populations also tended to have
shorter stature, a lower life expectancy, and higher
infant (1-3 years) mortality than earlier hunter-
gatherers (Cassidy, 1972; 1984). Such changes in mor-
tality patterns are also likely related to the overall in-
crease in population size and sedentism from Archaic
to late prehistoric populations in the region.

Dental Anthropology

SunWatch (n=13)

Contemporary with Buffalo, SunWatch (33MY57) vil-
lage is the most extensively excavated and analyzed
Fort Ancient site and is the type site of Middle Fort
Ancient (A.D. 1200-1400) (Heilman et al., 1988; Hen-
derson and Pollack, 2001). SunWatch is located along
the Great Miami River, three miles south of Dayton,
Ohio (see Figure 1). The site is comprised of a well-
planned circular village, concentric circles of clustered
burials, storage pit structures, and houses that were
organized outwardly around a red cedar center pole
(Heilman et al., 1988). This organization is thought to
be part of a solar alignment system, and culminating
in a stockade around the periphery (Heilman and
Hoefer, 1981). Relative to hunting and gathering
groups, this period is marked by increases in seden-
tary population size, social complexity, regional inte-
gration, and extra-regional trade (Dunnell, 1971;
Drooker, 1997; Essenpreis, 1978; Griffin, 1943). Sub-
sistence focused on a maize-intense diet. However,
supplementary hunting and gathering was still em-
ployed (Rossen, 1992). Carbon isotope analysis reveals
no difference between males and females in maize
consumption. However, nitrogen isotope analysis
shows that females ate less meat than males (Conrad,
1988). Agricultural populations tended to have shorter
stature, a lower life expectancy, and high infant mor-
tality compared with hunter gatherers (Cassidy, 1984).

Large Fort Ancient sites, like SunWatch, consumed
more maize than smaller villages, but the highest car-
bon isotope levels were most closely associated with
sites that had the highest number of Mississippian
goods and structures (Cook and Schurr, 2009; Schurr
and Schoeninger, 1995). Research on the degree and
consistency of Mississippian interaction with Fort An-
cient villages is contentious, as some authors conclude
that the Fort Ancient development was necessarily
stimulated by the Mississippians (Griffin, 1943; Cook,
2012), while others deny any significant influences
(Pollack and Henderson, 2000).

There is significant evidence for Mississippian
reach at SunWatch (Cook, 2008; 2012). Skeletal trauma
and mortuary iconography that have been associated
with warfare and peace keeping among Mississippian
leaders, such as the inclusion of dog burials and sym-
bolism associated with Mississippian dog soldiers,
appear in one quadrant of the site, which is otherwise
segmented by kin groups (Cook, 2012). Development
of war leadership and presence of foreign soldiers in
the village fit well with the escalating conflicts in the
greater region (Milner et al., 2001). In a study of in-
tracemetery biological variation using dental metrics,
Sciulli and Cook (2016) found that SunWatch consist-
ed of a primary Late Woodland population with some
nonlocal Mississippian individuals, who were highly
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related to the Late Woodland population. The authors
suggested that acculturation accounted for Mississippi-
an cultural characteristics in southwestern Ohio or that
gene flow, accounting for the genetic similarities be-
tween Fort Ancient and Mississippian peoples, oc-
curred before 800 B.P. (Sciulli and Cook, 2016).

During the occupation of SunWatch, Fort Ancient
sites were becoming more aggregated, as Mississippian
sites became smaller (Drooker, 1997; Cook and Aubry,
2014). It is likely that these Mississippians migrated
into the hinterland of Fort Ancient villages, influencing
political and sociocultural transitions at villages such
as SunWatch (Cook, 2012; Cook and Aubry, 2014). An
influx of foreign elite leaders (as evidenced from burial
inclusions and comparisons) and reshuffling of popula-
tions from patrilocal residence patterns to matrilocal
could have significantly increased adult and develop-
mental stress, nutritional stress, and pathogen load
from overcrowding, as compared to other sites used in
this study (Cook, 2012; Cook and Aubry, 2014).

Methods

High resolution cast replicas were made of the labial
surface of anterior teeth. Photomontages were created
using a FEI NOVA Nano Scanning Electron Micro-

scope (SEM) 400 at 50 times magnification (Blatt, 2013).
Replicas, histological data from sectioned teeth
(discussed below), photomontages, and age estimation
used in this study originate from the work of Blatt
(2013).

Perikymata were identified as regularly spaced
grooves running horizontally across the surface. Linear
enamel hypoplasia was identified as an accentuated
area in which perikymata were spaced more widely
relative to those around them (Guatelli-Steinberg,
2008). Accentuation was first identified subjectively
relative to adjacent perikymata. Image]J (Rasband, 1997-
2017) was then used to metrically verify the increase in
width from scaled images (Figure 2).

From the photomontages available, we were unable
to evaluate enamel depressions in order to identify
LEH (as in King et al., 2002; Temple, 2014; 2016). Nev-
ertheless, there was limited bias in LEH identification
and perikymata counting because most individuals in
the sample died prior to cervical enamel formation,
which is the area most affected by tightly “packed”
perikymata. Because we did not often have perikymata
available to count near the cervix, we did not apply
Hassett’s (2012) method. However, since metric com-
parison of width variations among adjacent perikyma-

|0L3| 0¢ |WWE S| AX0QS XS
am_ |
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Figure 2. Photomontage example. Lower left canine of individual B6-71 from SunWatch with arrows in-
dicating LEH (and accentuation in the horizontal perikymata). LEH A includes 6 perikymata, LEH B and
C both have two perikymata each. Occlusal surface is towards the top. Modified from Blatt (2013).
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ta was not performed along the entire enamel surface,
LEH prevalence and frequency data represent mini-
ma for each sample.

The method of recording LEH used in this study
has been applied to other sites in the study region
(Martin and Sciulli, 2008; Steckel et al., 2002) and
should produce comparable data. Perikymata were
counted from the occlusal/apical end until the onset
of each accentuation. This procedure eliminated any
visual confusion thereby minimizing intra-observer
error. Perikymata of each tooth were counted twice at
least one week apart and the mean number of
perikymata was used as the final count result (Blatt,
2013).

We matched defects between two anterior teeth
from each individual in order to eliminate any defects
associated with localized trauma. Defects were
matched by comparing duration, interval between
successive defects, and the histologically derived esti-
mate from enamel microstructures of the age at onset
for each hypoplasia on each tooth (Blatt, 2013). Fre-
quency was calculated for each individual by count-
ing the average number of matched LEH occurrences
among the anterior teeth. Individuals with two anteri-
or teeth with observable defects were categorized as
LEH positive. To calculate prevalence, the number of
LEH-positive individuals was divided by the total
number of individuals with at least two observable
anterior teeth and is presented as a percentage. The
interval between successive defects was recorded as
the number of perikymata from the beginning of one
LEH to the start of the next. Subsequently, perikyma-
ta were counted within each accentuation to establish
the duration of each LEH event (Hubbard et al., 2009).
Duration was expressed as the number of all
perikymata affected by a growth disruption.

