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ABSTRACT  Between 1979 and 1989 the skeletal re-
mains of 21 adults and 38 children, yielding 317 perma-
nent and 134 deciduous teeth, were recovered at Tell
Leilan, Syria, the site of a major urban center during the
emergence of complex state society in northern Meso-
potamia in the mid-third millennium BC. Tooth crown
dimensions (faciolingual and mesiodistal diameters, to-
tal crown area, and molar crown area) are presented and
the last two serve as the primary units of comparison for
a diachronic interpretation of tooth size variation in the
ancient Near East. Both permanent and deciduous den-
tal data support the pattern of dental reduction since the
Middle Paleolithic that has been documented for Asia

Analyses of ancient Near Eastern dentitions
are sparsely represented in the literature, whether
concerning pathology (e.g., Krogman, 1940; Carbonell,
1966), non-metric traits (e.g., Dahlberg, 1960; Rathbun,
1972), or metric variation (e.g., Macchiarelli, 1989;
Rosenzweig and Zilberman, 1967, 1969). One reason for
this may be that excavations of human remains at such
classic sites as Kish (Mackay, 1925; Watelin and Langdon,
1934), and Ur (Wooley, 1934), were conducted in the early
first half of the twentieth century, a time when studies
of the teeth were not considered essential components
of skeletal analysis. Unfortunately, although dental
anthropological studies have become more common,
the political climate of the Near East in recent decades
has prevented research at many ancient Mesopotamian
sites. As a consequence, some researchers have begun
to explore the rich archaeological history of northern
Mesopotamia, a region long ignored by archaeologists
who, in the past, preferred to study agricultural origins
and state emergence in the southern Iraqi floodplain.
As a result of excavations conducted in northeastern
Syria in the last quarter of the twentieth century, a new,
albeit limited, set of archaeological human remains is
available for analysis.

This paper presents the results of an odontometric
analysis of human skeletal remains from the northern
Mesopotamian site of Tell Leilan, Syria, and compares
these results to odontometric data from other regions
and time periods of the Near East in order to examine
diachronic dental size variation. Documentation
of dental reduction trends based on odontometric
observation of archaeological populations has been
achieved in a number of areas of the world for post-
Paleolithic Asia (Brace, 1978; Lukacs and Hemphill,

and Europe. The total crown areas for the permanent
and deciduous dental samples, 1189 mm? and 497 mm?
respectively, place this archaeological population at the
smaller end of the crown area scale for the Near East;
smaller in size than nearby Paleolithic and Neolithic
populations. Given the paucity of odontological data
for this area, this study contributes to the odontometric
history of Mesopotamia and as a summary compilation
and comparison of previously conducted odontometric
work as it relates to the phenomenon of dental reduc-
tion within the ancient Near East. Dental Anthropology
2003;16(3):73-80.

1991) and Upper Paleolithic-Mesolithic Europe (Frayer,
1977, 1978), but more work in regions and time periods
previously unexamined by dental anthropologists will
enable researchers to more accurately understand the
evolutionary processes involved in hominid dental
reduction, one of the most widely reported, and hotly
debated trends in the study of human evolution (Brace,
1963, 1964, 1978; Brace et al., 1987, 1991; Calcagno, 1989;
Gibson and Calcagno, 1989; Kieser, 1990; Macchiarelli
and Bondioli, 1984). This study, then, is intended as a
contribution to the odontometric history of Mesopotamia
and as a summary compilation and comparison of
previously conducted odontometric work as it relates to
the phenomenon of dental reduction within the ancient
Near East.

