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8:30 - 9:00 Registration (South Cloisters)
9:00 – 9:10 Welcome talk by Dr. Matt Pope, MORPH2016 Committee

Session 1 (Gustave Tuck LT)

9:10 – 9.30
Dr. Alistair Key, School of Anthropology and Conservation, University of Kent 
Handaxe Shape Variation and Functional Performance: Is there a Relationship?

9:30 – 9:50

Dr. Felix Riede & Mr. Kamil Serwatka, Department of Archaeology, Aarhus 
University & Institute of Archaeology, Wrocław University
2D Geometric Morphometric Analysis Casts Doubt on the Validity of Large 
Tanged Points as Cultural Markers in the European Final Palaeolithic

9:50 – 10:10

Mr. Jesper B. Pedersen & Dr. Felix Riede, Department of Archaeology, 
Aarhus University
A Geometric Morphometric Assessment of Late Palaeolithic ‘classic’ and 
‘Havelte-phase’ Projectile Points from Northern Europe Reveals Individual 
Flint-Knapping and Dispersal Behaviours

10:10 – 10:30
Mr. Bruno Vindrola-Padrós & Dr. Dale Moulding, Institute of Archaeology & 
Institute of Child Health, University College London
A Practical Use of Image Analysis in the Measurement of Potsherds

10:30 – 10:55 Tea & Coffee Break (South Cloisters)
Session 2 (Gustave Tuck LT)

10:55 – 11:15

Dr. Charlene Murphy & Prof. Dorian Fuller, Institute of Archaeology, 
University College London
Drawing a Thin Line: Investigations into Seed Coat Thickness in Modern and 
Archaeological Horsegram (Macrotyloma uniflorum) in South Asia

11:15 – 11:35
Dr. Chris Stevens, Institute of Archaeology, University College London
Tracking the Domestication of Millets in China Through the Use of Grain 
Measurements

11:35 – 11:55
Mr. Greg Campbell, The Naïve Chemist
“What Three Measurements…?”: Implications of Some Recent Applications of 
Traditional Morphometrics to Archaeozoological Research

11:55 – 12:15
Prof. Norman MacLeod, Earth Sciences, Natural History Museum
Identifying Sexual Dimorphism in Wolf (Canis lupus) Skulls via the Direct 
Biometric Analysis of Digital Images

12:15 – 12:35

Mr. Juan Francisco Palomeque-Gonzalez, Prehistory Department, 
Universidad Complutense de Madrid
Digital Taphonomy: A New Microphotogrammetric Approach to Geometric 
Morphometrics

12:35 – 13:55 Lunch & Poster Session (South Cloisters)

13:05 – 13:35
Prof. Chris Klingenberg, University of Manchester (Gustave Tuck LT)
MorphoJ Session – Principal Components, Analysis of Symmetry and 
Asymmetry, Regression and Size Correction

13:35 – 13:55 Q&A Session with Prof. Chris Klingenberg
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Schedule
Session 3 (Gustave Tuck LT)

13:55 – 14:15
Mr. Thomas O’Mahoney, Faculty of Life Sciences, University of Manchester
A Networked Approach to the Analysis of Integration and Modularity in the 
Primate Skeleton

14:15 – 14:35
Dr. Miguel Caparros, Départment de Préhistoire, Muséum national 
d’Histoire naturelle, Paris
The Bézier Curve Model Applied to Human Evolution

14.35 – 14:55
Ms. Lillian Stokoe, Institute of Archaeology, University College London
A Study into the Angle of the Femoral Head and the Biomechanical 
Implications for the Aetiology of Osteoarthritis in the Hip Joint

14:55 – 15:15
Ms. Agathe Ribereau-Gayon, Department of Security and Crime Science & 
Institute of Archaeology, University College London
New Insights into Trauma Analysis Permitted by 2D Digital Photogrammetry

15:15 – 15:35

Dr. Ekaterina Bulygina Stansfield & Prof. Paul O’Higgins, Archaeology 
Department, University of York & Hull York Medical School
Towards Understanding Biomechanics of Mastication in Hunter-Gatherers: A 
Geometric Morphometric Study of the FEA Sensitivity

15:35 – 16:00 Tea & Coffee Break (South Cloisters)
Session 4 (Gustave Tuck LT)

16:00 – 16:20
Dr. William Brown, Department of Psychology, University of Bedfordshire
Face Shape Variation Predicts Reproductive Success in Television and Film 
Actors

16:20 – 16:40
Dr. Carolyn Rando, Institute of Archaeology, University College London
Approaches to the Teaching of Geometric Morphometrics

16:40 – 17:00

Dr. Robert Z. Selden Jr., Center for Regional Heritage Research, Stephen F. 
Austin State University
Citation Networks as Archaeological Epistemology: A Case Study from 
Geometric Morphometrics

17:00 – 17:45

Keynote by Prof. Chris Klingenberg, Faculty of Life Sciences, University of 
Manchester
Morphometrics in Archaeology and Anthropology – What we can Learn from 
Each Other

17:45 – 18:00 Closing Remarks and Prizes (Gustave Tuck LT)
18:00 – 20:00 Wine Reception (North Cloisters)
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Handaxes represent one of the most temporally enduring and geographically widespread 
of Palaeolithic artifacts and thus comprised a key technological strategy of many hominin 

populations. Archaeologically observable variation in the shape of handaxes has been 
frequently noted. It is logical to ask whether some of this variability may have had functional 
implications. Certainly, functional explanations for handaxe form variation represent one 
of the few hypotheses that may be directly tested, and in turn, aid our understanding 
of the factors that may have been most relevant in shaping contrasting patterns of shape 
diversity within the Acheulean technocomplex. Here, I report the results of a large-scale 
(n=500 handaxes) experiment designed to examine the influence of variation in handaxe 
shape on cutting efficiency rates during laboratory tasks. Using a comprehensive dataset of 
morphometric (size-adjusted) variables, the analyses indicate that considerable variation 
in handaxe shape may occur independently of any strong effect on cutting efficiency. 
These results have several implications for understanding handaxe shape variation in 
the archaeological record. Most importantly, at a general level, these results indicate that 
observable shape variability within and between handaxe assemblages may have been 
related to factors other than functional considerations with respect to cutting performance.

