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ABSTRACT

NON-METRIC CORRESPONDENCE BETWEEN NEANDERTAL

PRIMARY AND PERMANENT DENTITION

The present studgims tounderstandhe underpinnings of dentatown morphological
development and proweda dental morphological comparison between the baby and adult teeth
of Krapina Neandertalsvith the expectations of finding a correspondence between the two
dentitions based on their dental nmedtric traitfrequencies.

19 nonmetric traits were scored utilizing the Arizona State UrsiNgr Dental
Anthropology SystenfTurner et al 1991) on both deciduous and permanent teétt? KDPs
(Krapina Dental Person) (62). Associations between the two dentitions for tidits were
tested applying the Somers’ D measure of association statistics. Alsmetoa trat occurrence
frequencies with the sample sizes and their range of variation were reported.

The apparent morphological similarity between baby and adult éeethalso the inter
individual similarity observed in this studguggest a couple of pointEirst, it supports the
assumptions that Krapina Neandertals represent a closely genetically relatedSgoond, it
suggests that similar genage responsible fothe growth and development of the dental-non
metric traits of both primary and permanent dentitidrisrd, the unique and consistent dental
morphological pattern at Krapina may have an adaptive significance for chewsitty, lthe
morphological similaty between deciduous second molar (dm2) and permanent first molar
(M1) supports Butler (1939, 1967)’s field model which also posits that dm2 exhibits more

morphological similarities with M1 than dm1 has with M1.
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CHAPTER 1 INTRODUCTION

1.1 Statement of the problem
As an intensely mineralized tissue in human body, teeth preserve better tretal skel
elements in geological contexts and therefore provide an important source of irdoraiaiut
human evolution and biology (Aguirre et al., 2006; Bailey, 2006; BaileyHaruin, 2006). One
aspect of mammalian dentition, dental morphologicedmetricvariation, has long been studied
in the major human populations, fossil hominins and-maman primates (Bailey, 2008;
Hanihara, 2008; Sciullu, 1998). Dental nawtric trats are defined as;
“... phenotypic forms of the enamel that are inherited and controlled in their location,
growth and orientation; they result from indirect processes of mineratisacmeediated
by proteins the dental morphogenesis, and they are expressed and regulated by the human
genome of each individual” (Aguirre et al., 2006:39).
Dental noAmetric traits have been used for many yearpopulation markets identify
and differentiate between the modern human populations and fossil hominins (Hanihara, 1961,
2008,Hrdli¢ka, 1920). Previous studies have shown that dentatmetric trait frequencies vary
depending on the geographic area of the human populations because dental morphology is
assumedto be genetically determined (Haneji et al., 2007; Hsu et al., 1999; Lukacs and
Walimbe, 1984). That is to say, genetically related individuals from the same tompuee
expected to show similar dentalorphology.For examplethe marked expression of shoveling
in incisors is observed approximatéty82% of Native Americans, 58% of Japanese, and 2% of
Europeans which are geographically and genetically distant modern human populdtiens.
trait is very rare amongeople with African desceas is the case with Europeans

Although only few genes (such as EDA and HOXB2) that affect dental phenotype were

identifiedto this day through “wholgenome linkage analysis or association analysis of putative



candidatdoci”, hundreds of genes are known to play role in cellular communication dootig
formation and developmefiHughes and Townsend, 2013:59). Therefdne, initigtion and the
development of dental nemetric traits are considered to be determined bgege and
consequentlyjt is assumed that the primary and permanent dental sets should reflect similar
morphologies not only on individual level but also population level (Bader, 1965; Garn et al.,
1966b; Scott and Turner, 1997). Based on this assumption, modern human studies on baby and
adult teeth demonstrated that the two dentitiomleedshow morphological similarities within
an individual (Aguirre et al., 2006; Baileat al., 2014). Furthermore, a few studies confirms the
morphological concordance for several traits especially between the decidiomunsl snolar
(dm2) and the permanent first molar (M1) of an individual (Kieser, 1984; Saumikidag/hall,
1982). In additiontwin and family studieslsosupportthe idea that genes are the major factor
determining the dental morphology of not only within individual but also among genetically
related individuals(Scott and Turner, 1997)However, some degree of variation and
discordances between monozygotic twins has been egporthe literature indicating that genes
are not the only factors influencing dental morphology (Hughes and Townsend, 2013; Scott and
Turner, 1997; Townsend et al., 2005). Those discordances were attributed to the extersal fact
such as the environmenmtfluencing twins differentially (Edgar and Lease, 2007; Hughes and
Townsend, 2013).

If and how the morphology of the permanent dentition corresponds with the dediduous
fossil hominins is a poorly investigated question in dental anthropology. Although theutgera
clearly demonstrated that tooth growth and development is under strong hereditanly(Santt

and Turner, 1997), and therefore, permanent and deciduous dentitions wiihohivédual are



expected to exhibit similar morphology, it was never tested on fossil hominins. akiden
primarily because of the limited sample size available for research.

Krapina, Croatia Neandertal sample usedhis study provides aadult and sbadult
sample sizewhich allows for comparisons between primary and permanent dentitions. The
reason for using Neandertals as a sample for the current study instead of a moaarsdmpie
is because of the almost ubiquitous and consistent dental pghteMeandertals possess. Their
dental morphology is less variable, and therefore, provides a more reliable paggtrdytthan
the modern human dentition. That is to say, Neandertal teeth are charactéhssicnaedental
traits being in high frequencies (e.g. shoveling in incisors and Carabelli’'srcasplars)(refer
to Figures 11 through 14 for illustration of the mentioned traits), and some traits in low
frequencies (e.g. double shoveling in incisors distal trigonid crest in molars) (Baile2006).

In addition, Krapina Neandertals were chosen for the current study because of the aasumpti
thattheyrepresent a group of distant relatives along multiple generations (Smith, 19%&uBri

and Shipman, 1993). Based on the tight time period to which Krapina individuals befdhkg, (

it can be assumed that they are more closely genetically related to each other and possess a less
variable morphology than they are to other Neandertals such as La Claapedaints
Neandertal from France. Therefore, Krapina Neandertals represent an intdesstiage for an
examination of the correspondence between permanent and deciduenretrios in closely

related ancient human group.
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Figure 1.1 KDP 4’s occlusal view. Arrows point to (1anterior fovea, (2) mid-trigonid
crest, (3) cusp 5, and(4) labial convexity. Photo credit: Croatian National Museum
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Figure 1.2 KDP 5’s occlusal view. Arrows point to (1) tuberculum dentale and(2)
shoveling. Photo credit: Croatian National Museum
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Figure 1.3: The occlusal view of KDP 2's maxillay dentition. Arrows point to (1) deciduous
first molar, (2) deciduous second molar(3) permanent first molar. Black arrows number 4
and 5 point to theCarabelli’s trait on dm2 and M1. Photo credit: Croatian National
Museum



Figure 1.4: K 100 occlusal viewArrows point to (1) protocone, (2) paracone, (3) metacone,
(4) hypocone, and5) parastyle. Photocredit: Croatian National Museum

Most of the Neandertal studies focuses on the permanent dentition (Bailey, 2002a,
2006a), and the morphological variation of the primary dentition has not been studied
extensively. The study of deciduous dentition is important because deciduous teeth aregahought
reflect an individual’'s genotype better than the permanent teeth becalstethis believed to
be more open to environmental alterations (Bailey et al., 2014; Liversidge anddvipll€899).
Given the gap in the literature, studies on the morphological comparisonsebetive
Neandertal primary and permanent dentitions are needed.
1.2 Purpose of research

The purpose of this study is to provide a morphological comparison of the deciduous and

permanent teeth of Krapina Neandertals and examine the correspondence between the two



dentitions based on their dental Ametric trait variation. Although no genetiatd or method is
involved to this investigation, the morphological comparison alone is a close proxy for how the
development of the two dentitions is linked in a genetically related population. Theiimpli
purpose is to test how the underlying genotypamoindividual influences the dental morphology
of both primary and permanent dentitions. Therefore, this study is concerned withamtiegst
the underpinnings of dental crown morphological development.
1.3 Research Questions and the Hypothesis to be addressed

The following research questions were addressed in this study: What are the
morphological similarities and differences between the deciduous and permeetntot
Krapina Neandertals? Does the deciduous-metric variation correspond to the adaln
metric variation? In other words, do the Neandertal primary and permaneniodsrghiow the
same frequency and level of variation thfose normmetric traits that characterize most
Neandertal3

Based on the assumptions that Krapina Neandertalsi@ogibally related individuals
(Smith, 1976; Trinkaus and Shipman, 1993), and if we consider the genetic inheritancleeto be t
case for Neandertal dentition, a testable hypothesis is that there is a correspoeti®eea b
primary and permanent nanetricfrequencies and level of variation. And, thdl hypothesis is
that there is not a correspondence or association between the two dentitions idémeénand
the level of expression of nanetric traits.
1.4 Scope and limitations

The morphological variation and associations only within the Krapina Neandeittdds
examined in this study. Therefore, it is not the scope of this study to determine the phylogenetic

or taxonomic relationships of this population with other fossil hominins. Although thplesam



size at Krapina is large overall, sample size for the current research will be limited to th
individuals with mixed dentition. In addition, to prevent any inflated sample, safsone side

of the dentition was used. Therefore, the sample size decreases and introduces poolems f
statistical analysis. The problems with the sample were discussadrendetail in subsection
3.1.3 of Chapter 3.

1.5 Organization of the study

Chapter 2 provides a comprehensive literature review by summarizingetietic
grounds of the dental morphological variation, the modern human studies which compare the
primary and permanent dentitions, and the previous descriptive and comparaties studi
Neandertal dental morphology.

Chapter 3 introduces the materials am#thods used in this study. The Krapina
Neandertal sample and the ASUDAS dental scoring method was presented in this Alspter.
the problems witlthe sample (in subsection 3.1.3) and the method (in subsection 3.2.1.1) were
discussed. Subsequently, tdental noAmetric trait terminologydescriptions were provided
Lastly, the Somers’ D statistical method that measures the association betweerihab or
variables was presented.