MATERIALS AND METHODS

Tell Leilan is located on the fertile Habur plains
of northeastern Syria. Occupied from the mid-sixth
millennium BC, the site became one of the three major
urban centers of Subir during the emergence of complex
state society in northern and southern Mesopotamia
in the mid-third millennium BC (Weiss et al., 1993).
During the Tell Leilan IIb period (~2300-2200 BC), the
imperial interests of the southern Mesopotamian ruler
Sargon, and his successors, brought Tell Leilan and the
rest of Subir under Akkadian domination (Gibbons,
1993; Weiss et al., 1993). At approximately 2200 BC, Tell
Leilan was abandoned for some 300 years, due to severe
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climate change that may have resulted from volcanic
eruption and subsequent desertification of cultivable
land in the region (Weiss et al., 1993). This climate
change has been documented in a number of areas in the
eastern Mediterranean (Amiran, 1986; Frumkin et al.,
1991; Otterman and Starr, 1995; Raban and Galili, 1985),
and has led some scholars to reevaluate previously held
theories on the collapse of state-level societies in the
ancient Near East during the late third millennium BC
(Issar, 1995).

The skeletal remains of 21 adults and 38 children
were recovered during five seasons of excavation at Tell
Leilan between 1979 and 1989 (Weiss, 1985, 1986, Weiss
etal., 1993), and are presently curated at the Department
of Anthropology, University of Alberta. Preservation of
the skeletal remains is poor, although the dentition,
when present, is in excellent condition. However,
only 317 teeth out of a potential 672 permanent teeth
and only 134 of a possible 760 deciduous teeth were
collected during excavation. Antemortem tooth loss
probably contributed to the incomplete nature of the
dental sample, as did difficulties in excavation; there are
many neonatal and infant remains in which many of the
deciduous teeth were either unformed or incompletely
formed and hard to recover. Fortunately, one or more
tooth crown dimensions (e.g., mesiodistal and/or
faciolingual crown diameter) could be measured in
82% of the collected permanent teeth and 60% of the
deciduous teeth. The remaining teeth could not be
measured due to incomplete eruption, extreme occlusal
wear, or postmortem crown breakage. The majority of
the remains from Tell Leilan date to the urban period
of third millennium occupation (~2600 to ~2200 BC),
although they range in date from the early third
millennium BC to the early second millennium BC. Due
to the small sample sizes and relatively homogenous
cultural context, however, all the remains are treated
here as a sample from a single population.

The senior author took tooth crown measurements
with a Helios needle-point dial caliper, calibrated to
0.05 mm. Measurements were rounded to 0.1 mm. Two
measurements, maximum faciolingual (FL) diameter’
and maximum mesiodistal (MD) diameter were
taken for each tooth as described by Mayhall (2000).
Intraobserver error was assessed by re-measurement
of a randomly selected subset of 10% of the original
sample, yielding a mean intraobserver measurement
difference of 0.060 and a standard deviation of 0.22;
such values are well within the ranges reported by other
researchers for similar studies (Wolpoff, 1971a; Lukacs,
1985; Lukacs and Hemphill, 1991). Paired sample t-tests

Faciolingual” is used here to encompass both labiolingual
measurements of the anterior teeth and buccolingual
measurements of the posterior teeth.

This precludes the utilization of the mean standard deviation
for the Tell Leilan permanent dentition in comparative
analysis of interpopulational dental asymmetry.

were used to assess FL and MD asymmetry of permanent
right and left antimeres, although asymmetry was
not evaluated for the deciduous sample because of its
small size. Tabulation and statistical analysis of the data
were completed using Excel (Microsoft Corporation,
1991) and Systat software (SYSTAT Inc., 1990-1992),
respectively. The data are presented with the sexes
pooled because the incomplete and fragmentary state of
the skeletal remains rendered accurate assessment of sex
for the Tell Leilan sample very difficult.

Crown area (CA) was calculated by multiplying the
mesiodistal and faciolingual measurements for each
tooth (Wolpoff, 1971b). Total crown area (TCA), the sum
of mean cross-sectional crown areas for all upper and
lower teeth on one side of the jaw, and molar crown
area (MCA), the sum of the mean cross-sectional crown
areas for upper and lower posterior teeth on one side
of the jaw, serve as the primary units of comparison
for diachronic interpretation of permanent tooth size
variation in the ancient Near East. TCA and MCA values
for the comparative samples were obtained either from
published data or were calculated from published mean
MD and FL crown diameters.