Dr. Alistair Key, School of Anthropology and Conservation, University of Kent 
Handaxe Shape Variation and Functional Performance: Is there a Relationship? 

Large tanged points are known from several Final Palaeolithic techno-complexes in Europe. 
In different regions, they are known by different labels (e.g. Bromme points, Lyngby 

points, Teyjat points) and are often given status as important fossiles directeurs, especially 
in northern Europe. The vast majority of these artefacts are surface finds or derive from less-
than-secure contexts. Several recent papers have cast doubt on the validity of this artefact 
class as a taxonomically sensitive marker. Here, we further investigate this issue using 
2D geometric morphometric analysis on a sample of published large tanged points from 
selected key sites in northern Europe. This analysis reveals a substantial amount of shape 
variation within this artefact class, and finds no support for distinctions between large tanged 
points derived from different cultural and/or chronological contexts. Our analysis, thus, 
strongly supports the notion that large tanged points do not function as useful diagnostic 
markers. As the earliest occurrences of Final Palaeolithic, large tanged points date to GI-
1e, and their presence in later assemblages and technocomplexes cannot be considered 
as a derived feature per se. We suggest that this artefact class should rather be linked to 
weapon systems that are functionally different from the coeval arch-backed points, and 
that definitions of cultures based on these should, thus, be taken up for critical revision.

Dr. Felix Riede & Mr. Kamil Serwatka, Department of Archaeology, Aarhus University & 
Institute of Archaeology, Wrocław University
2D Geometric Morphometric Analysis Casts Doubt on the Validity of Large Tanged Points 
as Cultural Markers in the European Final Palaeolithic

Session 1     9:10 - 10:30
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The pioneer colonization of northern-central Europe and southern Scandinavia is associated 
with the Hamburgian culture (~14,700-14,000 cal BP), which is traditionally divided into 

an earlier and more eastern ‘classic’ and a later and more north-western ‘Havelte’ phase. 
These two phases differ in their diagnostic projectile point forms, but not in any other 
aspects of their lithic repertoire or their economy; they also overlap chronologically and 
spatially, making them somewhat awkward to handle archaeologically. Here, we present a 
first 2D geometric morphometric assessment of classic and Havelte-phase projectile points 
from sites across the Hamburgian range. This analysis indicates that there is co-occurrence 
of classic and Havelte elements at some sites, but also that the Havelte-phase material 
does indeed represent a distinct cluster within the overall shape spectrum of Hamburgian 
projectile points forms: Havelte elements occur in classic sites, but classic elements do not 
occur in Havelte sites. Moreover, our analysis – coupled and backed-up with a qualitative 
technological evaluation – reveals the occurrence of virtually identical projectile point variants 
within the Havelte phase but across different sites. We interpret this as representing either 
mini-traditions or, more radically but also more likely in our view, the signature of individual 
flint-knappers that have occupied these sites. If correct, our interpretation has significant 
implications for how we conceptualise this Late Glacial dispersal event and its demographic 
dynamics, and for how we think the chronology of this techno-complex: 1) We can here, 
potentially, trace individual technological and ecological decision-making, 2) we may be 
dealing with the archaeological signature of very few people indeed and 3) we have to 
consider that the total span of Hamburgian presence in at least its southern Scandinavian 
periphery was no more than a single generation or indeed as little as a single season.

Mr. Jesper B. Pedersen & Dr. Felix Riede, Department of Archaeology, Aarhus
A Geometric Morphometric Assessment of Late Palaeolithic ‘classic’ and ‘Havelte-phase’ 
Projectile Points from Northern Europe Reveals Individual Flint-Knapping and Dispersal 
Behaviours

In the past decades, the fragmentation of pottery as a social practice has been a widely 
discussed phenomenon in European prehistory, which has led to an increasing need of 

methods that allow the in-depth exploration of these practices. As argued in previous studies, 
ceramic fragment formation, although influenced by pre-existing microstructural ‘flaws’ 
in vessels, is ultimately the result of the relation of these microstructural components with 
the specific stresses applied. Thus, by careful consideration of the dimensions and shape 
of vessel fragments and other formations, actions involved in the breakage of pots can be 
interpreted. The aim of this study is to explore the use of image analysis for generating data 
on ceramic fragment morphology, and to assess how this methodology could potentially aid 
in the interpretation of social practices where pottery breakage occurs, as well as the post-
burial conditions of potsherds. Samples consisted of around 400 potsherds  from vessels 
created in a previous experimental study on breakage, six Neolithic Linearbandkeramik 
fragments obtained from the Institute of Archaeology Collection (University College 
London), and 59 fragments from Cris sites in Satu Mare province (NW Romania).

Mr. Bruno Vindrola-Padrós & Dr. Dale Moulding, Institute of Archaeology & Institute 
of Child Health, UCL 
A Practical Use of Image Analysis in the Measurement of Potsherds
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Horsegram has been an important crop since the beginning of agriculture in many parts 
of South Asia. Today it is a major vegetable protein source for hundreds of millions of 

Indians. Despite horsegram’s beneficial properties as a hardy, multi functional crop, it is still 
regarded as a food of the poor, particularly in southern India. As a consequence horsegram 
has received far less research than higher status pulses, such as Indian Vigna (V. radiata, V. 
mungo) or pigeonpea (Cajanus cajan).  Therefore, little scientific agrarian and archaeobotanical 
research has been carried out on this legume to date. To remedy this issue morphometric 
measurements, including length, width, thickness and hilium length, were carried out on both 
modern and Indian archaeological assemblages of horsegram to determine evolutionary rates 
of change and patterns of domestication over time in an attempt to understand horsegram’s 
evolutionary trajectory in South Asia. We used SEM to measure the seed coat thickness 
of dissected modern samples of Horsegram and synchronic microscopic images of seed 
coat thickness, undertaken at Diamond Light Source, on intact archaeological samples of 
horsegram to examine rates of change in seed coat thickness in relation to domestication over 
time to determine if seed coat thickness is one of the phenotypic traits affected by humans’ 
domesticating horsegram during the Neolithic (3rd -2nd Millennium BC) in South Asia. 