Chapter 4 presents the results of this study. It begins with summarieirdgseriptive
statistics of observations on Krapina sample. Observed frequencies -aieton traits were
compared between deciduous and permanent teeth. Also, statistical results weagizeonin
this chapter.

Chapter 5 presents the summary of thestaiscussion of the statistical results along

with the concluding remarks and the future directions.



CHAPTER 2LITERATUREREVIEW

2.1Introduction

The study of dental morphological variation is a central theme in paleoanthropaidgy, a
biological anthropology more broadly. For example, global patterns of dental vaaatiamng
geographical regions help to elucidate the biological relationships amangn populations
(Saunders and Mayhall, 1982; Zubov, 199ZbB)e dental morphology of not only modern
humans but also fossil hominitgs been studied extensivékhern, 2006; Bailey, 2002a, b,
2006a; Hanihara, 2008; Hsu et al., 1999; Stringer et al., 1997). Although the literatuin® cove
many aspects of the hominin dentition such as the metric variation (e.g. Brace, 1979), root
morphology (e.g. Kupczik and Hublin, 2010) ashehtal wear patterns (e.g. Krueger and Ungar,
2012), this literature review wifbcus particularly on (13he genetic explanations for the dental
morphological variation, (2)the modern human studies which cover the morphological
relationships between permanent and primary dentitions, amlde(8pscptive and comparative
studies cacerning Neandertal dental crown morphology and themetnic trait frequencies
2.2 Genetics of DentaMorphological Variation

Human dentition is a complex system starting its developineaterg and continues
developing until the early years of adulthood (Scott and Irish, 2013). It is mostly agredubthat t
initiation and development of the dental traits ateictly genetically controlled during
odontogenesis (Bader, 1965; Garn et al., 1966b; Scott and Turner, 1997; Thesleff and Nieminen,
1996). Although which particular genes operate in the presence or absence of a destatitrai
mostly unknown, the twin and family studies indicate that genes are the faetar in tooth

growth and development (Scott and Turner, 1997; Townsend et al., 2009). However, there is also

10



evidence that tooth size and shape can be influenced by not only genes but also the environment
of an individual such as the diet (Moller, 1967; Riga et al., 2013).

In the ealy 1900s, the inheritance pattern of most of the dental traits was thought to have
simple dominant or recessive modes of inheritgd®o®tt and Turner, 199.7However this kind
of inheritance wasnly explainingthe presence or absence of a dental imaihe offspring, and
was not accounting fahe varying level of expression. Therefore, researchers started to think
that trere must have been other factors influencing dental phenotype. It is now mostly agreed
that the mode of inheritance is polygenichieh indicates that dental trait development is
controlled by more than one gene at many loci whthadditive effectof each locugScott and
Turner, 1997) Recently, new candidate geraes identified to be associated with several dental
phenotypes throgh the genomwide association studies (GWAS) (Scott and lIrish, 2013).
However, they are still under investigation.

Kimura et al. (2009) conducted a study in order to clarify whether genetic polymorphism
accounts for the geographic distribution of todtioweling. They examined a specific allele of
ectodysplasin A receptor (EDAR) gene which is also known for Asian hair thickress, a
examined the association betwemown diameters and shoveling grades of the two Japanese
populations.They found that this particular allele of EDAR gene was strongly associated with
shoveling expression, and it was responsible for 18.9% of the total variance observevn the
populations.

It is the dental anthropologists’ assumption that phenotype reftgmstype. This
assumption was supported by the global scale studies whéchothgenetic and morphological
datato estimate biodistance between major human populasiocts as Sinodonts of North Asia

and Sundadonts of Southeast Agaott and Turner,297). It has been shown that either data

11



(i.e. genetic or morphological) is usefaldifferentiate and account for the dental morphological
variation observed between regior(slubbard et al., 2015)To test whetheror not dental
morphological data corresponds with the nuclear DNA data at regional scale, Hubbhlrd et a
(2015) compared fourethnic populations in Kenya. This study different from the earlier
studies in that iises paired genetic and morphological data of the same individuals and utilizes a
standardized dental scoring method (i.e. Arizona State University Demiatoffology System
which is the same standard used in the current ktddhey used a living sample of which
population histories are known rathéah an archaeological sample, so that predictions were
possible regarding their biodistanestimates witheach otherThe study showed that both
genetic and morphological data correlatedand efficient in identifying the already known
ethnic differencedetween thdour groups.The results in the study can be interpreted as dental
phenotypes can be used as another line of evidence to infer an individual@opulation’s
genotype.

To what extent dental trait variation in a population (not in an indal)dis due to
genetics and/or environmental determinamése established by heritability studi€slizoguchi,
1978; Scott and Turner, 1997). Heritability is a population concept, and it does not imply
anything about how a dental trait is inherited between generations (Scott awed, T997). For
example, the heritability value for shoveling was calculatedppsoximately75 percent $cott
and Turner, 1997)This value indicates that the occurrence frequency variation for shoveling in a
population is due to genetic factors in 75 percent and due to environmentaliafff{sercent
A value of 75 percent indicates a strong genetic contribution to the observed population
variation. However, again, it does not imply whether or not the trait expressiontislieal by

genes. As Scott and Turner (1997:154) exemplify:
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“Say, for example, the development of trait X is controlled by genes at three loci, Ad B, a

C. Assume further that all individuals in a population are homozygous at thesethrge .|

AAbbCC). In such a population, any variation in trait expression is entirely enwinatal in

origin — genetic variance and heritability both equal zero. A heritability of zero does not

vitiate the fact that the development of the trait is controlled by gertas only the within

group variation in trait expression that is determined by environmental factors”.

Scott and Turner (1997) furthargue that the phenotypic traits with low heritabilities are the
most essential for survival of a population, and the traits with high hétiegbare the least
essential. If a trait’s heritability is low, this means that the trait is lesscsubjgeetic change.

For instance, the timing of odontogenesis has a prime importance in a population’s surdival, a
the genes that act during odontogenesis are strictly conserved in nature meartimgythate

not the luxury to be subject to change. If they change, the population would be open to some
anomalies such as no tooth formation. However, the heritability values for deoswal features

range between 0.40.80 (Mizoguchi, 1978) indicating a moderate to strong genetic contribution
which makes thensulject to change over timeand thereforeleast important features for
survival.

It was argued that if the same genotype is responsible for the development of the
deciduous and permanent dentitions within an individual, the two dentitions would be expected
to exhibit similar trait expressions (Scott and Turner, 1997). However, it isylighimon that
the two dentitions may show morphological variation and discordance of traits wihiduals
or populations. As a matter of fact, the dentition of monozggwins who share all of their
genes can show discordance in their trait expression (Scott and Irish, 20x3aricdurner,

1997; Townsend et al., 2005). At this point, the morphological differences between deciduous
and permanent dentitions of an individual or between monozygotic twins are bebevedhe

result of environmental and epigenetic alterations to a major gene responsible for the

development of a particular trait (Edgar and Lease, 2007; Scott and Irish, 2013).
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It is assumed that the geizemakeup of the permanent teeth which develops postnatally
is more open to the alterations (Edgar and Lease, 2007). As a result of thederadtesome
traits might be absent in permanent dentition but present in deciduous. Townsend and Brow
(1981b) looked at the Carabelli’'s trait expression in the two dentitions of the Australian
Aboriginal population. One of their results showed that in 80% of their sample, ithe/dsa
either present in both deciduous and permanent teeth or it was absent in both of the dentitions
The rest of the individuals showed discordance in their trait expressions meahmgytlene of
the dentitions exhibited Carabelli’s trait. They pointed out that 90% of the timiaihevas
present on deciduous teeth and absent emm@anents. This result was consistent with the
assumption that deciduous teeth reflect the genotype better than the\latepitg permanents
(Liversidge and Molleson, 1999).

Based on the literature reviewed above, several traits seem to be shared libevee
primary and permanent dentitions although some traits may show discordance. Although not all
of the noAmetric traits have been studied to this day, in the light of genetic informationnKrapi
Neandertals would be expected to show the same morptalagmilarity or dissimilarity for
some certain traits between the two dentitions as modern human dentition shows.

2.3 Correspondence Betweemeciduousand Permanent Dentitions
2.31 Modern Human Studies

One of the many reasons why the study of deciduous dentition is of particular importance
is that for some sites the only remains can be the deciduous teeth (Bailey @14j.,IRis
critically important to identify the remains correctly and attribugertiio a group (Bailey, 2006).

In addition, it was asserted that deciduous teeth are valuable in that they goadiogically

conservative” (Bailey et al., 2014: 1; Smith 1978, Smith et al., 1987; Smith and, TiBi&®).

14



What this means is that becaukeir development is initiated earligr uterg and the crowns
develop faster thathose ofthe permanent teeth, it is assumed that they depict individual's
genotype better than the permanent dentition. And, in addition, because of this tatelera
develpment, deciduous teeth are less impactecetyironmental disturbance (Bailey et al.,
2014; Liversidge and Molleson, 1999).

Studies on primary teeth predominantly focus on modern human dental metrics excluding
morphology (Bailey et al., 2014). Few existing deciduousmeitric studies focus on assessing
inter- and intragroup affinities and variation (Aguirre et al., 2006; Delg&ilwbano, 2008;
Kitagawa et al.,, 1995; Lukacs and Walimbe, 1984; Paul and Stojanowski, 2015);- within
individual mixed dentitionnonimetric trait variations (Edgar and Lease, 2007; Kieser, 1984;
Saunders and Mayhall, 1982; Smith et al. 1987); ancestral determination (Lease, 2883rid
Sciulli, 2005); taxonomic differences between hominins (Bailey et al., 2014); arad geowh
and development (Bayle et al., 2009; Machiarelli et al., 2006; Smith et al., 2015). Studies whic
cover the morphological relationship between deciduous and permanent dentitions are
summarized in this subsection.