Although Hillson and Bond (1997) argue that the
duration of growth disruption should be evaluated as
the number of perikymata in the occlusal wall of a
defect, the total number of affected perikymata was
used as an indirect indicator of stress duration since
the transition between occlusal and cervical walls was
often not clear. As such, stress episode duration in
this study includes the periods of disruption and re-
covery (Guatelli-Steinberg et al., 2005). Stress duration
was calculated as the total number of perikymata, as
defined above, multiplied by the periodicity (Blatt,
2013). Periodicity (number of days represented by
each perikyma from each population) was deter-
mined in two ways: either by direct counts of cross
striations between striae of Retzius, or by measuring
the length (in pm) between adjacent striae of Retzius
divided by the local mean daily secretion rate (Blatt,
2013). A modal periodicity of eight days (forn=7
teeth) was determined for the sample through histo-
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logical analysis by Blatt (2013).

To calculate the ages at which stress events oc-
curred, the total number of perikymata from the oc-
clusal surface of each tooth to the beginning of each
identified LEH was counted and multiplied by the
periodicity. This total was then added to the initiation
times (Reid and Dean, 2006; Blatt, 2013), representing
the age at which tooth calcification begins. Subse-
quently, mean cuspal enamel formation time
(determined by Blatt, 2013) was added, representing
the time since initiation and first perikyma outcrop-
ping, for each specific tooth. The sum of these values
and the developmental timing of all perikymata was
then subsequently divided by 365.25 to yield age of
occurrence in years. The age of occurrence of subse-
quent defects were calculated by adding the number
of days between defects (duration plus interval) to the
age of occurrence of the previous defect. Ages ranges
at death (with correction factors) for all individuals in
this study were previously provided through micro-
structural and histological analyses by Blatt (2013). It
has long been agreed upon and thoroughly tested that
microscopic methods provide more accurate age esti-
mates than those using macroscopic methods
(FitzGerald and Rose, 2008; Stringer et al., 1990);
therefore, many of the estimations normally required
for assessment of age and duration of LEH were elim-
inated.

Since it is unknown if the subsistence economy at
Buffalo focused as intensely on maize agriculture as at
SunWatch, the samples from these sites are consid-
ered separately rather than pooled. To control for pos-
sible bias in defect duration comparisons that could
have been caused by amount of mineralized enamel
available for observation, the samples were separated
into two groups: those who died before 3.5 years, and
those who died after 3.5 years. Blatt (2013) found that
Ohio Valley children completed crown development
for all incisors by 3.5 years (ranged 3.13 - 3.5 years).
As such, groups were divided by enamel completion
such that the younger subadults had at least 40% of
enamel visible (Blatt, 2013). Defect prevalence for each
site is not affected by this sectioning since all individ-
uals under the age of two were excluded from anal-
yses. Prevalence was compared between samples us-
ing a Fisher’s exact test in the statistical computing
environment R (R Core Team, 2013). Box plots were
produced to depict ranges of stress episodes. Stress
episode duration and age at first occurrence were
compared between the samples using a one-way
ANOVA with Tukey’s HSD test for each pairwise
comparison. Overall, these tested the similarities and
differences in the stress experiences of hunter-
gatherers relative to agriculturalists in the prehistoric
Ohio Valley.
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Results

Of the 14 individuals from Buffalo, 12 (85.7%) present-
ed hypoplastic defects. Prevalence among SunWatch
individuals was similar; eight of the nine (88.9%)
subadults displayed at least one enamel hypoplasia
while those from the Duff site exhibited a prevalence
of four out of eight (50%). Frequency of LEH for the
Buffalo and SunWatch sites was also similar, with 1.8
and 1.89 defects per tooth respectively. The smallest
frequency was observed from Duff individuals, with
an average of 1.125 defects per tooth. Notably, no
more than three defects were matched between anteri-
or teeth on any individual from any site. A summary
of the prevalence and frequency results for all
subadults are given in Table 1. Despite differences in
prevalence, Fisher’s exact tests showed that they did
not differ significantly between the three sites nor be-
tween any two (Table 2).

Table 2. Results of the Fisher's Exact Tests. D = Duff;
B = Buffalo; S = SunWatch.

Comparison X? P
B,D,S 4.953 0.119
B, S 0.025 1.000
D,B 1.980 0.131
D, S 1.496 0.131

When individuals were pooled, the duration of
stress episodes, given in days representing growth
disruption and recovery, varied widely within each
group (Table 3, Figure 3). The individuals from the
Duff site experienced a longer average duration than
those from Buffalo or SunWatch. Duff individuals en-
dured stress episodes for an average of 45.75 days,
whereas those from Buffalo and SunWatch endured
an average of 34.9 and 25.22 days respectively. Tuk-
ey’s HSD test suggested subadults from the SunWatch

site experienced significantly shorter stress episodes
than those from the Duff site (P = 0.021). There was no
significant difference between Duff and Buffalo (P =
0.292) nor between SunWatch and Buffalo (P = 0.172).
Conversely, when considering the average duration of
LEH for each child, instead of average duration in
each group, ANOVA showed no significant difference
between samples (P = 0.122).

When comparing subadults between sites who
died before the age of 3.5 years (see Table 1), Tukey’s
HSD test showed there was a significant difference in
the duration of stress episodes only between Buffalo
and SunWatch children (P = 0.03), due to the outlier
seen in Figure 4, whose LEH lasted for 98 days. When
considering those who died after the age of 3.5 years,
duration of stress episodes among Duff children was
significantly longer than both Buffalo (P = 0.003) and
SunWatch durations (P = 0.018) (Figure 5). Duration
of stress episodes between SunWatch and Buffalo chil-
dren older than 3.5 were not significantly different (P
=0.822).

ANOVA indicates no significant difference in age
at first occurrence between the three groups (P =
0.374). The ages at which subadults from all samples
experienced their first stress episode began between
0.89 and 2.67 years. Table 3 shows the ages at which
each stress episode occurred, and the duration of each
event. Age ranges are given for each LEH using the
standard deviation values for each tooth, from Blatt
(2013). The consistency of multiple LEH occurrences
within the second and third years of life among the
SunWatch sample prompted an investigation of the
interval between LEH. The average times between
successive LEH: 115.6 days at Duff; 155.43 days at Buf-
falo; and 86 days at SunWatch.