Dr. Charlene Murphy & Prof. Dorian Fuller, Institute of Archaeology, UCL
Drawing a Thin Line: Investigations into Seed Coat Thickness in Modern and 
Archaeological Horsegram (Macrotyloma uniflorum) in South Asia

The relationship between changes in seed size and pathways towards domestication 
is well established for many crop plants, and clearly demonstrates that domesticated 

plants took millennia of co-evolution within anthropocentrically modified ecosystems to 
arise (Fuller et al. 2014 PNAS). For cereals in particular the relationship of increasing grain 
width runs parallel with seed-shattering, being similar in both the timing of initiation, 
as morphologically wild plants were taken into cultivation, and the eventual point at 
which further change is no longer evident. The two millets, foxtail and broomcorn millet, 
upon which the civilizations of China were established represent a particular challenge, 
especially since the non-shattering trait leaves no archaeobotanical signature, but also 
due their near roundness. As such we are reliant on grain morphometrics to study both 
the initiation of this process and its eventual end. This paper presents the application 
of different methods for the mass measuring of millet seeds and the implications of 
initial results when viewed alongside evidence for rice domestication in the Yangtze. 

Dr. Chris Stevens, Institute of Archaeology, UCL
Tracking the Domestication of Millets in China Through the Use of Grain measurements

Following this, two morphometric applications with the use of image analysis through ImageJ/
Fiji software are presented. The first concerns the measurement of length, width, area, and 
perimeter of potsherds, and the use of several ‘shape descriptors’ given by the software. 
Secondly, following the formula established by Waddell (1932) and its further archaeological 
application by Allen (1989), the roundness of fragments is determined. For this purpose, two 
macros were developed to automate these processes.

Session 2     10:55 - 12:35
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Mr. Greg Campbell, The Naïve Chemist
“What Three Measurements…?”: Implications of Some Recent Applications of 
Traditional Morphometrics to Archaeozoological Research

A recent attempt at solving a zoo-archaeological morphology problem was successful: 
informed by an existing ‘high-level’ analysis of dog-skull shape (3-D geometric 

morphometrics), a ‘traditional’ multivariate morphometric technique (covariance PCA on 
log-transformed standard dimensions) revealed ‘old-school’ bivariate approaches (MTA 
analysis: plots of ratios against dimensions) which were both archaeologically significant 
and biologically meaningful.  Another was unsuccessful: ‘traditional’ multivariate PCA 
revealed no ‘old-school’ low-dimensional statistical means of assigning an exploited species 
(mussels, Mytilus edulis) to the distinct microhabitats exploited; differences are so subtle 
that a ‘high-level’ GMM approach will be needed.  This led to the conscious recognition 
that ‘high-level’ methods (such as GMM), ‘traditional’ multivariate methods (such as PCA 
or MANCOVA), and ‘old-school’ low-dimensional statistics, each have particular strengths, 
which make them mutually compatible for defining approaches to researching shapes in 
archaeology.  ‘High-level’ approaches are superb for elucidating subtle shape differences 
and deciding what to measure, but impractical for routine applications, because  thousands 
of items require measurement. ‘Traditional’ multivariate methods are potentially practical 
for defining relevant morphology and allometry contrasts once measurement protocols are 
established, but are still unworkable for typical archaeological assemblages. These typical 
assemblages require ‘old-school’ low-dimensional statistical methods.  Morphologists, 
if they wish to be archaeological, must go beyond exploring their own techniques to 
providing validated low-dimensional solutions to archaeological research questions.

Prof. Norman MacLeod, Earth Sciences, Natural History Museum
Identifying Sexual Dimorphism in Wolf (Canis lupus) Skulls via the Direct Biometric 
Analysis of Digital Images

Most biometric studies of carnivores have concentrated on inter-species differences and 
their biomechanical and behavioural correlates with differences in hunting and killing 

strategies. Few have focused on the analysis of intraspecific differences. Wolves (Canis lupus) 
are known to be dimorphic in body weight and size (body length, ear, tail, foot length, skull 
and canine size), but is it presently unknown whether this dimorphism extends to other 
parts of their skeleton. Recently, we have conducted a search for sexually dimorphic form 
differences on a small sample of modern wolf skulls from Israel for the purpose of determining 
whether new developments in the fields of geometric morphometrics and computer vision 
could support a more exploratory approach to the analysis of morphological variation. 
This approach involves the direct analysis of digital images of the specimens in question, 
thereby (1) foregoing the need to make any a priori decisions regarding what aspect(s) of 
the morphological system are important to focus on at the outset of an investigation, (2) 
eliminating the need to collect landmark and/or semilandmark coordinates laboriously, 
by hand, and (3) enabling imperfect specimens to be used for morphometric analysis 
thereby increasing sample sizes. Our results demonstrate that an image-based approach to 
morphometric analysis can be used successfully to detect the quite subtle morphological 
distinctions that define sex groups in a manner that is more comprehensive, more
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In the last decade Taphonomy has been shown to be a discipline of great importance for 
the interpretation of archaeological sites. Among the different taphonomical processes 

associated to human activities, cut marks are among the most reliable sources of information 
about human eating habits. In particular, their representation, frequency, distribution and 
meaning have been widely used for the interpretation of Palaeolithic sites. At this point a 
correct definition of such cut marks and details associated with their production and use is 
needed in order to maximise the information obtained from them. In this sense, archaeologists 
have experimented with different methods in order to improve the observation of cut marks, 
and the most commonly used has been Scanning Electronic Microscopy, which has produced 
impressive results in 3D reconstruction of cut marks on bones. In relation to this, the authors 
of this paper have recently shown that 2D macro-photogrammetrics have been proved to be 
as reliable as SEM for the creation of this type of reconstructions. In this paper, we present 
the application of 2D geometric morphometrics of landmarks to the study of cut marks on 
bones, and how this has proved to be a much more powerful tool for the study of cut marks 
than traditional statistical analyses based on several specific measures taken from different 
points. In this sense, we present the results from the analysis of experimental cut marks made 
on animal bones using different experimental tools made of a number of raw materials. We 
will show how this technique is able to correctly identify cut marks on bones, increasing the 
possibilities of reconstructing human behaviour. At the same time, this study opens up new 
possibilities and research areas in which this technique could be applied to in the future. 