Earlier studieson modern humans showethtdm2 and M1 in a mixed dentition show
morphological similarities for several traits (Aguiekal, 2006; Edgar and Lease, 2007; Kieser,
1984; Saunders and Mayhall, 1982). For example, Aguirre et al. (2006) conducted a study on
100 children with mixed dentition from Cali, Colombia. They gathered the frequencieg of fi
non-metric traits (Carabelli’s &it, protostylid, groove pattern, and cusps 6 and 7) on dm2 and
M1 of the same individual. According to the study, among the five traits examined, Garabell
trait and protostylid show a significant correspondence between the two tggistng that

thar development is predominantly genetically controlled. They found no meaningful
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association regarding the groove pattern of the two dentitions, and the frequenciep tbands
7 were low. Also, their data showed that the expressions of the five traits arexnatlys
dimorphic (i.e. there is no sex differences), and there is bilateral symmetry (re.idheo
difference between the right and left sides of the dentition). Symmetrical derfzhology and
the lack of sexual dimorphism are particulanlyeful for fossil studies because of the limited
number of fossil findings. In the absence of the one side of a tooth class, #recpretbilateral
symmetry allows for the consideration of the both right and left sides of the dentikewide,
the lack of sexual dimorphism allows for ignoring the sexual identificatiomeofirtdividuals
when the sample size is limited.

Similarly, Kieser (1984)’s study on children of European descent showed a high degree
of morphological similarity regarding th@esence of Carabelli trait in permanent and deciduous
teeth within the same individual. It was indicated that high frequencies of ithentlahe similar
degree of expression suggest that development of the Carabelli trait is controlledebg ge
mechaisms. As is the case with Aquirre et al. (2006), Kieser (1984) also reported a lack of
sexual dimorphism in his sample. However, there are some studies that reporad sex
dimorphism in the occurrence of Carabelli trait (e.g. Goose and Lee, 1971).

Saundes and Mayhall (1982) examined the dentition of American white children. They
scored Carabelli’s trait, cusps 6 and 7, protostylid in molars, and shovelingisors. Their
results showed that maxillary central incisors demonstrate a concordance betweey and
permanent teeth in terms of shoveling. Maxillary lateral incisors showeddessiation with
regard to trait presence due to their variable nature. Their data alsedska concordance for
Carabelli trait, cusps 6 and 7, and protostylid between dm2 and all of the molars (i.e2M1, M

and M3). In addition, they found that the frequencies of Carabelli’s trait desatag from
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the deciduous second molar to the permanent third molar. They argue that thailagreatwith
Butler (1939)’s ield theory which provides a good approximation of causal explanation of the
directionality of variation within the tooth classes. The field theory dividemg@ent dentition

into three fields: incisor, canine and molar. According to this model, there iadeemyr of
variation starting from the most mesial to the most distal tooth in egldh dind each field has a
least variable tooth which is called “the key tooth” (Edgar and Lease, 208i%.model
emphasizes a system in which teatle dependent to each other in lieu of individual organs
(Townsend et al., 2009t is postulated that each field has its own “fielducing substance”
(Saunders and Mayhall, 1982:48), and as the cells that initiate tooth growth get older,
morphological differences occletween the molar teeth, including deciduous molars. In this
context, Saunders and Mayhall (1982) believe that deciduous second molars belongdiarthe m
field, and that permanent molars are the continuation of the deciduous molarasroteheir
devdopment and morphology. Smith et al. (1987) points out that the directionality of the trait
frequency is specified according to the trait. In other words, there arsndeaits that increase

in frequency mesiodistally whereas the frequency decreasethartraits in the same direction
They observed that hypocone, Carabelli’s cusp, Y pattern, fifth and seventh cuspgyteranh
frequency in dm2 than M1 while marginal ridge cusps (metaconules) and occleseldsilvere
higher in M1 than dm2 (Smitét al., 1987)According tothem earlier developing traitare more
frequently observed on dm2 than Mdnd later developing traits are moreginently observed

on M1 than dm2. This pattesupportshe assumption thahe ontogenetic timing of the dental

trait initiationin uteroaffects thefrequency and directioof dental traits
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2.4 Neandertal DentalMorphology

Neandertal dentition has long beem flocus of attention since tltiscoveryof the first
Neandertal individual fronNeander Valley Germanyin the 19 century (Bailey, 2006). From
the 19" century to the present, an abundance of fossils have been added to the Neandertal
collection from the different regions of the world. Amongrth Krapina Neandertal site in
Croatia yielded one of the largest fossil collections from a single sitendtive excavations
(18991905) at Krapina, Gorjanovikramberger, discoverer of the site, recovered dozens of
Neandertal specimens including youmglividual fossils Bailey, 2006; Molnar and Molnar,
1985; Rougier et al., 2006; Trinkaus and Shipman, 1993; Wolpoff, 1979). Since the recovery, a
tremendous amount of skeletal and dental remains allowed anthropologistsiytah&m in
detail, and the datled descriptions of the Krapina Neandertals were reported by several
researchers such as Smith (1976) and Wolpoff (1979).

It was Gorjanovi¢-Krambergerfirst to recognize the unique morphology of the Krapina
dental remains (Bailey, 2006Gorjanovi¢-Krambeger, 190§. He reported several dental
characteristics including shovshaped incisors (i.e. a uniqgue Neandertal shoveling not being
identical to Asian shoveling), lingual tubercles, and taurodont molars. Although Nedsdrert
general possess a hurd@e dentition, they are also well known for their consistent dental
pattern with some morphological traits being in high frequencies (e.g. shovelingsiorsnand
Carabelli’s cusp in molars), and some traits in low frequencies (e.g. double shoraficisors
and distal trigonid crest in molars) (Bailey, 2006). Bailey (2002a, 2006, 2006a) pointed out that
Neandertal dentition also exhibits a unique combination of some traits, which is vergraan
among modern humans, such as the incidence of incisor shovel shaping, linguatdudedcl

labial convexity on the same individual. In addition to the high and low trait frequencies, they are
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characteristic with the marked expression of some of the traits yBai®0a). For example,
Bailey (2000a) observed that Neandertal incisors exhibit shovel shaping in high fieguand
it is markedly expressed (refer to the Figure 3.1 through 3.5 for illustrationsntibme traits).
In the later studies, new dental rmwtric traits were recognized in the Neandertals (e.g= mid
trigonid crest on mandibular molars) (Bailey, 2006a; Zubov, 1992a), and their frequenaes we
established (Bailey, 2002a, b, 20064, Bailey et al., 2011).

Despite the abundance of the studies regarding Krapina Neandertals, mosinattesti
given to the permanent dentition, and deciduous dentition took comparatively lesqBaileg
et al., 2014). The primary dentition of both modern humans and Neandertals in general is
recently getting more attention among anthropologists (Aguirre et al., 2008y Badl., 2014;
Edgar and Lease, 2007; Kieser, 1984; Saunders and Mayhall, 1982; Smith et al., 1987; Thomas
et al.,, 1986). However, regarding the correspondence between Neandertal deciduous and
permanent non-metric traits, almost no data can be found inettzgure.

Following sections 2.4.1, 2.4.2 and 2.4.3 summardeandertal dental morpholognd
Neandertal dental trait frequenciagnoredetail
2.4.1Characteristics of Neandertal Teethand Non-metric Trait Frequencies
2.4.1.1Anterior Dentition: Incisors and Canines

Neandertal anter teeth are characterized lilgeir marked expression of shoveling,

lingual tubercles and labial convexity (Bailey, 2002a, 2002b, 2006a; Bailey and Hublin, 2006;
Rosas et al., 2006; Wolpoff, 1979). Wolpoff (1979) states that development of the strong lingual
tubercles in Krapina Neandertals contributes to the size increase of anteriaoreantitl results
in enlarged incisors and canines. The overall morphology of the upper incisors and anines

more complex, and exhibit higher marked trait expression than the lower incisoranares c
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Therefore, lower anterior dentition is not usually preferred for assessing tax@mdsological
affinities among Neandertals (Bailey, 2006a).

Bailey (2006a) reported dental trait frequencies of both European anBunopean
Neandertalsri(=347).Frequencies in her study were adapted and tabulanz&dbles2.1 and
2.2.1n her sample, 100% of both lateral and central incisors exhibited at least gradelhxghove
The frequency of marked expression of this trait is typically high in Neandes@s of the
upper central incisorsjl and 81% of the upper lateral incisor§ @howed grade 4 or greater
marginal ridge development. Double shoveling in both incisors and canines is very rage amon
Neandertals. If present, it is weakly expressed. She rajsorted that the presence of lingual
tubercles and labial convexity is also in high frequencies being 100% and 96%tivespe
Canines and incisors are quite similar in their morphology. In the study sampley(2&i06a),
shovel shape was present96% of the canines, and 42% of them showed grade 3 and higher
expression. Similar to incisors, the presence of lingual tubercles in saanee high in
frequencies. 84% of the sample exhibited at least grade 2 and 32% of them showed marked
expression othis trait (grade 4 and above). Also, the canine mesial ridge (Bushman canine)
(43%) and distal accessory ridge (67%) are common in Bailey (2006a)’s sample.

Table 2.1: Frequencies of noametric traits in Neandertal maxillary dentition (Percentages
of presence/n). Data adapted from Bailey (2006a).

Traits It 1? ct P’ P M* M? M3
Shoveling 91.7/24 100/31 95.8/24

Double shoveling 4.3/23 3.7/127 0/24

Lingual tubercles 100/24 96/25 84/25

Labial convexity 95.8/24

Canine mesial ridge 42.9/21

Distal accridge 66.7/15

M/D acc. ridges 63.2/19 77.8/18

Accessory cusps 66.7/21 47.6/21

Cusp 5 63.6/22 68.2/22 35.3/17
Carabelli’s trait 68/25 50/22 14.3/14
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Hypocone reduction 0/39 6.1/33 68.4/19
Mesial accessorgusps 40/10 100/10 70/10

Table 22: Frequencies of noametric traits in Neandertal mandibular dentition
(Percentages of presence/n). Data adapted from Bailey (2006a).

