
Ac
ce

ss
 A

rc
ha

eo
lo

gy
Ar

chaeopress AccessArchaeo
log

yA

An Experimental Approach 
to Archaeomorphometrics
With Special Reference to Metapodials 
of Artiodactyls in Sri Lanka

Kalangi Rodrigo
Kelum N. Manamendra-Arachchi



Archaeopress Publishing Ltd
Summertown Pavilion
18-24 Middle Way
Summertown
Oxford OX2 7LG
www.archaeopress.com

ISBN 978-1-80327-190-3
ISBN 978-1-80327-191-0 (e-Pdf)

© the individual authors and Archaeopress 2022

All rights reserved. No part of this book may be reproduced, stored in retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying or otherwise, 
without the prior written permission of the copyright owners.

This book is available direct from Archaeopress or from our website www.archaeopress.com



To the cherished memory and unchallenged legacy of Dr. Siran Upendra Deraniyagala





i

Contents

Acknowledgements ............................................................................................................................. 1

Abstract ............................................................................................................................................... 2

Introduction ........................................................................................................................................ 3

Global Synthesis .................................................................................................................................................4

The Sri Lankan Synthesis ..................................................................................................................................4

Species Description............................................................................................................................. 8

Cervus unicolor (Artiodactyl: Cervidae) ............................................................................................................8

Sus scrofa (Artiodactyl: Suidae) (See Appendix 3) .............................................................................................9

Muntiacus muntjak (Artiodactyl: Cervidae) ...................................................................................................10

Axis axis (Artiodactyl: Cervidae) .....................................................................................................................10

Axis porcinus (Artiodactyl: Cervidae) .............................................................................................................11

Moschiola meminna (Artiodactyl: Tragulidae) .......................................................................................11

Bubalus Bubalis (Artiodactyl: Bovidae) ...........................................................................................................12

 Methodology of the study................................................................................................................ 13

General description of terminology used (see Appendix 2) ......................................................................14

Description of the metacarpals ......................................................................................................................17

Description of the metatarsals  ......................................................................................................................18

Results ................................................................................................................................................20

Results of metacarpals  ....................................................................................................................................20

Descriptive statistics: BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ............................................................20

Principal component analysis: BP, DP, BM, BL, BS, GL, BD1, BC, BD2  .................................................20

Eigenanalysis of the correlation matrix ............................................................................................20

Eigenvectors ...........................................................................................................................................20

Discriminant analysis: species versus BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ................................21

Linear method for response: species .................................................................................................21

Summary of classification ....................................................................................................................22

Correct Classifications...........................................................................................................22

Squared distance between groups ......................................................................................................22

Linear discriminant function for groups ...........................................................................................23

Summary of misclassified observations ............................................................................................23

Factor analysis: BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ............................................................................24

Unrotated factor loadings and communalities ................................................................................24

Rotated factor loadings and communalities .....................................................................................24



ii

Item analysis of BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ...........................................................................27

Correlation matrix ................................................................................................................................27

Covariance matrix .................................................................................................................................27

Item and total statistics........................................................................................................................27

Cronbach’s alpha ...................................................................................................................................27

Omitted item statistics .........................................................................................................................27

Results of metatarsals...........................................................................................................................29

Descriptive statistics: BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ..................................................................29

Principal component analysis: BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ..................................................29

Eigen analysis of the correlation matrix ...........................................................................................29

Discriminant analysis: species versus BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ......................................31

Groups .....................................................................................................................................................31

Squared distance between groups ......................................................................................................31

Linear discriminant function for groups ...........................................................................................31

Factor analysis: BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ............................................................................32

Unrotated factor loadings and communalities ................................................................................32

Rotated factor loadings and communalities .....................................................................................33

Quartimax rotation ...............................................................................................................................33

Factor score coefficients ......................................................................................................................33

Item analysis of BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ...........................................................................35

Correlation matrix ................................................................................................................................35

Covariance matrix .................................................................................................................................35

Item and total statistics........................................................................................................................35

Cronbach’s alpha ...................................................................................................................................35

Omitted item statistics .........................................................................................................................36

Interpretation of the Results............................................................................................................ 37

Appendix 1: Primary data set of bone measurements..................................................................... 41

Metacarpals .......................................................................................................................................................41

Metatarsals ........................................................................................................................................................42

Appendix 2: Bone terminology ......................................................................................................... 44

Appendix 3: Summary report for BP, DP, BM, BL, BS, GL, BD1, BC, BD2 ...........................................50

Appendix 4: Exclusion of Sus scrofa ................................................................................................. 55

References ......................................................................................................................................... 57



iii

List of Figures

Figure 1: Bone measurement criterion – carpal view (Bovidae metacarpal, right) ....................................15

Figure 2: Bone measurement criterion – anterior view (Bovidae metacarpal, right) .................................15

Figure 3: Bone measurement criterion – lateral and tarsal view (Bovidae metacarpal, right) .................16

Figure 4 Metacarpal proximal morphology .......................................................................................................17