RESULTS

The mean differences between right and left
measurements for each permanent tooth type were
generated using a paired sample t-test. While there is
a slight degree of directional asymmetry (with 11 of
16 teeth from the left side slightly larger, on average,
than the right side), this difference is not statistically
significant at alpha = 0.05.

The standard deviation of mean differences between
right and left antimeres provides another useful
indicator of the extent of dental asymmetry (Smith et al.,
1982). In contrast to the pattern that is usually observed
(Lukacs and Hemphill, 1991), the Tell Leilan standard
deviation does not display a trend of smaller to larger
values when moving distally within a given tooth class.
This is most likely caused by the small number of paired
observations as well as by the large standard deviation
of certain teeth (e.g., third molars). The mean standard
deviation of FL and MD diameters for all teeth provides
a general indication of asymmetry for the dentition as a
whole (Lukacs and Hemphill, 1991); for the Tell Leilan
permanent teeth, this value is 0.40, somewhat higher
than that observed by other researchers (e.g. 0.23 and
0.24, Lukacs and Hemphill, 1991)?, although Smith and
co-workers (1982:283) have observed that standard
deviations as large as 0.80 are not uncommon when
samples of fewer than 100 individuals are used.

Crown diameters and areas are presented in Tables
1 and 2 for the left side of the dental arcade, and,
because of the statistically insignificant nature of left-
right antimeric differences, values from the right side
have been substituted for missing left values in order to
increase the number of observations for certain teeth and,
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TABLE 1. Mean crown diameters (in mm) and mean crown areas (in mm?) of permanent left teeth from Tell Leilan’

MAXILLA MANDIBLE
Faciolingual Mesiodistal Crown Faciolingual Mesiodistal Crown
Diameter Diameter Area Diameter Diameter Area
n mean sd n mean sd mean sd n mean sd n mean sd mean sd
11 12 738 037 12 858 0.64 6336 6.35 6 605 021 7 516 076 29.79 3.46
12 11 677 060 11 646 042 4394 644 10 636 0.37 11 548 076 33.99 4.82
C 10 863 046 10 730 045 64.02 513 9 792 053 10 6.71 037 5260 3.83
P1 11 9.07 048 10 675 042 6138 614 12 789 050 12 6.76 041 5335 4.89
P2 11 9.07 066 11 653 043 5943 781 12 8.04 081 12 7.03 062 58.69 10.46
M1 14 1193 1.73 14 1048 0.95 125.71 2560 12 10.63 052 12 11.28 0.70 120.10 11.01
M2 11 10.85 1.07 10 949 1.10 103,59 19.04 11 1043 047 12 1122 0.80 115.57 11.01
M3 7 10.89 1.18 8 930 0.61 9937 10.30 5 996 092 5 1038 092 103.92 17.83

ISince left-right antimeric differences are not statistically significant, values from the right side have been
substituted for missing left values; n, number of observable teeth; sd, standard deviation

thus, the utility of the statistical results. Table 1 presents
the mean FL and MD crown diameters and crown areas
for the Tell Leilan permanent dentition, sexes pooled.
All measurements are in millimeters (mm) for crown
diameters (FL and MD) and millimeters squared (mm?)
for crown areas (CA). Table 2 presents the mean FL and
MD crown diameters and crown areas for both left and
right antimeres in the deciduous dentition.

Numerous odontometric studies have utilized the
TCA and/or the MCA for comparing tooth crown size
variation (e.g., Brace, 1980; Lukacs, 1985; Brace et al.,
1987), since crown areas most closely approximate the
total functional occlusal size of the dentition (Wolpoff,
1971b). Thus, crown area is the trait upon which natural
selection acts (Brace, 1980) making TCA and MCA,
as single discrete values, highly useful for examining

interpopulational variation in tooth size.

For the present study, the total and molar crown
areas of the Tell Leilan permanent dental sample are
compared with the total and molar crown areas from
several archaeological populations in the Near East
(Fig. 1), beginning in the Middle/Upper Paleolithic and
ending in the Iron Age, as a rudimentary examination
of tooth size reduction. Although it would be preferable
to limit the diachronic comparison to sites that are
specifically located within northern Mesopotamia, very
few odontological studies have been conducted in the
region. For this reason, crown area values for the nearest
available archaeological populations in Iran, Iraq, Israel,
and Turkey have been used instead.