Traits 1 I> C1 P3 P4 M M, M3
Distal accessory ridge 84.6/13 90/20 87.5/16

Mesial accessory ridge 23.5/17 12.5/16

Transverse crest 96.7/30 93.5/31

Asymmetry 94.4/18 93.5/31

Lingual cusp number 20.6/34

Groove pattern (Y) 97.3/37 75/36 41.2/17
Mid-trigonid crest 93.5/31 96.2/26 93.3/15
Cusp 6 36.4/22 50/22  50/10
Cusp 7 36.1/36  20/35  40/15
Anterior fovea 88.6/35 88.5/26 92.9/14
Cusp number (4) 2/49 0/39 0/23

2.4.1.2Posterior Dentition: Molars

Premolars were excluded from theview simply because it is the purpose of this study
to compare the deciduous and permanent dentitions, and premolars are not presenmarge pr
dental set. Therefore, there are not analogue premolars in primary teetngare with adult
premolars.

Neandertal upper molars exhibit wekveloped protocone, paracone, metacone and
hypocone except for the third molars. Bailey (2006a) reports that hypocone is commonlg reduce
in M%s (68%). However, reduced hypocone is very rare f&s @0%) and Ms (6%). Cusp 5
(hypoconule) and Carabelli's trait are more frequently present 8 (84% and 68%,

respectively) and K& (68% and 50%) than it is in %1 (35% and 14%). 100% of Bailey
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(2006a)’s M sample exhibited mesial accessory cusps which are less frequets {40%) and
M3s (70%).

For the lower molars, the most frequently present traits observed by Bailey Y 26a
mid-trigonid crest (M: 94%; M: 96%; Ms: 93%), anterior fovea (M 89%; M:89%; Ms: 93%),
and the presence of at least five cusps: (88%; M:100%; Ms: 100%). Bailey et al. (2011)
indicate that Neandertals are unique and divergent fosapiens, A. africanusndPanspecies
in terms of their middle trigonid crest origins. In Neandertals, trigonid crest starts gomom
the “mesial” segmendf the metaconid, and ends in the “mesial” segment of the protoconid. In
other taxa, a “true” form of middle trigonid crest occurs starting from the ‘lefideegment of
the metaconid, and ending in the “medial” segment of protoconid (Bailey et al., 2011).
Neandertals, it is characteristic with their undisturbed continuity, buildingdgeb between
metaconid and protoconid. In modern humans, when occurs, this bridge is disrupted by the
sagittal sulcus (Bailey, 2002a).

Y groove pattern is common for M97%) and Ms (75%). However, I exhibit X
pattern (59%) more than Y pattern. Cusps 6 and 7 are not very commonly prese3@%vand
36%; Mx:50% and 20%; M 50% and 40%, respectively). The deflecting wrinkle and distal
trigonid ridge are either absemtin very low frequencies if present (Bailey, 2006a).
2.4.2Combination of Traits

Bailey (2002a, 2006, 2006a) points out that what makes Neandertals unique and
distinctive is that they not only possess some traits in high frequencies, but thexalst a
combination of these traits. Bailey (2006a)’s study showed that 100% of tinelé\tzd sample
exhibits at least grade 2 shovel shaping in both lateral and central incsbthedrait is almost

always accompanied with lingual tubercles and labial convexity in Nearsd&Sted reported that

22



the frequency of occurrence of all thee#h traits within the same individual is 96% in upper
central incisors.

In a study, Bailey (2002a) looked at Neandertal, modern huhh@mpo heidelbergensis
andHomo erectuspecimens to understand the uniqueness of the Neandertal dental pattern in the
serse of phylogenetics. In terms of premolars, she found that Neandertal mandisilaotP
only show a high frequency of some traits such as “multiple lingual cusps (93%Wetsaesrest
(88%), and asymmetrical lingual crown contour (96%)” (Bailey, 2002a:151), but they also show
a combination of the above mentioned traits. In modern humgasre simpler and frequencies
of the above mentioned traits are lower. Also, combination of these traits ig bhigtdmmon
for modern humans with being only 2.4%.

2.4.3 Neandertal Autopomorphies

The differences between the modern human and Neandertal dentition raise tloe gdiesti
whether or not Neandertal morphology is a primitive one. The debate has been mostly around
whether or not Neandertals are a distinct species fHomo sapiens Some argued that
Neandertals are not very different from modern humans regarding thetraerithat is to say,
every trait (except for the large tooth size and taurodontism) observed ingxt@isidan be seen
in modern humans asell (Smith, 1976). On the other hand, others believed that Neandertal
teeth and their overall morphology is significantly different from modern humansarefdre
they cannot be ancestral species to moderns (Boule, 1923 in Bailey, 2002b).

To addresshis question, Bailey (2002a) compared Neandertal postcanine teeth with
Homo erectusample which serves as an outgroup, and found no resemblance between them.
Therefore, she concluded that Neandertal dental features are unique and derived (aoitégyomor

rather than primitive. This implies that if those unique traits observed in Neasdare
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autapomorphic to them, Neandertals should be designated as a separate speomeslérnslf

this was the case, one should expect to see those traits in almost all Neaadedrtadt to see
them in modern humans (e.g. Upper Paleolithic peoplEurope) (Ahern, 2006). However,
Frayer (1992) and Wolpoff et al. (2004) state that Neandertal cramial ¢an also be observed
in Upper Paleolithic moderns indicating a genetic exchange between the two groupréheref
it is plausible to consider Nedertals as the same species with modern humans.

Another study by Bailey (2008) suggests that Neandertals are more divergent from
modern humans than modern human groups are divergent from each other based on-their non
metric dental variation. In addition, this distance between Neandertals andnnmoheans is
greater than the distance between tRen species and twdan subspecies. Therefore, the
conclusion was that Neandertals are taxonomically distinct specielddn® neanderthalensis
instead oHomo sapiens neanderthalensisom modern humans.

However, recent genetic studies showed that Neandertals and modern humans exchanged
genes meaning that they could interbreed and produce offsprings (Green et al., 2010; Kuhlwilm
et al.,, 2016). Green et al. (ADlindicated that modern humans and Neandertals shared a last
common ancestor 800,000 years ago, and they split 2784000 years ago. They also
showed that Neandertals are genetically more close to moderAfnicens than swSaharan
Africans, whichmeans that the gene flow between Neandertals and moderns occurred after
modern humans migrated from Africkh.was found that 4% of the modern human genome
comes from Neandertals. Reich et al (2010) compared Neandertal, Denisovaan Asnd
Eurasian geome toeach otherDenisovans aran extinct archaic hominin group of which genes
are found in Melanesians irb% and not found in other ng&frican populationsThey found

that NeandertaJgather than Denisovanare more closely related to the ancestorEwfsians
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This result indicates that intermixture between Neandertals and Eurasians dotafoe the
intermixture between Neandertals and Denisovaiigh the recent genetic evidence briefly
summarized here, the idea of Neandertaladpbsubspecies of modern humans is receiving wider
acceptance (Wolpoff, 2009) than the idea of they being separate species.

Discrepancies between thergetic evidencand theutility of only nonmetric traits in
cladistic studieslraw into the question asefuhess alpha taxononfgetecting and classifying a
new species)Recently, there is a tendency among scientists to use different lines of evidence
such as genetic or ecological data to classify a new spebiesthe population histories are

complex as of Neandertals.
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CHAPTER 3 MATERIALS AND METHODOLOGY

3.1 Materials
3.1.1Sample

The Neandertal dental sample usedthis study is from Krapina, Croatia, and includes
isolated deciduous and permanent teeth as well as the teeth observable frandielar and
maxillary samplesn the jaws. The Krapina collection consists of 281 teeth in total. Only 90 of
them are intet in jaws, and the rest are isolated teeth. Wolpoff (1979) managed to associate
some of the isolated teeth to a possible maxilla or mandible based on the resemblagice in th
morphology and wear pattern. Also, he gathered several teeth together andl deesdd sets
according to their morphological similarity. In a subsequent stRddpvci¢ et al. (1988)
assigned the gups of teeth to 35 dental persons which are named as Krapina Dental People
(KDP). 26 isolated teeth remained unassigned to a dental person (Stringel@4. For the
purposes of the current study, only the individuals with a mixed dentition wereAssbsted in
Table 3.1, the sample consists of a total of 62 individual permanent and deciduous teeth which
belongs to 12 Krapina Dental Persons.

Table 3.1: Krapina Neandertal sample used in the present study.

Individuals Teeth

KDP 1 K11, 14, 15, 17, 21, 24, 98, 174, 182, 187, Max A (left M1,
dmz2)

KDP 2 Max B (right I1, 12, i1, i2, M1, dm1, dm2)

KDP 3 K 102, 107, 119, 131, 134, 189, Max C (left M1, M2, dm2)

KDP 4 Max D (left M1, M2)

KDP 5 Max E (right I1, 12, left C)

KDP 8 K 62, 74,103, 120

KDP 9 K 66, 73, Mand C (R M1)

KDP 10 Mand E (left M1, M2)
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KDP 21 K 93, 95, 181, 186, 190

KDP 22 K12, 16, 23, 68, 94, 100, 183, 185, 188
KDP 27 K 6, 64, 81
KDP 28 K 63, 168

3.1.2 Krapina, HusSnjakovorock-shelter: stratigraphy, chronology and archeology of the
site

Krapina is a town located in the northern Croatia (Yugoslavia) and well knowritsvit
Pleistocene sitelHusnjakovo rockshelter. The site provides the largest Neandertal collection
with more than 800 fossil fragments (Smith, 1976jorjanovi¢-Kramberger conducted
excavations at the site between 1899 and 1905. His research on Krapina Neandertals was
published in his monograph (1906) which is considered to be one of the most comprehensive and
detailed works in the hominin paleontojogn his day, his excavations were well planned and he
kept detailed records of the findings including their stratigraphic locati8nsth, 1976)
However, instead of assigning the findings to a particular stratigraphic leveliteddcultural
levelsinto 9 zones based on the faunal remains. The reason for that would be that he thought the
site belongs to only one time period, which was Ri&gm interglacial period, therefore, he
may have assumed that stratigraphic terms within that time period was not of prion&imoe.
The faunal remains found in Krapina and the comparisons to the neighboring sites ia ied are
him to date Krapina to the Ri8gUrm (130k115k). Although his way of keeping records and
excavating was criticized, his techniques wahead of his time, such as using fluorine dating
for Krapina remains. The fluorine analysis confirmed that hominin and faunaingmwere
contemporaneouéSmith, 1976) However Malez (1967a, bn Smith, 1976)’s analysis of the
stratigraphic position ofhe fauna revealed that the site was occupied in different time periods

from the late Ris&/urm to the early Wiirm Il (from 80k to 27k). A more recent work of Rink et
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al. (1995) showed that the levels8ldate to the last interglacial (average of 130£1(Q. kyiost
of the Neandertal material was found in levels 3 and 4, but a few Neandertal@ssitsund in
the other levels as well.