Discussion

Although LEH prevalence among the Buffalo and
SunWatch children was higher than in the Duff sam-
ple, this difference was not statistically significant,
suggesting that a similar proportion of individuals
were subjected to physiological stress, despite subsist-

Table 1. LEH prevalence and frequency for all individuals in each site

Average Pooled Ages Ages < 3.5 Years Age > 3.5 Years
Site Prerfz(;iilce freggicy OI;J."otaI Number Total Number Total Number with
served with Defects Observed with Defects Observed Defects
Duff 50.00 1.13 8 4 4 3 4 1
Buffalo 85.70 1.80 14 12 7 6 7 6
Sun Watch 88.90 1.89 9 8 7 6 2 2
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Table 3. Age at occurrence for each LEH by site given in years, with the duration of each episode given in days. Ranges repre-
sent the possible age at which stress episode first began, where individual numbers represent the only viable age at which the
episode could have begun, given the age overlap between the observed teeth. Age at death is also presented for each individual.

Site  Individual ID Age at Death LEH A Age LEH A LEH B LEH B LEHC LEHC
(years) (years) Duration Age (years) Duration Age (years)  Duration (days)
(days) (days)

B19 10.06 2.67 78 3.03-3.12 52 3.36-3.49 58
o B37 2.93 1.29 18 1.63-1.80 22 - -
‘:=g B45 2.6 1.64 - - - - -
B75A 2.93 1.68 32 1.81 58 2.07 48
D10-B24 2.71 2.06-2.11 24 2.31-2.37 72 - -
D10-B38 6.12 1.42-1.67 14 - - - -

D11-B27 2.36 1.27-1.31 28 1.56-1.58 22
D12-B9 3.15 2.5-2.62 28 3.32-3.63 24 - -
E7-B12 2.76 2.56 30 2.85 28 - -
?; E8-B18 5.06 1.01 20 1.27 32 - -
g E8-B76 6.45 0.99-1.08 20 1.74 54 2.24-226 50
E8-B82 5.06 1.98-2.16 14 2.36-2.58 24 - -
E9-B10 5.81 1.25-1.33 22 1.69 - 1.85 26 - -
E10-B43A 3.53 1.12-1.29 36 1.84 40 247 22
E10-B110 291 1.31-1.47 40 - - - -
F10-B20 2.87 0.97 42 1.22 66 1.54 98
B3-74 2.99 1.84-2.00 8 - - - -
B6-71 4.16 1.92 42 2.05 18 2.19-223 20
» B6-73 2.87 1.38-1.47 16 1.45-1.57 28 1.54-1.65 40

=
S B6-80 2.67 0.89-1.06 8 1.12-1.28 24 1.51-1.68 42
g B10-80 2.32 1.43-1.58 14 - - - -
= B11-76 2.65 1.98 -2.04 14 2.04-2.14 28 2.29 28
B13-72 7.15 1.56-1.84 36 2.39-2.56 44 - -
B14A-72 2.98 1.85-1.88 24 2.14-2.24 20 - -
| L

Duff Buffalo SunWatch
Site

Figure 3. Stress episode duration giv-
en in days for all individuals, the
whiskers indicate 95% confidence in-
tervals.
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Site

Figure 4. Stress episode duration giv-
en in days for individuals who died

before the age of 3.5 years, the whisk-
ers indicate 95% confidence intervals.

20~ ‘

ouff Buffalo SunWatch
Site

Figure 5. Stress episode duration giv-
en in days for individuals who died
after the age of 3.5 years, the whiskers
indicate 95% confidence intervals.
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ence strategy differences and aggregation hazards in
Late Prehistory. The average number of defects per
tooth was lowest among the Duff sample, supporting
the first hypothesis that the agricultural groups expe-
rienced a higher frequency of stress episodes. Average
duration of LEH defects was significantly different
between Duff and SunWatch, where Duff children
experienced longer stress episodes than SunWatch
children. Here, the duration analysis refutes the sec-
ond hypothesis because foragers in this study en-
dured longer stress episodes than did maize agricul-
turalists. These results suggest that Duff children ex-
perienced physiological stress less often than those at
Buffalo or SunWatch. However, stress episodes lasted
longer at Duff than at the other two sites.

Discord between LEH prevalence, frequency, and
duration is seen in other studies that use LEH to ex-
amine stress differences in archaeological samples.
For example, Temple et al. (2013) found that despite
greater LEH frequencies among Jomon period forag-
ers from Hokkaido, Japan, they had significantly
shorter stress episode durations than Tigara Inupiat
from Point Hope, Alaska. In another study, greater
stress episode duration was evident in modern Inuit
compared to Neandertals from Krapina, despite simi-
lar LEH prevalence within each sample (Guatelli-
Steinberg et al., 2004). King et al. (2005) found signifi-
cant differences in LEH prevalence between females
from two historic London cemeteries, although there
were no significant differences between duration or
frequency of stress episode. These studies attribute the
differences in stress experiences to seasonal variation
in food availability and/or dietary quality between
their samples.

The third hypothesis regarding a significant differ-
ence in age at first occurrence between agriculturalists
and foragers was rejected. This result reflects the sus-
ceptibility of children in the first years of life to system
stress, regardless of subsistence strategy. Many previ-
ous studies have linked the presence of LEH after the
first year or so of life to the negative effects of wean-
ing (e.g. Coppa et al., 1995; Corruccini et al., 1985;
Ogilvie et al., 1989; Ubelaker, 1992; Webb, 1995). How-
ever, since other elements leading to enamel defects
include nutritional problem:s, illness, or poor hygiene,
weaning may not be the sole factor leading to growth
arrest in enamel during the first year of life (see Bla-
key et al., 1994; Katzenberg et al., 1996).

Variation between prevalence, frequency, and du-
ration may be attributed to differences in subsistence
strategy, dietary breadth, and transitions in popula-
tion size or Mississippian influences and migration.
The dietary breadth of the Duff people (Emerson et
al., 2009; Parmalee, 1969) suggests that children had
access to foods with sufficient macro- and micronutri-
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ents, possibly helping to mitigate continuous nutri-
tional inadequacies, resulting in reduced LEH fre-
quency. However, due to a lack of food surplus and
storage (Parmalee, 1969), if climate or seasonal varia-
tions occurred causing food depletion or relocation,
Duff individuals may have experienced longer epi-
sodes of physiological stress. Indeed, climate warming
impacted the region during the Late Archaic during
the Hypsithermal Period (Ford, 1977), but detailed
analysis of climatic changes is lacking in the literature.
The increased frequency of stress episodes observed
in both SunWatch and Buffalo children supports pre-
vious studies suggesting an increase in chronic sys-
temic disturbances in Late Prehistoric agricultural
populations (e.g. Cassidy, 1984; Cook, 1984; Danforth,
1999; Mummert et al., 2011; Larsen, 2006; Sciulli and
Oberly, 2002).

