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Abstract

Apart from reflecting modern human dental variatidififerences in dental size among
populations provide a means for studying continu®tutionary processes and their
mechanisms. Dental wear, on the other hand, haswielely used to infer dietary
adaptations and variability among or within diveaseient human populations. Few such
studies have focused on modern foragers and fayimangever, and diverse methods have
been used. This research aimed to apply a sirgledardized, and systematic quantitative
procedure to measure dental size and dentin expasarder to analyze differences among
several hunter-gatherer and agricultural populatfoom various environments and
geographic origins. In particular, we focused oxus¢ dimorphism and intergroup
differences in the upper and lower first molarssites indicated no sexual dimorphism in
molar size and wear within the studied populati@espite the great ethnographic variation
in subsistence strategies among these populatongindings suggest that differences in

sexual division of labor do not affect dietary weatterns.

Introduction

Dental variation among and within modern human petjans has been attributed mainly
to genetic and environmental factors (Bailit, 197&)own length—breadth measurements
have been widely used to provide insights intorird@d intragroup variability, and
differences in tooth size among modern humans heee reported (Bishara et al., 1989;
Brook et al., 2009; Hanihara, 1977; Keene, 1978yéti and Noar, 1996; Turner and
Richardson, 1989). Probably, the most complex stidgoth size differences in modern
humans was performed by Hanihara and Ishida (20@%),investigated the mesio-distal and
bucco-lingual tooth crown differences among 72 mhjgnan populations. The authors have
concluded that the Australian Aborigines possesddtgest and Philippine Negritos the
smallest teeth of all considered groups. They l@s@ stated that Southeast Asians are
characterized by dental patterns similar to thdsaib-Saharan Africans and that the overall
patterns of dental morphology are consistent wéthegic and craniometric data. However,
many other researchers have argued that the diffesein dental measurements do not vary
enough to efficiently discriminate contemporary fmpopulations (Ates et al., 2006;
Castillo et al., 2011; Harris, 2003; Suazo etz008).

In addition to intergroup differences, the intraplgpion variation in tooth size has also

been investigated. In numerous studies, males foaral to exceed females in various tooth
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measurements (Barrett et al., 1968anand Kedici, 2003; Richardson and Malhotra, 1975;
Schwartz and Dean, 2005). Schwartz and Dean (28@®thesized that the size difference
could be the result of a greater amount of dergBue present in male teeth. But other studies
found very little sexual dimorphism in tooth sizgafn et al., 1964; Hillson, 1996;
Mizoguchi, 1988). Harris (2003) reported that séxaaiance accounted only for 1.2% of the
total variation among studied groups. AdditionaBgott and Turner (1997) have
acknowledged that even if there are differencesemered between sexes, they are very
often inconsistent among samples and cannot leadrtdusive statements.

Overall dental wear and dentin exposure analyses also been performed by dental
anthropologists. These features have been usedsdxtty to infer dietary habits, subsistence
strategies, food preparation techniques, and @llpractices among ancient human
populations (Deter, 2009; Hillson, 1996; Rose amgi&f, 1998; Smith, 1984). The abrasive
properties of food have a direct impact on enawsd hnd on the rates of tooth wear during
an individual’s life span (Kieser et al., 2001 )atlis, tough, fibrous, and abrasive diets require
high biting forces during chewing and cause sederdal wear (Kiliaridis et al., 1995).

The transition from forager to agro-pastoral lijéss implied significant changes in
dietary habits and food-processing techniquesdbeteased the abrasiveness of consumed
foods (Deter, 2009; Eshed et al., 2006; Hinton, 21 $8nith, 1984). Smith (1984) reported an
increase in the inclination of wear surfaces ofdowolars in agricultural populations
compared to hunter-gatherers, as a result of actietuin food toughness with the adoption
of agriculture. She also stated, however, thattdwgmilar diet abrasiveness, the two groups
could not be differentiated by analyzing dental wa&es alone. Hinton (1982), who
compared dental wear scores on first and secondrsnaimong Archaic, Woodland, and
Mississippian samples from the Tennessee Vallggrted higher degrees of this feature in
the Archaic sample (hunter-gatherers), followedhsyWoodland group (hunter-gatherers
with some cultivation admixture) and Mississippsample (food production with
supplementary hunting and gathering). Eshed ¢2@06) analyzed mandibular dental wear
between the Natufian hunter-gatherers from soutbewant (10500-8300 BCE) and
Neolithic populations (8300-5500 BCE) and foundhigrates of dental wear, for all tooth
types, in the forager groups. Finally, Deter (20@®)lyzing maxillary teeth, found higher
percentages of dentin exposure for all tooth typd¢orth American hunter-gatherers
(3,385+365 BCE) than in more recent agriculturalugs (~1300 CE). The reduction of
dental wear in societies with prevalent food praiucwas generally associated with a

decrease in diet abrasiveness.
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Sex-related intragroup differences in toothaalon have also been reported. Generally,
women tend to exhibit greater wear on anteriohtéiean do men, especially in foraging
societies (Berbesque et al., 2012; Clement anddti)l2012; Madimenos, 2005; Molnar,
1971; Richards, 1984). Molnar (1971) suggesteddlitgrences in roles between the sexes
conditioned the types of food consumed, with worm@msuming greater amounts of fibrous
plants and abrasive roots they collect. Nonethelem®mienchuk and Mayhall (1979) reported
that Canadian Igloolik Eskimo men exhibited greatear rates in maxillary teeth than did
women, likely caused by prolonged or heavier matta. However, another study on the
same population, based on the quantitative anabjsrse percentage of dentin exposure
(Clement and Hillson, 2012), reported that the wdamterior teeth in females highly
exceeded that in males, up to the first premolad,the differences were more pronounced in
the maxillary dentition. Nevertheless, no significaex-related differences in the percentage
of dentin exposure were found in the posteriomt@étCanadian Igloolik Eskimos. Similarly,
no sexual dimorphism in dental wear was reporttéeefor the Libben population from
northern Ohio (Lovejoy, 1985) or for the pre-contslaori aboriginal groups (Kieser et al.,
2001).