Table 3 presents the data from sex-pooled samples
for each archaeological population in the comparison.

TABLE 2. Mean crown diameters (in mm) and crown areas (in mm?) for deciduous teeth from Tell Leilan

MAXILLA MANDIBLE

Faciolingual =~ Mesiodistal ~ Crown Faciolingual Mesiodistal Crown

Diameter Diameter Area Diameter Diameter Area
Side n mean sd mean sd mean sd n mean sd mean sd mean sd
i1 R 2 525 021 6.75 007 3545 1.06 4 4.28 0.93 4.58 0.79 20.05 7.43
L 2 525 021 6.70 0.14 3515 0.64 3 3.87 0.50 437 0.81 17.13 5.39
i2 R 2 515 021 5.80 0.00 29.85 1.20 3 4.70 0.61 5.23 0.72 24.73 5.66
L 2 480 0 545 021 26.15 1.06 3 4.60 0.56 5.67 1.25 26.53 8.98
c R 3 597 065 6.73 086 4053 9.43 4 5.70 0.28 6.03 0.15 34.35 2.01
L 4 620 029 695 019 4313 3.20 3 5.80 0.20 5.93 0.15 34.43 1.67
ml R 4 875 017 755 058 60.05 857 4 720 0.27 8.75 0.31 63.08 4.65
L 4 873 011 753 068 6583 8.14 4 715 047 8.68 0.33 62.13 5.94
m2 R 4 985 066 953 017 93.75 4.72 4 8.73 0.15 10.53 0.29 91.80 1.55
L 4 10.00 039 9.73 033 9828 5.19 4 8.88 026 10.55 0.29 93.60 2.67
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Fig. 1. Map of the Near East showing the sites used in the comparison of total and mean crown areas (Table 3).
No sites are shown for the Natufian material, which Dahlberg described only as being from ‘“Mesolithic Palestine’

(Dahlberg 1960:246).

With the exception of the TCA of the modern European
sample, which is provided by Brace (1978), all TCA
and MCA values were taken from the original MCAs
given for each tooth class, or were calculated from
published MD and FL crown diameters. In the case of
the Neanderthal sample from Shanidar, crown areas
for the anterior dentition could not be determined due
to extreme occlusal wear (Trinkhaus, 1978), and thus
the MCA serves as the primary comparative value.
While the Tell Leilan crown diameters were recorded
by measuring the maximum mesiodistal breadth for
each tooth, it is not explicitly stated in a number of the
odontological studies used for this comparison whether
this same methodology was followed or whether the
breadth between the mesial and distal contact facets of
the molar teeth was measured in the manner of Hrdlicka
(1924) and others. The latter technique may give
smaller crown diameters, and hence smaller summed

crown areas. Values published elsewhere should thus
be considered minimum estimates compared to the
Leilan data presented here. This must be taken into
consideration when looking at the comparative data,
although the size of the difference is likely to be small, on
the order of 1 to 2 mm per tooth, based on the personal
experience of the authors.

As illustrated in Table 3, the overall trend in
permanent tooth size variation is one of gradual
reduction over time, beginning in the Middle/Upper
Paleolithic with the Skhul/Qafzeh hominids and
ending with the modern European population. The
sample from Chalcolithic Alaca Hoytik in Turkey does
not follow this trend, however, having the smallest
TCA, smaller even than the modern European sample.
Many factors, including method of measurement and
the biological affinities of the Alaca Hoytiik population
may account for this difference. Despite this, the overall
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TABLE 3. Temporal variation in permanent tooth size among selected Near Eastern archaeological populations'