Mr. Juan Francisco Palomeque-Gonzalez, Prehistory Department, Universidad 
Complutense de Madrid
Digital Taphonomy: A New Microphotogrammetric Approach to Geometric 
Morphometrics

Mr. Thomas O’Mahoney, Faculty of Life Sciences, University of Manchester
A Networked Approach to the Analysis of Integration and Modularity in the Primate 
Skeleton

Recent work by Esteve-Altava et al. (2015) has brought forward a new method for 
generating hypotheses regarding anatomical modules. In short, connections between 

differing skeletal components are visualised as branching networks, and hypothetical 
anatomical modules are extracted depending on the density of connections between 
components. This method can potentially be a robust way of testing traditional ideas about 
modularity of different skeletal components by grounding it in actual anatomical data.  

exploratory, and less labour-intensive than traditional geometric morphometric approaches. 
Moreover, when combined with data-augmentation strategies, useful, stable, and statistically 
significant discrimination functions can be defined on the basis of very small sample sizes. 
Our findings have implications well beyond the study of mammalian palaeobiology as these 
same methods can be applied to any collection of objects that can be represented by a set of 
digital images.

Session 3     13:55 - 15:35
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Dr. Miguel Caparros, Départment de Préhistoire, Muséum national d’Histoire naturelle, 
Paris
The Bézier Curve Model Applied to Human Evolution

Most craniometric studies in Palaeoanthropology focusing on the study of form and 
shape changes of the genus Homo are based on multivariate statistical analyses of 

distances between cranial homologous landmarks or pseudo-landmarks. This conventional 
metrical approach is incomplete since information of biological significance such as changes 
in curvature between landmarks are not captured. Two important criteria in the choice of a 
data analysis method are the ability to extract parameters that summarise the form, and the 
capacity to reproduce this form accurately from these parameters in such a way that it perfectly 
fits the original data. Closed contour curve fitting techniques of geometric morphometry, 
such as Fourier and Eigenshape analyses do meet these criteria and are commonly used.
However, there is a method of curve fitting that also meets these criteria with unique 
properties of form and shape rendering and dynamic simulation: the Bézier curve model. This 
paper will focus on this seldom-used cranial contour approximation method, Bézier curve 
approximation, which is well suited to open contours and satisfy the requirements of curve-
fitting accuracy and form reproduction. I will explain succinctly the Bézier curve model, the 
fundamental characteristics of Bézier curves and its three most important properties which 
makes this model very suitable for the analysis of form and shape changes (Caparros, 1997). 
The model will be illustrated with an application to the contentious issue of archaic Homo 
sapiens, also erroneously known as Homo heidelbergensis, morpho-species recognition with 
a fossil sample showing substantial cranial variability including, among others, fossils such 
as: Atapuerca SH and Petralona from Europe, Broken Hill 1, Saldanha, Eliye Springs, Omo 
Kibish 2, LH 18 and Djebel Irhoud 1 from Africa, and Dali and Ngandong specimens from Asia.

Here, I extend this idea through the interrogation of these hypothesised modules using 
geometric morphometrics and standard statistical tests for modularity, including the 
RV coefficient. I apply this new integrated methodology to two areas of interest to 
anthropologists: the hominin thorax and cranium. It is demonstrated with the analysis 
of the thorax that common hypotheses of functional units are not borne out by either 
network analysis or subsequent geometric morphometric analysis (n=20 individuals). 
The costal skeleton in particular partitions into four modules in network analysis, but 
overall morphological integration overrides this. In the case of the external anatomy of 
the cranium, it is demonstrated that the traditional modules of the splanchnocranium and 
neurocranium hold weight in the human cranium (n=20), but when the cranium of Pan is 
analysed, the picture becomes more complex with four modules identified (n=20). This is 
then cross-validated with geometric morphometrics. In this application, the relationship 
between network analysis and geometric morphometrics is more straightforward, as the 
cranium is a much more functionally integrated unit than the thorax, and the range of 
tasks required is much narrower. This means that slight modularity like in these cases, 
can be detected more readily. The difference in modularity between Homo and Pan can, 
in part, probably be attributed to the demands of bipedalism in the former. Further work 
will extend both analyses to other hominoids and archaic hominins to test this hypothesis.  
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Medical researchers and osteologists have long agonised over the aetiology of 
osteoarthritis. The general belief is that causes are multi-faceted, and at this time it 

is common for reports within archaeology to consider the known factors of age and sex, 
but few report causative agents outside of this. The difficulty in considering biomechanical 
and lifestyle causes is that archaeologists are often left with just skeletal remains; 
therefore much of what could contribute to studying these other factors is lost to time 
and taphonomy. This work attempts to breach this boundary by assessing what remains 
of the hip joint: the proximal femur and acetabulum. This work considers the angle of the 
femoral head and neck in comparison to the shaft (also known as the collo-diaphyseal 
angle), with the hypothesis that an angle which deviates strongly from the norm causes an 
unusual pattern of wear resulting in osteoarthritis.  The data was collected from 40 adult 
individuals, both male and female, from the Chichester collection held at UCL. Individuals 
were chosen based on their preservation, and required both left and right proximal femurs 
and the acetabulum in good condition to make assessments of osteoarthritis possible. Each 
femur was scanned using a NextEngine 3D scanner, after which measurements of length 
and angulation were conducted using Landmark Editor. The results are considered against 
the age and sex estimations made on the skeletons using normal forensic anthropological 
techniques. This acts as a basis for comparison to other potential causative agents.

