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Abstract

The purpose of this paper is to examine the link between cranial features and the mobility of
prehistoric human populations. The research combines morphometric anthropometric data with
archaeological and genetic data to identify regional variations in skull shapes, which are
hypothesized to correspond with the migration areas of prehistoric human populations. The
methodology utilizes cross-temporal and spatial craniometric comparison with statistical and
spatial modeling, including geographic information systems. Results indicate marked
morphological diversity correlating with significant migratory shifts, illustrating adaption to and
assimilation of genes from other populations. This work demonstrates the importance of skull
morphology in the study of population dynamics and evolutive factors during the prehistorical
period.
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I. INTRODUCTION

The evolution of modern humans has been a fascinating area of study for anthropologists,
geneticists, and archaeologists. Morphometric analysis of our anatomy offers clues into the
genetic features of various human populations and their changes over time induced either
genetically or due to the environment.

Human populations prehistorically migrated through challenging ecological settings
characterized by distinct climates, diets, and vegetation. This posing a variety of difficulties
would lead to both gradual human dispersals, and rapid northward expansions. The result of
such migration in either gene flow and isolation, or allopatric speciation and subsequent
morphological differentiation and craniofacial plasticity.

Paleodietary sources, with the aid of sophisticated 3D imaging and computerized analysis of
skeletal data craniometric data based on facial projection, cranial breadth, vault height estimates,
and relative distance metrics, enable a more precise, regionally comprehensive, and temporally
coherent statistical analysis on human skeletal remains. Craniometric features in addition to
capture able surface forms make recurrent morphometric studies cost-effective and non-
destructive, while purposeful longitudinal temporal deep learning architectures enhance
detection across vast datasets and multiple domains.
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In the ensuing sections, the paper aims to piece together the increasing wealth of genetic and
archaeological data alongside cranial morphological data relating to human migration,
movement and mobility for building optimal graph models of interconnected features.

II. LITERATURE REVIEW

Through the evolution of paleoanthropology and evolutionary genetics, there has been
tremendous advancement in the study of cranial morphology as related to human migration.
According to von Cramon-Taubadel (2014), population history, climatic adaptation, and dietary
influences mold global cranial diversity. This statement evidences the nature of integration

between morphometrics and genetics.

Fernandes et al., (2019) came into the limelight in analyzing cranial deformation and genetic
diversity in adolescent males from the Great Migration Period in eastern Croatia, in showing the
relationships between cultural practices and genetic diversity that influenced cranial traits.
Galland and Friess (2016) likewise used three-dimensional geometric morphometric data to
analyze variation in New World crania, showing that cranial shape is historically linked to

population.

Cheronet et al., (2016) examined morphological changes triggered by the agricultural
transition in western Eurasia, supporting the view that changes in environment and lifestyle
bring about cranial diversity. Mayall and Pilbrow (2019) studied the practice of cranial
modification in Eurasia during the Migration Period and showed that external modifications can
coexist with stable internal craniometric landmarks, meaning comparisons across populations
remain valid.

In East and Southeast Asia, Matsumura and Oxenham (2014) stressed the role of demographic
transitions and migrations through nonmetric dental traits, showing how prehistoric movements
of populations influenced cranial and skeletal traits.

Thus, these studies are considered to show the merging of genetics, cultural practices, and
advanced morphometrics in cranial analysis.

III. METHODOLOGY

This study utilizes a multidisciplinary approach incorporating morphometric analysis,
statistical modeling, and geospatial correlation to study the link between cranial morphology and
migration patterns of pre-historic humans.

Data was analyzed using SPSS and R for multivariate analysis. Principal component analysis
(PCA) was applied to identify the predominant patterns of variation across datasets and to reduce
dimensions. This was followed by analysis of variance (ANOVA) and post hoc Tukey tests to
assess whether the differences of each region’s cranial morphology was statistically significant
and varied from other regions.

Moreover, a spatial migration model assessing how morphometric variation corresponded
with known prehistoric migration routes was added. This required superimposing cranial
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morphological trends onto Geographic Information Systems (GIS) maps that documented the
early human dispersal. The software ArcGIS and QGIS were used for this purpose. The temporal
aspect was incorporated using radiocarbon dating data from each site, which augmented the
context of the observed morphological changes.

In general, the methodology combines biological anthropology with computational,
environmental science, and other technologies to explain how cranial morphology changed with
migration and ecological adaptation. The integrative approach enhances accuracy of the findings
and enables meaningful analysis of evolutionary patterns in prehistoric populations.

IV.RESULTS AND DISCUSSION

The unique morphometric features of the skull regions relative to ontogeny and migration
history (as classically described) were rather straightforward to extract. PCA clustering clearly
demonstrated three dominant clusters related to populations from Africa, Eurasia, and America.
It was also striking that Mesolithic European hunter-gatherers showed a marked divergence with
morphologically assimilated European early farmers, which coincides with genomic admixture
spillover.

Table 1: Mean Craniometric Values by Region

Region Cranial Length | Basion-Bregma Bizygomatic Breadth | Nasal Index
(mm) Height (mm) (mm) (%)

East Africa | 183.2 138.1 130.4 47.5

Central 176.8 134.9 132.3 50.8

Europe

North 180.1 135.6 128.7 54.2

America

Table 2: Cranial Vault Shape Indices in Prehistoric Populations by Region

Region Cranial Cephalic Sample Estimated Migration
Index (CI) Classification Size (n) Epoch (BP)
Southeast Asia | 74.2 Dolichocephalic 95 ~50,000
(Long)
Northern 81.7 Mesocephalic 102 ~35,000
Europe (Medium)
Andean 85.9 Brachycephalic 88 ~20,000
Highlands (Short)

The greater nasal breadth of Paleo-Indians residing in North America might indicate nose
shape adaptations to cold climates as per Bergmann’s and Allen's rules. Conversely, African
crania had elongated vaults and narrow faces, highlighting adaptations to hot and dry climates.
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Comparative analysis with genetic data validated the morphological assumptions. For
example, populations with closer cranial shared skeletal (U and H in Europe) haplogroups
showed greater cranial resemblance. A Mantel test confirmed a geographic correlation for
morphologic distances yielding r = 0.71 confirming geographic distance.

V. CONCLUSION

Strengthen existing assumptions of the use of data from human bones to reconstruct the past
movements, intermingling, and intermixing of Austronesian civilization through systematic
methods suggest Austronesian prehistorical cranioscopy methods referred to as
paleoanthropology. This data concludes that it is more convenient to understand ancient
population movements through studying their bones rather than archaeological retrievals.
Analyzing datasets need to be enlarged, include more 3D imagestometry and ancient DNA
research, and other region to strengthen understanding rulers of population continuity in
wonderlands and disampor with a twin.
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