Although many researchers have worked toward argenaderstanding of both inter- and
intragroup differences in tooth size and wear, a@igies in the results exist. Different impacts
of genetic and environmental factors, together Withvariation in dietary habits, food
acquisition and processing methods, or culturattimas among groups might be partially
responsible for the ambiguity. However, differencemethodological procedures might also
account for some of the variation in the results.

Considering the variety of approaches and diverditpethods used in dental research
(Hillson, 1996), we have attempted to clarify tegue by making inter- and intragroup
comparisons based on a single, standardized, arttitaiive procedure for measuring tooth

size and dentin exposure (Clement and Hillson, 2012

Materials and methods

We studied a total of 225 first lower ¢vh=124) and upper (% n=101) molar molds,
belonging to 122 individuals from four geographigaispersed hunter-gatherer (Agta,
Australian Aborigines, San, and Inuit) and thregcadfuralist (Batéké-Balali, Khoe, and

Navajo) populations. The sample was obtained ftoenAmerican Museum of Natural
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History (New York) and the Musée de 1’'Homme (Paaisdl is currently available for study at

the University of Barcelona and the University dicAnte’s collections (Table 1).

INSERT Table 1 ABOUT HERE

Two different aspects of dental morphology wereestigated: tooth size and dental wear.
For each aspect three comparisons were perform#édnwroup sexual dimorphism,
intergroup variation, and between subsistenceesfied. For the analysis of tooth size, all 225
teeth were included, as once formed teeth do remgdntheir size. In contrast, dental wear
analysis was based only on the teeth with visikletid exposure (see below for explanation).
This restriction resulted in a final sample of 1&&th (76% of the original sample), of which
105 were M and 66 were M Populations were selected to observe diversestahse
strategies and ecological conditions of their rebitThe analysis focused exclusively on the
first permanent molar because it was the most amitial situ tooth available in the studied
collections. Additionally, it is also the first naltooth to erupt (around 5.5 to 6.0 years of age
in modern human populations), and consequentlyhibéts the greatest degree of dental wear
among postcanine teeth (Clement and Hillson, 2012).

Individual sex estimations were obtained from museecords or previous studies of the
same collections, when available (Auerbach and,R®®4, 2006; Costa, 1977; Genet-
Varcin, 1949; Goldman Data Set: http://web.utk.eduerbach/GOLD.htm; Trezenem,

1940). Otherwise, one of the authors, A.R., usadiat and mandibular characteristics

(Buikstra and Ubelaker, 1994) to estimate the sex.

Dealing with age effects

Dental wear is a natural result of tooth functidMo(nar, 1972), and therefore older
individuals normally possess more heavily worntig€lement and Hillson, 2012; Molnar,
1972). Consequently, when investigating dental viilsamecessary to account for possible
age effects by removing this factor from the anal{Slement and Hillson, 2012; Clement et
al., 2012). Unfortunately, dental wear—independga information was available for only a
small subset of the studied material, and stasiséinalysis performed on such a limited
sample would not provide reliable results. Bashgage assessment on dental wear
(Brothwell, 1981) would create a circular argumevtien comparing tooth wear levels
among and within age groups established this waptider way of removing age from the

analysis would be to relate the proportion of deetiposure to another tooth, as proposed by

Page 5 of 30



Clement and Hillson (2012). However, the collecsiavailable for the study are highly
fragmented, and it was impossible to collect agspntative sample of other types of teeth for
such a procedure.

In order to solve this problem, we investigatietital wear variation only among
individuals presenting dentin exposure. That idivilduals who presented no visible dentin
exposure spots were excluded from the analysis;iwémsured that juvenile individuals were
not compared with adults, at the expense of seeehalts with no dentin exposure not being
included in the analysis. We acknowledge thatphi€edure does not strictly eliminate the
effects of age on the dental wear results. Howeverelieve that conducting this study on a
heterogeneous sample still provides an importantridmtion to the subject of modern human

dental variation.

Subsistence strategies of the analyzed groups

Hunter-gatherers

Four traditional hunter-gatherer populations weralyzed: Agta (Luzon, Philippines),
Australian Aborigines (northern and southeasterst/alia), Inuit (Point Hope, Alaska), and
Bushmen-San (Kalahari Desert). Each group represkstinct dietary regimen and food
processing methods. Sexual division of labor witlioups has been described in

ethnographic studies, as cited below.

Agta. Origin: Philippines. Climate: tropical. Subsistenbunter-gatherers. Diet: mixed.
Sexual division of labor: low (both men and womemthand gather; Estiko-Griffin and
Griffin, 1981; Garcia and Acay, 2003). Dietary difénces: low (Minter, 2010). Number of
individuals studied: 19 (16 males, 3 females).

Australian Aborigines.Origin: Northern and southeastern Australia. Cten&ot and dry.
Subsistence: hunter-gatherers. Diet: mixed. Sedivadion of labor: evident (men hunt and
women gather; O’'Dea et al., 1991). Dietary diffexest high (Molnar et al., 1983). Number
of individuals studied: 24 (16 males, 8 females).

Inuit. Origin: Point Hope, Alaska, USA. Climate: arctBubsistence: hunters (Larsen and

Rainey, 1948). Diet: meat-based. Sexual divisiolabbr: strong but not focused on

subsistence (men are the only food providers; Ca$a7; Tomenchuk and Mayhall, 1979).
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Dietary differences: low (Costa, 1977). Numberrafividuals studied: 32 (16 males, 16

females).

