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Abstract

This doctoral thesis is submitted as science publications and conference presentations together
with a theoretical introduction. It presents several points of view of the variability evaluation
in the skull (and postcranial skeleton), with the accent on diachronic changes monitoring,
asymmetry and sexual dimorphism.

This study concentrates on an analysis (using traditional and geometric
morphometrics) of the size and shape of the skull, limb bones and face in the samples from
the Czech Republic (Central Europe). The first one is photographic documentation of the
Upper Palaeolithic skulls from Pfedmosti near Pierov (age 25,000-27,000 years). The second
material is skulls and limb bones deriving from the Early Mediaeval settlement in Mikulcice
(Great Moravia, 9™ — 10" century). The third sample is from the 1930s in Prague, the so
called Pachner collection. The last comparative sample are radiographs of the head and 3D
surface models of faces of recent society.

A study of the skeletal asymmetry of populations (Bigoni et al., v recenznim fizeni,
2005; Kujanova et al., 2008), its level and localization, enables us to compare behavioral
patterns, living conditions, socioeconomic differences and variability within and between
populations (here Mikulcice vs. Pachner collection). Directional asymmetry refers to the
asymmetrical use of limbs or masticatory apparatus because of a preference for one side for
some tasks. Fluctuating asymmetry reflects environmental stress and the ability of a
population to react. The results confirmed the high biomechanical and environmental stress in
the Pachner collection deriving from the lowest socioeconomic groups. Furthermore it refers
to socioeconomic differences between different regions of the MikulCice settlement and
between sexes.

Sexual dimorphism of the shape was evaluated in the skull and face of the Czech adult
population from 20™ and 21% century (Bigoni et al., 2010 a; Veleminska et al., 2012). Skull
sexual differences were not found in the skull as a whole, in the cranial base and the shape of
the neurocranium, significant sexual dimorphism was noted in the regions of the midsagittal
curve of the neurocranium, the upper face, orbits, nasal and palatal region. It was the most
apparent in the shape of the upper face, in the zygomatic arches. Sexual dimorphism of the
face is presented by the allometric relationship of this shape and size. Sexual dimorphism is
the most manifested in the lower part of the face, especially the chin and also the cheeks.
Sexual differences were also apparent in the forehead region, orbits, and eyebrow ridges, nose
and mouth aperture, in general in length-width parameters.

Diachronic changes of the skull morphology were monitored over the time horizon
Upper Palacolit — Early Middle Ages — the early part of the 20" century — recent time
(Veleminska et al., 2008, 2010; Bigoni et al., 2010 b). Interpopulation variability confirmed
the tendency to the development of neurocranial globularity and the decrease of facial
convexity. These changes were more expressive with the increasing time interval between
populations.



Abstrakt

Tato dizertacni prace je piedkladana ve formé svazku odbornych publikaci a konferen¢nich
ptispévkl spolu s teoretickym uvodem. Prezentuje rtizné pohledy na hodnoceni variability
lebky (popf. postkranialniho skeletu), s dirazem na sledovani diachronnich zmén, asymetrie a
pohlavniho dimorfismu.

Predkladana prace se soustifed’uje na klasicky morfometrickou 1 geometricko-
morfometrickou analyzu tvarovych a velikostnich charakteristik lebky, kosti koncetin a
obligeje u souborti pochazejich z populaci Zijicich na izemi Ceské republiky. Prvnim
souborem je fotografickd dokumentace svrchné paleolitickych lebek z Pfedmosti u Perova
(stafi 25-27 000 let). Druhy material predstavuji lebky a kosti konc¢etin pochéazejici z rané
sttedovekého sidlisté v Mikul€icich (obdobi Velké Moravy, 9. — 10. stoleti). Tieti soubor
pochazi z Prahy z 30. let 20. stoleti, tzv. Pachnerova sbirka. Poslednim, zejména srovnavacim
vzorkem populace jsou RTG snimky lebek a 3D modely obliceji souc¢asné ceské populace.

Studium kosterni asymetrie populaci (Bigoni et al., v reviznim fizeni, 2005; Kujanova
et al., 2008), jejiho stupné a lokalizace, umoziuje porovnavat rizné modely chovani, Zivotni
podminky, socioekonomické rozdily a variabilitu uvnitt a mezi populacemi (Mikulc€ice vs
Pachnerova sbirka). Direkciondlni asymetrie poukazuje na asymetrické pouzivani koncetin ¢i
zvykaciho aparatu v disledku preference jedné strany pro dané ulohy. Fluktua¢ni asymetrie
odrazi environmentalni stres a schopnost populace na néj reagovat. Vysledky potvrzuji
socioekonomickych vrstev. Déale poukazuji na socioekonomické rozdily mezi riiznymi
oblastmi Mikul¢ického sidlist¢ a mezi pohlavimi.

Pohlavni dimorfismus tvaru byl sledovan na lebce a obliceji ¢eské dospé€lé populace
20. a 21. stoleti (Bigoni et al., 2010 a; Veleminska et al., 2012). Pohlavni rozdily lebky nebyly
zaznamenany na lebce jako celku, na lebe¢ni bazi a celkovém tvaru neurokrania, signifikantni
pohlavni dimorfizmus byl zaznamenan v oblastech midsagitalni kiivky neurokrania, horniho
obliceje, regionu o¢nice, nosniho otvoru a patra. Nejvyraznéji se projevoval ve tvaru horniho
obliceje, na jafmovych obloucich. Pohlavni dimorfismus obli¢eje je dan alometrickym
vztahem jeho tvaru a velikosti. Nejvyraznéji se pohlavni dimorfismus projevuje v oblasti
dolni ¢asti oblieje, zejména brady a jatmovych obloukli. Pohlavni rozdily na obliceji jsou
ziejmé 1 v oblasti Cela, ocnic a nado¢nicovych obloukt, nosu a nosniho otvoru, rti a v
celkovych délkositkovych parametrech.

Diachronni zmény morfologie lebky byly sledovany v ¢asovém horizontu svrchni
paleolit — rany stfedovék — pocatek 20. stoleti — souc¢asnost (Veleminska et al., 2008, 2010;
Bigoni et al., 2010 b). Interpopulacni variabilita se v tomto piipad¢ projevila zejména jako
trend k rozvoji neurokranialni globularity a snizovani facialni konvexity. Tyto zmény byly
vyrazngjsi s rostouci ¢asovou vzdalenosti populaci.
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1 Introduction

An examination of human phenotype and genotype contributes to the study of human
biological variability. Biological variability could be evaluated within a population, but
diachronically or geographically distinct populations can also be compared. Despite the recent
progress in extracting and sequencing fossil DNA, skeletal morphology still plays a key role
in the study of populations’ evolution, adaptation to local conditions and reconstructing the
affinity of past and recent populations (Bruner et al., 2004; Betti et al., 2010).

The geographical distribution of phenotypic variability derives from our evolutionary
history (Jobling et al., 2003; Relethford, 2009). Biological variability in a certain way
correlates with geography both in the features because of the effect of natural selection and in
features under neutral processes (Prugnolle et al., 2005; Relethford, 2009; Betti et al., 2010).
Among the most important aspects of human variability is diversity within cranial
morphology. The main force affecting the form of the human skull is the process of
encephalisation (Lieberman et al., 2000; Bruner et al., 2003) and the unique erect human
posture and bipedalism (Lieberman, 2011).