Gorjanovi¢ observed that most of the stone tools from Krapina are Mousterian which
starts to appear from stratum 5 (Wurm | stadial). Also, he discovered that the dieet@dls
decreases, and the tools become more specialized from the lowest strtarhighest. Along
with the stone tools, bone tools were also discovered at the site.

3.1.3 Problems with the sample

Although Krapina is one of the most informative samples with its large specimen
number, it introduces some problems for the current study. In order to testrtbgpondence
between the deciduous and primary dentition -matric variation, the sample should be
examined longitudinally. In other words, it would be ideal to have themeric scorings of the
both permanent and primary teeth within the same indiviaked time Krapina dental sample is
impressive with the large number of teeth available for studlyitlis not the perfect sampie
that it does not providean adequate sample sifr mixed dentitiondue to the presenian
matters.However,the number of individuals with mixed dentition at Krapina (n=12) is close to
adequate which allows for testing the associations between the two dentitions.

Also, it is not clear whether the Krapina Neandertals are a true biologipalagion.
Based on the tight time period40k) and the abundance of the findings, Krapina Neandertals
were considered to be a biological population, i.e., they are genetically relatediuatiivi
(Smith, 1976; Trinkaus and Shipman, 1993). Smith (19763abeks that since the majority of the
fossils were recovered from thé® &nd 4" strata, there is a high degree of probability that

Krapina fossils represent a group of distant relatives throughout many generatiortheove
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course of 40 thousand years. If they are genetically related, one would expect to see less
variation in their morphology. In this context, Smith (1976) draws attention to thehat
morphological variation observed in Krapina cranial bones (exceptdhdibies and maxillae)
cannot be explained with the geographic and temporal factorssuggeststhat sexual
dimorphism accounts for the Krapina’s cranial variation. He compared Krapmalsiae with

the total Neandertal (which includes European and Tabun specimens) and Upper Raleolithi
samples. Krapina crania showed slightly less sexual dimorphism than the g¢ataddxtals. He

found that the level of dimorphism in Krapina is closer to the Upper Paleolithicesavhh is
thought to be a biologicalppulation unlike the total Neandertals.

On the other hand, Wolpoff (197@psitsthat Krapina does not look like a biological
population based on their age distribution and average age at deatlag® group and
individuals older than 27 years old are absent in Krapina. Absence of the former grmip is
unusual since the mortality rate is higher, and the preservation of the juessile is expected
to be poor. However, the absence of the individuals older than 27 years old cannot be explained
with poor preservation. In addition, Wolpoff (1979) argues that the birth rate inndraso
does not demonstrate a “true” biological population, either. Boooee¢l and Arsuaga (1999)
attempted to explain the mortality profile in Krapina. According to them, the undesegpation
of particular age groups may be due to “a demographic crisis of a local group for-a meta
population in nature, caused by severe environmental fluctuation.” (p. 327).

3.2 Methods
3.2.1 Non-metric data collection
The nonmmetric scomgs of both primary and permanent teetlere recorded byny

advisor,Dr. Michelle M. Glantz (Colorado State University) in the Croatian Nationgevim in
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Zagreb, utilizing the Arizona State University Dental Anthropology SysteBU@AS) (Turner
et al., 1991), and the dental wear was scored based on Smith (1984)’s classifiesibrwith
the high level of dental wear were excluded from the study since it make®timg srocedure
impossible for some traits such as the molar groove pattern. However,veom teeth were
scored if the trait was observable. In order to enlarge the sampleatz¢hdright and left sides
of the teeth in the same individual (when present) were scored but only the sileswtimts
the greatest expression was includedh analysis. Since the aim of this study is to compare
deciduous and permanent dentitions, premolars and third molars were not scored and imcluded i
the analysis.

A total of 19dentaltraitswhich are either in high or low frequencies in Neandertaie
scored with the help of the reference plaques ASUDAS proyssesFigure 3.1 for an example
plaque) The list of traits scored in this study and definition for each trateyrovidedin

section 3.2.1.2.

A'A'AVERIRTE B

Figure 3.1 An exampleof an ASUDAS plagueshowing the level of expression of shoveling
in the upper lateral incisors.

High quality digital photographs of the Krapina dental sample were providetieby

Croatian National MuseunThus, | could also find the opportunity to score the Krapina teeth,
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and compare my ASUDAS scorings with Dr. Glantz’'s scorings. Our scorings shawettia
observer agreement.
3.2.1.1 ASUDAS

ASUDAS (Arizona State University Dental Anthropology System), designed by Turner
et al. (1991), is a commonly used standard for scoring dental discrete traits, an@iigiveated
based on the work of Dahlberg (1956) (Bailey, 2002b). Fi@uteresentsan example of the
ASUDAS plaques. It provides ordinal scales for dental traits startingtirergrade of the lowest
expression of the trait, and ending with the grade of the highest expression. The systers include
more than 36 dental traits with the refiece plaques of more than half of the traits. The
ASUDAS is particularly useful for dental morphological studies becausabhlesiresearchers to
qguantify the normetric dental traits and do comparative studies by deriving trait freqgencie
from both fossil hominins and contemporary humans (Ahern, 2006; Bailey, 2000, 2002a, b,
20064, 2008; Bailey et al., 2011; Smith, 1987).

Although the ASUDAS was originally designed to determine the dental morphological
variation in modern humans, it was also utilized for a number of fossil hominid phylagenet
studies (Bailey, 200Qrish, 1998; Stringer et al., 1997). Despite the common utilization of the
ASUDAS in dental morphological studies, it may introduce some problems wheedfmuli
fossil hominids. Bailey (2002a, 2006) asserted that using the ASUDAS standaxésifatertals
may cause biased results primarily because several traits that are present and vddasile in
hominids are not included in the ASUDAS. Bailey (2002b) indicates thatuglthgeveral
addtional traits should be included in the system in order to adequately captureahdextal
dental variation, the system'’s efficiency on detecting the biological distarwedreNeandertals

and modern humans was wattested by the earlier studies (Bgj 2000; Irish, 1998).
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3.2.1.2 Dental nommetric traits and terminology

Table3.2 presents the dental traits used in this study with their descriptions,dastes
on which the traitsvere scored and the presence/absence breakpoints. Although most of the
ASUDAS crown traits were scored, only the traits that are uniquely in high fregqseinci
Neandertals were included in the statistical analysis. Traits that are known toatéevanong
Neandertals were excluded from the analysis. Presence/absence breakpoints areowsagl fol
Bailey (2006a) except fathe metacone, mittigonid crest, parastyle and protostyleeveral
dental traits mentioned ifiable3.2wereillustrated inthe Figires1.1 through 1.4 in Chapter 1.

Table 3.2 Traits used in this study. Descriptions were adapted from Turner et al. (1991).
incisor; C: Canine; P: Premolar; M: Molar

Traits Trait Teeth scored Breakpoint
descriptions grades

Shoveling The presence of 11121, 1, C 2-7
lingual marginal
ridges

Double Shoveling The presence of 11121, 1, 2-6
labial marginal
ridges

Labial Curve The degree of 1L, 12 2-4

convexity when
viewed from the
occlusal aspect
Tuberculum Dentale Projection of the 11, 1% C 2-6
lingual cingulum
which varies in the
form of ridges or a

cusp
C Mesial Ridge Mesial ridge is clc 2.3
(Bushman) larger than the
distal ridge
C Distal Accessory Ridg: Occurs in the clc 1-5
distolingual

between the tooth
apex and the
distolingual
marginal ridge
Metacone The presence of the ML M? 3-5
cusp 3 and its
expression
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Hypocone

The presence of the
cusp 4 and its
expression

Cusp 5 (Metaconule)

A fifth cusp occurs
between the
metacone and
hypocone

Cusp 5 (Hypoconulid)

A fifth cusp occurs
between entoconid
and hypoconid

M1, M2

Cusp 6 (Entoconulid)

A sixth cusp occurs
between
hypoconulid and
entoconid

Mi, M2

Cusp 7 (Metanoculid)

A seventh cusp
occurs between
metaconid and

entoconid

Carabelli’'s Cusp

Occurs on the
lingual surface of
protocone

3-7

Groove Pattern

Y: cusps 2 and 3
are in contact; +:
cusps 1 and 4 are in
contact; X: cusps 1
and 4 are in contac

Presence of Y
pattern

Anterior Fovea

Precuspidal fossa
occursdistally to
the mesial marginal
ridge

M1, M2

2-4

Parastyle

A cusplike feature
occurs on the
buccal surface of
paracone

M1 M?

1-6

Protostylid

A cusplike feature
occurs on the
buccal surface of
protoconid

M1, M2

Mid-trigonid crest

A ridge connects
metaconid and
protoconid

M1, M2

Presence of 1B

Deflecting Wrinkle

Medial ridge on
cusp 2

M1, M2

1-3
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3.2.2 Statistical analysis

In this study, associations between permanent and deciduous teeth were estabhghed u
Somers’ D statistics. Somers’ (@r Somers’ delta) is a ngrarametric measure of association
for ordinal variables. It measures the strength and direction of associatiorebeawpredictor
(X) and outcome variable (Y). It can be used to estimate “the effect of X on Y”, oradieiyn
it may be used “as a performance indicator of X aediptor of Y” (Newson, 2006:1). Somers’

D values ranges betweed and +1, where the value el reflects the strongest negative
association and +1 reflects the strongest positive association. Avdllie indicates an
independence and no association between the variables (Agresti and Finlay, 2009). The
association becomes weaker as the value of the measure converges to zero. A negative
association occurs when the values of the independent varigbéase on the x scale as the
values for the dependent variable decrease on the y scale, or vice versa. Similasijive& po
association occurs when the values of a variable increases as the other variableresdsesn
(Agresti and Finlay, 2009).