San.Origin: Kalahari Desert (Angola, Botswana, and Naa). Climate: semi-arid.
Subsistence: hunter-gatherers (Lee, 1978). DietethiSexual division of labor: present and
typical (men mainly hunt and women mainly gathergjier, 1975; Lee, 1978; Schapera,

1930). Dietary differences: low. Number of indivads studied: 6 (4 males, 2 females).

Agriculturalists

Three populations with productive economies wectuithed in the agriculturalist group:
Khoe (Hottentott) from South Africa, Batéké-BalBintu group from Congo (Africa), and

Navajo Indians from Canyon del Muerto (Arizona, USA

Khoe.Origin: South Africa. Climate: subtropical. Sulteisce: pastoralists (husbandry of
cattle, goat, and sheep with small admixture oftingrand gathering; Bernard, 1992;
Schapera, 1930). Diet: mixed. Sexual division bbla present but does not focus on

subsistence. Dietary differences: low. Number dividuals studied: 11 (5 males, 6 females).

Batéké-Balali.Origin: Congo, Democratic Republic of Congo, arab@n. Climate: tropical.
Subsistence: exclusively agriculture (Trezenem0194hite et al., 1981). Diet: mainly crops
(Walters, 2010). Sexual division of labor: predeutt does not focus on subsistence. Dietary

differences: low. Number of individuals studied: (B0males, 4 females).

Navajo.Origin: Canyon del Muerto, Arizona, USA. Climatet and dry. Subsistence:
agriculture (corn, melon, squash, and beans; H88; Underhill, 1956). Diet: mainly crops
(Underhill, 1956). Sexual division of labor: preseant does not focus on subsistence. Dietary

differences: low. Number of individuals studied: (@® males, 5 females).

Dental size and wear analysis

High-resolution replicas of dental crowns were ot#d following standardized procedures
(Galbany et al., 2006). Molar crowns were previgustaned with pure acetone and ethyl
alcohol. Dental impression molds were made usiegiBent MicroSystem Affinis Regular
body (Coltene-Whaledent) polyvinylsiloxane and saditained with polyurethane resin

Feropur PR-55 (Feroca Composites) and hardener.
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Digital images (300 dpi) of occlusal crown surfadasluding a linear scale for
calibration, were obtained from the tooth repliopagg a Nikon D40 camera attached to a
camera stand at a focal distance of 0.5 m. The sea$ placed parallel and at the same height
as the occlusal crown surface. Teeth were oriethiata way that the occlusal plane was
placed parallel to the camera lens to prevent intégfertions. The left side of the jaw was
arbitrarily chosen for the analysis, except wheanl#it molar was missing or damaged, in
which case, the right antimere was used, when pte€alibrated images were processed
using ImageJ software (Abramoff et al., 2004). Reamables were measured: (1) bucco-
lingual crown diameter (mm), measured as the distdnetween the most distal points on the
buccal and lingual edges on the occlusal perinietecclusal view, perpendicular to the
mesio-distal molar alignment; (2) mesio-distal cnodvameter (mm), measured as the
distance between the most distal points on theahasd distal edges on the occlusal
perimeter in occlusal view, perpendicular to thedmilingual diameter; (3) total occlusal area
of the crown (mrf); and (4) the area of dentin exposure @nrthe sum of all areas of dentin
exposure surfaces within the dental crown perimétesrder to measure total occlusal area
of the crown, the perimeter of the occlusal surfaes outlined using the polygon tool in
ImageJ, with a minimum of 30 points to define thewn outline. The area of dentin exposure
was measured in the same way (Fig. 1), outliniegdéantin exposure areas, visible as
depressed surfaces in the dental replicas (Galdaly, 2011). If several spots of dentin
exposure were present in one tooth, each was neghsaparately and the sum of all the areas
was calculated as area of dentin exposARH) and used in further analyses. Finally, the
percentage of dentin exposuRDE) with respect to total occlusal arésREA) was
computed as followBPDE=ADEx100/AREA.

INSERT Fig. 1 ABOUT HERE

The relative measurement err®ME) was calculated prior to the comparative analgses

ax

follows: [RME = — = 100; A% = ‘—i] (Harris and Smith, 2009). Twenty randomly seldcte

teeth were measured five times, with a 2-week valdvetween each repetition. Values of
RME higher than 5.0% are considered too high, indicgtihat the method was imprecise and
not repeatable (Weinberg et al., 2005).

The Shapiro-Wilk’s test was used to check the nditynaf the variable distributions.

Variables that failed the normality assumption weargk-transformed and subjected to
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multivariate analysis of variance. Descriptive atatistical analyses were conducted using
PASW v. 18.0 at the<0.05 significance level.

Results
Measurement error variable distribution

The average relative measurement error was signific smaller than 5% for all tooth
measurements: 0.64% for mesio-distal crown diamét88% for bucco-lingual crown
diameter, 0.56% for total occlusal area of the eroand 3.29% for area of dentin exposure.
Thus, the procedure was shown to be highly preaiserepeatable.

The variables measuring tooth crown size (mesitadesown diameter, bucco-lingual
crown diameter, and total occlusal area of the a)omere normally distributed (Shapiro-
Wilk’s test). In most cases, the area and percenvagentin exposure failed the normality
assumption, so they were rank-transformed beforglsibjected to multivariate analysis of

variance, together with other variables.

Sexual dimorphism

Except for the total occlusal area of the crowiinit (M F=7.808,P=0.007; M-
F=5.716,P=0.024), no significant sexual differences wereesded in any of the analyzed
groups (Table 3). Inuit women had smaller totallagal area of the crown (Table 2),

indicating that they generally have smaller tebtimtmen.

