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ABSTRACT  Non-metric dental traits are well-
established tools for anthropologists investigating
population affiliation and movement in humans.
Nonetheless, similar traits in the great apes have
received considerably less attention. The present
study provides data on non-metric trait variability
in the deciduous molars of great apes from muse-
um context.Twenty-eight traits are observed in the
upper and lower deciduous molars in specimens
of Pan troglodytes, Pan paniscus, Gorilla gorilla, and
Gorilla beringei. These groups are compared based

The teeth of the great apes bear an uncanny resem-
blance to those of humans in terms of their overall
morphology. While the permanent teeth of hu-
mans and great apes have been studied in depth
for several decades, deciduous teeth are often
overlooked. Unlike permanent teeth, which are
often used in both metric and non-metric studies
to trace genetic drift and population variation, de-
ciduous teeth are rarely studied in detail or in
large numbers in either humans or primates.

Since non-metric traits in adult primates have
been used in many important studies they can
serve as an example for work that can be done
with deciduous primate teeth. Several studies of-
fer trait frequency data for non-metric traits in
great ape adult dentitions (e.g., Bailey 2008, Swin-
dler 2005, Swarts 1988) and Swindler (2005) pro-
vides some description of the morphology of great
ape deciduous teeth. Human deciduous dental
morphology has been described by Jorgensen
(1956) and Scott and Turner (1997).

The present study addresses the dearth of in-
formation on great ape deciduous dentitions by
looking at the variation in tooth crown morpholo-
gy of subadult chimpanzees and gorillas. Previous
research on non-metric traits among humans has
revealed that they are useful in assessing popula-
tion relatedness as well as population movements
through time (e.g. Scott and Turner, 1997; Irish,
2006; Hanihara, 2008), and analysis of the decidu-

on trait frequencies and mean measures of diver-
gence. This study demonstrates the variability of
non-metric traits in the deciduous molars of chim-
panzees and gorillas. These traits could potentially
be used in the same way that non-metric traits are
in humans, namely group affiliation and popula-
tion movements through time. Further, this study
establishes scoring guidelines and methodology
relevant to deciduous dental morphological char-
acteristics found in the great apes, but not neces-
sarily in humans.

ous dentition of the great apes may allow for simi-
lar assessments. In this study, variations in fre-
quencies and patterns of occurrence for 28 dental
traits are examined in five great ape subspecies.
The utility of the deciduous dentition is assessed
in addressing questions of population affinity and
contributing to a set of standards and traits that
can be used in further studies.

MATERIALS

Data were collected on the postcanine decidu-
ous teeth from detailed photographs of 179 juve-
nile great ape dental arcades. The specimens be-
long to the collections of the Quex Museum of
Birchington, UK and the Royal Museum of Cen-
tral Africa in Tervuren, Belgium. Five of the goril-
las came from the collection at the University of
Minnesota Department of Anthropology. The
samples included specimens identified in the mu-
seum catalogs as Pan troglodytes troglodytes, Pan
troglodytes schweinfurthii, Pan paniscus, Gorilla go-
rilla gorilla, and Gorilla beringei graueri (Table 1).
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TABLE 1. Number of individuals studied in each Afri-
can ape group

Species Number of indi- Number of teeth
viduals
Pan troglo- 99 665
dytes
P. t trog- 39 270
lodytes
Pt 60 395
schwein-
furthii
Pan paniscus 48 329
Gorilla goril- 28 194
la gorilla
Gorilla ber- 11 81
ingei graueri
METHODS
Traits

Upper deciduous molars. Nine traits were ob-
served in the upper deciduous molars. The trans-
verse crest in the upper first deciduous molar
(udp3) is an enamel ridge connecting the paracone
and protocone (Swindler, 2005). It has been vari-
ously labeled the central ridge (Jergensen, 1956)
and the oblique ridge (Kraus et al. 1969) in human
deciduous teeth. For the present study it was
scored according to a previously used scale from 0
to 3 (Bailey, 2002). Although this scoring was orig-
inally for lower adult premolars, it describes the
variation in udp3 well.

