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Abstract
Cariouslesions are considered animportant marker of di-
etary change at the transition from hunting and gather-
ing to horticulture. Within the context of the transition to
the Neolithicin Central Portugal, this paper discusses fac-
tors which must be taken into consideration in reporting
dental pathology frequencies. Three sites are examined,
two late Mesolithic shellmiddens and one early Neolithic
burial cave dating before 5500 calBP which is taken to be
the end of the transition period. Comparability of results
across different burial types and depositional environ-
ments requires close attention to methodology. Despite
inclusion of necessary detail on caries type, age of onset
of pathology and age distribution within the sample, fac-
tors such as the use of teeth as tools and post-mortem
alteration of teeth may make it impossible to be certain
of rates of pathology. Inter-site differences in dental pa-
thology may result, not only from diet, but from differing
adult age distributions: when burial modes and deposits
are dissimilar, differing diagenesis and taphonomy may
further bias pathology rates, as well the use of teeth as
tools which can affect attrition, trauma and tooth loss
rates.
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Cook [1] suggests that a caries rate change is the
only reliable marker of the transition to agricul-
ture. The transition period is particularly well
represented by skeletal material in Portugal at
the Mesolithic shell middens, Moita do Sebastiao
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(Moita) and Cabego da Arruda (Arruda), dating
after 8000 calBP and located on a southern tribu-
tary of the Tagus River and at the Early Neolithic
cave site of Casa da Moura, north of the Tagus.
Arruda dates extend slightly later in time than
those for Moita [2] and the transition is defined as
prior to 5500 calBP. The transition for these sites
is clearly marked by differences in stable isotope
values and in burial modes [3].

The primary burials at Moita and Arruda were
mixed before and after excavation: the minimum
number of individuals (MNI) and their age dis-
tribution is best assessed by seriation of the man-
dibles [4] providing a ‘maximum’ MNI (Moita,
85; Arruda, 105 [2]). The Casa da Moura skele-
tons are disarticulated and 74% of the teeth were
loose when excavated. Reference to teeth in situ
in their alveoli and multiple sorting with varying
emphases on crown features, root form and met-
rical analyses of size and shape has aided identi-
fication of these loose teeth. The mandibles with
teeth still in the alveoli could be seriated and
were analyzed in Portugal in the same way as the
Mesolithic mandibles, but analyses of the nearly
5,000 loose teeth were carried out in a laboratory
in Canada over several years and included inter-
and intra-observer error tests. The MNI for Casa
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Table 1. Percentage rate of dental pathology within each of ten (A-J) more or less equal group-
ings of molar sockets across seriated mandibles

Moita do Sebastido Cabeco da Arruda
caries abscessing pre-mortem  caries abscessing pre-mortem
tooth loss tooth loss
A 16.0 0.0 0.0 0.0 0.0 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0
C 20.0 0.0 0.0 3.8 0.0 0.0
D 20.8 3.6 3.6 37 0.0 0.0
E 10.0 0.0 42 185 0.0 125
F 0.0 0.0 1.5 19.2 0.0 0.0
G 16.0 3.6 3.6 83 3.2 16.1
H 19.0 3.6 214 129 3.0 83
| 29.4 24.0 20.0 20.0 8.6 28.2
J 50.0 15.8 789 18.8 143 41.7
Present/n  31/211  12/256 32/256 25/249  10/309 38/323

da Moura has been estimated as 340 based on M,
intact teeth and sockets with pre-mortem tooth
loss [2]. No doubt some older individuals must be
unrepresented in the count.

In considering the value of dental pathology
as central evidence for subsistence change, I ex-
amine lower molars because good preservation
is a characteristic of mandibles and particular-
ly of lower molars. Caries susceptibility depends
upon tooth type [5], and tooth type representa-
tion in archaeological material is very uneven.
Lower molars are best represented [6, 7]: limiting
analysis to lower molars ensures comparability
between Mesolithic primary and Neolithic ossu-
ary samples.

Periodontal disease will not be discussed here
partly because of the presence of matrix or dam-
age. The height of the cemento-enamel junc-
tion (CEJ) above the alveolar margin has been
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recorded for all sites but cannot be discussed in
this brief summary.

The Mesolithic mandibles assessed at age
~15 years and over were seriated on attrition.
Attrition rate differences, even between the
Mesolithic sites, are likely [8]. Moita individuals
of ~20 years of age have a higher level of wear
for M, relative to M, and M; than Arruda indi-
viduals of equivalent age. Sorting by wear stag-
es suggests that Arruda has more older people
than Moita: based on hazard rate analyses, sig-
nificantly more adults survived into higher wear
level stages at Arruda than at Moita. This is sup-
ported by analyses of Nordin’s Index and corti-
cal width and density, all features of the femoral
cortex [9].