INSERT Table 2 AND Table 3 ABOUT HERE

Intergroup variability

Because only one significant difference betweersthees was found, intragroup variation
was analyzed with the sexes pooled (Scott and Tut®87). A general multivariate analysis
of variances revealed significant differences betwgroups for all analyzed variables; M
mesio-distal crown diameteff£4.109,P=0.001), M bucco-lingual crown diameter
(F=13.570,P<0.001), M total occlusal area of the crowlr=6.579,P<0.001), M area of
dentin exposureH=5.618,P<0.001), M percentage of dentin exposuFe=5.456,P<0.001),
M* mesio-distal crown diametef£4.419,P=0,001), M bucco-lingual crown diameter
(F=8.510,P<0.001), M total occlusal area of the crowi<(7.245,P<0.001), M area of

Page 9 of 30



dentin exposureF=4.648,P<0.001), and M percentage of dentin exposufe4.641,
P<0.001).

Morphology and wear of M

Post-hoc Tukey’s pairwise comparison revealed i@myintergroup variation in mesio-
distal crown diameter. Agta vs. Australian AboriggnP=0.025) and Agta vs. Navajo
(P=0.005) presented significant differences, andoith lzases the Philippine indigenous group
was characterized by smaller mesio-distal crowmdizr (Table 2). In addition, Navajo
presented greater mesio-distal dimensions tham (Ra0.038). All other groups did not
differ in this measurement.

Bucco-lingual crown diameter presented higher wimmaamong groups. The Inuit group
was characterized by wider'han Agta P<0.001) and KhoeR<0.001). Khoe also differed
from Australian AboriginesR=0.037) and NavajdPE0.048) in having smaller bucco-lingual
crown diameter. Similarly, the San group differeghgicantly from Inuit, Australian
Aborigines, and Navajd®<0.001,P=0.011, and®=0.019, respectively).

Both bucco-lingual and mesio-distal measurementelate with occlusal area of the tooth
(all three variables refer to general tooth sige)it is not surprising that similar relationships
were found when analyzing the total occlusal afeghecrown. All the above mentioned
pairwise differences remained significant, with éxeeption of Inuit vs. Agta and Inuit vs.
Navajo comparisons, which showed no significarfiedénces in total occlusal area of the
crown (P=0.129 and®=0.766 respectively).

Both variables related to dental wear, the areap@ncentage of dentin exposure showed
the same variation pattern. In both cases Agta wleaeacterized by lower values of dental
wear than Batéké-BalalPE0.009 and”=0.006, respectively, for area and percentage of
dentin exposure), InuiPE0.001 andP=0.001), and Navajd?=0.031 and®=0.043). All

results are presented in Table 4 (upper triangukrix).

INSERT Table 4 ABOUT HERE

Morphology and wear of My

Similar to M!, pairwise analysis demonstrated relatively smafiation in mesio-distal

crown diameters. Only Australian Aborigines compangth Agta £<0.001) and Khoe
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(P=0.029) showed significant differences. In bothesashe Australian groups were
characterized by greater mesio-distal dimensionstlaus longer teeth.

Bucco-lingual crown diameter of §ylon the other hand, showed somewhat greater
variation among the analyzed groups as compartithtseen in M Agta had significantly
smaller bucco-lingual crown diameter than In@Q.001), Australian Aborigine$€0.012),
and NavajoP<0.001), whereas Inuit had significantly greatduga than KhoeR<0.001)
and Sank<0.001) and Navajo values were significantly lardpam those of SarP€0.001)
and Khoe P<0.001).

As for the total occlusal area of the crown of, Migta differed significantly from
Australian Aborigines®#<0.001), Inuit P=0.004), and Navajd?&0.001), in all cases
showing a smaller occlusal area. Moreover, Austref\borigines presented greater values
than those of KhoePE0.007) and SarPE0.022). Navajo were also found to exceed values of
Khoe (P=0.015) and SarPE0.038) in the total occlusal area of the défown.

Contrary to M, the area and the percentage of dentin exposul& alid not present
exactly the same patterns. The area of dentin expafffered between Agta and Batékeé-
Balali (P=0.006), Inuit P<0.001), and Navajd®=0.0038), with the Philippine group being
characterized by lower values of dentin exposuilinases. In addition, Batéké-Balali and
Khoe differed significantly®=0.016), with the Batéké presenting greater desmésr.
However, the percentage of dentin exposure revehftsiences only between Agta and
Batéké-Balali P=0.008) and Agta and InuiP£€0.001). In both cases, the Philippine group
was characterized by less advanced dental wearegdlts of the abovementioned analyses

are presented in Table 4 (lower triangular matrix).

Hunter-gatherers vs. agriculturalists

When the samples were combined into subsistenaggir clusters (hunter-gatherers vs.
agriculturalists), we found no significant diffecss in tooth size variables (bucco-lingual
crown diameter, mesio-distal crown diameter andl tclusal area of the crown) or dental
wear variables (area of dentin exposure, percergidentin exposure) for Mor M, (Table
5).

INSERT Table 5 ABOUT HERE

Discussion
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The research was conducted to investigate whetfierahces exist in dental size and/or

dental wear among and within various hunter-gatreend agricultural populations.

Sexual dimorphism

Although previous research reported sexual diffeesrin tooth dimensions in modern
humans (Barrett et al., 1968canand Kedici, 2003; Richardson and Malhotra, 1975;
Schwartz and Dean, 2005), our results indicatesutstantial variation in bucco-lingual
crown diameter, mesio-distal crown diameter, amal fwcclusal area of the crown between
the sexes. The only group that presented signifisaxual differences was the Inuit, for total
occlusal area of the crown. Inuit men presentetidrigalues of this feature, indicating the
possession of generally larger teeth. Our findengsin line with the assumption of Hillson
(1996) and Harris (2003) that tooth size is nogxeually distinctive characteristic in modern
humans (Ates et al., 2006; Castillo et al., 2014rrid, 2003; Suazo et al., 2008).