It is common to also compare stature between
groups as an indirect indicator of stress. Specifically,
numerous archaeological remains have shown a re-
duction in stature and decline in overall health with
the introduction of intensive agriculture (Cook, 1984;
Danforth, 1999; Mummert et al., 2011; Larsen, 2006;
Scuilli and Oberly, 2002; Temple, 2010). However,
trends in stature reduction and the foraging-
agriculture transition are not universal. Many studies
have shown a decrease in juvenile stature with the rise
of agriculture (e.g. Mummert et al., 2011), while others
show no change, an increase, or an increase in region-
al variability in stature (e.g. Steckel and Rose, 2002;
Temple, 2011). Sites from the Lower Illinois River Val-
ley do not indicate adult stature changes through time
or subsistence transitions, even though there is evi-
dence of reduced juvenile stature (Cook, 1984). Chil-
dren from all sites in this study have also been shown
to have achieved a lower percentage of attained
growth progression of femur length at each age rela-
tive to the mean attained growth achieved by the chil-
dren from the Denver Growth Study and Columbus
Morgue samples (Maresh, 1955; Sciulli, 1994; Sciulli
and Blatt, 2008). Additionally, significant differences
(P =0.001) were reported between skeletal age and
dental age between the children in these three sites
(Blatt, 2013), indicating compromised physiological
growth despite biological age.

SunWatch results also support indications of sys-
temic early life or prenatal stresses reported from
enamel defects of deciduous teeth (Martin and Sciulli,
2008). While decreased host resistance is likely to have
contributed to the increase in LEH frequency in the
Buffalo and SunWatch subadults, a diminished quali-
ty of diet is unlikely to be the only cause of an increase
in frequency of stress episodes. Although an under-
standing of the extent of Mississippian influence at
Fort Ancient sites, like SunWatch, is currently evolv-
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ing, patterns of increased conflict and migration in the
region are serious means of stress-inducing events to
consider when comparing growth disruption through
time.

Intensive agriculture at SunWatch allowed for pop-
ulation growth and sedentism, especially for the in-
flux of Mississippian migration, which afforded ample
opportunity for the introduction and perpetuation of
novel pathogens (Goodman et al., 1984; Larsen, 1995).
Increased maintenance of diseases and other patho-
gens relative to hunting and gathering groups may be
a cause of the shortened intervals between successive
stress episodes in the SunWatch children. In contrast
to Duff individuals, the analysis of stress episode du-
ration in this study suggests SunWatch children expe-
rienced shorter episodes of physiological stress.

There are some limitations and future explorations
that should be considered within the framework of
this project. First, the most evident issue is the small
sample size. Juvenile remains from the archaeological
record are often sparse and generally poorly pre-
served when compared to adult remains. It was diffi-
cult to obtain a sizeable sample, even from multiple
sites. Compounding the problem, the sample was fur-
ther reduced by omitting some individuals due to the
presence of only one anterior tooth where at least two
were needed to be considered for analysis.

Additionally, as mentioned above, enamel deposi-
tion is not linear in the permanent dentition
(FitzGerald, 1995; Hillson and Bond, 1997; Reid and
Dean 2000). The beginning of a hypoplastic defect is
typically identified as the point where a perikyma is
more widely spaced than its occlusal neighbors. Yet,
the spacing between each successive perikyma can be
variable through different parts of the same tooth
since perikymata are packed more tightly in some are-
as compared to others (Schwartz et al., 2001). In order
to accurately calibrate the spacing between perikymata
across differently packed areas, the mean distance and
standard deviation would ideally be calculated based
on the nearest neighbors (Hassett, 2012). However, a
reliable and definitive study of dental enamel via mi-
croscopic analysis requires expensive analytical tools
that are impractical in many field and laboratory situ-
ations compared. For many researchers, it is more rea-
sonable, instead, to assess interobserver reliability of
dentition that had limited variation in perikymata
“packing”, as in this study.

Finally, it is noteworthy that enamel hypoplasias
can be observed only on those individuals who sur-
vived the stress events, and what cannot be known is
if the children died during another episode, or due to
some other cause. Markers of disease or deprivation
in human remains represent only a fraction of the
health disruptions in a population since most diseases
will not leave lesions on bone, or will abate or kill
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their hosts before being expressed on skeletal tissue
(Wood et al., 1992).

Conclusions

The results of this study indicate observable differ-
ences in LEH frequency and duration between the
Duff, Buffalo, and SunWatch subadults. Our first hy-
pothesis was confirmed; the agricultural samples re-
flected an increase in physiological stress through
higher LEH frequencies and prevalence than those
observed in the foraging sample (see Table 1). Contra-
ry to the second hypothesis, the stress experiences of
Duff children lasted longer than those of SunWatch or
Buffalo, possibly due to differences in resource stor-
age in cases of resource depletion or climate varia-
tions. In this case, SunWatch children relied on pro-
tein-deficient maize in a populated environment ripe
for spreading pathogens, whereas Duff children had
access to a more balanced diet in a sparsely populated
environment.

An alternative explanation for the differences in the
health experiences of hunter-gatherers and agricultur-
alists is that Late Archaic (Duff) populations did not
possess the techniques, practices, or support for sick
individuals. In the case of the Duff population, in
which groups were initially becoming larger and less
mobile, a sedentary lifestyle was probably in its early
stages of development, which would have increased
the propensity for pathogens to spread (Sciulli and
Oberly, 2002). With that in mind, individuals inflicted
with a potentially life-threatening illness may have
been more likely to die in a short time, leaving skele-
tons, or their teeth, unmarked by acute effects of ill-
ness.

There is a trend for hunting and gathering popula-
tions in the Eastern Woodlands to exhibit fewer
pathological conditions on their skeletons and teeth as
compared to sedentary populations who assumedly
had established techniques and support for ill people
(Sciulli and Oberly, 2002; Steckel et al., 2002). On aver-
age, in the former populations, individuals with obvi-
ous effects of disease did not live as long. Conversely,
in groups with well-developed care practices, like that
at SunWatch, individuals would have had a better
chance of surviving acute phases of disease. As such,
these populations would have had longer lives (Sciulli
and Oberly, 2002). Therefore, if chronic phases of dis-
eases were to develop, they would manifest in their
skeletal remains.

Expansion of this project should explore these
trends by supplementing this analysis with the inclu-
sion of adult skeletal materials to assess health within
the life course approach (Agarwal, 2016). Ideally, the
childhood stress experiences archived in LEH should
be examined in individuals who survived childhood
in order to assess potential links between childhood
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stress and health in later life. A greater understanding
of the long-term impact of subsistence and social tran-
sitions in the Ohio River Valley would also benefit
from comparison of adult attained stature with fre-
quency of LEH observed in adults. The assumption
being that increased LEH is correlated with having
shorter adult stature and shorter lives as the result of
childhood stress.