Environmental factors have an important impact on the shape of the face, whereas the
cranial vault and base are relatively stable, with a high degree of heredity (Gonzalez - José et
al., 2005; Stynder et al., 2007). It is not really clear to what extent variability is given by
neutral processes or natural selection in connection e.g. with the climate, but it is well known
that neutral processes have by far a greater impact on human skull shaping than climate (Betti
et al.,, 2010). Mastication has an important influence on skull growth (Carlson and Van
Gerven, 1977; Lieberman, 2011). A negative environmental effect, such as nutritional stress,
leads to a reduction of the skull size and changes its shape (Larsen, 2002; Ruff, 2002; Stynder
et al., 2007).

Cranial features hold information applicable to the reconstruction of population
history, the study of gene flow and genetic affinity (Relethford, 2004; Roseman and Weaver,
2004). The distribution of the cranial traits is an approach to the distribution of genetic
features — 81% of the diversity occurs within local populations, only 6% variability exists
between them and 13% among regions (Relethford, 2002; Rosenberg et al., 2002). Phenotypic
variability reaches, similar to the genotypic one, the highest values in Africa and decreases
with increasing distance from Africa (Relethford, 2002; Hanihara, 2008; Betti et al., 2010).

Other important parts of intra- and inter-population variability are diachronic changes
of the skull morphology, skeletal asymmetry and sexual dimorphism, which are the main
topics of the submitted publications.

We concentrated on directional and fluctuating asymmetry in the variability of
bilateral features. Directional asymmetry (DA) is the bilateral variation in the sample, when
one side is consistently different from the other in conformation or size (Palmer, 1994;
Klingenberg et al., 2002). In the human skeleton the most expressive examples are the longest
and more robust right upper and left lower limb due to the asymmetrical use of limbs in
connection with handedness and functional laterality (Cuk et al., 2001). Localization and the
level of DA of limb bones is connected with specific activities reflecting subsistence
adaptation and the socioeconomic structure of the population, including inter-population and
inter sexual differences (Trinkaus et al., 1994; Stock and Pfeiffer, 2001; Auerbach and Ruff,
2006; Weiss, 2009; Ozener, 2010; Sparacello et al., 2011). Craniofacial DA is influenced by
biomechanical loading during mastication, which is connected with subsistence adaptation
and behavior (Carlson and Van Gerven, 1977; Ferrario et al., 1997; Moreira et al., 2008;
Gomes et al., 2011).

Fluctuating asymmetry (FA) are slight irregular variations between the corresponding
part of the right and left side in the sample, without direction. It is assumed to be a measure of



developmental stability, the health and fitness of the organisms effected by environmental
stress (Albert and Greene, 1999; Palmer and Strobeck, 2003; Klingenberg et al., 2010). FA
reflects the living conditions and variability of a population, it is related to its socioeconomic
structure (Kimmerle and Jantz, 2001; Willmore et al., 2005). FA reaches different values in
different morphological regions (DeLeon, 2007; DeLeon and Richtsmeier, 2009).

Skeletal sexual dimorphism is a basic for sex determination of unknown human
remains (Graham, 2006; Brinkmann, 2007; Cattaneo, 2007). The main contribution of
geometric morphometrics lies in eliminating subjectivity from the evaluation of shape and the
possibility of an objective proposal of categories for non-metric standards of sexual dimorphic
traits and using semi-landmarks in the curve assessment (Perez et al., 2006; Pretorius et al.,
2006; Bilfeld et al., 2012; Franklin et al., 2012). Sexual differences in the cranium are
evidently associated with the physical constitution and energy requirements (Rosas and
Bastir, 2002). Examples include facial prognathism, the relative bizygomatic width, the
degree of glabella development, the profile of the forehead, the development of the mastoid
processes, and the shape of the occipital region (Franklin et al., 2006a; Hennessy et al., 2002).

Sexual dimorphism of the shape and form of the face is already present in the early
prenatal period (Fink et al., 2005), but it does not develop fully until the period of pubertal
growth and adolescence (Rosas and Bastir, 2002; Bulygina et al., 2006; Enlow and Hans,
2008). Sexual dimorphism is evident both in the size and shape of the face (Hennessy et al.,
2002; Evison et al., 2010). The relationship of the size and shape is allometric (Rosas and
Bastir, 2002; Schaefer and Bookstein, 2009; Weisensee and Jantz, 2011; Nikita, 2012).

Aa analysis of craniofacial variability could indicate the genetic relations between
different populations, it helps to clarify the evolution of populations and their adaptation to
local conditions (Brace et al., 2006; Betti et al., 2010). The skull of an anatomical modern
human typically showed development of neurocranial globularity and decreased facial
convexity (Martinez - Abadias et al., 2006; Lieberman, 2011).

In the submitted publications variability was evaluated in diachronic populations with
the same geographical origin from Bohemia and Moravia. The first sample is photographic
documentation of Upper Paleolithic skulls from Piedmosti near Pierov (age 25-27 kya). The
second sample is unique archeological material from the Early Medieval population from the
Mikulcice settlement. Mikul€ice is considered to be one of the most important centres of
Great Moravia, the first historically documented Slavic state, from the 9™ and 10" centuries.
The third sample consists of identified skeletons from the Pachner Collection, from the 1930s.
The recent population is represented by a set of roentgenograms of the skull and 3D surface
models of the face from the end of 20" and beginning of 21* century. Classic and geometric
morphometrics methods were used with other multivariate statistics for the analysis.

The aim of publications using skeletal asymmetry (of the skull and limb bones) is to
determine DA and FA, their localization and level, considering sexes. The topic was the
monitoring of differences in asymmetry expression between Early Medieval and recent
populations in connection with different living conditions and also within the Medieval
population in terms of socioeconomic differences (Bigoni et al., v recenznim fizeni, 2005;
Kujanova et al., 2008).

The main topic of the study of sexual dimorphism of the skull was to analyze sexual
differences of the skull in an identified series and to verify whether sex can be determined
using the shape characteristics of the cranium and geometric morphometrics and to locate the
regions of the cranium where sexual dimorphism was most pronounced (Bigoni et al., 2010
a). The aim of the sexual dimorphism study of the face was to analyse the relation between
the size and shape variability of the sexual traits using 3D surface models of the face of the



recent Czech population and simultaneously to visualize differences between the average
female and male face (Veleminska et al., 2012).

The purpose of the submitted biological variability of the skull studies was to monitor
diachronic changes and variability in the size and shape of skulls within Central Europe since
the Upper Paleolithic, Early Middle Ages until today with the accent on the most typical
cranial evolutionary changes of Homo sapiens, which are the development of neurocranial
globularity and decreased facial convexity (Veleminska et al., 2008, 2010; Bigoni et al., 2010
b).

2 Presentation of the papers

Publication A

Bigoni L., Zaloudkova M., Veleminska J., Seichert V., Veleminsky P. (2005) The occurrence
of directional and fluctuating limb asymmetry in a recently identified collection of human
bones. Journal of the National Museum (Prague), Natural History Series 174 (1-4): 129-147.

This study is based on the metric processing of, in particular, the long bones of the
upper and lower limbs of a rare, identified collection of bones originating in the first half of
the 20th century (143 males and 157 females). It concentrates on the study of fluctuating
asymmetry (FA), antisymmetry, directional (DA) and cross asymmetry in the length
parameters of the upper and lower limbs. The presence of antisymmetry has not been recorded
in this assemblage. For the lower limbs, FA was found to occur more frequently than DA. The
size of the FA reached negligible values given the size of the indicators (method after Palmer
and Strobeck, 1986). Limb DA occurred more often, and with greater absolute differences,
among women than among men; in all of the assessed bones it was more common in the
upper limbs than the lower, in the majority of cases in favour of the right side. The most
pronounced DA appeared in the humerus, with all dimensions showing significant differences
between sides. The lengths of the forearm bones were also highly asymmetrical, while DA
was apparent least often in the scapula. The clavicle is shorter and more robust on the right
side. In the lower limbs significant differences were only noted in the femur, while DA was
not found in the crural bones. Femur DA occurred in most cases favouring the left side, and
only in some epiphyseal dimensions the right side was greater. More pronounced DA in the
lower limbs was manifest in the diaphyseal and epiphyseal dimensions than in length
parameters. The presence of cross asymmetry was not universally confirmed, this occurring
only among men (with longer right or left humerus), in the lengths of the fibula and tibia.