Figure 5 The medial epicondyle is circle-sector shaped and larger, and the lateral epicondyle is smaller 
and triangular ...................................................................................................................................................17

Figure 6 Capral view of metatarsal (L) ................................................................................................................19

Figure 7: Score plot for metacarpals ...................................................................................................................21

Figure 8: 3D scatterplot of BP vs DP vs GL for metacarpals .............................................................................21

Figure 9: Score plot for factor analysis (quartimax rotation) .........................................................................26

Figure 10: Score plot for factor analysis (equimax rotation) ..........................................................................26

Figure 11: Matrix plot for metacarpal measurements .....................................................................................28

Figure 12: Score plot for metatarsals ..................................................................................................................30

Figure 13: 3D Scatterplot of BD vs DP vs GL for metatarsals ...........................................................................30

Figure 14: Score plot for factor analysis (quartimax rotation) .......................................................................34

Figure 15: Score plot for factor analysis (equimax rotation) ..........................................................................34

Figure 16: Matrix plot for metatarsal measurements ......................................................................................36

Figure 17: Scatterplot of metacarpal GL vs metatarsal GL in tenths of millimetre taken along same
axis............................................................ .........................................................................................................39

Figure 18:  Scatterplot of metacarpal BD1 vs metacarpal GL in tenths of millimetre taken along same 
axis ......................................................................................................................................................................39

Figure 19: Scatterplot of MC BD1 vs MT BD1 .....................................................................................................40

Figure 20: Cervus unicolor metacarpal - anterior view (L) .............................................................................44

Figure 21: Cervus unicolor metacarpal - posterior view (L)............................................................................45

Figure 23: Cervus unicolor metatarsal - tarsal view (L) ...................................................................................47

Figure 24: Cervus unicolor metatarsal - posterior view (L) .............................................................................48

Figure 25: Cervus unicolor metatarsal - anterior view (L) ..............................................................................49

Figure 26: Articulation of metapodials: Cervidae vs Suidae (K. Manamendra-Arachchi del) ....................55

Figure 27: Human third and fourth left metacarpals (anterior views) are compared to adult pig left 
third and fourth metacarpals (dorsal views) ...............................................................................................55

Figure 28: Human third and fourth left metatarsals (superior views) are compared to adult pig left 
third and fourth metatarsals (dorsal views) ................................................................................................56





1

Acknowledgements

This book owes its existence to so many people that it is difficult to know where to begin the process 
of acknowledging their contribution. We thank Prof. Gamini Adikari, who for many years have been 
a source of inspiration and guidance for Sri Lankan Zooarchaeolgical studies, for the intellectual 
inspiration and the ideal, stress-free work environment he has provided throughout the study. It is with 
sincere gratitude that we acknowledge the assistance given by Dr. W. Bohingamuwa and Mr. Amalka 
Wijesuriya (University of Ruhuna) for being a ready resource to help and encouragement when needed. 
Parts of different versions of the manuscript were read and commented on by Prof. Umberto Albarella 
(University of Sheffield), and we thank him for meticulous attention to detail.  Ms. Sonali Premarathne 
deserves an honorable mention here due to the immense help in readily responding to countless 
requests for literature and other assistance. Last but not least, Mr. Dinesh Gabadage, Robert Suro, and 
Ms. Denise Crampton for their constant help throughout the study. 



2

Abstract

Taxonomic identification is a primary objective of zooarchaeology and has traditionally been facilitated 
by specimen morphology. As the discipline evolved newer methods, such as DNA analysis and geometric 
morphometrics, have become a part of the zooarchaeological toolkit.  Therefore, morphometrics 
holds tremendous potential to fundamentally change how zooarchaeologists conduct analysis and 
the questions they ask. This publication presents the first attempt of the use of principal component 
analysis to interpret morphological differences between taxa. Despite being morphologically identified 
for over two decades, bones have never been examined by statistical approach. In a Sri Lankan context, 
using morphometrics to differentiate taxa on both prehistoric and historic sites has not been pursued 
with the vigour that it deserves. This research is a preliminary attempt at addressing this complex issue. 
The volume presents a new analytical method that aims to broaden our knowledge of the application of 
statistical and quantitative methods in archaeology. In addition, methods for inter-species comparison 
will be developed in order to determine whether morphological and morphometric characteristics 
varied among temporally synchronous but ecologically disparate groups. The results are promising, 
yielding a better comprehension of statistics and bone assemblages. How much dimensions of different 
bones and parts of bones vary, how they are related to each other and also how they might reflect the 
condition of the animal in life are key questions addressed by the research. An understanding of the 
relations between different measurements taken on animal bones can serve as an aid in deciding which 
are useful and which produce merely redundant information. Overall the work presents an in-depth 
analysis of morphological and dimensional features to classify the genera of hoofed animals and to 
create a solid base for the inclusion of metapodial characteristics in future phylogenetic analysis, which 
is highly informative in relation to zooarchaeological analysis.