Temple (2014) assessed future risk of stress from
early life stress. Such patterns have been demonstrat-
ed in recent studies (Amoroso et al., 2014; Temple,
2014; Watts, 2013) but samples from North America
have not yet been applied to this model to aid in this
complicated discourse. Nevertheless, the study of
stress patterns in children is important for narrating
the life course of young shortened lives.
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ABSTRACT The karstic caves of the Meuse River Basin in Belgium preserve nearly 200 collective burials
dating to the late Neolithic period. Among these, the cave burials of Hastiére Caverne M, Sclaigneaux,
Bois Madame and Maurenne Caverne de la Cave are represented by numerous individuals and radio-
carbon dated to circa 4,635 to 3,830 years B.P. Dental casts from mandibular and maxillary deciduous
molars are scored using multiple methods to provide a regional overview of the prevalence and expres-
sion of deciduous molar crown traits, and to compare frequencies between cave burial sites with a focus
on temporal differentiation. Carabelli’s trait varies from a small pit to a full cusp, the largest of which
are found at Hastiere Caverne M. The hypoconulid ranges from moderately large to very large. A meta-
conulid is absent or small. Although the results are contingent on idiosyncratic preservation, differences

in the frequencies of expression of Carabelli’s trait, a pronounced hypoconulid, and the presence of a
metaconule and protostylid separate the earlier cave burial at Hastiére Caverne M from the final/late

Neolithic sites of Sclaigneaux and Bois Madame.

There are nearly 200 karstic caves of the Meuse
River Basin of Belgium that preserve collective bur-
ials dating to the late Neolithic (Semal et al., 1999;
Toussaint et al., 2001; Toussaint, 2007; Polet, 2011).
Since habitation sites are rare, these funerary caves
and rockshelters provide the principal source of
information about these prehistoric farmers of the
late Neolithic and the transition to the Bronze Age
(Toussaint, 2007; Polet, 2011). The mortuary prac-
tices of Neolithic peoples from this region vary
considerably. Some tombs contain a single burial,
whereas others include two or more individuals
(Toussaint et al., 2001), although the great majority
are collective burials (Polet, 2011). The bones of
multiple individuals are comingled in some caves.
Burials are rarely found in full articulation, except
in cases where single individuals are interred
(Toussaint, 2007). At some caves, there is regroup-
ing of bones into elements, such as circles of crania
and bundles of long bones (Toussaint, 2007). Some
individuals are completely macerated as evidenced
by flint tool use (Polet, 2011), whereas others are
cremated remains (Toussaint, 2007). At Bois Mad-
ame, a site in the Burnot Valley (Figure 1), it is un-
clear whether individuals were buried as the bones
are found in an unordered manner (Dumbruch,
2003).

There may be several explanations to account

Dental Anthropology

for commingling within the collective burials, in-
cluding the actions of burrowing and scavenging
animals, geological or hydrological effects, recent
human activity from grave robbers and cave ex-
plorers, or the intentional manipulation of the re-
mains by those who deposited the deceased. Inten-
tional manipulation may have several motivations,
including burial rites, secondary reburial and cre-
ating space for additional bodies (Dumbruch, 2003;
Toussaint, 2007).

About 40% of nearly 600 individuals excavated
from 34 sites along the Meuse river system are
subadults (Toussaint et al., 2001; Toussaint, 2007).
At Bois Madame nearly a third of the individuals
(33%) are identified as children (Dumbruch, 2003,
2007). More recent excavations with improved
techniques are able to capture additional subadult
remains, raising the proportion of children to 50%
(Toussaint, 2007).

Four cave sites contain numerous subadult re-
mains, including Hastiere Caverne M, Sclaigneaux,
Bois Madame and Maurenne Caverne de la Cave,
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radiocarbon dated to circa 4,635 to 3,830 years B.P. Two of
the four burials are from Hastiere rockshelter and include
Hastiere Caverne M and Maurenne Caverne de la Cave
(see Figure 1). Hastiére Caverne M has been radiocarbon
dated to 4,345 + 60 (AMS OxA-6558; Bronk-Ramsey et al.,
2002) and can be considered early/late Neolithic.

Both Sclaigneaux and Bois Madame can be considered
final/late Neolithic. The collective burial at Sclaigneaux
cave is dated to 4,155 £ 35 (Paepe, 2007). Bois Madame is
one of the latest sites in the sample, and the two dates ob-
tained, 4,075 + 38 (AMS OxA 10831) and 3,910 + 40 (AMS
OxA 10830), suggest the cave was in use during a relative-
ly narrow time frame (Dumbruch, 2003, 2007; Toussaint,
2007).

Maurenne Caverne de la Cave from the Hastiere rock-
shelter is associated with four dates spanning ~800 years,
including 4,635 + 45 (AMS OxA-9025), which is consid-
ered middle Neolithic (Toussaint, 2007) 4,160 + 45 (AMS
OxA-9026), 3,950 + 70 (Lv-1483) and 3,830 £ 90 (Lv-1482),
all of which are final/late Neolithic (Bronk-Ramsey et al.,
2002; Toussaint, 2007). Since Maurenne Caverne de la
Cave includes such a wide range of radiocarbon dates, it
cannot necessarily be considered “early” or “final” late
Neolithic.

Given the disparate funerary contexts that exist at Ne-
olithic Belgian sites, the number of deciduous molars, and
the high heritability of dental morphology (Turner et al.,
1991; Scott and Irish, 1997, 2017; Irish, 2006; Pilloud and
Larsen, 2011; Paul and Stojanowski, 2015, 2017; Pilloud et
al., 2016; Scott et al., 2018), it is possible that differences in
dental remains from each cave burial will parallel the
chronological distinctions between sites (Bronk-Ramsey et
al., 2002; Paepe, 2007; Toussaint, 2007). Previous studies
of the osteological remains have concentrated on dental
microwear, isotopic signatures, stature estimation, patho-
logical conditions, and funerary ritual (Semal et al., 1999;
Garcia-Martin, 2000; Orban et al., 2000; Toussaint et al.,
2001; Toussaint, 2007; Polet, 2011). The expression of non-
metric deciduous dental traits from these cave burials has
not been previously explored. The aim of the study is to
provide a regional review of the incidence and expression
of crown traits on the maxillary and mandibular decidu-
ous molars, and to examine the frequencies of traits across
cave burials with respect to temporal variation.

On the basis of chronology, we expect the early/late
Neolithic site of Hastiere Caverne M to be distinct from
the final/late Neolithic sites of Sclaigneaux and Bois Mad-
ame. We anticipate Maurenne Caverne de la Cave to pre-
sent the most variation in dental morphology given its
relatively broad time frame. Ecogeography may also ex-
plain the results; the two cave burials from Hastiere rock-
shelter (Hastiére Carverne M and Maurenne Caverne de
la Cave) may resemble each other and differ from
Sclaigneaux and Bois Madame (Figure 1).
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Figure 1. Map of Belgium shows the location of
Hastiére rockshelter (Hastiére Caverne M and Mau-
renne Caverne de la Cave), Bois Madame and
Sclaigneaux. Sclaigneaux is approximately 35 km
northeast whereas Bois Madame is circa 15 km north of
Hastiere rockshelter (drawing: ADIA ©).