Publication B

Veleminskd J., Brizek J., Veleminsky P., Bigoni L., Seféakova A., Katina S. (2008)
Variability of the Upper Palaeolithic skulls from Piedmosti near Pferov (the Czech Republic):
craniometric comparison with recent human standards. HOMO - Journal of Comparative
Human Biology 59: 1-26.

One of the largest skeletal series of the Upper Palaeolithic period from Piedmosti was
destroyed during the Second World War, but the study of this material continues up to the
present. The discovery of Matiegka’s original photographic documentation on glass plates
(Veleminska et al., 2004) gives an opportunity to perform a new and detailed craniometric
analysis of five adult skulls in their lateral projection.



The craniometric data were analysed using specialised Craniometrics software, and the
analysis included morphological and dimensional comparisons with current Central European
norms. The aim of the study was not only to monitor the skull shape as a whole, but
predominantly, to evaluate the size and shape of various parts of the splanchnocranium.

The Upper Palaeolithic skulls are significantly longer, and male skulls are also higher
than the current norms. The crania of anatomically modern humans are characterised by two
general structural features: mid-lower facial retraction and neurocranial globularity. The
height of the face of the Palaeolithic skulls corresponds to that of the current Central
European population. The face has a markedly longer mandibular body (3—4 SD), while
female mandibular rami are shorter. The skulls are further characterised by a smaller gonial
angle, the increased steepness of the mandibular ramus, and the greater angle of the chin.
These changes in the size and shape associated with anterior rotation of the face produce a
strong protrusion of both jaws, but the sagittal inter-maxillary relationships remain
unchanged. The observed facial morphology is similar to the Czech Upper Palaeolithic skulls
from Dolni Véstonice.

This study confirms the main diachronic changes between skulls of Upper Palaeolithic
and present-day human populations.

Publication C

Kujanova M., Bigoni L., Veleminska J., Veleminsky P. (2008) Limb bones asymmetry and
stress in medieval and recent populations of Central Europe. International Journal of
Osteoarchaeology 17: 1-16.

Monitoring the degree of asymmetry in different parts of the human body can
contribute to population studies, as it may be connected indirectly with the social structure,
living conditions, and also with biomechanical stress affecting the person. Analysis of
asymmetry may also assess preferential use of the right or left of the body during specific
activities. This study is based on the measurements of bones of the upper and lower limbs of
skeletons derived from the remarkable medieval cemeteries of Mikul¢ice-Kostelisko (78
male, 132 female) and Prusanky (66 male, 69 female) (9th—12th centuries AD), and a series of
skeletons representing a recent population from Bohemia (143 male, 157 female). The
objective was to assess directional asymmetry (DA), fluctuating asymmetry (FA) and
antisymmetry (AS) of the dimensions of the evaluated bones, and to use these data to compare
the characteristics of the medieval and recent populations. DA was recorded in most
dimensions. In the upper limb, the humerus exhibited the greatest expression of asymmetry,
and, with the exception of the clavicle, DA was always more pronounced on the right side.
Conversely, DA was less prevalent in the lower limb bones. It was more pronounced on the
transverse, sagittal and circumferential dimensions of the diaphyses and epiphyses than on the
length, and in most cases it was on the left side. The FA values were very low, and almost
negligible in relation to the size. Nevertheless, FA was markedly more frequent on the lower
than on the upper limb. In contrast to the medieval population, the recent population had
higher FA and DA values. Thus, we propose that people from this medieval population were
subjected to lower developmental stress than the recent sample.
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Publication D

Bigoni L., Veleminskéa J., Brizek J. (2010): Three-dimensional geometric morphometric
analysis of cranio-facial sexual dimorphism in a Central European sample of known sex.
HOMO - Journal of Comparative Human Biology 61: 16-32.

This article presents an approach for estimating the sexual dimorphism of adult crania
using three-dimensional geometric morphometric methods. The study sample consisted of 139
crania of known sex (73 males and 66 females) belonging to persons who lived during the
first half of the 20th century in Bohemia. The three-dimensional co-ordinates of 82 ecto-
cranial landmarks and 39 semi-landmarks covering the midsagittal curve of the cranial vault
were digitised using a MicroScribe G2X contact digitiser. The purposes of the investigation
were to define the regions of the cranium where sexual dimorphism is most pronounced and
to investigate the effectiveness of this method for determining sex from the shape of the
cranium. The results demonstrate that it is better to analyse apportionable parts of the cranium
rather than the cranium as a whole. Significant sexual differences (significance was
determined using multivariate analysis of variance) were noted in the shape of the midsagittal
curve of the vault, upper face, the region of the nose, orbits, and palate. No differences were
recorded either in the shape of the cranium as a whole or in the regions of the base and the
neurocranium. The greatest accuracy in determining sex was found in the region of the upper
face (100% of study subjects correctly classified) and the midsagittal curve of the vault (99%
of study subjects correctly classified).

Publication E

Veleminska J., Bigoni L., Krajicek V., Borsky J., Smahelova D., Caganova D., Peterka M.
(2012): Surface facial modelling and allometry in relation to sexual dimorphism. HOMO -
Journal of Comparative Human Biology 63: 81-93.

Sexual dimorphism is responsible for a substantial part of human facial variability, the
study of which is essential for many scientific fields ranging from evolution to special
biomedical topics. Our aim was to analyse the relationship between size variability and shape
facial variability of sexual traits in the young adult Central European population and to
construct average surface models of adult males and females. The method of geometric
morphometrics allowed not only the identification of dimorphic traits, but also the evaluation
of static allometry and the visualisation of sexual facial differences.

Facial variability in the studied sample was characterised by a strong relationship
between facial size and shape of sexual dimorphic traits. Large size of face was associated
with facial elongation and vice versa. Regarding shape sexual dimorphic traits, a wide,
vaulted and high forehead in combination with a narrow and gracile lower face were typical
for females. Variability in shape dimorphic traits was smaller in females compared to males.
For female classification, shape sexual dimorphic traits are more important, while for males
the stronger association is with face size.

Males generally had a closer inter-orbital distance and a deeper position of the eyes in
relation to the facial plane, a larger and wider straight nose and nostrils, and more massive
lower face. Using pseudo-colour maps to provide a detailed schematic representation of the
geometrical differences between the sexes, we attempted to clarify the reasons underlying the
development of such differences.

11



Publication F
Bigoni L., Kraji¢ek V., Sladek V., Veleminsky P., Veleminska J.: Skull shape asymmetry and
the socioeconomic structure of Early Medieval Central European society (v recenznim fizeni).