Sample Site Cultural TCA MCA

Name Location Association (mm?) (mm?) Source

Skhul Israel Middle Paleolithic 1494 - Trinkaus, 1978
Qafzeh Israel Middle Paleolithic - 780 Vandermeersch, 1981
Shanidar Iraq Upper Paleolithic - 773 Trinkhaus, 1978
Natufian Palestine Mesolithic 1272 722 Dahlberg, 1960
Jarmo Iraq Neolithic 1246 679 Dahlberg, 1960
Abou Gosh Israel Neolithic 1240 685 Aresnburg et al., 1978
Tell Leilan Syria Bronze Age 1189 668 this study

Hasanlu Iran Iron Age - 605 Rathbun, 1972

Alaca Hoytk Turkey Chalcolithic 1161 643 Senytiirek, 1952
European various Modern 1138 - Brace, 1978

1TCA, Total Crown Area; MCA, Molar Crown Area

trend is in accord with observations made by numerous
researchers working in other regions of the world (e.g.,
Brace, 1978; Dahlberg, 1960, 1963; Lukacs and Hemphill,
1991; Sofaer, 1973).

If we examine the values from northern Mesopotamia
specifically (i.e., Shanidar, Jarmo, and Tell Leilan), it can
be seen that a reduction in molar crown area of about
100 mm? has taken place in the time span between
the Shanidar and Jarmo samples (approx. 55,000 yrs),
giving an average MCA reduction rate of almost
0.002 mm? per year. Subsequently, the MCA reduction
between Jarmo and Tell Leilan is about 10 mm? over
a span of approximately 4,500 yrs, giving an average
MCA reduction that is, also, about 0.002 mm? per year.
Although additional research is needed, this evidence
suggests that the rate of dental reduction does not seem
to be linked to subsistence strategy.

Consistent with their fit in the widely recognized
trend to dental reduction, the Tell Leilan data support
the contention that upper central incisors and the first
molars are considered genetically stable. These teeth
resist variation in tooth size to a greater extent than do
the more distal, i.e., later developing, teeth within their
respective tooth class (Dahlberg, 1963; Sofaer, 1973) so
that the extent of tooth size variation increases distally.
The MCA of the upper first molars exhibits a 3.2%
difference from Shanidar to Tell Leilan, as compared to
a 28.8% change in the upper second molars. Similarly,
there is a 2.6% change in lower first molar size from
the Shanidar sample to the Tell Leilan sample, and a
change of 15.5% in the lower second molars.> Further,
the change is 2.4% for upper first molars and 11.5%
for upper second molars when comparing Tell Leilan
and the earlier agricultural sample from Jarmo, and

0% and 4.5% change for lower first and second molars,
respectively.

By contrast to the case for permanent teeth, only a
few studies have focused on the odontometry of the
deciduous dentition (e.g., Koenigswald, 1967; Lukacs,
1981; Lukacs et al., 1983; Sciulli, 2001, Smith, 1978).
Rarely have evolutionary trends in the deciduous
dentition been documented, but Smith (1978), Lukacs
and Hemphill (1991) and Sciulli (2001) have found that
the rate of deciduous tooth size change is relatively stable
within the past 5,000 to 10,000 years, roughly half that of
permanent teeth (Lukacs and Hemphill, 1991). Table
4 compares the Tell Leilan deciduous TCA to Smith’s
(1978) data for several Near Eastern populations, from
the Epipaleolithic to modern times. It can be seen that,
as with the permanent dentition, a distinct reduction
trend can be observed over time.

DISCUSSION

Many scholars have debated the mechanisms
of dental reduction, but most agree that an overall
reduction in tooth crown size should be observed
in populations as they move from nomadic hunting
and gathering subsistence modes to more sedentary
agricultural modes (e.g., Dahlberg, 1963; Sofaer, 1973).
Indeed, studies have shown that the rate and extent of
human dental reduction was at its most profound after
the Pleistocene, precisely the time period during which
the transition in subsistence modes occurred (Calcagno,
1989; Macchiarelli and Bondioli, 1986; Reddy, 1992).