Negative associations for each trait are the result of the disagreement between the
deciduous and permanent teeth in their direction of grade scores. In other words, an inverse
relationship (which is a negative association in this case) occurs when theodstésth gets
higher scores on the grade scale for a given trait, and the permanent teeth gretgddes, or
vice versa. This kind of association creates more discordant pairs of units tramd¢bedant
pairs. Because Somers’ D’s original formula relies the difference between the number of
concordant and discordant pairs-DJ, in a case where there is more discordant pairs than the

concordant pairs, it would result in negative values.
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A total of 11 traitswhich are characteristic of Neandertals waduded in the statistical
analysis These traits and their abbreviations used in the subsection 4.2 of Chapter 4 are as
follows: shoveling in upper central incisors (SSUI1/il), shoveling in upperalaincisors
(SSUI2/i2), labial curve in upper centratisors (LCUI1/i1), tuberculum dentale in upper central
incisors (TDUI1/i1), tuberculum dentale in upper lateral incisors (TDUI2/i2), tuherc
dentale in upper canines (TDUC/c), metacone (MUM1/dm2), hypocone (HUM1/dm2),
Carabelli’s trait (CTUM1/dm2) inthe upper permanent first molars and deciduous second
molars, anterior fovea (AFLM1/dm2), and mtitgonid crest (MTCLM1/dm2) in the lower
permanent first molars and deciduous second molars.

As discussed in subsection 3bf this chapterthe sampléntroduces some problems for
the statistical analysi8ecause the sample size is small per ttiaé, majority of theesults are
expected to lack statistical powét this point, a weighted average $bmers’ D values foall
of the tooth comparisonsere included in the analysis in order to gt overallassociation

value. For this purpose, following formula was used:

L IDi|*WTi
n .

Weightied average of Somers’ B~

Where |G) is the absolute value of Somers’ for a given trait Wr; is the sumof the
concordant and discordant pairs for a given trait, andsWhe sum of the concordant and

discordant pairs of all of the trasbmparisons.
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CHAPTER 4 RESULTS

The purpose of this chapter is to describe the data set and providgiahgtative
summary of the observed frequencies of the-metric traits in Krapina Neandertals in the
subsection 4.1. Also, this chapter presents the statistical analysis appliddritocexamine the
associations between the permanent and deciduatisates in the subsection 4.2.

4.1 Descriptive statistics

A total of 62 teeth belonging to 12 Krapina Dental Persons (KDP) was scored. Although
the total of dental sample size is large at Krapina (n=281), this stugysedl the individuals
with mixed dentition. The sample had to be divided into groups in order to get the tra
frequencies for each tooth class (from either the left or right sid@sequently, the sample size
per trait decreased when the dentitions are divided into groups such as fearadidumaxillary
teeth.

Tables 4.1 and4.2 present the nemetric traits scored on the primary and permanent
dentitions, their frequencies with the sample sizes, and the range of vaolasienved for each
tooth class and trait. Tablgsl and 4.2vere summarized in the following subsections 4.1.1,

4.1.2,and 4.1.3.
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Table 4.1: Nonmetric traits scored on the permanent dentition and their occurrence
frequencies with the sample sizes and their range of variation observed in the sample.

Traits %l/n Range of
variation
|1
Shoveling 100/4 4-5
Double shoveling 0/4 0
Labial convexity 100/4 4
Tzuberculum dentale 100/4 4
I
Shoveling 100/4 4-5
Double shoveling 0/4 0
Labial convexity 100/4 4
thberculum dentale 100/4 2-4
C
Shoveling 100/3 2-3
Tuberculum dentale 100/3 3-4
Canine Mesial Ridge (Bushman  33.3/3 0-2
Cainine Distal Accessory Ridge 100/3 3-4
M
Cusp 5 20/5 0-3
Metacone 100/5 4
Hypocone 100/5 4-5
Carabelli’s trait 100/5 4-6
Parastyle 40/5 0-6
MZ
Cusp 5 33.3/3 0-3
Metacone 100/3 3-5
Hypocone 100/3 3
Carabelli’s trait 100/3 3-4
Parastyle 0/3 0
l1
Shoveling 50/2 1-3
Double shoveling 0/2 0
Labial convexity 100/2 4
Tuberculum dentale 0/2 0
Cy
Shoveling 50/2 0-2
Tuberculum dentale 100/2 2
Canine Mesial Ridge 0/2 0
Canine Distal Ridge 100/2 2
M1
Groove pattern 75/4 +Y
Anterior fovea 100/4 3-4
Deflecting wrinkle 50/2 0-3
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Mid-trigonid crest 100/4 1B

Cusp 6 0/2 0
Cusp 7 0/2 0

\ P

Groove pattern 33.3/3 +Y
Anterior fovea 100/3 3-4
Deflecting wrinkle 50/2 0-2
Mid-trigonid crest 33.3/3 0, 1A, 1B
Cusp 5 66.6/3 0-3
Cusp 6 0/3 0
Cusp 7 0/3 0

Table 4.2: Nonmetric traits scored on the primary dentition and their occurrence
frequencies with the sample sizes and their range of variation observed in the sample.

Traits %/n Range of
variation
il
Shoveling 100/2 4-5
Double shoveling 0/2 0
Labial convexity 100/2 4
T2uberculum dentale 100/2 4
[
Shoveling 100/3 3-4
Double shoveling 0/2 0-1
Labial convexity 100/3 4
Tluberculum dentale 100/2 2-3
c
Tuberculum dentale 50/2 1-5
Canine Mesial Ridge (Bushma 0/2 0-1
Canine Distal Accessory Ridge  100/2 2
dm?
Cusp 5 50/2 0-2
Metacone 100/2 3.5
Hypocone 100/2 3-4
Carabelli’s trait 75/4 0-3
Parastyle 0/2 0
dm?
Cusp 5 40/5 0-3
Metacone 100/5 4-5
Hypocone 100/5 4-5
Carabelli’s trait 100/5 3-6
Parastyle 0/5 0
I2
Shoveling 100/2 2-3
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Double shoveling 50/2 0-2

Labial convexity 100/2 4
dm2

Groove pattern 100/5 Y
Anterior fovea 80/5 1-4
Deflecting wrinkle 33.3/3 0-2
Protostylid 20/5 0-2
Mid-trigonid crest 50/4 1A, 1B
Cusp 5 100/5 3-4
Cusp 6 20/5 0-2
Cusp 7 0/5 0

4.1.1 Incisors

The current study found that shoveling is markedly expressed (at least gradal 3)fi
the upper central and lateral incisors in both permanent and deciduous teeth.y$Sib@iG24 of
the deciduous and permanent upper incisors exhibit labial convexity and tubedmrtale, and
they are often markedly expressed in both dentitions. Also, the combination of shoveling,
tuberculum dentale and labial convexity was observed to be common among Krapina
Neanderdls. All three traits were present in 100% of the deciduous and permanent upgsr cent
and lateral incisors. Double shoveling was not present any of the upper incisors in both
dentitions.

There was no permanent lower lateral incis@f @nd deciduous céml incisor (i)
available for scoring. Therefore, no analogue teeth were present for compdzetsamen the
deciduous and permanent dentitions. When compared with the upper incisors, shovelisg was le
expressed in the lower incisors of both deciduous and permanent teeth. Scorings ditrdfte tr
not exceed grade 3 for both central and lateral incisors. In addition, labial corwasgigresent
in 100% of the permanent central incisors and deciduous lateral incisorsaitlveas equally
expressed indith dentitions (grade 4). Tuberculum dentale was not observed in the permanent

central incisors.
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4.1.2 Canines

All of the upper permanent canines exhibited shoveling, tuberculum dentale and canine
distal accessory ridge. Tuberculum dentale was more frequgrermanent teeth (100%) than
the deciduous (50%). Canine mesial ridge (Bushman canine) was absent in upgeoudeci
canines (0%) and it was not common in permanents (33.3%). None of the deciduous canines and
only one permanent canine exhibited thasttr
4.1.3 Molars

Although all of the deciduous and permanent molars were scored, for the purposes of this
study, only the deciduous second molars (dm2) and the permanent first molars (1) we
summarized in this subsection.

Observed frequencies of traits for the upper dm2s and M1s were similar between the two
dentitions. Metacone and hypocone were never absent in both dentitions, and they were
expressed as either large (grade 4) or very large (grade 5) cusps. Cusp 5 was moteirirequen
deciduous teeth (40) than the permanent (20%). Carabelli’s trait was always present in all of
the upper dm2 and M1s, and the trait was almost equally expressed in both dentitiohde Paras
was not observed in dm2s, and it was observed in 40% of the M1s. One M1 possessed a grade 6
parastyle expression which is the highest grade in the ASUDAS.

In the lower molars, “Y” groove pattern was more common in both dm2s (100%) and
M1s (75%) than the “+” and “X” pattern. Mitligonid crest grade 1B which is more rounded and
wider than grade 1A was more common in the sample. All of the dm2s and half of the M1s
exhibited 1B mietrigonid crest trait expression. Cusp 6 was present 20% of the dm2s, and

absent in M1s. cusp 7 was not observed in any of the lower deciduous and permanent moalrs.
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4.1.4 Tooth Pairs
Out of 12 KDPs, 4 individuals possessed their upper dm2s and M1s; 3 individuals
possessed their lower dm2s and M1s; and 1 individual possessed itsdepjrous and
permanent central (11/i1) and lateral incisors (12/i2) within the sadigidual. Table4.3 shows
the comparisons of the deciduous and permanent scores of the tooth pairings for eachlindividua
Any trait expression in the tooth pairs was considered as a demonstration of
correspondence between the two dentitions. In KDP 1 and KDP 22, all of the toothisongar
except for parastyle, show a correspondence in their trait expressions. KDP 27KibDB KDP
28 show a perfect correspondence where all of the trait expressions are the sendedadtous
and permanent teeth. All of the traits but one in KDP 3 and KDP 9 also show correspondence
between tooth pairs. Based on these observations, majority of the compariséref theall2
KDPs indicate an overall correspondebetween the two dentitions.