The socioeconomic structure of the Early Medieval society from Mikul¢ice settlement
(Czech Republic) was studied on the basis of an evaluation of the fluctuating and directional
asymmetry of skulls. Two distinct inhabited regions, castle and sub-castle, were compared.
Fluctuating asymmetry is used as a bioindicator of environmental stress, which is thought to
have been different in the MikulCice castle and sub-castle regions. Directional asymmetry
indicates biomechanical loading, and it was expected that it would reflect different
subsistence patterns. The material consisted of 129 crania from what are assumed to be a
higher socioeconomic class (Mikul€ice castle) and 71 crania from the middle and lower
socioeconomic classes (MikulCice sub-castle). As a comparative sample, 138 crania from the
lowest socioeconomic groups (Pachner Collection) were used. The three-dimensional
coordinates of 68 landmarks were digitized and analyzed using geometric morphometrics. In
terms of directional asymmetry, the highest values were recorded in the sub-castle sample and
confirmed their lower socioeconomic position, with a grittier and low-protein diet, as
compared to castle. The lowest directional asymmetry values were found in the Pachner
Collection, with an assumed more liquid diet. In terms of fluctuating asymmetry, distinctive
differences between the sexes were found. In males, no differences were depicted between
castle and sub-castle, and the lowest fluctuating asymmetry values were recorded. In females,
significantly higher values of fluctuating asymmetry were found surprisingly in castle,
conformable to the most stressed Pachner Collection. We expect that fluctuating asymmetry
reflects the more variable castle females, in consequence of patrilocality.

Poster G

Veleminska J., Bigoni L., Krchova K., Veleminsky P.: Variability of the Early Medieval
skulls from Mikul€ice (Czech Republic) 3D geometric morphometric comparison with the
recent population. Poster. Iberian Symposium on Geometric Morphometrics. Barcelona, 23.-
25.7.20009.

This study presents an approach for evaluating the variability and diachronic changes
of adult skulls using three-dimensional geometric morphometric methods. The study sample
consisted of 173 medieval and 136 identified skulls from the first half of the 20th century. The
three-dimensional coordinates of 43 ectocranial landmarks and 39 semi-landmarks covering
the midsagittal curve of the cranial vault were digitized using a MicroScribe G2X contact
digitizer. The set of coordinates were submitted to multivariate (MANOVA) and geometric
morphometric methods (GPA, shape PCA and TPS).

The purpose of this study was to monitor diachronic variability in the shape of skulls
within the territory of Central Europe from the Early Middle Age until the present. We posed
the question whether we can prove that the most typical evolutionary changes of anatomically
modern man, the development of neurocranial globularity and decreased facial convexity
(Lieberman et al., 2002; Veleminska et al., 2008), can be observed in the medieval-current
period. Our argument is based not only on detailed craniometric analysis of the skull as a
whole but also on the shape microevolution of the various facial parts of the skull.

The medieval skulls were significantly longer and narrower, in combination with
wider faces and foreheads. Their marked facial convexity is produced by a strong protrusion
of the upper jaw. Height relations of the faces in the medieval skulls are similar to those in the
current Central European population. This observed facial morphology is much less
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pronounced but similar to the Czech Upper Paleolithic skulls from Pfedmosti and Dolni
Véstonice.

Poster H

Bigoni L., Veleminska J., Krchova K., Prokop J., Veleminsky P. (2010): Craniofacial
variability and diachronic changes from early medieval to recent period in central European
population: 3D geometric morphometric comparison. American Journal of Physical
Anthropology Suppl 141:27.

The purpose of this study was to monitor diachronic variability in the shape of skulls
within the territory of Central Europe from the Early Middle Age to the present. We posed the
question whether we can prove that the most typical evolutionary changes of anatomically
modern humans, the development of neurocranial globularity and decreased facial convexity,
can be observed in the medieval-current period. Our argument is based on detailed
craniometric analysis of the skull as a whole, but also on the microevolutionary morphology
of the various facial parts of the skull.

The study sample consisted of 185 medieval and 133 identified skulls from the first
half of the 20th century. The three-dimensional coordinates of 10 midline and 15 bilateral
ectocranial landmarks were digitized using a MicroScribe G2X contact digitizer. The set of
coordinates was submitted to multivariate (MANOVA) and geometric morphometric methods
(GPA, shape PCA and TPS).

Over the period from the Middle Ages to recent times the neurocranium shortened and
widened and, together with the face and forehead, became narrower. Marked facial flattening
is produced by a strong retrusion of the upper jaw. Orbits in recent skulls are more rounded,
and the orbit aperture is positioned in a slightly sagittal direction. The nasal aperture is
relatively narrower, and the nasal bones are more prominent. The palate is deeper in recent
skulls in the region of the os palatinum, but the anterior part is flatter. This observed facial
morphology is much less pronounced but similar to the Czech Upper Paleolithic skulls from
Predmosti and Dolni Véstonice.
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3 Conclusion

The dissertation concerns several aspects of phenotypic variability in diachronically distinct
populations from the Czech Republic. In the submitted publications (Bigoni et al., 2005, 2010
a; Kujanova et al.,, 2008; Veleminskd et al., 2008, 2012), conference presentations
(Veleminska et al., 2010; Bigoni et al., 2010 b) and publication under review (Bigoni et al.)
we drew the following conclusions.

Skeletal bilateral asymmetry estimation of past populations is an important indicator
of their living style, conditions, mechanical and environmental stress and socioeconomic
differences between and among these populations. It is a considerable part of the evaluation of
skeletal variability in the given area.

Asymmetric use of limbs and masticatory apparatus - because of a preference for one
side for some actions — is expressed by directional asymmetry (DA) of the skeletal material.
The DA contribution to skeletal variability decreased with increasing symmetrical use of the
body parts. Limb bones DA have higher values in populations with higher biomechanical
loading, in connection with nutritional and other non-specific environmental stress. The DA
of the skull reflects the different diet of different socioeconomic groups.

Skeletal fluctuating asymmetry (FA) reflects environmental stress affecting the
population groups as a consequence of different social and economic position; it is an
indicator of population variability. FA increases with the impact of the negative effect of the
environment, different morphological traits reflect these negative effects differently. It
indicates the assumed distinct socioeconomic situation of males and females in the Middle
Ages.

Craniofacial sexual dimorphism is a result of relationships between size and shape.
The shape of the upper face and the shape of the midsagittal curve of the neurocranium are the
best for determining the sex from the skull (without mandible). An analysis using geometric
morphometrics revealed some partial sexual differences, which are hard to detect using
metrical assessment and are too subjective during visual evaluating. These are the orientation
of the orbits and the shape of the midsagittal curve of the neurocranium. The most expressed
sexual dimorphism of the skull and face was detected in the lower face region, especially the
chin and zygomatic arches. Facial sexual differences were also depicted in the forehead, orbits
and eyebrow ridges, nose and nostrils, lips and total length-width parameters. The position of
the eyes shows a stronger inter-sexual difference than the area of the glabella, the eyebrow
ridges or the nasal ridge. Shape sexual differences were markedly after size elimination.

The analysis of shape and size changes of Upper Paleolithic, Early Medieval and

recent skulls showed that inter-population variability is characterized by changes in the length
of the neurocranium, the development of occipital area and facial flattening. Towards the
present time the main change is the development of neurocranial globularity and decreased
facial convexity. This tendency is accentuated over the time horizon Paleolithic-recent and
less distinctive but similar over the time horizon Early Middle Ages-recent.
The results of the submitted studies confirmed that skeletal asymmetry and sexual
dimorphism of the skull is one of the most important aspects of human phenotypic variability
and that craniofacial variability is a considerable indicator of the changes of the human
skeletal morphology over time and space.
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4 Uvod

Ke studiu biologické variability ¢lovéka pfispiva zkoumani fenotypu i genotypu clovéka.
Biologickou variabilitu lze sledovat v rdmci jedné populace, ale je také mozné porovnavat
mezi sebou rizné, ¢asové ¢i geograficky vzdalené, populace. Pies pokrok v extrahovani a
sekvenaci fosilni DNA hraje kosterni morfologie stale klicovou roli pifi studiu evoluce
populaci, adaptaci na lokalni podminky ¢i pro rekonstrukci vzajemné ptibuznosti davnych i
soucasnych populaci (Bruner et al., 2004; Betti et al., 2010).