The lingual cingulum of the two upper decid-
uous molars (udp3 and udp4) was scored from 0
to 3 (Figure 1). The scores are based on Swindler’s
observation that the lingual cingulum in Gorilla
and Pan differed in that, “A lingual cingulum is
present in Gorilla extending mesially from the hy-
pocone to the mesial surface of the protocone. A
cingulum is present in Pan only on the lingual sur-
face of the protocone.” (Swindler, 2005). Due to
these distinctions, this trait was scored as absent
(0), a raised surface of the lingual side of the proto-
cone (1), an enamel ridge on the lingual side of the

protocone (2), or an enamel ridge extending from
the protocone to the hypocone (3). On udp3 there
is no hypocone, so the scoring of 3 is reserved for a
lingual cingulum that extends across the entire
lingual surface of the protocone. It is important to
note that the smallest lingual cingulum is not con-
sidered to be a small Carabelli’s trait because these
two structures likely derive from separate features
(Ortiz et al. , 2010). The buccal cingulum on udp3
and udp4 is scored only as present or absent
where presence is considered to be any expression
of a cingulum on the buccal surface of the tooth
(Figure 2). None of the sources that were used
mentioned a buccal cingulum on the great ape up-
per deciduous dentition, although it is observed in
the great apes on lower deciduous molars and up-
per permanent molars (Swindler, 2005).

The crista obliqua is a ridge connecting the
protocone and metacone of udp4 (Swindler, 2005).
It has also been referred to as the postprotocrista
(Swarts, 1988). It was recorded as absent (0), inter-

Fig. 1. Complete lingual cingulum on udp4 scored
as 3.

rupted (1) or uninterrupted (2). Also on udp4,
cusp 5 was scored from 0 to 5 following the Arizo-
na State University Dental Anthropology System
(ASUDAS) for cusp 5 on UM1 (Turner et al. 1991).
Finally, the anterior and posterior foveae on udp4
were scored as either present or absent. In the
ASUDAS, the anterior fovea is scored based on its
size, but the present study found that on decidu-
ous teeth both anterior and posterior foveae were
generally too small to vary noticeably. Any



Fig. 2. Buccal cingulum on udp4 scored as pre-
sent.

visible pit or fovea along the mesial or distal mar-
ginal ridge of the tooth was scored as an anterior
or posterior fovea respectively.

Lower deciduous molars. Scores for 19 traits on
the lower deciduous dentition were recorded for
this study. The first takes note of the presence or
absence of the metaconid on the lower first decid-
uous molar (ldp3) and its placement relative to the
protoconid. The placement of the metaconid rela-
tive to the protoconid has been described both as
variable in the permanent lower first and second
premolars (LP3 and LP4) of Pan (Bailey, 2008) and
as distal to the protoconid in 1dp3 in the great apes
(Swindler, 2005). Jorgensen (1956) also describes
the distal metaconid in human deciduous teeth,
but mentions that in the great apes the metaconid
may be “faint or absent.” Based on these reports
and early observations, metaconids were scored in
this study as absent (0), mesial to the protoconid
(1), central to the protoconid (2) or distal to the
protoconid (3). Based on Ludwig’s (1957) descrip-
tion of the metaconid based on where it sits rela-
tive to “the long axis of the median ridge of the
buccal cusp,” the metaconid is scored as distal if
the majority of the metaconid is distal to the medi-
an ridge of the protoconid, On the other hand, if
the metaconid appears to sit directly on the axis of
the median ridge of the protoconid then it is con-
sidered central.

The entoconid, hypoconid and hypoconulid
are also scored on Idp3 and ldp4. The entoconid
and hypoconid were scored as either present or
absent and the hypoconulid was scored according
to the ASUDAS from 0 to 5 with an additional val-

ue denoting a hypoconulid that was clearly pre-
sent but could not be sized due to heavy wear (7).