Materials

Deciduous molars were examined from Hastiére Caverne
M, Sclaigneaux, Bois Madame and Maurenne Caverne de
la Cave for a total of 27 individuals (Table 1). These
gnathic remains are isolated such that each fragmentary
molar and adjoining alveolus can be considered the sole
remains from a given individual. Although there are hun-
dreds of isolated teeth, only in situ deciduous molars were
considered. The stages (1-8) created by Smith (1983, 1984)
were used to characterize the wear on the deciduous mo-
lars (Tables 2-5).

Table 1. Neolithic samples

Cave burial Maxillae  Mandibles Individuals
Hastiéere 3 2 5
Caverne M
Sclaigneaux 8 1 9
Bois Madame 2 4 6
Maurenne 5 2 7
Caverne
de la Cave
Total 18 9 27
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Table 2. Preservation and wear at Hastiere Caverne M, an early/late Neolithic cave burial

Identifier

Preservation

Dental wear (Smith, 1984)

Hastiere 38

Hastiere 38!
Hastiere 39
Hastiere 18

Nearly complete maxilla extending from the left unerupted
crown of M! to the empty M! crypt on the right

Right maxillary alveolar fragment with dm?! and dm?

Small maxillary alveolar fragment with dm?! and dm?
Mandibular corpus extending from the left ramus base to the
right dmy; only the left dm; and dm; are preserved

dm!= stage 4; dm? = stage 3

dm! = stage 4; dm?2 = stage 3
dm! = stage 3; dm?2 = stage 2
dmj and dm, = stage 2

Hastiere 19 Partial mandibular corpus extending from the left dmo to the dm; =stage 3
right damaged dmy
Table 3. Preservation and wear at Sclaigneaux, a final/late Neolithic cave burial

Identifier Preservation Dental wear (Smith, 1984)
Sclaigneaux 115 Relatively complete lower maxilla and dental arcade holding dm! and dm2 on dm?! = stage 5, dm? = stage 4

both sides
Sclaigneaux 116 Relatively complete lower maxilla with dm! and dm? preserved on both sides dm! and dm? = stage 3
Sclaigneaux 117 Left maxillary fragment with dm! and dm? dm! and dm? = stage 3
Sclaigneaux 118 Left maxillary fragment, preserving dm? and M! dm? = stage 5
Sclaigneaux 119 Left maxillary fragment and palate, preserving dm?!, dm?2 and M! dm! = stage 6; dm? = stage 4
Sclaigneaux 122 Left maxillary fragment with the deciduous molars preserved; dm! is slightly dm! = stage 7; dm? = stage 4

chipped
Sclaigneaux 124 Small right maxillary fragment holding dm?!, dm2 and M! dm! = stage 5; dm? = stage 3
Sclaigneaux 125 Well-preserved right maxilla, with dm! and dm? dm! = stage 5; dm?2 = stage 4

Sclaigneaux 82

Small left corpus fragment holding dmj and dmo

dm; = stage 5; dmy = stage 4

Table 4. Preservation and wear at Bois Madame, a final/late Neolithic cave burial

Identifier Preservation Dental wear (Smith, 1984)

BM mx 26 Left fragmentary maxilla, preserving dm! and dm? dm?! and dm? = stage 4

BM mx 27 Left partial maxilla including most of the palate and alveolus, along with dm?!, dm? dm! = stage 5; dm? = stage 4
and M!

BM Md 27 Right mandibular corpus fragment with a partial ramus including dmj, dmy and M dm; = stage 5; dmo = stage 4

BM Md 28 Right mandibular fragment with a complete ramus, and dm; and dm> dm; = stage 5; dmo = stage 4

BM Md 32 Left corpus and ascending ramus holding dm> and M, dm; = stage 4

BM Md 37 Right corpus fragment with dm; and dmo dmy = stage 4; dm; = stage 3

Table 5. Preservation and wear at Maurenne Caverne de la Cave, a cave burial with one middle and three final/late Neolithic dates

Identifier

Preservation

Dental wear (Smith, 1984)

Maurenne 22

Maurenne 23
Maurenne 24

Right maxillary fragment holding dm!, dm? and the unerupted crown of M!

Right maxillary fragment from the mesial margin of the M! crypt to di!
Right maxillary fragment extending from the crypt of the M! crown to di?

with only dm! (obscured by matrix) and dm?

dm?!= stage 3; dm? = stage 2

dm?2= stage 7; dm? = stage 4

dm? = stage 2

Maurenne 25

Maurenne 26

Maurenne 82

Maurenne 85

Maxillary alveolus extending from a fully formed M2 crown to the canine
crypt, with dm?, dm?2 and M!

Maxillary alveolus, from the unerupted crown of M! to di!, preserving dm?!
and dm?

Nearly complete mandible holding dmi and dm; on both sides

Corpus fragment extending from the base of the left ascending ramus to right
dmy crypt holding the left dmj, dmpand My

dm?! = stage 6; dm? = stage 4
dm?! = stage 4; dm? = stage 2
dm; = stage 4; dm; = stage 3

dmj and dm; = stage 4
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Methods

Dental impressions were created by the first author
using a thin layer of polyvinylsiloxane (President Jet
Plus Regular Body, Colténe-Whaledent) applied to the
occlusal surface of in situ molars curated at the Royal
Belgian Institute of Natural Sciences. Dental casts were
created at Georgia State University using centrifuged
epoxy resin and hardener (Beuhler), which was poured
on the dental molds nestled within putty crucibles af-
fixed beforehand with hardener (Beuhler). The casts
dried for 24 hours before extraction.

Dental casts were scored by the second author using
Hanihara (1961) and supplemented with scores for the
hypoconulid (Cusp 5) on dmz and the metaconule
(Cusp 5) on dm? from the ASUDAS (Turner et al., 1991;
Scott and Irish, 2017), following Paul and Stojanowski
(2015). The maxillary deciduous molars were scored
for crown pattern of dm! and dm?, Carabelli’s trait on
dm?, and the presence of a metaconule (Cusp 5) on
dm?2. For the mandibular deciduous molars, only dm;
is considered following Hanihara (1961) and the traits
scored included the protostylid, hypoconulid (Cusp 5),
metaconulid (Cusp 7), the central ridge of the metaco-
nid (CRM), and the distal trigonid crest (DTC). To vali-
date the scores, photographs of the original material
were consulted.

Results

Maxillary Traits

Crown pattern for dm!is noted in two individuals and
varies considerably (Table 6). Specifically, at

Sclaigneaux, one individual exhibits a large protocone
and paracone, and is classified as a score of 2. In con-
trast, an individual from Maurenne Caverne de la
Cave presents all four cusps but the hypocone and
metacone are relatively modest in size corresponding
to a score of 4- (Hanihara, 1961). The crown pattern for
dma2is uniformly classified as a score of 4 (Hanihara,
1961). Carabelli’s trait varies from a small pit in some
individuals from Sclaigneaux to a large independent
cusp on the dm? of Hastiere Caverne M 39 (Figure 2). It
is present at all sites except Bois Madame. A metacon-

Figure 2. The only metaconule observed is a small

cuspule on the right dm? of Hasteire Caverne M 39
(a); this individual also exhibits a prominent Cara-
belli’s cusp (b). Scale bar =1 cm.