In table 1 the lower molar sockets for the
Mesolithic sites are distributed over ten catego-
ries (A-J) with near equal numbers of sockets, in
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an attempt to understand the relationship of den-
tal pathology to increasing age. This technique of
distributing individuals is designed to decrease
the effects of unequal wear stage samples and
any intra-observer change in wear assessments
between the two sites. Moita pathology occurs
earlier, despite the possibility of faster wear. This
result is equivalent to previous 11 attrition grade
distribution results: caries is seen across wear
stages at Moita, but is rare in younger individu-
als at Arruda [9].

At Moita, carious lesions occur before Mj;
comes into wear and multiple lesions in one
individual are seen as soon as M3 reaches the
first stage of wear. Multiple lesions are not seen
at Arruda until category E in an unusual in-
dividual with four caries in association with
an M, having only a trace of mid-occlusal sur-
face enamel left. Tooth loss also occurs ear-
lier at Moita than at Arruda. Abscessing and
premortem tooth loss are not seen at Arruda
until the second molars have large discrete den-
tin exposures, whereas they occur when Moita
second molars still have no more than point
exposures.

Moita caries and tooth loss cannot be ascribed
to heavy attrition alone. Moita occlusal lesions
occur in the form of small pit and fissure defects
in four individuals (in categories A-G) with M,
enamel barely worn to pinpoint dentin expo-
sure. Open pulp chambers are not seen at Moita
(two individuals in category I) until M, occlusal
enamel survives only as a narrow marginal rim.
All carious individuals in the midrange of attri-
tion have multiple lesions on both occlusal and
interproximal surfaces.

Stable isotope values differ significantly be-
tween the two sites [2, 3], although the distribu-
tions overlap. This suggests varying degrees of
reliance on estuarine resources and some of the
heterogeneity of Mesolithic stable isotope values
may reflect changes within the estuarine setting
which led eventually to abandonment of the val-

ley [2].
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Casa da Moura pathology rates are lower than
for the Mesolithic sites [3], but pathology is found
in young individuals, even in deciduous denti-
tions, while no Mesolithic deciduous teeth had
lesions. Stable isotopes indicate a homogeneous
Early Neolithic diet from terrestrial resources
[3].

An initial sample of the in situ Casa da Moura
dentitions was observed in 1986, but most were
examined in 1989 after detailed study of the
loose material. Further examination is ongoing.
Opverall, in those over the age of ~15 years in the
1989 sample, there was a 9.9% caries rate (27/273)
and a 10.5% premortem tooth loss rate (32/305).
Equivalent figures for the Mesolithic sites (table
1) are Moita (12.5 and 14.7%) and Arruda (10.0
and 11.8%).

By examining only those mandibles in the
1989 sample with unexpanded points of dentin
exposure on M; we see that caries occurs early at
Casa da Moura. Of the molars in occlusion (103),
12 had caries: two had occlusal pits, two had in-
terproximal lesions just below the facet, two had
the interproximal defect enlarged to involve the
occlusal surface, two defects at the CEJ in one in-
dividual, one carious buccal pit, and one large
occlusal cavity. One further individual had two
defects, one beginning at the mesial CEJ and the
other a huge multi-surface lesion.

Caries type changes across time [3, 6] with oc-
clusal caries rates decreasing between Moita and
Arruda (p = 0.019) and again between Arruda
and Casa da Moura (in situ 1986-89 molars p =
0.03, loose p = 0.015), while interproximal caries
incidences show no significant differences across
sites.

The co-occurrence of strong molar attrition
and occlusal caries at Moita [10] and the reduc-
tion in dental pathology in the late Mesolithic
and Early Neolithic perturb the expected pattern
[11, 12]. In central Portugal, markedly lower at-
trition levels (fig. 1a) and a rise in occlusal caries
rates do not occur until later in the Neolithic, af-
ter 5500 calBP.
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Fig. 1. Loess fit lines using the Epanechnikov kernel to smooth 99% of data points. a Comparison of the relative at-
trition of the permanent first and second lower molars in Portuguese Mesolithic and Neolithic individuals indicates
the major change in attrition of lower molars occurred after 5500 calBP. b Comparison of the relative attrition of the
permanent lower lateral incisors and first lower molars in Portuguese Mesolithic and Neolithic individuals indicates
that Casa da Moura had earlier, stronger anterior wear than either of the Mesolithic sites.