The mid-trigonid crest is an enamel ridge on
ldp4 that connects the protoconid and metaconid
(Figure 3). It is mesial to the distal trigonid crest
that connects the same cusps. The mid-trigonid
crest may also be called a complete bridge formed
by the mesial accessory ridges of the protoconid
and metaconid (Hooijer, 1948; Scott and Turner,
1997), or the anterior transverse ridge (Jergensen,
1956). Although there is an ASUDAS scoring
plaque for this trait, the present study used a mod-
ified form of a scoring system presented by Bailey
(2002) that better fit the variation found in great
ape deciduous molars. The mid-trigonid crest was
scored based on the absence of a crest (0), the pres-
ence of two accessory ridges that did not coalesce
to form a crest (1), the presence of a crest inter-
rupted by a mesio-distal groove (2), or the pres-
ence of an uninterrupted crest (3). The presence of
the anterior fovea on 1dp4 was dependent on the
presence of the mid-trigonid crest, because with-
out a crest between the anterior fovea and the
trigonid basin, the two are indistinguishably
joined. The distal trigonid crest sits distal to the
mid-trigonid crest, connecting the more distal por-
tions of the protoconid and metaconid (Figure 3).
Scott and Turner (1997) call it the distal trigonid
crest, but it has also been referred to as an exten-
sion of the distal accessory ridges of the proto-
conid and metaconid (Scott and Turner, 1997), the
posterior trigonid crest (Weidenreich, 1937), the
oblique crest (Jergensen, 1956), or the transverse
crest (Jorgensen, 1956). When the mid-trigonid
crest is absent and there is only one crest connect-
ing the protoconid and metaconid it is still called
the distal trigonid crest in the present study, but it
may be called the protocristid elsewhere
(Swindler, 2005). The distal trigonid crest was
scored in the same manner as the mid-trigonid
crest.

The deflecting wrinkle in Idp4 is an enamel
extension that goes buccally from the metaconid
and then curves distally. This trait was ranked
according to the ASUDAS as absent (0), weak (1),
moderate (2), or marked (3).

There are several traits that involve either the
division of existing cusps into multiple elements
or the overall number of cusps on the teeth. Both
the hypoconulid, following Jergensen’s (1956) ob-



Fig. 3. Mid-trigonid and distal trigonid crests both
scored as 3.

servations of ldp4 in humans, and the entoconid
were examined for a division in the cusp. These
were each scored as either present or absent. The
protostylid coming off of the disto-buccal edge of
the protoconid on 1dp4 was scored from 0 to 7 fol-
lowing the ASUDAS. The expression of cusp 6 on
ldp4 appears as a cusp on the distal margin of the
tooth between the hypoconulid and the entoconid.
This trait was ranked from 0 to 5 with the
ASUDAS. It may be important to note that a small
cusp 6 may resemble a divided hypoconulid but
that a divided cusp should have a single split apex
while a cusp 6 will have its own apex distinct from
the apex of the hypoconulid. Additionally, cusp 7
appears as a small cusp on the lingual margin of
ldp4 between the metaconid and entoconid. It was
scored using the ASUDAS from 0 to 5 as well.

Fissure pattern was observed in lIdp4 and was
scored as Y, + or X according to definitions given
by Scott and Turner (1997). As stated previously,
the anterior fovea on ldp4 is a depression between
the mesial marginal ridge and the mid-trigonid
crest. It was scored as either present or absent. The
posterior fovea was scored differently, however,
because it was often more observable than the an-
terior or posterior foveae on udp4. This allowed it
be scored as absent (0), a pit (1) or a fovea (2),
where a pit is a depression bordered by the distal
marginal ridge and a fovea is a depression that
interrupts the distal marginal ridge.