Table 4.3 Comparison oftrait expressions between deciduous and permanent tooth pairs
Scores in bold indicate discordance.

Specimen (KDP) Deciduous Permanent

scores scores

KDP 1
Metacone difiM* 4 4
Hypocone driiM* 5 5
Cusp 5 dr/M* 3 3
Carabelli's cusp dAiM* 3 4
Parastyle dfiM* 0 2

KDP 2
Shoveling #1* 4 4
Doubleshoveling 1/1* 0 0
Labial convexity 1/1* 4 4
Lingual tubercles'il* 4 4
Shoveling #/1? 4 4
Labial convexity /12 4 4
Metacone difiM* 4 4
Hypocone driiM* 5 5
Cusp 5 drfiM* 0 0
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Carabelli’s cusp dAiM* 4 4
Parastyle dfiM* 0 0
KDP 3
Metacone difim* 5 4
Hypocone driiM* 4 5
Cusp 5 driiM* 0 2
Carabelli’s cusp dAiM* 6 5
Parastyle dfiM* 0 0
KDP 9
Groove Pattern dpfM; Y Y
Anterior Fovea d@iM; 1 4
KDP 22
Metaconednm?/M* 4 4
Hypocone driiM* 5 5
Cusp 5 dr/M* 0 0
Carabelli’s cusp dAiM* 6 6
Parastyle dfiM* 0 6
KDP 27
Groove Pattern dgfM; Y Y
Anterior Fovea diM; 3 3
Distal trigonid crest 0 0
drlelMl
Mid-trigonid crest diM, 1B 1B
KDP 28
Groove Pattern dgfM; Y Y
Anterior Fovea diM; 4 4
Deflecting wrinkle 0 0
drlelMl
Distal trigonid crest 0 0
drlelMl
Mid-trigonid crest diM, 1B 1B

4.2 Statistical analysis
Somers’ D statistic was applied for the 11 traits in order to examine how stretajsd
is the grade score to whether it is deciduous and permanent teeth. Resultsesentegrin

Table4.4. In addition, crostbulations for each trait were providedhe Appendix A.
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Table 4.4 Somers’ D results for the eleven tooth classes. * indicates significant associas.

Traits Coef. Std. Err. | Z P>|z| [95% Conf. Interval]
SSUI1/i1 .25 .5676844| 0.44 0.660 -.8626411 | 1.362641
SSUI2/i2 -.6428571* | 1562125 -4.12 0.000 -.9490279 | -.3366863
LCUIL/i1 0 (omitted)

TDUIL/i1 0 (omitted)

TDUI2/i2 -.1818182 |.4120852 -0.44 0.659 -.9894904 | .625854
TDUC/c 0 7027284 0.00 1.000 -1.377322 | 1.377322
MUM1/dm2 .5555556* | .1964186| 2.83 0.005 1705823 | .9405288
HUM1/dm2 -.2380952 |.3916183| -0.61 0.543 -1.005653 | .5294626
CTUMl/dm2 |0 3173691 0.00 1.000 -.622032 |.622032
AFLM1/dm2 | -.3478261 |.2975725| -1.17 0.242 -.9310575 | .2354053
MTCLM1/dm2 | -.6666667* | .2400274| -2.78 0.005 -1.137112 | -.1962215

Somers’ D results yielded negative associations for the traits shoveling2(&$land
tuberculum dentale (TDUI2/i2) in upper lateral incisors, hypocone (HUMZ1/dm2)pper
permanent first molars and deciduous second molars, anterior fovea (AFLMLamhZhid
trigonid crest (MTCLM1/dm2) in the lower permanent first molars and deciduowsndec
molars. For the tuberculum dentale in upper canines (TDUC/c) and Caratralti’'sh upper
molars (CTUM1/dm2), Somers’ D yielded zero values, which reflects nciaisa between the
grade scoresf the permanent and deciduous teeth.

In addition, asan beseen inTable4.4, several comparisons were not significant and did
not provide enough evidence against the null hypothesis. Somers’ D omitted the balts la
curve and tuberculum dentale in the upper central incisors (LCUI1/i1 and TDUIDh)the
analysis because there was no variation in trait expression amongst the deciduousanenpe
teeth, and thus, no comparisons were available for the analysis.

Among eleven traitspnly three traits were statistically significant (MUM1/dm2 and
MTCLM1/dm2). Only for the metacone (MUM1/dmR) upper molars, the statistical test results
allowed rejecting the null hypothesis that there is not a positive assndigtiween primary and

permanent trait expressions. Grade scores for metacone showed a moderate posi@i®@associ
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between M1 and dm2 (Somers’ D=.55). For MTCLM1/dm2, the associations was moderately
negative (Somers’ D=66).

Lastly, two traits (labial curve and tuberculum dentale on upper central incisers) w
excluded from the calculations dhe weighted average of Somers’ D because these traits
showed no variation between deciduous and permanent teeth as mentioned above. Therefore, the
formula, mentioned in subsection 3.2.2, was applied for nine out of eleven traits. The weighted
average calculatiogielded a value of 0.28. This result indicates a weak positive association

across all of the Somers’ D values.
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CHAPTERS5 DISCUSSION AND CONCLUSION

5.1 Summary of the Study

The literature makes itclear that deciduous and permandeeth have several
characteristics in common within an individual (Bailey et al., 2014; Saunders and Mayhall
1982). These morphological siarities are assumed to be the result of the actions of genes
during the growth and development process (Bader, 1965; Garn et al., 1966b; Scott and Turner,
1997), although very few genes that influence dental development were identified toythis da
(e.g.Kimura et al., 2009). Based on this assumption, several modern human studies explore the
morphological relationships between the deciduous and permanent dentitions (itigaase,
2007; Kieser, 1984; Saunders and Mayhall, 1982; Smith et al. 1987). Houwtewas never
tested on fossil hominins including Neandertals.

In this regard, the present study is conducted with the purpose of providing a dental
morphological comparison between the baby and adult teeth of Krapina Neandertddition,a
this studyexamines the Krapina individuals with the expectations of finding a correspondence
between the two dentitions based on their dentatmetnic trait variation. In line with this
purpose, several steps are taken. First, severalmedrnc traits were scode utilizing the
ASUDAS (Arizona State University Dental Anthropology System) (Turner et al 1@®bpth
deciduous and permanent dentitions of 12 KDPs. Then, the associations of the two dentitions
were tested applying the Somers’ D measure of association. The results were presented in
subsection 4.2 of Chapter 4.

In the present study, the results of Somers’ D range #@®6 (moderate to high

negative relationship) to 0.55 (moderate positive relationship) (see 4.dlbe page 38). In the
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upper dentition, shoveling in incisors (except for the lateral incisors) and tulardeintale in
upper incisors and canines showed either weak or no association between thg anda
permanent dentitions. This result agree with Edgar and Lease (2007)’s fint@iregsresults
also did not show any significant correlation for shoveling and tuberculum dentale in &ey of t
upper incisors and canines. However, Saunders and Mayhall (1982) found a significant
association for shoveling in upper central incisors. In additioe moderate to high negative
association between upper lateral incisors for shoveling in the curuelyt dbes not support
Saunders and Mayhall (1982)’s results which suggested a less association between thie. two teet
They attribute this discordancetiveen deciduous and permanent lateral incisors to the variable
nature of this tooth class. Nevertheless, the only significant result among thieraiateth
classes in the present study was shoveling in upper lateral incisors. Theaynwdjoine upper
tooth classes do not provide enough evidence against the null hypothesis of there is not a
correspondence between the two dentitions.

In the posterior dentition, results for two out of five traits were digamt as can be seen
in Table 4.4. Metacone in upper dm2 and M1 showed a significant moderate positive tafations
meaning that trait expressions are in agreement by being systematicalyhgjtiez or lower in
both dentitions. For mitrigonid crest in lower dm2 and M1, results indicated a significan
moderate to high negative relationship suggesting a discordance in trait expressiomwaf the
dentitions. The rest of the results for posterior teeth should be interpretechwiibn since the
results are not statistically significant. UnexpectedlgraBelli’s trait showed no relationship
although the result was not significant. In addition, hypocone and anterior fovea shgatdene
week insignificant associations between dm2 and M1. These results both agree aed dighg

previous studies. They disagree with Edgar and Lease (2007)’'s results which indicate a
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significant positive relationship for Carabelli’s trait between deciduadsparmanent teeth. On

the contrary, the present study’s results agree with Smith et al. (1987)’s findinggpbcme

and Carabelli's trait. According to their results, dm2 and M1 do not show any positive
association for any of the traits observed on these tooth classes.

The weighted average of Somers’ D did not also provide enough evidence to reject the
null hypothesis. A value of 0.28 indicates a weak positive association between deciduous and
permanent dentitions concerning the nine tooth class comparisons.

The results in the present study are both expected and unexpected at the same time. They
were expected because the sample size for each trait is very small, and therefore, thd statistica
measure of association used in this study cannot tell whether or not there is aatiassoci
between the dentitions. Therefore, the majority of the results are notcahlyiseliable and do
not reflect reality because they lack statistical power. This is not to blame theécatanethod
used in this study for the insignificant results, it is rather the small sampl¢haizprevents
establishing an appropriate association test.

On the other hand, these results were unexpected simply because there is a clear and
repeatable trend observed among Krapina, and the trend is that primary andepérteath
express the dental traits in a similar pattern. This morphologicalasityils also evident from
the individual comparisons of the trait expressions between the tooth pairs mwdhiluals
(see subsection 4.1.4 of Chapter 4 for the tooth pair comparisons). As can be seen eoh3Tabl
in Chapter 4, 34 out of 37 tooth pair comparisons belonging to 7 KDPs indicate a
correspondence in their trait expressions. Not even one individual among 7 KDPs exhibits a
perfect discordance of trait expression where all of the individual tooth comparisows s

disagreement between baby/hdaoth pairs. Although this is a small sample size and there is no
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statistical power associated with these results, it is clear that there is a trendtb@ndediduous
and permanent trait correspondence in the sample.