Due to ontogenetic mechanisms caused by selectolat®nary factors (i.e., competition
for resources or mating partners), the great apgfiaminids express substantial dental
morphological variation between the sexes (BrackRyan, 1980; Schwartz and Dean,
2001). However, because modern humans are subjeckeder levels of selective pressure,
the sexual dimorphism, especially in dental size, &iilmost disappeared (Castillo et al., 2011;
Schwartz and Dean, 2001). Such weakened seleatgsyres could help to explain the lack
of differences in first molar size between men awdnen in the analyzed groups.

Several previous studies reported no differencekemntal wear between the sexes (Kieser
et al., 2001; Lovejoy, 1985; Madimenos, 2005), wlasrothers did find sexual dimorphism in
dental wear, with women generally exceeding maidhis feature, especially on anterior
dentition (Berbesque et al., 2012; Clement andsbiil] 2012; Madimenos, 2005; Molnar,
1971; Richards, 1984). However, there is no previexidence of sexual differences in dental
wear in posterior teeth. Clement and Hillson (20&pprted a lack of such in their study of
Igloolik Eskimo, while reporting extensive differs in wear of anterior dentition. In many
hunter-gatherer groups, anterior dentition is ofteed in various paramasticatory actions,
resulting in more pronounced wear. According tot@¢%977), posterior teeth are more
involved in grinding and chewing actions relateddod processing, rather than other cultural
practices not related to food processing. Consedtyyeine lack of sexual differences in dental
wear in the studied populations suggests thatittte df the two sexes do not differ

sufficiently to produce a substantial variatiordentin exposure. Therefore, we can assume
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that the distinct sex roles described in theseesiesi have no significant effect on the overall
abrasiveness of the food chewed and/or consumeddly sex.

In traditional hunting and gathering societies,@@&rom foraging activities are shared
among all members of the family and within the véhebmmunity after food providers come
back to the camp site (Draper, 1975; Guimares de&®007; Hawkes et al., 2001; Lee,
1978; Minter, 2010; Schapera, 1930). Thus, althaugh and women target different kinds
of foods, at the end of the day they share thejusttions and consume similar amounts of
different food types. In agricultural populatioh® tfood quest is not as sexually divided as in
hunter-gatherer groups, and agricultural technokdgadvances, especially those related to
food processing, shifted the food preparation Isafiihe crops and other vegetable foods
cultivated in agricultural societies, as well agvaal husbandry, provide food that is usually
processed before consumption. This fact minimikegietary differences between the sexes
and can result in the absence of sexual dimorphisihental wear.

Frayer (1980) proposed that hunter-gatherer sesiditring in harsh environments would
be characterized by a stronger separation in deg than agriculturalists, where sexual
division of labor would not be so strict. If thiseve the case, we would expect that hunter-
gatherers, having a sex-related labor division gdocusing on the food quest, would show
higher levels of sexual dimorphism in dental wéemntagro-pastoralists. However, regardless
of their economic strategies (hunter-gatherer acatjuralist), we found no sexual
dimorphism in dental wear among the analyzed sanmplereover, those groups in which
men were mainly responsible for bringing meat ®¢hmp and women for the acquisition of
other types of foods (mostly plants but also smaiimals), such as San or Australian
Aborigines, would be expected to show greater séat¢ed differences in molar wear than
those with shifted sex roles, such as Agta, ordhvaisere men are responsible for providing
all food items, such as Inuit. This assumption naisconfirmed either. Therefore, our
findings suggest that dental wear measures camnoséd as a reliable indicator of
differential access to food resources caused byadedvision of labor. In fact, our use of a
standardized and reliable method for measuringmenposure showed no sexual
dimorphism in dental wear in modern non-industziadi human societies, despite the fact that

there are differences in dietary and cultural pcastbetween the sexes.

Intergroup variation
In terms of tooth size (bucco-lingual crown diamgteesio-distal crown diameter, and

total occlusal area), the analyzed groups showet s@riation. Bucco-lingual diameter
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seems to present greater variability among modenmaims than mesio-distal diameter. This
could be interpreted that bucco-lingual crown ditenés probably more sensitive to external
factors than mesio-distal crown diameter, reflegtime different environments of the
analyzed groups.

The group variation in tooth size could be sumneatias follows: Agta, San, and Khoe
groups together presented lower values of the aedlfeatures than Australian Aborigines,
Inuit, and Navajo. Although previous authors haxeppsed that agriculturalists would show
reduced tooth size (Hinton et al., 1980; Larse®51Y Edynak, 1989), this idea is not
clearly reflected in our results, as Agta and S4dmg are typical hunting and gathering
groups, have smaller teeth than Navajo, who hawegampastoral subsistence pattern. This
inconsistency suggests that genetic factors deteraiental size, rather than external or
environmental influences (Dempsey et al., 1999nGarml., 1977). Australian Aborigines,
Native Americans, and Eskimos were reported to halaively large teeth and the Negritos
(Agta) some of the smallest (Hanihara and Ishi@@52, which is in accord with our results.
The decrease of tooth size in Negritos has beaciassd with their generally reduced body
size (Hanihara and Ishida, 2005; Hillson, 1996).idteresting discordance are the rather low
values of tooth size variables in African groupar(@nd Khoe). Hanihara and Ishida (2005)
have reported that sub-Saharan African groupsteecterized by relatively large tooth
dimensions, but our results did not reflect th&isTcould be due to the fact that these groups
were substantially underrepresented in terms oftaurof analyzed individuals, which could
greatly impact our results. However, the cohereautitepn for both San and Khoe groups, for
both molars, and for bucco-lingual crown diameteat total occlusal area of the crown is at
least noteworthy and should warrant additional stédhoe and San are known to have small
body size compared to other Sub-Saharan peoplesgga 1930). This may be the reason
for their small tooth size.