Ms. Lillian Stokoe, Institute of Archaeology, University College London
A Study into the Angle of the Femoral Head and the Biomechanical Implications for the 
Aetiology of Osteoarthritis in the Hip Joint

Ms. Agathe Ribereau-Gayon, Department of Security and Crime Science & Institute of 
Archaeology, University College London
New Insights into Trauma Analysis Permitted by 2D Digital Photogrammetry

Despite the increasing use of photogrammetry to create 3D models in the fields of 
Bioarchaeology and Physical Anthropology, 2D photogrammetry remains a useful 

technique as it contributes valuable information in a quicker, cheaper, and sometimes more 
directly useable ways than 3D reconstructed data. Trauma analysis is one of the areas that 
benefits from 2D photogrammetry. The aim of this paper is to explore the potential of this 
technique for the identification of patterns and origins of unidentified trauma found on 
human victims. A retrospective study was performed, using digital photographs (n=3 579) 
of human victims provided by the Criminal Centre of the French Gendarmerie. Photographs 
showing unidentified trauma were analysed with a close-range digital photogrammetry 
approach, using ImageJ software. This landmark-based methodology permitted automatic 
measurements and calculations of five quantitative parameters from the trauma (maximum 
length, minimum length, ratio of maximum/minimum length, area, and perimeter). The 
application of 2D photogrammetry to this material facilitated the acquisition of precise and 
reliable digital measurements that allowed for the collection of measurements from trauma 
that have never been published before (i.e. area). With this data, it was possible to create 
a ‘digital profile’ of the trauma, enabling the identification of their origins to scavenging 
by fauna. The digital profile was then used to develop a diagram of the macroscopic 
appearance of the trauma as a visual identification tool available for practitioners.  
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The results of this study demonstrate to what extent the use of 2D digital photogrammetry can 
help improve the reliability of trauma diagnosis in Bioarchaeology and Forensic Anthropology. 
The methodology developed here aims to be expanded on a larger sample of photographs to 
create digital models of traumatized corpses to enable the identification of any pattern in the 
distribution of trauma.

Dr. Ekaterina Bulygina Stansfield & Prof. Paul O’Higgins, Archaeology Department, 
University of York & Hull York Medical School
Towards Understanding Biomechanics of Mastication in Hunter-Gatherers: A Geometric 
Morphometric Study of the FEA Sensitivity

Reading skeletal morphology in terms of function, and so lifestyle, is a key aspect of 
osteological research.  While morphometric studies are important, an alternative is 

to compare responses to simulated functional loading from finite elements analysis (FEA). 
This is usually done using strains, but recently the use of geometric morphometrics (GM) to 
compare the deformations from simulated loading has been proposed.  Here we illustrate 
this approach in a study of the sensitivity of finite element models of the mandible to input 
variables.   These preliminary investigations form part of a study to assess the extent to which 
human mandibular form and function reflects diet, with direct application to the study of 
the impact of agriculture on our jaws. In carrying out FEA of the mandible there are many 
choices to be made with regard to the impact of different methods of constraining it, and 
different material properties of teeth, periodontal ligament and cancellous bone. Thus, the 
first step is to consider to what extent the results of FEA reflect reality and the impacts of 
different modelling decisions. A clinical CT scan is used to build FE models of the mandible 
with cortical bone, teeth, periodontal ligament and cancellous bone segmented. FEA is carried 
out using different constraints and material properties. The results are compared using strain 
maps and geometric morphometrics. How the mandible is constrained has a large effect on 
the mode and magnitude of mandibular deformation while changing Young’s modulus of 
teeth, cancellous bone and periodontal ligament to that of cortical bone impacts significantly, 
but to a lesser degree. The GM analyses show that without detailed and specific validation 
data there is no certainty that FEA replicates physiological functioning.  As such, FEA of the 
mandible is best applied to questions that do not rely on accurate prediction of physiology. 

Dr. William Brown, Department of Psychology, University of Bedfordshire
Face Shape Variation Predicts Reproductive Success in Television and Film Actors

The evolutionary importance of facial fluctuating asymmetry (FA) and sexual 
dimorphism are theorised to reside in intrasexual and intersexual selection (e.g. 

pathogen-resistant genotype). Consistent with faces being advertisements of quality, 
both symmetry and sexual dimorphism are linked to attractiveness. However, if these 
traits are honest indicators of quality, they should, in theory, predict reproductive 
success. To address these questions 127 plaster lifecasts of famous actors’ faces from 
the last 100 years were scanned three-dimensionally for morphometric analyses. Facial 
fluctuating asymmetry was obtained through geometric morphometrics (MorphoJ). In 
geometric morphometrics shape is defined as the complete geometric information about

Session 4     16:00 - 17:45
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objects, once differences in size, position and orientation are accounted for. For symmetric 
objects (i.e. faces), a special approach is required for characterising components of symmetric 
and asymmetric shape variation. For each landmark, original configuration was reflected to its 
mirror image. After Procrustes fit, asymmetry is the deviation in original landmark coordinates 
from the symmetric shape obtained by averaging original and reflected copies. Fluctuating 
asymmetry is the variance amongst asymmetric components. Facial masculinity was assessed 
by calculating cheekbone prominence, jaw height/lower face height, lower face height/face 
height, and face width/lower face height. Contrary to expectations, lower facial masculinity, 
but not fluctuating asymmetry, was associated with increased acting success. Total number 
of major awards (Golden Globes, Emmys, BAFTA, Oscars) predicted reproductive success (i.e., 
known offspring number). Spousal number, facial FA, and masculinity were positively associated 
with reproductive success. The association between low facial masculinity and awards may 
either be due to cultural bias or enhanced acting performances by more facially feminine 
actors. The counter-intuitive finding that increased FA predicts reproductive success could be 
explained by environmental error accumulation among older celebrities who reproduce after 
achieving their first major award. In conclusion, status is a strong predictor of reproductive 
success among actors above and beyond the context-specific effects of facial morphology. 

