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Over the course of human evolution there is a simplifi-
cation in the expression of tooth traits (i.e. a reduction 
in cusp number, and occlusal ridges; Bailey and Hublin, 
2013); however, there still exists considerable variation 
in the expression of dental morphology in world popu-
lations (Turner et al., 1991; Scott and Turner, 1997; 
Hanihara, 2008; Scott et al., 2016; Irish, 2016). Placement 
of tooth cusps, both principal and accessory, can be 
used to discuss morphological variation. Generally, ac-
cessory cusps are initiated after the principal cusps 
have formed (Kraus and Jordan, 1965; Hillson 1996) 
making their expression more variable and less fre-
quent than principal cusps. While many mandibular 
paramolar structures, such as the Mandibular Molar Pit
-Tubercle (MMTP; Weets, 2009) and protostylid 
(Dahlberg, 1950), have been identified and described in 
several populations, there are several traits that are less 
common. For example, odontomes on premolars, the 
mesial canine ridge (Scott and Turner, 1997), and the 
labial talon cusp on incisors (Stojanowski and Johnson, 
2011) are much less common traits within a given popu-
lation. Traits that are found in 4-7% of a population are 
considered “rare”; “very rare” traits are found in 1 - 3% 
of a population, and “near absent” when they are found 
in less than 1% of a population (Scott and Turner 1997: 
191, 193). Assessing patterns of dental trait expressions 
are useful to understand biological variation, migration 
of modern human populations around the world (Scott 

and Turner, 1997; Hanihara, 2013; Scott et al., 2018), and 
evolutionary changes within and between hominin taxa 
(Bailey and Hublin, 2013; Martinon-Torres et al., 2013; 
Guatelli-Steinberg 2016).  
     The goals of this paper are to 1) describe two rare 
lower molar traits, the lingual cuspule (Irish, 1991) and 
the paraconid, and 2) contextualize them in modern 
human variation. Only one other study has identified 
the lingual cuspule, which was observed on a single 
individual (Irish, 1991). The paraconid is a principle 
cusp which has been identified in early primate ances-
tors, but appears to have been lost, with the exception 
of tarsiers, before the emergence of hominins (Gregory, 
1922; Ankel-Simons, 2007;  Fleagle, 2013). To date, no 
studies have reported this cusp in modern humans. 
Both the lingual cuspule and the paraconid were ob-
served on mandibular third molars of a single individu-
al from the Archaic period (2500-500 BC) in the Ohio 
Valley. Neither of these dental anomalies has been ex-
tensively documented in modern humans, and both 
may be considered near absent in world populations. It 
is possible that these molar cusps are simply over-
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looked, in which case studies should highlight them, or 
that they are misinterpreted, which would indicate 
new methods should be used to amend recording pro-
cedures.  
 
Materials  and Methods 
This study was conducted on human skeletal remains 
from the Archaic Period in the Ohio Valley. The indi-
vidual presented in this paper was found at the Shick 
site located in Mount Cory, Handcock County, Ohio 
occupied between 2500-500 BC. The skeletal collections 
are housed at the Ohio History Connection in Colum-
bus, Ohio. The Shick site settlements during the Archa-
ic period were considered “sizable” compared to earli-
er periods, and were occupied on a seasonal basis 
(Sciulli and Oberly 2002). Late Archaic communities 
practiced a hunting and gathering subsistence (Sciulli 
and Oberly 2002).  
     Fourty-eight individuals from the Late Archaic peri-
od were examined. Tooth traits for all individuals were 
recorded using the Arizona State University Dental 
Anthropology System (ASUDAS; Turner et al. 1991). 
Reference manuals, recent publications (Scott and 
Turner, 1997; Weets, 2009; Marado and Silva, 2016; 
Scott et al., 2016; Scott and Irish, 2017), and  consulta-
tion with Joel Irish were used to identify these traits as 
neither the lingual cuspule nor paraconid are included 
in the ASUDAS. Based on information from available 
sources, the descriptions presented below were used to 
identify the two cusps.  
     The lingual cuspule is described as a “triangular-
shaped structure” located on the disto-lingual enamel 
surface, not associated with the metaconulid (cusp 7), 
and similar in form, though not in location, to the pro-
tostylid (found on the buccal surface; Irish, 1991:2). 
Originating at the cemento-enamel junction just distal 
on the metaconid, the lingual cuspule is not an occlusal 
trait (Irish, 1991), but a rather is a peripheral accessory 
cusp.  
     Taking up the mesial portion of the trigonid of low-
er molars, the paraconid is described as a principal 
cusp located most anterior and mesiolingually to the 
other lower molar cusps (Gregory, 1922; Ankel-Simons, 
2007; Fleagle, 2013). The paraconid is noted as being an 
archaic primate feature that reduces in size and disap-
pears altogether by the Oligocene (Gregory, 1922; Si-
mons, 1989; Ankel-Simons, 2007; Fleagle, 2013). The 
tarsier is the only reported example of a modern pri-
mate to have retained the paraconid (Swindler, 2002; 
Ankel-Simons, 2007). 
 