However, dental wear variables (area and percemtiagentin exposure) presented similar
variation patterns in both analyzed teeth. In gainéne Inuit, Batéké-Balali, and Navajo were
characterized by higher values of dental wear tharmAgta group. This result is somewhat
surprising, as we would have expected hunter-gathéo present more pronounced dental
wear than agricultural groups, as was reportedutisee (Deter, 2009; Eshed et al., 2006;
Hinton, 1982). Agta are the indigenous inhabitarfithe Philippine islands and are typical
representatives of the hunting-gathering lifestylith a diet based on hunted meat and
gathered wild fruits and other plants (Estiko-Gnifind Griffin, 1981; Minter, 2010). Inuit

are arctic hunters, basing their subsistence eixelyson sea mammals’ meat eaten raw,
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frozen, or dry (Costa, 1977; Larsen and Rainey81%émenchuk and Mayhall, 1979).
Batéké-Balali and Navajo are representatives atalural societies, with crop-based diets
(Trezenem, 1940; Underhill, 1956; Walters, 2010;ité/bt al., 1981). We can therefore
assume that the diet types of the Inuit, Batékéldand Navajo are more abrasive than that
of the typical hunting and gathering diet of Agtaozen or dried meat stored underground is
difficult to chew, which implies prolonged mastiicat that increases the masticatory loadings
(Holmes and Ruff, 2011; Waugh, 1937) and resultg@ater enamel loss (Tomenchuk and
Mayhall, 1979). Additionally, the underground sigeaof dried and frozen meat (Brubaker et
al., 2009; El-Zaatari, 2008; Larsen and Rainey8)9dsults in the incorporation of a
significant amount of sand grains and gritty coritents to the diet, which have been shown
to cause extensive dental wear (Davies and Pedeir888). Crop-based diets, although they
require food processing prior to consumption, dao be highly abrasive. The use of
grinding stones in agricultural populations hasrb&igown to incorporate extraneous grit
particles into the flour and result in severe deetiposure (Larsen, 1995; Molleson and
Jones, 1991). However, it cannot be disregardddigmaal enamel structure of Agta was

more resistant to abrasion.

Hunter-gatherers vs. agriculturalists

While we found differences in dental size amongeafithe studied populations, no
differenceswere observed when they were pooled into subsiststmategy groups. Dental
wear reduction is an evolutionary trend that isaligutassociated with the implementation of
new technologies and methods of food processinglaatdry changes (Hinton et al., 1980;
Larsen, 1995; Y’'Edynak, 1989). These studies redkalrelationship between this trend and
the decline of the nutritional status of foods aoned in agricultural populations, which
reduced maternal health status and resulted inesnpermanent teeth in children (Larsen,
1995). Consequently, we would expect that agricaltgroups would be characterized by
smaller teeth. However, our results do not supihast but instead suggest that the
subsistence pattern and related food processihgitates do not influence the ontogeny of
dental development.

Variation in dental wear between hunter-gatheradsagricultural populations has been
widely reported (Deter, 2009; Eshed et al., 2006fdh, 1982). Surprisingly, our results for
both dental size and dental wear are not consistighthis idea. The general view is that
agriculturalists, who use grinding stones and ppfie processing and softening foodstuffs,

are characterized by lower degrees of dental wi2etef, 2009). However, both groups have
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been shown to have relatively abrasive diets (Sr@84), which could equalize the
measures in hunter-gatherers and agriculturalstditionally, Larsen (1995) and Molleson
and Jones (1991) reported that the use of grinstimiges may result in highly abrasive grit
elements in flour, leading to severe dentin expgsuagricultural populations. Moreover,
none of the agricultural populations analyzed bakeit economy exclusively on cultivated
plants, which might also contribute to the lackdehtal wear variation between the two
groups.

Although this research had several limitationsluding the impossibility of addressing
tooth age and the focus on only a single type athtowve believe that it is still a valuable
contribution to the literature on dental wear beseaof the use of single, standardized, and

reliable method of analysis and the wide rangerofigs analyzed.
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Figure legend

Fig. 1. Occlusal view of upper (a) and lower (b) postcan(inil—M2) teeth in San (South
Africa) and Agta (Philippines) individuals (left dmight, respectively) showing different
percentages of dentin exposure (PDE) in M1. Codhebaun indicates museum record (see

Table 1). Mesial: left; buccal: down. Scale bam#.
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Table 1 Samples from human populations studied (grouphreym (ID), provenance, subsistence strategy @ngetherers - HG; agriculturalists with or
without raising animal and/or fishing - AGRY; total number of individuals)l: total number of studied teeti2: number of teeth included in the analysis of
dental wear (showing dental exposure); sample sizbt (upper first molar) and Mlower first molar), with the number of teeth shiogrdentin exposure

in brackets; institution where the remains are taarécollection: American Museum of Natural Histe&AMNH; Musée de 1’'Homme (Paris) - MH).

Group ID Provenance Strategy N nl n2 Males Females M M, Collection Reference
Agta AGT Luzon, Philippines HG 19 30 9 16 3 (4)/16 (5)/14 MH Genet-Varcin, 1949
Australian Aborigines AUS North and SE Australia HG 24 31 17 16 16 (6)/14 (11)/17 AMNH, MH
Batéké-Balali BAT Congo, Africa AGR 10 13 12 5 6 (7)/8 B)Y5 MH Trezenem, 1940
Inuit INU  Point Hope, Alaska HG 32 92 88 16 8 (27)/31 (61)/61 AMNH Costa, 1977
Khoe (Hottentot) KHO South Africa AGR 11 17 9 15 5 (5)/10  (4)/7 AMNH, MH
Navajo NAV Canyon del Muerto, Arizona AGR 20 32 29 4 2 (14)/16  (15)/16 AMNH
San SAN South Africa HG 6 10 7 6 4 (3)/6 (4)/4  AMNH, MH

Total 122 225 171 78 44  66)/101 (105)/124
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Table 2 Descriptive statistics for the variables analy@@Hd: bucco-lingual crown diameter; MD: mesio-disteown diameter; AREA: total occlusal area of

the crown; ADE: area of dentin exposure; PDE: petage of dentin exposure) by population (ID; selel@4), position in the jaw (Jaw: L - lower firsotar,