Dr. Carolyn Rando, Institute of Archaeology, University College London
Approaches to the Teaching of Geometric Morphometrics

As morphometric approaches to data analysis are becoming more and more popular within 
archaeology and anthropology, it is important to start to consider how these methods are 

taught to students. For the most part, morphometrics has traditionally been taught outside 
the standard undergraduate or masters curriculum, primarily either at specialty workshops or 
at an individual level. However, there is something to be said for incorporating it directly into 
the taught component of a course, just as you would any standard approach to analysing data. 
But it can be challenging to do so, especially in a manner within which students with variable 
levels of computational experience can easily access and understand. This paper will describe 
my experience in teaching geometric morphometric analysis as part of the core component 
for the MSc Bioarchaeological and Forensic Anthropology at the UCL Institute of Archaeology. 
It will focus on both the theoretical concepts and the hands-on practical demonstration (using 
ImageJ and Morphologika) and will then discuss the outcomes of this approach in the long-term. 

Dr. Robert Z. Selden Jr., Center for Regional Heritage Research, Stephen F. Austin State 
University
Citation Networks as Archaeological Epistemology: A Case Study from Geometric 
Morphometrics

Through the use of publications (nodes) and their cited references (edges) harvested from 
Scopus, a directed bipartite citation network was generated in Gephi 0.9.1. The network 

was filtered to include only those nodes with a degree of two or higher, meaning that each 
node must be linked with two publications or cited references. Statistics were calculated for 
betweenness centrality, closeness centrality and eccentricity; then modularity, PageRank 
and eigenvector centrality. The modularity analysis illustrates that six communities exist 
within the network, based upon cited references. Cited references with the highest authority 
were identified using eigenvector centrality. Using a combination of measures related
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to in-degree and out-degree, cited references central to each of the six communities are 
illustrated. Further, betweenness centrality is used to illustrate which of the geometric 
morphometric publications in archaeology have been cited most frequently. Since the 
network is both dynamic and interactive, it can be animated to illustrate the temporal 
progression of publications and their cited references—therefore, ideas—where it is 
possible to highlight each node to indicate incoming and outgoing citations. Using the 
citation network as an epistemological tool, practitioners can identify schools of thought, 
references with the highest overall authority, references central to each school of thought, 
the within-field publications that are cited the most, then view and actively explore the 
progression of those publications, and the references that they cited, in graphical form.

Prof. Chris Klingenberg, Faculty of Life Sciences, University of Manchester
Morphometrics in Archaeology and Anthropology – What we can Learn from Each Other

Morphometrics has been used by biologists, medical researchers, physical anthropologists 
and in recent years increasingly also by archaeologists. For the most part, however, the 

applications of morphometric methods in the different fields have been largely independent, 
with limited interchange between disciplines. Yet, some of the most exciting opportunities 
for morphometric studies are at the interfaces between established disciplines. It is therefore 
beneficial for researchers in all disciplines to follow the developments in the other fields. My 
prime example is a study of morphological integration in an archaeological sample of human 
skulls from San Pedro de Atacama, northern Chile. The skulls in this sample have undergone 
one of two types of artificial deformation or no deformation—it can be viewed as a quasi-
experimental study design with two treatments and a control. A range of morphometric 
tools can be used to study integration in the skull, and exploiting the information from the 
symmetry and asymmetry of the skull can provide insight into the developmental basis of the 
covariation among skull regions. Artificial deformation of the braincase has clear effects on 
facial shape. For this example, the archaeological sample has provided a unique opportunity 
for gaining insight on a question in biological anthropology. Many other such opportunities 
can be expected at the interface between archaeology, anthropology and biology. 

Keynote 
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Ms. Vanessa Campanacho, Department of Archaeology, University of Sheffield
3D Modelling to Determine Pelvic Joints Surface Area and its Association with Ageing

Meindl et al. (1985) reported that pubic symphysis in smaller pubic bones seems to present 
an accelerated metamorphosis compared to larger pubic bones. However, the possibility 

that joint size may have an effect on ageing rate variability among populations and individuals 
has not been systematic researched. Differently sized joints may suffer a dissimilar effect from 
similar biomechanical forces. The acceleration of the degenerative process at smaller joints 
is possibly associated with the concentration of biomechanical loading in a reduced area. In 
the present research, the investigation was centred on determining if the surface area of the 
pubic symphysis, and the auricular surface of the ilium and acetabulum influence the rate of 
joint ageing in two samples. The samples comprised female and male individuals above 17 
years old from the Identified Skeletal Collection, University of Coimbra (Portugal), and from 
the William Bass Donated Skeletal Collection, University of Tennessee (USA). The pelvic joints 
surface area is not possible to be calculated by traditional anthropometric techniques due 
to the irregular three-dimensional topography of the joints. Therefore, three-dimensional 
digital images of the pelvic joints surfaces were created with a structured-light 3D scanner and 
the software FlexScan 3D version 3.1. The surface area of the 3D digital images of the pelvic 
joints was computed with Geomagic Wrap®. Low deviation values were obtained between 
two 3D digital images of the same pelvic bone for a subsample of 14 pelvic bones. Individual 
age-related traits were recorded on the pelvic joints. Additionally, correlated traits (weighted 
linear combinations of traits) and a composite score (sum of the scores for all traits) were 
also analysed. A logistic regression test showed that some of the age-related criteria are 
affected by the surface area of the joints, but only for the American individuals. Dissimilarities 
among samples may reflect ageing rate variability or differences in lifestyle and environment.