Geografické rozlozeni fenotypové variability je vysledkem naSi evolu¢ni historie
(Jobling et al., 2003; Relethford, 2009). Biologicka variabilita skute¢né€ do jisté miry koreluje
s geografii a to jak u znakd pod vlivem ptirodniho vybéru, tak u znaka selektivné neutralnich
(Prugnolle et al., 2005; Relethford, 2009; Betti et al., 2010). Mezi nejvyznamné&jsi aspekty
lidské variability patfi rozmanitost v rdmci kranialni morfologie. Hlavni silou fidici formovani
moderni lidské lebky jsou proces encefalizace (Lieberman et al., 2000; Bruner et al., 2003) a
jedineéné lidsky zptisob vzpiimené polohy téla a bipedie (Lieberman, 2011).

Environmentalni faktory maji vyznamny vliv na tvar obliceje, zatimco lebecni klenba
a zejména baze zustavaji relativné stabilni, s vysokym stupném dédi¢nosti (Gonzalez-José et
al., 2005; Stynder et al.,, 2007). Ackoliv pfedmétem vyzkumu zistdva, do jaké miry je
variabilita dana neutralnimi procesy (genetickym driftem) ¢i pfirodnim vybérem v souvislosti
napt. s klimatem, je zfejmé, Ze neutralni procesy maji mnohem vétsi vliv na formovani lidské
lebky nez klima (Betti et al., 2010). Vyznamny vliv na rust lebky ma mastikace (Carlson and
Van Gerven, 1977; Lieberman, 2011). Efekt negativniho environmentédlniho vlivu, jako je
napf. nutri¢ni stres, vede k redukci velikosti lebky a zméné jejiho tvaru (Larsen, 2002; Ruff,
2002; Stynder et al., 2007).

Kranialni znaky nesou informaci vhodnou k rekonstrukci historie populaci, k vyzkumu
genového toku a genetické podobnosti (Relethford, 2004; Roseman and Weaver, 2004). Prave
distribuce kranidlnich znaki se blizi rozlozeni znaki genetickych — 81% celkové variability se
vyskytuje vramci lokalnich populaci, pouze 6% variability existuje mezi lokalnimi
populacemi a 13% mezi vétSimi regiony (Relethford, 2002; Rosenberg et al., 2002).
Fenotypova diverzita dosahuje, podobné jako genotypova, nejvysSich hodnot na africkém
kontinentu a smérem od n¢&j postupné klesd (Relethford, 2002; Hanihara, 2008; Betti et al.,
2010).

Dal$i vyznamnou slozkou intra- a interpopulacni variability jsou také diachronni
zmény morfologie lebky, kosterni asymetrie a pohlavni dimorfismus, které jsou hlavnim
tématem predkladanych publikaci.

Ve variabilit¢ bilateralnich znakii jsme se soustfedili na asymetrii direkciondlni a
fluktuaéni. Direkcionalni asymetrie (DA) je takova bilateralni odchylka v souboru jedinci,
kdy jedna strana je konsistentn¢ odliSnd od druhé ve tvaru nebo velikosti (Palmer, 1994;
Klingenberg et al., 2002). Na lidském skeletu je nejvyraznéjsim piikladem delsi a robustné;jsi
pravd horni a levd dolni koncetina a to z divodu asymetrického pouZzivani koncetin
v souvislosti s jejich funkéni lateralitou (Cuk et al., 2001). Lokalizace a stupefi DA kosti
konCetin souvisi se specifickymi aktivitami odrdZejicimi subsistenéni adaptaci a
socioekonomickou strukturu dané populace vcetné rozdili mezi populacemi a intersexudlnich
rozdila (Trinkaus et al., 1994; Stock and Pfeiffer, 2001; Auerbach and Ruff, 2006; Weiss,
2009; Ozener, 2010; Sparacello et al., 2011). Kraniofacidlni DA je vyrazn& ovlivnéna
biomechanickou namahou pii zvykani, kterd je spojovana se subsistencni adaptaci a
pridruzenym chovéanim (Carlson and Van Gerven, 1977; Ferrario et al., 1997; Moreira et al.,
2008; Gomes et al., 2011).

Fluktua¢ni asymetrie (FA) pfedstavuje nepatrné nepravidelné odchylky mezi
korespondujicimi ¢astmi pravé a levé strany v souboru, a to bez sméru. Je povazovéana za
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métitko vyvojové stability, zdravotniho stavu a zdatnosti organismil a na né pusobiciho
environmentalniho stresu (Albert and Greene, 1999; Palmer and Strobeck, 2003; Klingenberg
et al, 2010). FA tak odrazi zivotni podminky a variabilitu populace, souvisi s jeji
socioekonomickou strukturou (Kimmerle and Jantz, 2001; Willmore et al., 2005). FA
dosahuje rtiznych hodnot v rozdilnych morfologickych regionech (DeLeon, 2007; DeLeon
and Richtsmeier, 2009).

Pohlavni dimorfismus na kostfe je zdkladem k urc¢eni pohlavi u neznamych lidskych
pozistatkli (Graham, 2006; Brinkmann, 2007; Cattaneo, 2007). Pfinosem geometrické
morfometrie pii studiu pohlavniho dimorfismu je mimo jiné eliminace subjektivity pfi
hodnoceni tvaru, moznost navrhu objektivnich kategorii pro nemetrické pohlavné dimorfni
znaky a moznost vyuziti semilandmarki pti hodnoceni ktivek (Perez et al., 2006; Pretorius et
al., 2006; Bilfeld et al., 2012; Franklin et al., 2012). Pohlavni dimorfismus lebky je spojen i
s fyzickou konstituci a energetickymi pozadavky, coz lze sledovat zejména v mistech uponu
svall (Rosas and Bastir, 2002). Ptikladem je facialni prognacie, relativni bizygomaticka Site,
stupen vyvoje glabelly a bradav¢itych vybézkl, profil ¢ela a okcipitalni oblasti (Hennessy et
al., 2002; Franklin et al., 2006).

Pohlavni dimorfismus obli¢eje je pfitomen jiz v raném prenatalnim obdobi (Fink et al.,
2005), plné se vSak rozviji vlivem odlisné muzské a Zenské rustové trajektorie béhem puberty
a dospivani (Rosas and Bastir, 2002; Bulygina et al., 2006; Enlow and Hans, 2008). Pohlavni
dimorfismus je evidentni jak ve velikosti, tak 1 ve tvaru obliceje (Hennessy et al., 2002;
Evison et al., 2010). Vzdjemny vztah tvaru a velikosti je alometricky (Rosas and Bastir, 2002;
Schaefer and Bookstein, 2009; Weisensee and Jantz, 2011; Nikita, 2012).

Analyza variability kraniofacidlnich dimenzi mlze indikovat genetické vztahy mezi
riznymi populacemi, pomaha objasnit evoluci populaci a jejich adaptaci na lokalni podminky
(Brace et al., 2006; Betti et al., 2010). Hlavni tvarové rozdily lebek jsou soustfedény na
vztahy v ramci délky lebecni klenby, vyvoje okcipitalni oblasti a oplosténi obliceje, pro lebku
anatomicky moderniho clovéka je typické zkraceni obli¢eje a neurokranialni globularita
(Martinez-Abadias et al., 2006; Lieberman, 2011).