Nevertheless, Casa da Moura attrition is re-
duced. To characterize Early Neolithic loose
molar wear adequately, a composite of the ap-
proaches of Smith [13] and Lovejoy [14] was de-
veloped. Of eight crown heights, the disto-buccal
is most closely related to this composite scheme
(fig. 2) and this variable is used in compari-
sons across the 937 Casa da Moura loose lower
molars.

A large sample (586) of the loose first and sec-
ond lower molars was reexamined for caries to
record inter-observer differences. The only dis-
agreements among observations occurred with
interproximal changes at the CEJ, coded either
as grooving or as caries [6]. (Note that the grooves
discussed here did not result from the use of
toothpicks. Toothpick grooves occur and are eas-
ily distinguished from CEJ grooving [6].)
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To What Extent Is Grooving Carious or Post-
Mortem?

Grooving at the CEJ was studied in detail in Casa
da Moura loose canines, in which it occurs with-
out relation to hypercementosis, rotation, crown
dimensions, attrition, or jaw. A further consider-
ation is the use of anterior teeth in leatherwork-
ing: identified as a factor in Mesolithic anterior
dental attrition [15], the Early Neolithic anteri-
or wear is more extreme. Examination at up to
x1,000 shows that consistently oriented criss-
crossing striations resulted from this apparent
use of the anterior teeth. Such lingual polishing
occurs mostly in the maxilla and most strong-
ly on the left (left upper canines show lingual
polish significantly more often than the right).
Casa da Moura mandibular anterior attrition
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Fig. 2. Casa da Moura compos-
ite attrition and the disto-buccal
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crown height (323 lower molars): r
loess line at 99% (Epanechnikov) is 0

prrtuallyidentical with a lineal re-

gression line, r = 0.840.

is established earlier and more strongly than at
Moita and Arruda (fig. 1b): lateral incisors are
graphed because the central lower incisors are
lost pre-mortem significantly more frequently
than the laterals. It is clear that Casa da Moura
teeth are affected by their use as tools. Grooving
on the anterior tooth crowns, as distinct from the
CEJ, is also attributable to leatherworking. There
is no relationship between CE]J grooving and ca-
nine lingual polish.

Trauma of the canines is also common.
Trauma in the lower canines occurs significantly
more often on the left (of which 26% are chipped)
than on the right (p = 0.004), and major breakage
occurs only on the left. However, CEJ grooving
is not related to the presence, type or location of
trauma. CEJ grooves are unlikely to be the result
of the type of trauma that gives rise to abfrac-
tion [16].

Much CEJ grooving seems to be post-mortem
[6]. Grooving is unlikely to significantly alter car-
iesincidence in canines, but it will certainly affect
the loose Casa da Moura lower molar caries rate.

Teeth and the Past in Portugal
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Composite attrition

Of the interproximal lesions for which the ori-
gin could be pinpointed, 11 were at the CEJ, and
only three were subfacet. CE] grooving cannot al-
ways be distinguished from caries with complete
certainty. The grooving might also be initiated
by carious lesions and post-mortem grooving
could mask the presence of such lesions. In sites
in which this type of diagenesis is common, the
caries rate is uncertain.

CE]J grooving cannot be clearly identified as
specific to individuals at higher wear levels (re-
duced disto-buccal crown heights). In a sample
of 221 lower molars in which attrition was at least
at the level of two or three pinpoint exposures
of dentin, 17 had CEJ grooving. Neither crown
height means nor variances were significantly dif-
ferent between those with and without grooving:
the difference in means between carious molars
(28) and those without caries (192) was signifi-
cant (p = 0.04) and trauma is also significantly as-
sociated with lowered disto-buccal crown height
(p = 0.000). There is no association between CE]J
grooving and enamel chipping (p = 0.5). Caries
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and trauma are age-dependent, but CE] grooving
cannot be shown to be age-dependent.

Discussion
There are changes in dental pathology within

the late Mesolithic, but no simple increase in the
Early Neolithic, despite differences in the stable

isotopes. Analysis by wear levels and by metric
variables systematically altered by attrition is re-
quired to fully describe the changes. Simple re-
porting of caries rates, without attention to the
age bias in the sample, without examining the age
distribution of pathology, without recording type
and location of lesions and without consideration
of diagenesis and tooth type, is not likely to give
us a fully accurate picture of the past.
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