Ms. Amy Cross, Institute of Archaeology, University College London
A Geometric Morphometric Investigation of the Wallace Ruin Burial 11 Lithic 
Assemblage

This research utilises Geometric Morphometrics (GMM) in the analysis of a lithic 
assemblage (47 stone tools) found in funerary context within burial 11, Wallace Ruin 

(5MT6970). Wallace Ruin is located in Southwestern Colorado, and is a northern multi-
storey Chaco outlier. Upon excavation, the 47 stone tools, mainly projectile points, were 
found in a precise configuration and investigation of notch and basal variation through 
GMM analysis determined these groupings to be intentional upon primary interment.  

  These results further the discussion of lithic offerings as having ritualistic intent, 
determining burial 11 and its deceased individual to hold a very significant role within 
Wallace Ruin and wider Chaco funerary archaeology. Broader discussion concerning 
the role of outliers within a possible Chaco ‘system’ is supported by the significance of 
burial 11, culminating with arguments for a greater level of self-autonomy within outlier 
communities and the value of GMM in the study of artefacts and material culture studies. 
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Skull morphometrics is important in archaeology and forensic sciences for sex identification, 
especially when only limited osteometric data are available. Foramen magnum data for 

2524 (1368 male and 1156 female) skulls were taken from the Howells craniometric dataset 
(HCD) as compiled between 1965 and 1980 (Howells 1973, 1989, 1995). The validation 
cohort consisted of data for 177 (102 male and 75 female) Greek adult non-pathological 
intact dried skulls (GRD) as provided by the Aristotle University (Thessaloniki) and National 
and Kapodistrian University (Athens) as previously described elsewhere (Natsis, Piagkou, 
Skotsimara et al., 2013). Descriptive statistics, parametric and non-parametric tests for 
comparison and univariate analyses of the distributions were used. Logistic regression 
modelling with derivation of predicted probabilities and receiver operating characteristic 
(ROC) curve analyses with 95% confidence interval (CI) were applied. Two-tailed p-value 
<0.05 was considered significant. The results indicated that the mean (SD) of the HCD 
foramen magnum length (FML) were 35.78 (2.64) mm [36.60 (2.53) in males; 34.81 (2.42) 
in females, p<0.05] while FML parameters in GRD were 35.337 (3.082), 36.018 (3.312) and 
34.411 (2.473) mm, respectively. The original regression model (a=-10.264, b=0.292) had 
predicted correctly an average of 65% of skulls from both sexes (area under ROC curve = 
69.6%, 95%CI 67.5-71.6%, p<0.001, with best cut-off of 35.50 mm). The HCD FML (derivation) 
model was validated in GRD by using above regression coefficients and classifying the Greek 
skulls as male or female according to the calculated (predicted) probabilities [with area 
under ROC curve = 68.3% (95%CI 60.5-76.2%) and best cut-off of 0.489 corresponding to 
best cut-off FML of 35.10 mm). There was no significant difference between the predicted 
and observed values for sex (McNemar test p=0.525) in the Greek skulls validation set. 

Dr. Borislav Dimitrov, Primary Care and Population Sciences, 
University of Southampton
Sexual Dimorphism of Foramen Magnum: Validation of Length as a Single Morphometric 
Predictor

Ms. Cara Hirst, Institute of Archaeology, University College London
Mandible Asymmetry: An Analysis of Asymmetry in the Mandible among British 
Archaeological Assemblage and the Implications this has on GMM Studies and 
Reconstruction Methods

Asymmetry is frequently ignored in geometric morphometric studies, with many studies 
manipulating data in order to remove asymmetry from the sample. These studies typically 

argue that the levels of asymmetry in the human skeleton are minimal, and therefore the 
removal of asymmetry does not significantly affect analysis. Asymmetry, however, is rarely 
analysed in these studies, and while it is frequently argued that asymmetry is minimal, this 
does not account for why many studies are removing asymmetry from analysis. Despite 
these arguments other studies have suggested that asymmetry is a common occurrence in 
nature, and frequently effects human skeletal elements. Asymmetry in the human skeleton 
is further complicated as it has been suggested to vary significantly between skeletal 
elements, time periods and assemblages. It is therefore necessary to more fully understand 
how asymmetry varies between assemblages in order to determine the effect asymmetry 
may have on geometric morphometric studies.  This study analyses the asymmetry among 
a sample of >200 complete human mandibles in order to understand how asymmetry 
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influences mandibular morphology and varies between and within populations.  Asymmetry 
in the mandible is suggested to be influenced not only by genetic and developmental 
instability factors but also masticatory activity. Iron and Bronze age, Roman, Anglo-Saxon, 
Medieval and Post-medieval British assemblages were included in analysis, additionally 
a global geographic sample of 30 mandibles was included. 52 landmarks were used and 
asymmetry and fluctuating asymmetry was analysed in R. Understanding asymmetry is 
important not just for how this may inform us regarding genetic and developmental factors 
but how asymmetry affects the digital reconstruction of missing landmarks in morphometrics. 
These results can then be applied to a comparative analysis of reconstruction methods in 
order to determine the most accurate method for reconstructing missing landmarks. 
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Ms. Ivana Jovanović, Institute of Archaeology, University College London
Assessing Standardisation in Neolithic Blade Technology in the Western Balkans