ANALYSIS

For statistical analysis the traits were dichoto-
mized using threshold values such that all traits
were converted to either presence or absence. Ta-
ble 2 includes the list of traits and their thresholds
for presence. Following Turner et al. (1991), any
occurrence of a trait in an individual was counted
as presence, even if occurrence was unilateral. This
way, traits were analyzed according to the number
of individuals as opposed to the number of teeth.
Metaconid placement and fissure pattern could
not be converted to this form for analysis. These
two traits were left in their original state and were
analyzed by tooth instead of by individual. Fre-
quencies of occurrence for each trait were com-
pared between pairs of groups using Fisher’s exact
test. Analysis among the groups was conducted
using the chi-square test. Both analyses were done
using PASW Statistics 18.0. Phenetic distance
among the groups was then assessed using Irish's
(2010) adaptation of C.A.B. Smith’s (1977) mean
measure of divergence (MMD) formula.

In order to further study the relatedness of the
sample groups, the mean measures of divergence
for pair-wise comparisons of the five groups were
computed. First Kendall’s tau-B test was used to
find any correlated traits. Out of the twenty-six
dichotomized traits, four (udp3 lingual cingulum
with udp4 lingual cingulum and ldp4 anterior fo-
vea with Idp4 mid-trigonid crest) were correlated
and four (Idp3 cusp 5, ldp4 entoconid, 1dp4 hy-
poconid, and ldp4 hypoconulid division) were
invariable (i.e. fixed as either all present or all ab-
sent) and therefore correlated with all of the other
traits. All of the invariable traits and half of the
correlated traits were removed, since without their
related traits the other two would be uncorrelated.
The lingual cingulum on udp4 was kept, since it
showed greater variation than udp3 lingual cingu-
lum, and ldp4 mid-trigonid crest was chosen in-
stead of the 1dp4 anterior fovea, since the presence
of an anterior fovea is dependent on the presence
of a mid-trigonid crest. Metaconid position on
1dp3 and fissure pattern on Idp4 could not be used
for the MMD analysis since these traits were not
expressed through presence or absence, so metaco-
nid position was converted for analysis and fissure
pattern was excluded. The 21 remaining traits
were then used for MMD calculations using the
Freeman and Tukey transformation for small sam-
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ple size. The final equation for the mean measure
of divergence was (Irish, 2010):

I

VMD- 2: (©1-@u-(1/(ny 12Uy +1/2)
T
=1

where r represents the number of uncorrelated traits, ®
denotes the angular transformation, which was calculat-
ed as:
© = (1/2) sin” (1-(2k)/(n+1)) + (1/2) sin”™ (1-2(k+1)/
(n+1))

I represents the trait, n represents the number of indi-
viduals examined for the trait, and k represents the
number of individuals for whom the trait was present.
The MMD was calculated for pair-wise comparisons of
each group (Table 3).

In order to test the significance of the MMDs the
variance of each pair-wise comparison was calculated
using:

T
1/(n+1/2)+1/(ny+1/2))?
var(MMD)= 2 E (10 )2 (ny+1/2))
I
=1

The square root of this var(MMD) value is the
equivalent of the standard deviation, and if the MMD >
2 x \var(MMD), the null hypothesis that the proportion
of occurrence in sample 1 is equal to the proportion of
occurrence in sample 2 is rejected at the 0.025 level
(Harris and Sjevold, 2004; Irish, 2010).

RESULTS
Frequency Analysis

Frequencies of each trait in all groups are listed in
Table 2. There was no difference in trait frequencies
between males and females in any group, so both sexes
were pooled for all analyses. There were several traits
that showed statistically significant differences between
the various subspecies, species, and genera that were
studied.

There are five traits that are significantly different
between P. t. troglodytes and P. t. schweinfurthii (Table
2). This is a surprisingly large number of differences
since they are very closely related. Compared to these
two subspecies of chimpanzee G. g. gorilla and G. b.
graueri, which belong to two different species, also had
five traits with significant differences. However, the
low variability in gorilla trait frequencies may be a re-
sult of sample size differences. The differences between
the two Gorilla species are less likely to appear statisti-
cally significant because there are so many fewer cases
studied. There are six traits that exhibit significant dif-

ferences in frequency between P. troglodytes and P.
paniscus. Between Pan and Gorilla eleven traits were
found that varied significantly. This is the most varia-
bility shown between any of the groups and likely re-
flects the fact that these genera are the most distantly
related of any of the groups studied.