Results 
Of the 48 individuals observed from the Late Archaic 
sample, only one was found to have either a lingual 
cuspule or a paraconid (A4489-6). The lingual cuspule 
was observed on this individual’s mandibular right 

third molar and the anterior cusp (paraconid) was ex-
pressed bilaterally. While the lingual cuspule and the 
paraconid are the two cusps of interest in this paper, 
individuals in the Late Archaic sample exhibited a vari-
ety of other lower molar traits including low-grade ex-
pressions of the protostylid (n=20), fully developed 
cusp 6 (n=11), large cusp 7 (n=1), deep anterior fovea 
(n=8), and defined deflecting wrinkle (n=4). In addition 
to the lingual cuspule and the paraconid, the individu-
al presented here also exhibited a low-grade expression 
of the protostylid (pit in the buccal groove; Turner et 
al., 1991) on all lower molars as well as a bifurcated 
hypoconulid on the lower right third molar. The upper 
molars of this individual exhibit a reduction in size of 
the hypocone from the first to third molars on both 
sides. 
 
Lingual Cuspule 
The lower right third molar of this individual exhibits a 
large, fully developed cuspule located mesially on the 
lingual surface of both the paraconid and metaconid of 
a right third molar (Figure 1, arrow 1). The lingual 
cuspule is nearly equal in size to the protoconid, meta-
conid, and paraconid. The tooth appears to have been 
rotated buccally such that the paraconid is oriented 
toward the buccal aspect of the mandible, rather than 
to the distal portion of M2; the orientation brings the 
lingual cuspule into contact with the hypoconulid of 
M2.  

Figure 1. Lower right third molar from burial 
A4489-6 (Archaic period; Mt. Cory Ohio, Hand-
cock County) with a fully developed lingual 
cuspule (arrow 1) and paraconid (arrow 2). 
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Paraconid  
On the right and left third molar, this individual pos-
sesses a cusp in the location where, by definition 
(Gregory, 1922; Ankel-Simons, 2007; Fleagle, 2013) the 
paraconid develops. In both expressions, a fully devel-
oped mesial cusp with a free apex is present (Figure 1, 
arrow 2 and Figure 2). The cusp appears to originate 
at the cemento-enamel junction between the proto-
conid and metaconid. The root exhibits a seamless 
transition with the enamel suggesting the cusp was 
formed along with other principal cusps during the 
initial down-folding of the enamel epithelium 
(Jernvall and Thesleff, 2000) and is not a peripheral 
accessory cusp. The cusp is equal in size to the proto-
conid and metaconid.  
 
Discussion 
Based on the available literature, it appears that the 
lingual cuspule and the paraconid are near absent 
traits in modern human populations. While more in-
formation is needed about both traits to complete a 
more in depth discussion on how they might inform 
on studies of migration, or biodistance, it is possible to 
demonstrate their eventual usefulness in these appli-
cations.   
     Scott (2008) identifies a set of criteria, or principles, 
to use when including a new trait into studies of bio-

distance. These criteria begin with 1) the presence of a 
distinct trait, 2) a consistent expression of the trait 
within the same tooth type, and 3) examination of 
multiple diverse populations for presence of the trait. 
After these steps have been satisfied, there can be a 
more in-depth analysis of the trait wherein a scoring 
system is developed (Scott, 2008). Both the lingual 
cuspule and the paraconid satisfy the first criteria of 
being distinct traits. With the inclusion of other 
sources, a discussion of criterion two and three is pos-
sible for the lingual cuspule, and will be undertaken 
below. Given the lack of paraconid examples in mod-
ern humans, contextualizing this trait within Scott’s 
(2008) criterion cannot be done here. The paraconid 
can, however, be discussed in an evolutionary context.  
 
Lingual cuspule 
Scott’s (2008) second criteria requires that the trait in 
question be consistently expressed within the same 
tooth type. Regarding the lingual cuspule, the only 
other reported case was found bilaterally on both the 
left and right lower first molars of a male individual 
(Irish, 1991). The cuspule is noted to be a triangular 
shape with a free apex, and located on the disto-
lingual surface just distal to a small metaconulid 
(Irish, 1991). The individual presented in the current 
study possesses a unilateral expression of the lingual 
cuspule found on the lower right third molar of a 
male individual. This expression of the trait is larger, 
more bulbus at the apex, and more mesially placed 
than the example described by Irish (1991). An exam-
ple of what here is called the lingual cuspule may also 
be present on the lower left third molar of a female 
individual but is recorded there as an expression of 
the MMTP (Marado, 2014: 236). The MMTP is ex-
pressed as an ident, pit, or fully developed cusp high 
on the buccal surface of the protocone (Weets, 2009; 
Marado and Silva, 2016) whereas the lingual cuspule 
has been identified as a fully developed cusp found 
on the lingual surface of the crown. The examples pre-
sented here suggest this trait’s expression is consist-
ently found on first and third mandibular molars from 
both the left and right sides.  
     The third criteria on Scott’s (2008) list necessitates 
the observation of the trait in question across multiple 
distinct populations. The lingual cuspule has been 
reported in one individual from the Bantu-speaking 
Central Sotho from South Africa (Irish, 1991). The in-
dividual presented in the current study is from a Na-
tive American population in the Ohio Valley. The pos-
sible third example, discussed above, comes from a 
Portuguese population (Marado, 2014). Additionally, 
Joel Irish (1991: 2-3) recalls A. Dahlberg observing the 
lingual cuspule once before in a Native American 
population, though no additional information on this 