V predkladanych publikacich byla hodnocena variabilita u tfech asové vzdalenych
populaci se spole¢nym geografickym ptivodem z tzemi Cech a Moravy. Prvni sledovany
soubor predstavuje fotografickd dokumentace svrchné paleolitickych lebek z Predmosti u
Pterova, jejich stafi je odhadovano na 25 - 27 000 let. Druhou pouzitou kolekci je unikétni
archeologicky materidl pfedstavujici rané sttedovékou populaci z Mikul€ic. Mikul€ice jsou
povazovany za jedno znejvyznamnéjSich center Velké Moravy, prvniho historicky
dokumentovaného slovanského statu, datovaného do 9. - 10. stoleti. Tteti soubor je tvoren
identifikovanymi skelety vzacné Pachnerovy sbirky pochdzejicimi z 30. let 20. stoleti.
Soucasnou ceskou populaci predstavuje soubor RTG snimka lebky a 3D modelti obliceje
z konce 20. a zacatku 21. stoleti. K analyzdm byly vyuzity metody klasické i geometrické
morfometrie za pouziti modernich multivaria¢nich technik.

Cilem publikaci dotykajicich se kosterni asymetrie (lebky a kosti koncetin) je
stanoveni rozsahu direkcionalni a fluktuacni asymetrie, jejich lokalizace a velikosti,
s ohledem na pohlavi. Ugelem bylo sledovani rozdili v expresi asymetrie mezi rané
sttedovékou a recentni populaci v souvislosti s rozdilnymi zivotnimi podminkami a také
vramci sttedoveéké populace z hlediska socioekonomickych rozdild (Bigoni et al., v
recenznim fizeni, 2005; Kujanova et al., 2008).

Publikace s tématem pohlavniho dimorfismu lebky méa za cil analyzovat pohlavni
rozdily na lebce u identifikované série a ovéfit pouzitelnost tvaru lebky a metod geometrické
morfometrie k ureni pohlavi a také lokalizovat oblasti lebky s nejvyraznéjSim tvarovym
pohlavnim dimorfismem (Bigoni et al., 2010 a). Pfedmétem studie zabyvajici se pohlavnim
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dimorfismem obliceje je analyza vztahu mezi velikostni a tvarovou variabilitou pohlavnich
znakll obli¢eje pomoci 3D modeld oblicejii soucasné ceské populace a zarovenn odhaleni a
visualizace rozdilti primérného muzského a zenského obliceje (Veleminska et al., 2012).

Ve studiich s tématem biologické variability lebky bylo nasim cilem identifikovat
diachronni zmény a variabilitu velikosti a tvaru lebky sttedoevropské populace od svrchniho
Homo sapiens, jako je rozvoj neurokranialni globularity a snizovani faciadlni konvexity
(Veleminska et al., 2008, 2009; Bigoni et al., 2010 b).

5 Prezentace predkladanych praci

Publikace A

Bigoni L., Zaloudkova M., Veleminska J., Seichert V., Veleminsky P. (2005) The occurrence
of directional and fluctuating limb asymmetry in a recently identified collection of human
bones. Journal of the National Museum (Prague), Natural History Series 174 (1-4): 129-147.

Tato studie je zaloZzena na metrickém zpracovani dlouhych kosti horni a dolni
koncCetiny vzacné identifikované kosterni sbirky pochézejici z prvni poloviny 20. stoleti (143
muzli a 157 zen). Soustfed'uje se na sledovani fluktua¢ni asymetrie (FA), antisymetrie,
direkcionalni (DA) a zkiizené asymetrie délkovych parametr horni a dolni koncetiny.
Pritomnost antisymetrie nebyla v souboru zaznamenana. Na dolni koncetin¢ byla FA Castéjsi
nez DA. FA vSak dosahovala minimalnich hodnot, zejména vztazena k velikosti znaku
(metoda dle Palmer and Strobeck, 1986). DA byla na koncetinach ¢astéjsi, dosahovala vétsich
absolutnich rozdili u Zen nez u muzi; zaroven byla ¢astéjsi na horni nez na dolni koncetin€ a
to vétSinou ve prospéch pravé strany. Nejvyraznéji se DA projevila na kosti pazni, kde
dosahovala signifikantnich rozdilti mezi stranami u vSech rozmérti. Rozméry kosti predlokti
byly také vysoce asymetrické, nejméné casta byla DA na lopatce. Kost kli¢ni byla kratsi a
robustnéj§i na pravé strané. U dolni koncetiny byly signifikantni stranové rozdily
zaznamenany pouze u kosti stehenni a to vétSinou ve prospéch levé strany, pouze rozméry
epifyzarnich Casti byly vétsi na strané pravé. Na dolni koncetiné byla DA vyraznéjsi u
rozméru diafyzéarnich a epifyzarnich nez v délce kosti. Pfitomnost zkiizené asymetrie nebyla
obecné potvrzena, byla zaznamendna pouze u muzi (s delsi pravou ¢i levou kosti pazni)
v délkach kosti holenni a lytkové.

Publikace B

Veleminskd J., Brizek J., Veleminsky P., Bigoni L., Seféakova A., Katina S. (2008)
Variability of the Upper Palaeolithic skulls from Pfedmosti near Prerov (the Czech Republic):
craniometric comparison with recent human standards. HOMO - Journal of Comparative
Human Biology 59: 1-26.

Jedna z nejvétsich sbirek skeletl svrchniho paleolitu pochazejici z Pfedmosti u Pierova byla
znicena béhem 2. svétové valky, ale studium tohoto materidlu pokracuje do soucasnosti.
Objeveni Matiegkovy puvodni fotografické dokumentace v podob¢ sklenénych negativii
(Veleminska et al., 2004) umoziluje provést novou detailni kraniometrickou analyzu péti
dospélych lebek v lateralni projekci.

Kraniometrickd data byla analyzovdna za pouziti specializovaného softwaru
Craniometrics, analyza zahrnovala morfologické a velikostni porovnani se soucasnymi
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sttedoevropskymi normami. Cilem prace nebylo pouze sledovani tvaru lebky jako celku, ale
zejména hodnoceni velikosti a tvaru riznych ¢asti splanchnokrania.

Svrchné paleolitické lebky jsou signifikantné delsi, muzské lebky jsou zaroven vyssi
nez soucasné normy. Lebky anatomicky modernich lidi jsou charakterizovany dvémi hlavnimi
strukturalnimi rysy: zkraceni stiedniho a dolniho obliceje a neurokranialni globularita. Vyska
obliceje paleolitickych lebek odpovida vysce souCasné stredoevropské populace. Obli¢ej ma
vyrazné delsi t€¢lo mandibuly (3-4 SD), zatimco rameno mandibuly zZen je kratsi. Lebky jsou
déle charakterizovany mensim thlem gonionu, rostouci strmosti ramene mandibuly a vétSim
uhlem brady. Tyto zmény ve velikosti a tvaru spojené s anteriorotaci obliceje vyustuji
v protruzi obou Celisti, pficemz sagitalni meziCelistni vztahy zlstdvaji nezménény.
Popisovana facialni morfologie je podobna ¢eskym svrchné paleolitickym lebkam z Dolnich
Véstonic.

Tato studie potvrzuje hlavni diachronni zmény mezi lebkami svrchniho paleolitu a
soucasnou populaci.

Publikace C

Kujanova M., Bigoni L., Veleminska J., Veleminsky P. (2008) Limb bones asymmetry and
stress in medieval and recent populations of Central Europe. International Journal of
Osteoarchaeology 17: 1-16.