Table 6. Maxillary deciduous molar traits

D Crown Crown  Carabelli's Metaconule
Neolithic time period Site No. Pattern  Pattern trait (Cusp 5) dm?
dm! dm? dm?

early/late Hastiere 38 4 5 0
Hastiere 381 4

Hastiere 39 4 1

final/late Sclaigneaux 124 2 4 1 0

Sclaigneaux 115 4 1

Sclaigneaux 122 4
Sclaigneaux 118 4

Sclaigneaux 117 4 6 0

Sclaigneaux 116 4 3 0
Sclaigneaux 119 4

Sclaigneaux 125 4 1 0
Bois Madame 26 4
Bois Madame 27 4

middle and final/late Maurenne 24 4 2 0
Maurenne 25 4
Maurenne 23 4

Maurenne 22 4- 4 5 0

Maurenne 26 4 4
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ule is expressed only on Hastiére Caverne M 39
(Figure 2) and is absent at Sclaigneaux and Mau-
renne Caverne de la Cave. In the Bois Madame sam-
ple, it could not be observed (see Table 6).

Mandibular Traits

A protostylid is present only on the dmy of a single
individual from Hastiére Caverne M (Figure 3). The
metaconulid expression varies from a larger feature
in Sclaigneaux (Hanihara score 3) and Maurenne
Caverne de la Cave (Hanihara score 2) to its absence
or low expression at Hastiere Caverne M and Bois
Madame (Table 7). A central ridge of the metaconid
(CRM), or Cusp 7, is noted at all cave burials except
Bois Madame, and a distal trigonid crest (DTC) is
absent at Hastiere Caverne M and Maurenne
Caverne de la Cave, but present at Bois Madame
(Figure 4). Where it could be examined, the hy-
poconulid (Cusp 5) was scored as either prominent
(ASUDAS grade 5) such as at Hastiere Caverne M
and Sclaigneaux, or large (ASUDAS grade 4) as at Figure 3. The expression of a protostylid (white

Maurenne Caverne de la Cave, or both as is the case arrow) is visible on the left dm; of Hastiere
at Bois Madame (Figure 5). Caverne M 19. Scale bar =1 cm.

Figure 5. The largest and
most distinctive hy-
poconulid (cusp ) is
visible on the right dm,
of Hastiere Caverne M
18, identified by a white
arrow. Scale bar =1 cm.

Figure 4. A small meta-
conulid (a) and a large
hypoconulid (b) can be
observed on the right
dm; of Maurenne 82.
Scale bar =1 cm.

Table 7. Mandibular deciduous molar traits

ID Protostylid Metaconulid CRM DTC Hypoconulid

Neolithic Site No. dm; (Cusp 7) dm; dm> (Cusp 5)
time period dm; dm,
early/late Hastiere 19 1 1 0
Hastiere 18 0 2 0 5+
final/late Sclaigneaux 82 3 2 5
Bois Madame 37 0 5
Bois Madame 32 1
Bois Madame 28 4
Bois Madame 27 1
middle and Maurenne 82 2 2 0 4
final/late Maurenne 85 0
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Frequencies of traits per Neolithic cave site early/late Neolithic site of Hastiere Caverne M for ex-
For dm?, the crown pattern of Hastiere Caverne M did  hibiting greater variation in the expression of the hy-
not differ from the other collective burials. However, poconulid (Cusp 5) on dm: (see Table 8).

Hastiére Caverne M was partially distinct from the oth-

er sites for Carabelli’s trait, which was strongly ex- Discussion

pressed where it was demonstrably visible (Table 8). The morphology of the deciduous teeth has been exam-
Furthermore, there is more variation in the expression ined in studies of modern humans (Hanihara, 1961;

of a metaconule on dm?at Hastiere Caverne M, and Edgar and Lease, 2007; Pilloud and Larsen, 2011), Pleis-
this is the only site known to express a protostylid tocene Homo (Smith and Tillier, 1989; Bailey and Hub-
(Figure 3). Hastiere Caverne M also differs in the ex- lin, 2006; Martindn-Torres et al., 2012; Hershkovitz et
pression of the metaconulid (Figure 4) when compared al., 2016; Zubova et al., 2016) and the African apes

to the ones from the final/late collective burial of (Hardin and Legge, 2013). Because primary crown for-

Sclaigneaux, and to a lesser extent Maurenne Caverne  mation time is shorter, environmental pressures are
de la Cave (see Table 8). The final/late Neolithic cave = reduced, resulting in a tendency of the deciduous den-
burial of Bois Madame differs from Hastiere Caverne  tition to preserve the ancestral condition more often
M in exhibiting a distal trigonid crest (DTC), albeit of a than permanent successors (Paul and Stojanowski,
low expression. Bois Madame is also distinct from the ~ 2017; Scott et al., 2018). Indeed, deciduous teeth have

Table 8. Pooled frequencies

Grade
Site N Trait 0 1 2 3 4 4- 5 6 7
Sclaigneaux® 1 Crown Pat- 1.00
Maurennec 1 tern (dm?) 1.00
Hastierea 3 1.00
Sclaigneaux? 8  Crown Pat- 1.00
Bois Madameb 2 tern (dm?) 1.00
Maurennec 5 1.00
Hastiérea 2 . 0.50 0.50
Sclaigneaux® 5 Ca(r;;ezl)h s 0.60 0.20 0.20
Maurennec 3 0.33 0.33 0.33
Hastierea 2 0.50 0.50
Sclaigneauxb 4 Metaconule 1.00
Cusp 5 (dm?)
Maurennec 2 1.00
Hastieres 1 Protostylid 1.00
(dm,)
Hastierea 2 0.50 0.50
Sclaigneaux 1  Metaconulid 1.00
Bois Madameb 2 Cusp7(dmz) 050 050
Maurennec 2 0.50 0.50
Hastierea 1 1.00
Sclaigneaux® 1  CRM (dmy) 1.00
Maurennes¢ 1 1.00
Hastiérea 2 1.00
Bois Madame? 1 DTC (dm>) 1.00
Maurennes¢ 1 1.00
Hastierea 1 1.00
Sclaigneauxb 1  Hypoconulid 1.00
Bois Madameb 2  Cusp 5 (dmy) 0.50 0.50
Maurennec 1 1.00

aearly/late Neolithic; b final /late Neolithic; cmiddle and final/late Neolithic
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been shown to exhibit greater efficacy in indicating
relatedness than the permanent dentition (Kitagawa
et al., 1995; Paul and Stojanowski, 2017), and are bet-
ter at distinguishing groups than metric traits
(Sciulli, 1977). Although deciduous and permanent
teeth may not differ in proxies of environmental sta-
bility, such as fluctuating asymmetry (Guatelli-
Steinberg et al., 2006), the primary dentition has few-
er cases of agenesis or supernumerary teeth com-
pared to adult successors (Scott et al., 2018).