3Crown areas were not available for the Shanidar anterior
teeth and thus cannot be compared with values for the Tell
Leilan sample
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TABLE 4. Temporal variation in deciduous tooth size of selected Near Eastern populations

Cultural TCA MCA
Association n (mm?) n (mm?) Source
Epipaleolithic 139 550 50 333 Smith, 1978
Neolithic 130 504 61 318 Smith, 1978
Chalcolithic 202 459 88 286 Smith, 1978
Middle Bronze Age 11 - - 130 293 Smith, 1978
Bronze Age (Tell Leilan) 35 497 16 319 this study
Iron Age 509 474 - - Smith, 1978
Modern 212 454 - - Smith, 1978

1TCA, Total Crown Area; MCA, Molar Crown Area

Although reduction in the size of the dentition occurred
during the Pleistocene, this reduction may be related
to an overall reduction in body size or robusticity,
especially in the masticatory apparatus and facial
skeleton in general (Macchiarelli and Bondioli, 1986;
Brace et al., 1991). Alternatively, selective pressures that
favored larger or smaller teeth, depending on specific
environmental conditions affecting dental health, may
act as the primary mechanism of reduction (Calcagno,
1989; Calcagno and Gibson, 1991). Such conditions may
have included dietary toughness and/or abrasiveness.
Early cultural advancements such as food preparation
techniques (e.g., the use of fire to cook raw plant and
animal foods), pottery, increasingly sophisticated tools,
and changes in diet also may have played a role in
selecting for smaller tooth sizes.

Given the paucity of odontological data for this
area, however, it is not within the scope of this paper to
determine the exact mechanisms of dental reduction for
the region of Northern Mesopotamia. Presently, there
are no sources of modern Near Eastern odontometric
studies suitable for comparative purposes. Rosensweig
and Zilberman’s (1969) odontometric analysis of modern
Bedouin in Israel did not include the third molars. Thus,
the TCA for a modern European population (Brace,
1978) is included in Table 3 as an illustration of the
extent of dental reduction since the Middle Paleolithic.
Studies of modern human populations have shown
that the smallest tooth crown dimensions today are
observable in Europeans and certain Asian populations
(Dahlberg, 1963; Lukacs, 1985). Some researchers have
argued that this is because these regions were some of
the earliest sites of sedentary agricultural development,
and consequently have had the longest amount of
time for dental reduction to occur (Brace, 1978; Reddy,
1992). Because the region of Mesopotamia is also one
of the earliest sites of agricultural development, the
same small tooth dimensions should be expected for
modern Near Eastern populations. However, in all
cases, extenuating factors such as genetic makeup, the
migration of peoples and genetic drift will also play
a role, the extent of which may be hard to determine
at this time. What needs further investigation is that

the rate of dental reduction appears to have remained
constant through a transition from Upper Paleolithic
hunting-foraging through the origins of food production
and into the metal ages (data in Table 3). This is, in fact,
contrary to predictions of tooth size according to modes
of subsistence, and may lend credence to explanations
based on overall decreases in skeletal robusticity, which
were more pronounced between the Upper Paleolithic
and the Neolithic than between the Neolithic and the
metal Ages.

CONCLUSIONS

Results reported here of the metric analysis of the
permanent and deciduous dentition of the northern
Mesopotamian Bronze Age site of Tell Leilan, when
compared with odontometric data from varying periods
within the Near East, are consistent with the pattern
of hominid dental size reduction observed worldwide
since the Middle Paleolithic. The total crown areas
(TCA) for the Tell Leilan permanent and deciduous
dental samples, 1189 mm? and 497 mm? respectively,
place this archaeological population at the smaller end
of the crown area scale for the Near East; smaller in
size than nearby Paleolithic and Neolithic populations,
and slightly larger than more recent populations and
the modern samples. The rate of reduction in hominid
dentition has varied both spatially and temporally
over the course of human evolution (e.g., Calcagno,
1989; Macchiarelli and Bondioli, 1986, Reddy, 1992),
and factors such as genetic drift and the blending of
geographically diverse populations over time often
obscure or complicate our understanding of human
dental reduction, especially in the post-Paleolithic. It is
hoped that larger dental samples from a wider variety of
sites in ancient Mesopotamia will eventually allow for a
more detailed documentation of metric dental trends in
this region and time period of the Near East.
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