Ke studiu publikaci mize pfispét zkoumani miry asymetrie, ktera miize nepiimo
souviset 1 se socialni strukturou spolecnosti, kvalitou Zzivotnich podminek a také
s biomechanickou zatézi pusobici na jedince. Analyza asymetrie mize také odhadnout
preferenci pravé €i levé strany téla ke specifickym ¢innostem. Tato studie je zaloZena na
metrickém zpracovani kosti horni a dolni koncetiny koster z velkomoravskych pohiebist
Mikul&ice-Kostelisko (78 muzi, 132 Zen) a Prusanky (66 muzi, 69 Zen) a série koster z Cech
prvni poloviny 20. stoleti (143 muzii, 157 Zen). Cilem bylo sledovéani vyskytu direkcionalni
(DA) a fluktuaéni (FA) asymetrie a antisymetrie (AS) u rozmértt hodnocenych kosti a zaroven
porovnani téchto charakteristik u stiedovéké a recentni populace. DA byla pozorovana u
vétSiny dimenzi. U horni koncetiny byla nejvyraznéjsi na kosti pazni, a, s vyjimkou kosti
kli¢ni, se vzdy projevila ve prospéch pravé strany. Naopak, u kosti dolni koncetiny byla DA
méné Casta a vyraznéjsi v transverzalnich, sagitalnich a obvodovych rozmeérech diafyzarnich a
epifyzarnich Casti nez na délkovych rozmérech; ve vétSiné ptipada byla levostranna. Hodnoty
FA byly velmi nizké, vztazeny k velikosti znaku témét zanedbatelné. Nicméné, FA byla
Cast¢jSi u dolni koncCetiny nez u horni. Recentni populace se oproti velkomoravské
vyznacovala vys$§imi hodnotami FA i1 DA. Piedpoklddame tedy, ze lidé této stredovéké
populace byli vystaveni nizSimu vyvojovému stresu nez soubor recentni.

Publikace D
Bigoni L., Veleminska J., Brizek J. (2010): Three-dimensional geometric morphometric

analysis of cranio-facial sexual dimorphism in a Central European sample of known sex.
HOMO - Journal of Comparative Human Biology 61: 16-32.

Tato publikace predstavuje piispévek k odhadovani pohlavniho dimorfismu dospélé
lebky za vyuziti 3D geometricko-morfometrickych metod. Studovany soubor sestava ze 139
lebek znamého pohlavi (73 muii a 66 Zen) pochéazejicich z Cech prvni poloviny 20. stoleti.
3D koordinaty 82 ektokranialnich landmarki a 39 semilandmarki podél medianni kiivky
lebecni klenby byly snimény pomoci MicroScribe G2X skeneru. Cilem vyzkumu bylo
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definovat oblasti lebky, kde je pohlavni dimorfismus nejvyrazngj$i a ovéfit vyuzitelnost
téchto metod pii ur€ovani pohlavi na zékladé tvaru lebky. Vysledky ukazuji, ze je vyhodnéjsi
analyzovat jednotlivé Casti lebky nez lebku jako celek. Signifikantni pohlavni rozdily
(MANOVA) byly zaznamenany ve tvaru medidnni kiivky neurokrania, tvaru horniho
obliceje, oblasti nosu, ocnic a patra. Pohlavni rozdily nebyly dolozeny ve tvaru lebky jako
celku ani v oblasti lebe¢ni baze a klenby. Nejvétsi presnosti ur¢eni pohlavi bylo dosazeno
v oblasti horniho obli¢eje (100% studovanych jedincti bylo klasifikovano spravné) a u
medianni kfivky neurokrania (99% spravné klasifikovano).

Publikace E

Veleminska J., Bigoni L., Krajicek V., Borsky J., Smahelova D., Caganova D., Peterka M.
(2012): Surface facial modelling and allometry in relation to sexual dimorphism. HOMO -
Journal of Comparative Human Biology 63: 81-93.

Pohlavni dimorfismus je odpovédny za podstatnou ¢ast lidské facidlni variability, jejiz
studium je esencialni pro mnoho védeckych odvétvi zabyvajicich se tématy v Sifi od evoluce
az ke specidlni biomedicin€é. Nasim cilem bylo analyzovat vztah mezi velikostni a tvarovou
facidlni wvariabilitou pohlavnich znakli dospélé stfedoevropské populace a vytvoreni
prumérnych povrchovych modeli muze a zeny. Metody geometrické morfometrie dovoluji
nejen identifikaci dimorfnich znaki, ale také hodnoceni statické alometrie a visualizaci
pohlavnich rozdilt obliceje.

Variabilita obli¢eje studovaného souboru byla charakteristickd pevnou vazbou mezi
velikostnimi a tvarovymi pohlavné dimorfnimi znaky. Rostouci velikost obliceje byla spojena
s jeho prodlouzenim a naopak. S ohledem na pohlavni rozdily tvarovych znakd, Siroké,
klenuté a vysoké Celo v kombinaci s uzkym a gracilnim dolnim obli¢ejem bylo typické pro
zeny. Variabilita tvarovych dimorfnich znak byla u Zen men$i nez u muzi. Z hlediska
klasifikace pohlavi jsou u zen vyznamné tvarové znaky, pro muZze je vyraznéj$i spojeni
s velikosti obliceje.

Obecné¢ méli muzi krat$i interorbitdlni vzdalenost, hlubsi pozici o¢i vii¢i roviné
obliceje, vétsi a $irsi nos a nosni dirky, masivnéjsi dolni obli¢ej. Pomoci barevné kodovanych
map, které poskytuji detailni znazornéni geometrickych rozdili mezi pohlavimi, jsme se
pokusili objasnit zasadni divody pro rozvoj téchto rozdila.

Publikace F
Bigoni L., Krajicek V., Sladek V., Veleminsky P., Veleminska J.: Skull shape asymmetry and
the socioeconomic structure of Early Medieval Central European society (v recenznim fizeni).

Socioekonomicka struktura rané stfedovéké spolednosti sidlisté Mikuldice (Ceska
republika) byla studovana na zaklad¢ hodnoceni fluktuacni a direkciondlni asymetrie lebek.
Porovnavany byly dva odlisné obydlené regiony, hrad a podhradi. Fluktuacni asymetrie je
pouzivana jako bioindikator environmentalniho stresu, ktery je ptedpokladan nestejny na
hradé¢ a vpodhradi MikulCic. Direkcionalni asymetrie indikuje biomechanickou zatéz,
predpokladame, Ze odrazi nékteré znaky rozdilné subsistence. Material sestaval ze 129 lebek
z predpokladanych vyssich socioekonomickych tfid (hrad) a 71 lebek stfednich a nizSich tiid
ttid (Pachnerova sbirka). Digitalizovany byly 3D koordinaty 68 landmarkt, které byly
nasledné¢ analyzovany pomoci metod geometrické morfometrie. Pokud jde o direkciondlni
asymetrii, nejvyssi hodnoty byly zaznamenany v souboru z podhradi a potvrdily tak jeho nizsi
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hodnoty direkcionalni asymetrie byly evidovany u Pachnerovy kolekce, kde predpoklddame
vice tekutou stravu. Z hlediska fluktuac¢ni asymetrie byly odhaleny vyrazné rozdily mezi
pohlavimi. U muzii nebyly nalezeny rozdily mezi hradem a podhradim, ptfi¢emz fluktuacni
asymetrie zde dosahovala nejniz§ich hodnot. U Zen byly piekvapivé zaznamenany
signifikantné vyss$i hodnoty fluktuacni asymetrie na hrad¢, a to dokonce hodnoty podobné t€ém
u nejvic stresované Pachnerovy kolekce. Predpokladame, ze zde fluktuacni asymetrie odrazi
vEtsi variabilitu Zen z hradu jako nasledek patrilokality.

Poster G
Veleminska J., Bigoni L., Krchovd K., Veleminsky P.: Variability of the Early Medieval
skulls from Mikul¢ice (Czech Republic) 3D geometric morphometric comparison with the

recent population. Poster. Iberian Symposium on Geometric Morphometrics. Barcelona, 23.-
25.7.20009.