The entire primary molar row (including the de-
ciduous and permanent teeth) may reflect an under-
lying unified mechanism of expression. At the same
time, the deciduous dentition appears to be gov-
erned by partially distinct genetic and developmen-
tal processes than the permanent teeth, such that the
presence of a protostylid on dmo (see Figure 4) does
not necessarily imply that this trait will appear on
any of the permanent molars (Scott et al., 2018). Fur-
thermore, Carabelli’s trait tends to be more preva-
lent and more strongly expressed in dm? compared
to M! (Kaul and Prakash, 1981; Bermudez de Castro,
1989; Edgar and Lease, 2007; Scott et al., 2018). To
the degree to which Carabelli’s trait and the proto-
stylid are informative about biological relationships,
it would suggest that Hastiere Caverne M does in-
deed differ from the other cave burials. In a study of
early Neolithic Catalhoytik, Pilloud (2009) found
that for the deciduous dentition, Carabelli’s trait of
dm? and the presence of a protostylid on dm; signifi-
cantly separated groups, and this appears to be true
among the late Neolithic cave burials from Belgium.

Prehistoric deciduous teeth have been scarcely
examined given a historical preference for the per-
manent dentition (Scott et al., 2018). An informative
study by Scuilli (1977) described the deciduous den-
tal morphology of prehistoric Amerindian hunter/
gatherer/fishers and early Mississippian cultivators
of the Ohio Valley. The crown form on dm! in the
prehistoric Amerindian remains is most frequently
four cusps (paracone, protocone, metacone and hy-
pocone) like at Maurenne Caverne de la Cave (see
Table 6). The crown form on dm? of an individual
from Sclaigneaux including only the two mesial
cusps was rarely found in 58 individuals from 12
sites (Sciulli, 1997). The dm?2 presents four cusps in
both prehistoric Amerindian and Neolithic Belgian
cave sites (Sciulli, 1977; see Table 8). However, Cara-
belli’s trait is extremely rare among prehistoric Am-
erindians, whereas it is present and expressed
strongly in three of the four Neolithic cave sites from
Belgium, only being absent from Bois Madame (see
Table 6). In comparison to Sciulli (1977) a metacon-
ulid (Cusp 7) on dm>was found at lower frequencies
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compared to the results from this study, although
the constraints of the small sample sizes must be
taken into consideration (see Table 8). Each of the
Neolithic cave burials exhibits a hypoconulid (Cusp
5) which compares to 97% of the prehistoric Amerin-
dians who exhibit five or more cusps on dm2
(Sciulli, 1977).

Conclusions

The deciduous molars from the Neolithic caves of
Belgium present considerable variation in the ex-
pression of traits. Crown pattern varies where it can
be observed. Carabelli’s trait is found at Hastiéere
Caverne M, as well as the final/late Neolithic cave
site of Sclaigneaux and at Maurenne Caverne de la
Cave, although its expression varies. The individuals
preserving dmo generally exhibit a large or very
large hypoconulid (Cusp 5).

Given the wide range of radiometric dates from
Maurenne Caverne de la Cave, it was expected to
exhibit the greatest variability. Like Sclaigneaux,
Maurenne Caverne de la Cave does present substan-
tial variation in the expression of Carabelli’s cusp
and in the metaconulid (Cusp 7) compared to
Hastiere Caverne M. The resemblance of the two
collective burials from Hastiére rockshelter (Hastiere
Caverne M and Maurenne Caverne de la Cave) is
not particularly strong although the number of indi-
viduals involved is severely constrained.

We expected to observe differences between the
early/late collective burial of Hastiére Caverne M
and the final/late Neolithic sites of Sclaigneaux and
Bois Madame. Hastiere Caverne M does exhibit the
most pronounced expression of Carabelli’s cusp on
dm?, and this trait is found nearly universally in the
sample (see Figure 2). Hastiere Caverne M also has
the largest hypoconulid (see Figure 5), and this cave
burial is the only assemblage to express a protostylid
on dm (see Figure 3) and a metaconule on dm? (see
Figure 2). Since no other site presents these distinc-
tions, it appears that the deciduous dental morphol-
ogy of the early/late Neolithic cave assemblage of
Hastiere Caverne M does indeed differ from the fi-
nal/late Neolithic collective burials of Sclaigneaux
and Bois Madame.

Population movement or displacement and/or
secular changes may explain some of the differences
in the frequencies of traits if the cave burials repre-
sent a single group of closely related peoples. Alter-
natively, these populations may have had only a
limited amount of regional gene flow during the late
Neolithic period. Previous studies indicate that de-
ciduous dental morphology approximates, to a
greater extent than the secondary dentition, the ge-
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netic relationships among individuals (Kitagawa et
al., 1995; Paul and Stojanowski, 2017). To the degree
to which this is also true of these Neolithic cave buri-
als, it can be assumed the people represented at
Hastiere Caverne M were relatively isolated several
centuries prior to a partial restructuring of the re-
gional population associated with the Bronze Age.
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Data Set: Odontometric Comparisons of Permanent Dentition in

Human Populations

Hiroyuki Yamada*

Department of Anatomy, School of Dentistry, Aichi-Gakuin University, Nagoya, Japan

Mesiodistal and buccolingual tooth crown diameters
constitute the most widely documented of anthropo-
metric features. These two measurements provide sig-
nificant information on the fields of human biological
problems such as physical anthropology, oral biology,
and orthodontics. In the past eighty years, odontomet-
ric data has brought a lot of benefit to anthropological
and orthodontic research. Mizoguchi (1988) published
a manuscript on the mesiodistal and buccolingual
crown diameters of modern human populations
worldwide, and Kieser (1990) wrote a book on human
tooth size. However, after these publications, little else
was done to document odontometric data from a glob-
al standpoint. The materials presented here summa-
rize odontometric data from around the world. Addi-
tionally, data are presented on tooth agenesis.

I should be extremely happy to be of service to the
researchers in dental anthropology as well as ortho-
dontics.
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The full dataset is published as an Excel spreadsheet
online as Supplemental Information, and contains
summary data based on the following references.
This manuscript can be cited in reference to this da-
taset.
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Points to be paid attention are as follows

Samples: population / group

Locality: place / district / site / nationality

Note: skull or cast/right side or left side/
comments etc.

Period* Appendix: period / era / date / com-
ments etc.

Data Source: author

M-D Crown Diameters: mesiodistal crown diam-
eters

B-L Crown Diameters: buccolingual crown diam-
eters

N: number of sample / number of teeth

Mean: mean / average of both sides

SD: standard deviation

SE: standard error

V: variance

Modern Japanese: born from 1868 to 1945

Recent Japanese: born from 1945 to present

USA: United States of America

UK: United Kingdom

NZ: New Zealand
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