In this regard, the results in this study beg the questions of “What is the parfedtes
for testing the morphological correspondence between primary and permanent deriditiess?
it exist?” It should be noted that it can be quite challenging to fieth susample even in a
historical collection far from finding in a fossil collection. At this doithe question becomes:
“Should this fact prevent us to ask the question of fossils?” It should be admittacb#téer and
more appropriate way to conduct a research as the current one might have been by using a
modern human sample with an adequate sample size. In order to increase the sarplesite,
additional steps could have been taken. For example, data from the previous studiesngoncer
dental morphology of fossils with mixed dentition could have been included in the sthtistic
analysis. In addition to that, a modern human or a-monan primate group with mixed
dentition could have been used as angvaup. At this point, Krapina was the samplvailable
for research, and it provided a close to adequate sample size with a couple of mixezhslenti
which allows for testing the patterns of dental crown morphological development among
NeandertalsAlso, if the sample size were not an issue, Neandertals are a better sample for the
current study than a modern human sample because there are no modern human groups that have
such a high number of nanetric features expressed as Neandehal® For example, 80% of
Native Americans are charactazd by incisor shoveling, and 20% of Sadharan Africans are
characterized by Bushman canines, and Europeans have a very simple and not comptex dentiti
when compared to Neandertals. These frequer(8@% and 20%)are relatively high when

compared to other human groups. But these are the almost only traits that are in higitigsque
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in these groups. With such a low number of traits, a comparison between primary aadgogrm
dentition would not say much.
5.2 Concluding Remarks

This study is conducted to understand the underpinnings of dental development by
comparing the permanent and primary dentitions of Krapina Neandertals. The pesdietion
in the current study is that there is a correspondence between the two dentitions. Alleough t
majority of results did not allow rejecting the null hypothesis of no association between the two
dentitions, the apparent morphological similarity between baby and adult teetls@titeanter
individual similarity at Krapina suggests a couple of points. Fitssuggests that they are
actually a closely genetically related group of individuals because they spanetec makeip
that is similar about dental morphology. Although this study does not involve any genetic
methods such as sequencing genes of Krdpeandertals, the study of morphology is also close
proxy for inferring about their genetic relatedness. If the opposite was true and tieegover
biological population, it would be expected to see a more variable dental morphologyaéicross
individuals. However, the very low level of dental morphological variation at Krapina is
reminiscent of a variation that can be observed only in a true biological population.

Not only the morphological similarity observed in this stbdy also the previous studies
regarding the dentition of Krapina Neandertals strengthen the assumption thatathdoe an
closely related population. For exampliestfGorjanovi¢-Kramberger(1906), and then Wolpoff
(1979) noticed that mandibular premolargsjPat Krapinaare unusually rotatedlockwise
Rougier et al. (2006) examined the frequency of rotatsdaPKrapina, and compared it to a
modern human sample and to tteal Neandertal sample. Their results showed that

proportions of rotated® of Krapina Neandertals are unique and very different fromrtbdern
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human sample as well as the total Neandertal sample. They suggest that the rotatiadspaesn
an inherited feature among Krapina people, implying that they might be a biological opulat
However, they argue that not all of the Krapina people might be related bewmaysthe
mandibles from the stratigraphic levels 3, 4 and 5 exhibit rotated premolardieantamdible
from level 6 do notNevertheless, tooth rotation is a rare anomaly, and its peserKrapina
individuals supportghat theymight be a genetically relatgubpulation.

Second of all, the apparent but not statistically significant correspondenceshétvee
two dentitions suggests that similar genetic mechanisms are responsiliiee fgrowth and

development of the dental nonmetric traits of both primary and permanent dentitions. It is

known that interactions between the tissues during odontogenesis are controlled by not only one

gene but also multiple genes acting in concert (Hughes and Townsend, 2013). As Jernvall and

Jung (2000: 171) put it:
“Much of the genetic machery of development uses the same genes among different
organs, including teeth, limbs, and feathers. Furthermore, within a tooth, the deseiop
of individual cusps repeatedly uses the same set of developmental genesg far
‘developmental module”.

Therefore, the morphological similarity observed in this study could be the reflection of

the repeated use of the same genes during tooth development. Although which pgeresa

produce a particular dental trait is mostly unknown, several genetigvloch can be directly

linked to the dental morphology were determined to this day. However, they are still under

investigation (Hughes and Townsend, 2013). Among the few studies, a study on Japanese

population confirmed that a particular allele of a g&flRAR) is associated with the presence of
shoveling (Kimura et al., 2009). Apparently, more genetic studies are needed to acccwt for t

genotype-phenotype relationship of dental crown traits.
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Thirdly, it is reasonable to suggest that the consistent dental patterveabsenong
Krapina individuals might have an adaptive significance. The function of thesé tdaitdas not
known. It might be just a random variation that identifies and charactesize®logical
population so that it can be used as putation marker which is a reflection of genetic drift or
gene flow. The other way to think about the function of these dental traits is tderoing idea
that there may be an adaptive value to the combination of these dentalTinatsinique
Neanderal dental morphology could have been a reflection of some sort of chewing adaptation.
This notion emphasizes the “Anterior Dental Loading Hypothesis” which proposeshéhat t
anatomy of Neandertal face is the resultant of the strong force applied onraetthoduring
masticatory and paramasticatory behavior (Rak, 1986; Trinkaus, 1987). Their highly aryd evenl
worn front teeth were interpreted as they were being used as a third hargpfdad preparation
and material processing such as producing stools.tlt was suggested that their large anterior
teeth compared to the posterior teeth as regards to modern humans, the presaocg of st
shoveling as well as lingual tubercles as a whole have the function of makingrateeth
stronger in order to coer the force applied to the teeth. In addition, a more complex posterior
dentition when compared to modern humans might be an adaptive response for chewing. That is
to say, extra crests or cusps that are frequently observed in Neandeagabpdgntition might
have helped them increase the occlusal chewing efficiency. However, although fetsible, i
better to be cautious before any conclusions are drawn because this kind of cuggmsil be
a high level of inference from a small sample such asuhent one.

Lastly, the morphological similarity observed in the current study between tiue oes
second molar and permanent first molar is corroborative of Butler (1939)snfietiel which

proposes that each tooth share the same morphogenetiovitielthe tooth nearby to it, and

51



therefore, they are expected to show morphological similarities. Butler (1967arglses that
premolars are the earlier developing members of the molar field, and dm2 is siniarito
morphology. In agreement with timeodel, the results here also suggest that the morphology of
dm2 is more sint@r to M1 than dm1l (see Figure3Xor illustration). The tooth pair comparisons
in the current study (see Table 4.3 on page 36) also support the similarity betwearddvii2 a
5.3 Future Directions

This study demonstrated a clear and consistent trend toward the deciduous andrppermane
dental noAmetric trait correspondence among Krapina Neandertals although the sample siz
created statistically insignificant results. It is recomde that the trend observed here can be
tested with a more appropriate sample size by including data from the previous studies
concerning dental morphology of fossils or by examining a modern human sample with mixed
dentition. In addition, identifying thkey genes that act during the dental development would
help to account for the morphological similarity between primary and permanent ahsntiti

observed in this study.
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Crosstabulations for the 11 tooth class comparisons

APPENDIX

SSUI1/i1 | Permanent Deciduous Total

4 3 1 4
75.00 50.00 66.67

5 1 1 2
25.00 50.00 33.33

Total 4 2 6
100.00 100.00 100.00
SSUI2/i2 | Permanent Deciduous Total

3 0 2 2
0.00 66.67 28.57

4 3 1 4
75.00 33.33 57.14

5 1 0 1
25.00 0.00 14.29

Total 4 3 7
100.00 100.00 100.00
LCUIL/i1 | Permanent Deciduous Total

4 4 2 6
100.00 100.00 100.00

Total 4 2 6
100.00 100.00 100.00
TDUI1/il1 | Permanent Deciduous Total

4 4 2 6
100.00 100.00 100.00

Total 4 2 6
100.00 100.00 100.00
TDUI2/i2 | Permanent Deciduous Total

2 2 1 3
50.00 50.00 50.00

3 0 1 1
0.00 50.00 16.67

4 2 0 2
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50.00 0.00 33.33
Total 4 2 6
100.00 100.00 100.00
TDUC/c | Permanent Deciduous Total
1 0 1 1
0.00 50.00 20.00
3 1 0 1
33.33 0.00 20.00
4 2 0 2
66.67 0.00 40.00
5 0 1 1
0.00 50.00 20.00
Total 3 2 5
100.00 100.00 100.00
MUM1/dm2 | Permanent Deciduous Total
4 5 4 9
100.00 80.00 90.00
5 0 1 1
0.00 20.00 10.00
Total 5 5 10
100.00 100.00 100.00
HUM1/dm2| Permanent] Deciduous Total
4 1 2 3
20.00 40.00 30.00
5 4 3 7
80.00 60.00 70.00
Total 5 5 10
100.00 100.00 100.00
CTUM1/dm2| Permanent Deciduous Total
3 0 1 1
0.00 20.00 10.00
4 3 1 4
60.00 20.00 40.00
5 0 1 1
0.00 20.00 10.00
6 2 2 4
40.00 40.00 40.00
Total 5 5 10
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| 100.00 | 100.00 | 100.00 |

AFLM1/dm2 | Permanent Deciduous Total
1 0 1 1
0.00 20.00 11.11
3 1 2 3
25.00 40.00 33.33
4 3 2 5
75.00 40.00 55.56
Total 4 5 9
100.00 100.00 100.00

MTCLM1/dm2 | Permanent Deciduous Total
0 0 2 2
0.00 50.00 25.00
1 4 2 6
100.00 50.00 75.00
Total 4 4 8
100.00 100.00 100.00
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