Tato studie piedstavuje prispévek k hodnoceni variability a diachronnich zmén
dospélych lebek pomoci 3D geometrické morfometrie. Studovany soubor sestaval ze 173
sttedovekych a 136 identifikovanych lebek z prvni poloviny 20. stoleti. Pomoci MicroScribe
G2X skeneru byly snimany 3D koordinaty 43 ektokranialnich landmarkt a 39 semilandmarkt
podél medidnni kiivky neurokrania. Déle byly podrobeny analyze pomoci multivaria¢nich a
geometricko-morfometrickych metod.

Cilem této studie bylo monitorovéani diachronni variability tvaru lebek z oblasti stfedni
Evropy od raného stfedovéku po soucasnost. Kladli jsme si otdzku, zda lze odhalit
nejtypictéjsi evoluéni zmény anatomicky moderniho c¢lovéka — rozvoj neurokranialni
globularity a snizeni konvexity obliceje (Lieberman et al., 2002; Veleminska et al., 2008) -
také v period¢ stredovék - souCasnost. NaSe tvrzeni je zalozeno nejen na detailni
kraniometrické analyze lebky jako celku, ale také na tvarovych mikroevolu¢nich zménach
riznych ¢asti lebky.

Stiedoveké lebky byly signifikantné del$i a uzSi v kombinaci se SirSim celem a
obli¢ejem. Jejich vyrazna facidlni konvexita je déna silnou protruzi horni Celisti. VySkové
vztahy oblic¢eje stiedoveékych lebek jsou obdobné jako u recentni stfedoevropské populace.
Pozorovana morfologie obliceje stfedovékych lebek je sice méné vyrazna nicméné podobna
jako morfologie ceskych svrchné paleolitickych lebek z Pfedmosti u Prerova a Dolnich
Véstonic.

Poster H

Bigoni L., Veleminska J., Krchova K., Prokop J., Veleminsky P. (2010): Craniofacial
variability and diachronic changes from early medieval to recent period in central European
population: 3D geometric morphometric comparison. American Journal of Physical
Anthropology Suppl 141:27.

Cilem této studie bylo sledovani diachronni variability tvaru lebky na uzemi stfedni
Evropy od raného stfedoveéku po soucasnost. Nasi otazkou bylo, zda lze odhalit nejtypictéjsi
evoluéni zmény anatomicky moderniho ¢lovéka — rozvoj neurokranidlni globularity a snizeni
konvexity obliceje - také v period¢ stfedovek - soucasnost. Nase pozorovani je zalozeno nejen
na detailni kraniometrické analyze lebky jako celku, ale také na tvarovych mikroevolu¢nich
zménach ruznych ¢asti lebky.
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Studovany soubor piedstavoval 185 stfedovekych a 133 identifikovanych lebek prvni
poloviny 20. stoleti. Pomoci MicroScribe G2X skeneru nasnimané 3D koordinaty 10
neparovych a 15 parovych ektokranidlnich landmarkd byly déale analyzovany pomoci
multivariacnich a geometricko-morfometrickych metod.

Béhem obdobi od stiedovéku po soucasnost se neurokranium zkracuje a rozsifuje,
zatimco oblicej a Celo se zuzuji. Vyrazné oplosténi obliceje je ddno retruzi horni Celisti.
Oc¢nice soucasnych lebek jsou ovalnéjsi, okraje ocnic jsou situovany vice v sagitalnim sméru.
Nosni otvor je relativné uzsi, nosni kistky vice prominuji. Patro je u recentnich lebek hlubsi
v zadni ¢asti a meI¢i v Casti predni. Tyto pozorované zmény morfologie jsou mirnéjsi nicméné
obdobné jako zmény od svrchniho paleolitu (lebky z Pifedmosti a Dolnich Véstonic) po
soucasnost.

6 Zavér

V predkladané dizertacni praci jsme studiem nekolika aspektti biologické variability Casové
vzdalenych populaci pochézejicich z izemi Ceské republiky dospéli k nasledujicim zavérim.
Zavery vychazi z vysledki predkladanych publikaci (Bigoni et al., 2005, 2010 a; Kujanova et
al., 2008; Veleminska et al., 2008, 2012), ptispévkil na konferencich (Veleminska et al., 2009;
Bigoni et al., 2010 b) a publikace v recenznim fizeni (Bigoni et al.).

Hodnoceni kosterni bilaterdlni asymetrie minulych populaci je vyznamnym
ukazatelem jejich zivotniho stylu, prostiedi, mechanického a environmentalniho stresu a
socioekonomickych rozdilii mezi zkoumanymi populacemi a také v ramci téchto populaci. Je
vyznamnou soucasti hodnoceni skeletdlni variability na daném tzemi.

Asymetrické pouzivani koncetin ¢i Zvykaciho aparatu v disledku preference jedné
strany pro dané ulohy, byva vyjadieno direkciondlni asymetrii kosterniho materialu. Jeji
ptispévek k variabilité skeletu je sniZzen symetrickou funkci dané casti téla. Direkcionalni
asymetrie kosti koncetin dosahuje vyssich hodnot u populaci se zvySenou mechanickou
zaté€zi, 1 v souvislosti s vy$§im nutriénim a jinym environmentdlnim stresem. Direkcionalni
asymetrie lebky odrazi rozdilnou stravu riznych socioekonomickych skupin.

Fluktuaéni asymetrie skeletu odrazi environmentdlni stres pusobici na populacni
skupiny v souvislosti s jejich rozdilnym socidlnim a ekonomickym postavenim, je
indikatorem variability populace. Fluktuacni asymetrie roste vlivem negativnich vlivil
prostfedi, rizné morfologické znaky reaguji na tento stres nestejné. Indikuje také
pravdépodobnou rozdilnou socioekonomickou situaci Zen a muzi raného stredoveku.

Kraniofacialni pohlavni dimorfismus je dan vzdjemnym vztahem tvaru a velikosti. Na
lebce (bez mandibuly) nejlépe determinuje pohlavi tvar horniho obliceje a tvar mozkovny
analyzovany na zakladé¢ kiivky v jeji medidnni rovin€. Analyza tvaru metodami geometrické
morfometrie odhalila nékteré dil¢i pohlavni rozdily, které je obtizné detekovat metricky, a
jsou prili§ subjektivni pti visualnim hodnoceni, jako je nestejnad orientace ocnic ¢i celkovy
tvar medianni kiivky. Nejvyraznéji se pohlavni dimorfismus lebky a oblieje projevuje
v oblasti dolni casti obli¢eje, zejména brady a jafmovych obloukd. Pohlavni rozdily na
obli¢eji jsou ziejmé 1 v oblasti ¢ela, ocnic a nado¢nicovych obloukll, nosu a nosniho otvoru,
rti a v celkovych délkositkovych parametrech. Pozice o¢i predstavuje siln€jsi intersexudlni
rozdil nez glabella, nado¢nicové oblouky ¢i hibet nosu. Tvarové pohlavni rozdily jsou
markantnéjsi po odstranéni velikosti znaku.

Analyza zmén ve tvaru a velikosti svrchné paleolitickych, ran¢ stiedovékych a
soucCasnych lebek ukézala, Ze interpopulacni variabilita je charakterizovana zménami v délce
mozkovny, rozvoje okcipitalni oblasti a oplosténi obli¢eje. Smérem k soucasnosti dochazi k
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rozvoji neurokranialni globularity a snizovani facidlni konvexity. Tento trend je vyrazny
v ¢asovém horizontu svrchni paleolit — recent, a méné vyrazny avSak obdobny v horizontu
rany stfedovek - recent.

Vysledky predkladanych studii dokazuji, Ze kosterni asymetrie a pohlavni
dimorfismus lebky patii mezi dilezité aspekty fenotypové variability clovéka a Zze
kraniofacidlni variabilita je vyznamnym ukazatelem zmén morfologie lidské kostry v case a
prostoru.
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