Figure 2. Lower left third molar from burial 
A4489-6 (Archaic period; Mt. Cory Ohio, Hand-
cock County) with a fully developed paraconid 
(white arrow). 
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example is included. Therefore, at present the lingual 
cuspule has been identified in two populations, South 
African and Native American, with the possibly if its 
occurrence in a third, Portuguese. Lack of reporting 
on the lingual cuspule may be because the trait is be-
ing conflated with other paramolar structures, such as 
the MMTP. Although the MMTP is described as oc-
curring on the buccal surface of mandibular molars 
(Weets, 2009; Marado and Silva, 2016), it is possible 
that similar expressions on the lingual surface are be-
ing lumped together during observation and record-
ing since no formal scoring is in place for lingual ex-
pressions.  

 
Paraconid 
While the paraconid is a distinct trait, there are no oth-
er examples of its expression in modern human popu-
lations; therefore, determining a consistent expression 
within a tooth type, or addressing its prevalence with-
in multiple world populations cannot be attempted 
here. However, a discussion of paraconid evolution 
and contextualizing this trait within human dental 
variation may be more informative.   
     First seen in the Mesozoic era, the paraconid is a 
mandibular principal cusp located on the mesial bor-
der between the protoconid and metaconid, as part of 
the trigonid (Gregory, 1922; Ungar 2017). The gradual 
reduction, and then complete loss of the paraconid in 
primate evolution is contemporaneous with the ap-
pearance of the upper molar hypocone (Gregory, 
1922). By the middle Eocene, Notharctus (an extinct 
form of North American Adapoidea) exhibits a para-
conid of reduced size (Gregory, 1922; Fleagle, 2013). 
Parapithecids in the Oligocene have lost the paraconid 
altogether, resulting in an absence of this trait in mod-
ern Cercopithecidae (Gregory, 1922; Ankel-Simons, 
2007). Although this does not directly speak to hom-
inins and modern humans, based on the lack of 
acknowledgement in the literature, including a recent 
review of evolutionary changes associated with hom-
inin and modern human dentition (Guatelli-Steinberg, 
2016), the paraconid appears to have been absent in 
hominin evolution as well (pers. com. Joel Irish). Be-
cause only one individual of the fourty-eight within 
the study population expresses the paraconid, occur-
rence within this group can be considered near absent.  
     Despite being lost prior to hominin emergence, a 
cusp that is likely a paraconid is present in a modern 
human dental arcade. This expression could suggest 
that humans have not completely lost the ability to 
express a paraconid. However, the retained ability to 
develop a paraconid does not seem likely since this 
cusp was lost with the Parapithecids (Gregory, 1922) 
and has only been documented in tarsiers since the 
Oligocene (Swindler, 2002; Ankel-Simons, 2007). Al-

ternatively, it is possible that the presence of a para-
conid in a modern human is an example of a second-
arily derived trait. Although it is not common for 
traits to reappear once lost, there are examples in the 
dentition where this has occurred (Lipson and 
Pilbean, 1982; Luo et al., 2004). If other modern human 
populations also exhibit a remnant paraconid, the dis-
cussion could lead to valuable insights into the recent 
evolution of hominin dentition.  
 
Conclusions 
Both the lingual cuspule and the paraconid appear to 
be rare, if not near absent, traits in modern human 
populations. Based on the data presented here, the 
lingual cuspule has the potential to satisfy the criteria 
set by Scott (2008) and be included in studies of dental 
morphology and biodistance. If more examples of this 
trait can be identified, a scoring system could be deter-
mined, allowing the lingual cuspule to act as an addi-
tional source of information in understanding modern 
human dental variation. It is currently unclear wheth-
er or not the paraconid could be included in biodis-
tance studies as the example presented here is the on-
ly one reported in modern humans. Looking at this 
trait from an evolutionary approach, the presence of a 
paraconid on a modern human tooth could represent 
an example of a secondarily derived trait. Additional 
examples from a variety of populations are necessary 
to further discuss what information these two traits 
could offer in studies of human teeth.   
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