This research presents an integral part of a doctoral research, set within the EUROFARM 
project (Transmission of innovations: comparison and modelling the spread of early farming 

and associated technologies in Europe), which investigates the diffusion of farming across the 
western Balkans in the 6th and 5th millennium cal. BC, integrating different kinds of associated 
technological innovations: farming practices, landscape use, pottery and lithics. Bearing in 
mind that pressure blade production and its accompanying knapping techniques represent 
a key technological and cultural marker for the identification of specialized production and 
mechanisms of technological and/or cultural transmission, special attention in studying lithic 
technology in the western Balkans was given to the blade debitage. This paper assesses 
variation and/or standardization of blade technology, by quantifying variation in size of blades. 
As it has been proposed by Tixier (1963) and Inizan et al. (1999), using descriptive statistical 
analysis of the size of blades it should be possible to identify the relevant metric dimensions 
as indicators of specialized production of blades and choices made by the given prehistoric 
population. That method should enable identifying potential regionally and/or chronologically-
specific technological traditions. In this case, the focus is on a case-study drawn from northern 
Bosnia and Herzegovina. Data was acquired from a series of older museum collections and new 
excavations, spanning from the entire local Neolithic sequence. In order to assess variation 
within and between assemblages, several statistical tests have been applied, including: 
analysis of variance (ANOVA), F-test, and coefficient of variation (CV). The analysis is based on 
metric data of complete and unretouched pieces, as well as partially retouched blades which 
have preserved overall size of the blank (n = 122 blades). Maximum values of following metric 
variables are considered: length, width, thickness, platform width, and platform thickness. 
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Sexual differences in human skeletal morphology exist as a result of different adaptive 
constraints acting upon the male and female body form. In addition, there is evidence 

indicating that both neutral processes and natural selection by climate have played a role 
in shaping variation in the human skull and pelvis. For this study, we assembled a dataset 
of femoral and tibial morphometric measurements representing 1,195 male and 754 female 
individuals from 40 different human populations distributed across 6 continents. Differences 
in lower limb bone shape, crural index, stature and body mass between populations were used 
to generate matrices of phenotypic distance. Similar matrices were created using temperature 
data from WorldClim, and geographic distances over landmasses (representative of neutral 
genetic distances). Mantel tests were then performed to test for associations between the 
matrices of phenotypic, geographic and climatic distances in the two sexes. Pooled analyses 
of male and female individuals showed agreement with previous reports which suggest 
that body size and shape largely reflect long-term thermally-driven phenotypic adaptation. 
When tested separately, however, our results present sexual differences in the extent to 
which body form displays signals of recent climatic evolution. Crural indices in women 
worldwide appear to vary more strongly with measurements of temperature than crural 
indices in men. Body mass variation in female individuals is also more sensitive to climate 
than in male individuals. Such differences between the sexes may point towards dissimilar 
thermoregulatory and obstetrical constraints on postcranial morphology. The present study 
demonstrates the important confounding effects of neutral processes, temperature variability 
and sexual dimorphism in the evolution of body size and shape in global Homo sapiens.

Mr. Michael Benjamin C. Rivera, Department of Archaeology and Anthropology, Univer-
sity of Cambridge
The Selective and Neutral Components of Body Size and Shape Variation among Modern 
Human Males and Females

The aim of this study is to investigate the potential use of Structure from Motion (SFM; 
a 3D-photogrammetric technique) to analyse sharp-force trauma and identify blade 

classification. An experimental study was formulated to evaluate the efficacy of this method. 32 
cut marks were inflicted on porcine forelimbs, 16 using a serrated and 16 using a non-serrated 
knife, by a single operator using an overhand stabbing motion. Confirmatory analysis was 
carried out by comparing the results of the SFM models against Scanning Electron Microscopy 
(SEM; considered the gold standard method for trauma analysis). SEM and SFM were used to 
image each cut mark; a blade classification (serrated, non-serrated, or indeterminable) was 
then assigned based on the observed cut mark morphology and quantitative morphometric 
data captured from these images. Both methods were successful in detecting cut marks present 
on the samples; however, the quality of the images varied affecting the success rate in blade 
classification. As the current ‘gold standard’ method, SEM was used as the baseline for comparison 
and exhibited 81.25% accuracy, and SFM produced 71.82% accuracy. A strong correlation 
between SFM and SEM results was also observed. The implications of this study impact on the 
current methodologies used for sharp-force trauma analysis. This study showed that this close-
range photogrammetric technique is sufficiently detailed for accurate blade class analysis.

Ms. Sian Smith, Department of Security & Crime Science, University College 
London
3D Imaging of Sharp-Force Skeletal Trauma
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Ms. Suzy White, Institute of Archaeology, University College London
Intraspecific variation in the supraorbital torus of Homo heidelbergensis sensu lato

The taxonomic status of Homo heidelbergensis sensu lato (s.l.) is highly debated, with 
some arguing that this group contains more variation than can reasonably be contained 

within one species. This study aimed to assess the variation within the supraorbital region 
in H. heidelbergensis specimens in an attempt to shed light on their taxonomic status. 3D 
geometric morphometric methods were used to create a grid of 357 semilandmarks, 
anchored by seven landmarks, across the browridge. This grid was placed onto surface 
models of 199 specimens, including: five potential H. heidelbergensis s.l. from Europe and 
Africa; a group of 96 Homo sapiens with temporal and geographic diversity; four Homo 
neanderthalensis; seven Pan troglodytes schweinfurthii; 32 Pan troglodytes troglodytes; 
29 Papio anubis; and 23 Papio cynocephalus. Generalised Procrustes Analysis and Principal 
Component Analysis were used to analyse the sample variance in tangent space, and 
Procrustes distances were calculated to compare variation within and between taxa. Results 
showed that the first two principal components (PCs) accounted for 44.0% of the total 
sample variation, with over 90% of variation being explained by the first 20 PCs. Shape 
changes associated with PCs 1 and 2 related to depth of post-toral sulcus, degree of post-
orbital constriction, and anterior and superior projection of the supraorbital tori and glabellar 
region. Stepwise Cross-validated Discriminant Analysis resulted in a classification accuracy of 
85.9%. Comparison of Procrustes distances showed that the H. heidelbergensis s.l.  group 
had relatively high variation, although within the range for the H. sapiens group, and that 
the distance between European and African Homo heidelbergensis s.l. was larger than inter-
specific distances for hominin groups. It was concluded that the range of craniofacial variation 
in the supraorbital region for H. heidelbergensis s.l. fell within the boundaries for a single 
hominoid species, and may indicate some subdivision between geographic populations.