U - upper first molar), and sex (M - male; F - fde)a

ID Jaw Sex

AGT L

AUS L

BAT L

M

n

14
13

16
11

17

(o2}

o N O g ow N

BL

(mm)

Mean

10.13
10.30
10.15
10.90
10.80
10.88
10.87
11.25
11.00
11.50
11.73
11.60
10.31
11.00
10.72
11.12
11.87
11.31

SD

0.60
0.00
0.55
0.56
0.56
0.54
0.75
111
0.88
1.02
0.87
0.93
0.65
0.60
0.66
0.62
0.41
0.64

MD
(mm)

Mean

11.11
11.57
11.18
10.71
10.80
10.73
12.30
12.37
12.33
11.50
11.61
11.55
11.38
11.94
11.71
10.61
11.40
10.81

SD

0.55
0.08
0.53
0.48
0.14
0.43
0.91
1.33
1.04
0.60
1.27
0.90
0.64
0.58
0.60
0.91
0.11
0.85

AREA
(mn)

Mean

94.79
100.21
95.56
98.32
98.28
98.31
110.84
117.01
113.02
111.48
113.58
112.38
98.35
112.07
106.58
97.87
112.45
101.51

SD

7.81
2.39
7.48
5.40
3.77
5.03
12.40
22.03
16.03
11.57
18.32
14.23
10.49
10.31
11.71
11.98
0.96
12.17

28

n

ADE

(mm?)

Median Mode Range

22.262.35 26.44

22.2@.35 26.44
6.57 62.2 9.49

6.52.26 9.49
636. 1.94 35.44
11.74616. 6.90
961 1.94 35.44
474 692. 17.24
19.22 81 8. 35.52
0n4. 2.69 41.64
20.1%8.95 241
23.30.6616 20.81
21.36.66 20.81
18.11 203. 29.75
33.35 383. 0.00
18.13.20 30.15

Median

21.91

21.91
6.64

6.64
15.41
9.24
9.68
3.59
16.80
12.37
20.70
23.26
23.26
18.73
20.84
21.06

PDE
(%)

Mode

2.44

2.44
2.19

2.19
191
7.78
1.91
2.26
7.93
2.26
17.91
14.12
14.12
2.81
29.84
2.81
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Range

27.83

27.83
9.58

9.58
29.66
4.77
29.66

15.70
32.82
38.49
5.57
17.63
17.63
32.75
0.00
32.75



INU L

KHO L

NAV L

SAN L

o W W A NN

11.67
11.36
11.48
11.99
11.87
11.94

10.91
10.02
10.28

10.71
10.53
10.62

11.63
11.64
11.63

11.56

11.40
11.51

10.41

9.43
9.92

10.31

10.32

10.32

0.70
0.58
0.64
0.72
0.55
0.64

1.15
0.78
0.90

0.38
0.74
0.56

0.49
0.66
0.51

1.01

0.44
0.86

0.47

0.14

0.63

1.32

0.91
1.01

11.97
11.68
11.79
11.15
10.78
10.99

11.79
11.12
11.31

10.99
10.67
10.83

11.64
11.62
11.63

11.76

11.39
11.64

11.84

11.00

11.42

10.97

10.43
10.70

0.45
0.69
0.62
0.82
0.59
0.74

0.91
0.64
0.72

0.65
0.73
0.67

0.78
0.80
0.75

0.53

0.49
0.53

0.75

0.31

0.67

0.27

0.55
0.49

111.75
105.08
107.70
110.71
102.14
106.84
106.44
91.05
95.45
96.93
90.48
93.71
111.93
112.20
112.00
112.81
108.87
111.58
100.89
86.07
93.48
94.90
86.53
90.72

9.24
9.01
9.60

10.11
9.71
10.69
20.56
9.67
13.75

741

8.36
8.19

8.50
6.88
7.90

12.14

7.36

10.78
10.80

3.00
10.73
13.10

8.89
11.01

2€

24

37
61
15
12

ok P N oW P

w NN P N~ DD

8¥6. 1.24 57.27
14.17.141 86.19
334. 1.14 86.19
17.290.49 67.43
7.86 32 0. 52.11

.8116 0.32 67.60

9.149.14 0.00
9.42 2.537.17
9.28.53 7.17
11.26 50.8 17.61
8.36 8.36 0.00
9.7M.85 17.61
812. 2.86 42.06
3.36 3.0(85.45
730. 2.86 42.06
9.08.02 13.61
9.32 4.087.85
229. 3.02 38.89
13.313.35 0.03
13.54 6.3514.38
13.3%6.35 14.38
23.96 .9@3  0.00
9.67 7.803.74
11.54.80 16.16

14.74
13.38
13.43
13.50
8.60
13.17
7.56
9.65
8.61
11.54
9.13
11.14
12.27
3.24
9.12
8.17
8.72
8.48
13.33
15.54
13.33
21.81
11.93
14,51

113
1.04
1.04
0.46
0.34
0.34
7.56
3.07
3.07
0.88
9.13
0.88
2.76
2.72
2.72
2.52
412
2.52
12.33
7.56
7.56
21.81
9.34
9.34
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55.61
84.51
84.51
67.08
50.69
67.20
0.00
8.50
8.50
17.74
0.00
17.74
37.29
30.44
37.33
11.67
32.12
33.72
1.99
15.95
15.95
0.00
5.17
12.47



Table 3. Multivariate analysis of variance (MANOVADr sexual differences in dental size (BL.:

bucco-lingual crown diameter; MD: mesio-distal crodiameter; AREA: total occlusal area of the

crown) and dental wear (ADE: area of dentin expesBDE: percentage of dentin exposure) for the

lower and upper first molar. Significant differesq®<0.05) are shown in bold.