Mean Measure of Divergence

All of the pair-wise comparisons between the pri-
mate groups are significant, but the value of these find-
ings is unclear since they demonstrate that G. g. gorilla
is more similar to P. paniscus than to G. b. graueri
when they are otherwise morphologically dissimilar.
The fact that these values show that there is variation
between the groups is, at the moment, more important
than how much the groups vary and in what ways. The
differences show that there is significant variation in the
deciduous molars of chimpanzees, bonobos and gorillas
that is comparable to variation found in the adult denti-
tion. Therefore, the deciduous dentition does show po-
tential to be used similarly to adult dentition in research
of ape population movement and genetic drift.

DISCUSSION AND CONCLUSIONS

The data presented above support several findings
of past researchers regarding morphological characteris-
tics, with some exceptions. As observed by Swindler
(2005), there were no observable fifth cusps on 1dp3
and all observable teeth exhibited the Y fissure pattern.
However, lingual and buccal cingula in the upper denti-
tion were present far more often than was described in
the past (Swindler, 2005). Additionally, there are simi-
larities seen between traits of primate adult and decidu-
ous dentition. For example, cusp 6 on ldp4 and the low-
er first adult molar (LM1) seems to be expressed in P.
troglodytes but not in P. paniscus (Bailey, 2008; Swin-
dler, 2005). Cusp 6 is observed on LM1 in 16.2% of P.
t. troglodytes and 2.3% of P. t. schweinfurthii, but none
are observed in P. paniscus (Bailey, 2008), while on
1dp4 cusp 6 was found in 23.5% of P. t. troglodytes and
24.2% of P. t. schweinfurthii and not at all in P.
paniscus. Cusp 7 on the same tooth is expressed in
9.1% of adult P. paniscus (Bailey, 2008) and in 8.3% of
juvenile P. paniscus and it is present in Gorilla, but it
appears in neither adult nor juvenile P. troglodytes
(Bailey, 2008; Swindler, 2005).

The results of MMD analysis are of particular
interest when they are compared with another
MMD analysis of similar non-metric dental traits
in adult Pan (Bailey, 2008). Although the two data
sets are quite different, there are some important
similarities. Similar to Bailey’s findings, we find
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that P. paniscus is more similar to P. t. schwein-
furthii than it is to P. t. troglodytes. We also found
that the two P. troglodytes subspecies are more sim-
ilar to each other than either is to P. paniscus,
which fits with Bailey's data (2008) and the sub-
stantial genetic and morphological evidence that
indicates that the two P. troglodytes subspecies are
more closely related to each other than to P.
paniscus. There are also several unexpected simi-
larities between the deciduous teeth of P. paniscus
and G. g. gorilla. MMD analysis indicates that G..g.
gorilla is more similar to P. paniscus than it is to the
other Gorilla species or P. troglodytes. However,
since researchers overwhelmingly conclude that
G..g. gorilla is more closely related to other groups
within the Gorilla genus than to the Pan genus, we
assume that these similarities are due primarily to
chance and not to a genetic closeness between the
two very different species. The point here is that
while the data do not give an entirely accurate
view of how these subspecies and species are re-
lated, they can show that these groups display
significant variation in their deciduous dental
traits and that future research could perhaps give
a more accurate estimation of those differences.

It is important to note the size of the samples
used in this study. While our numbers of individ-
uals observed were similar to those of Bailey
(2008) for Pan, the number of observable samples
of each trait is substantially lower, and for many
important traits Bailey uses more observable sam-
ples. While it would clearly be helpful to have da-
ta on more deciduous teeth, it would also be use-
ful to have more data on adult teeth to compare
with this study to show more concretely whether
deciduous teeth exhibit the same patterns as adult
teeth. By using many traits across a larger variety

of teeth, studies in the future will be able to pro-
duce more reliable data on the deciduous primate
dentition.
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