LOWER MANOVA

F

AGT 0.314
INU 2.011
KHO 0.258
AUS 0.693
NAV 0.981
SAN 2.352
BAT 14.668
UPPER

AGT 0.171
INU 1.941
KHO 0.465
AUS 0.345
NAV 0.658
SAN 2.984
BAT 0.555

p
0.891
0.091
0.894
0.640
0.475
0.419
0.189

0.967
0.123
0.788
0.872
0.663
0.406
0.742

BL
E
0.145
3.483
1.496
0.740
0.002
8.077
1.489

0.091
0.259
0.234
0.201
0.117
0.000
2.467

P

0.710
0.067
0.276
0.403

F

MD AREA ADE
P F P F P
1.331 0.271 0.892 0.86M8 0.349
3.322 0.073808 0.0070.219 0.642
1.256 0.313 2.121 0.2GE0 0.999
0.015 0.905 0.560 0.06M4 0.953

0.968 0.003 0.960 0.003 0.25873 0.131

0.105
0.310

0.768
0.614
0.642
0.662
0.737
0.995
0.167

2.143 0.281 3.494 0.2@®2 0.967
.067 0.378 2.101 0.P4B46 0.728

0.088 0.772 0.000 0.99B8 0.337
1.961 0.1%2716 0.0240.726 0.401
0.525 0.489 1.669 0.23B2 0.112
0.045 0.835 0.070 0.719MB4 0.318
1.827 0.198 0.442 0.®1007 0.937
2.360 0.199 0.837 0.a1®6 0.810
1.336 0.292 2.666 0.0%36 0.492

27

PDE
F

0.961
0.053
0.027
0.013
2.360
0.007
0.012

1.004
0.468
3.092
1.182
0.034
0.172
0.724

P

0.346
0.819
0.876
0.911
0.147
0.940
0.919

0.333
0.500
0.117
0.298
0.856
0.700
0.428
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Table 4.Post-hoc Tukey’s analysis among populations irtalesize (BL: bucco-lingual crown
diameter; MD: mesio-distal crown diameter; AREA&almcclusal area of the crown) and dental wear
(ADE: area of dentin exposure; PDE: percentageeotid exposure) of M(lower triangular matrix)
and M (upper triangular matrix). Significant differeng@s0.05) are shown in bold.

BL AGT AUS BAT INU KHO NAV SAN

AGT - 0.117 0.830<0.001 0.974 0.193 0.667
AUS 0.012 - 0.972 0.766 0.028 1.000 0.009
BAT 0.665 0.983 - 0.312 0.473 0.995 0.166
INU <0.001 0.141 0.203 - <0.001 0.485 <0.001
KHO 1.000 0.206 0.915<0.001 - 0.048 0.983
NAV <0.001 0.112 0.126 0.984<0.001 - 0.015

SAN 0.996 0.066 0.546<0.001 0.980 <0.001 -

MD AGT AUS BAT INU KHO NAV SAN

AGT - 0.025 1.000 0.886 1.000 0.005 1.000
AUS <0.001 - 0.196 0.158 0.162 1.000 0.162
BAT 0.770 0.614 - 0.994 1.000 0.082 1.000
INU 0.060 0.094 1.000 - 0.9960.038 0.967
KHO 1.000 0.029 0.960 0.618 - 0.059 0.967
NAV 0578 0.080 1.000 0.984 0.953 - 0.072

SAN  0.997 0.249 0.996 0.948 1.000 0.998 -

AREA AGT AUS BAT INU KHO NAV SAN

AGT - 0.008 0.922 0.129 0.931 0.010 0.740
AUS <0.001 - 0.242 0.661 0.001 1.000 0.001
BAT  0.433 0.898 - 0.861 0.706 0.302 0.487
INU 0.004 0.541 1.000 - 0.015 0.766 0.015
KHO 1.000 0.007 0.564 0.069 - 0.001 0.998
NAV ~ 0.001 1.000 0.955 0.783 0.015 - 0.001

SAN 1.000 0.022 0.532 0.142 1.0000.038 -

ADE AGT AUS BAT INU KHO NAV SAN

AGT - 0.827 0.009 0.001 0.900 0.031 0.797
AUS 0.755 - 0.206 0.121 1.000 0.601 1.000
BAT 0.006 0.100 - 0.998 0.259 0.653 0.653
INU <0.001 0.079 0.841 - 0.208 0.990 0.734
KHO 1.000 0.973 0.043 0.058 - 0.675 1.000
NAV  0.038 0.604 0.719 0.996 0.299 - 0.964

SAN 0.244 0.799 0.971 1.000 0.495 1.000 -

PDE AGT AUS BAT INU KHO NAV  SAN

AGT - 0.874 0.006 0.001 0.873 0.043 0.728

AUS 0.835 - 0.133 0.103 1.000 0.605 0.998
BAT 0.008 0.094 - 0.992 0.234 0.883 0.658
INU 0.001 0.068 0.844 - 0.262 0.984 0.825
KHO 1.000 0.987 0.052 0.075 - 0.776  0.999
NAV ~ 0.058 0.608 0.702 0.993 0.371 - 0.990

SAN 0.184 0.655 0.991 1.000 0.415 0.998 -

28
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Table 5. Comparison of variables (BL: bucco-lingual crowardeter; MD: mesio-distal crown
diameter; AREA: total occlusal area of the crowlE area of dentin exposure; PDE: percentage of
dentin exposure) between subsistence strategiesefhgatherer vs. agriculturalist) for the lowedan

upper first molars. Multivariate analysis of varganwas performed at a significance levePad.05.

Lower Upper
F P F P
MANOVA 2.037 0.078 2.028 0.082

BL 0.001 0.974 2.112  0.149

MD 1.744 0.189 1.475 0.230

AREA 0.055 0.814 0.046  0.830

ADE 0.033 0.855 1.148 0.287

PDE 0.022 0.883 1.264 0.264
28
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Fig. 1.
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