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Introduction to morphometrics
Brief introduction to methods of traditional
and modern geometric morphometrics methods



We study variables…

ID: 80000169

Type: MACEDONIAN KINGS

Origin: Greek Region 

Issuer: Philip II 

Metal: Gold 

Denomination: Stater 

Date: B.C. 323 - 315 

Weight: 8.58 g 

Diameter: 3.2 cm

Obverse description: Laureate 
head of Apollo

Right reverse Legend: ΦIΛIΠΠOY 

Reverse description: Charioteer 
driving big a right,  holding kentron
in right hand, reins in left; trident 
below

ID: 9025661

Type: SITULA

Region: Central Europe 

Clay: Graphite

Date: LT C1

Weight: 3.4 kg

Diameter: 30.2 cm

Volume: 12 L

Decoration: Vertical lines

Type of fabric: 13

ID: 9025661

Type: HT 3a

Region: England

Composition: 2.5Cu, 9.8Sn

Datation: BB2

Weight: 361 g

Length: 15.1 cm

Height: 4.3 cm

Decoration: -



We are interested in shape

Size Shape



We are interested in shape

Shape

The shape is “all the geometric information that remains 

when location, scale and rotation effects are filtered out 

from an object“ (Kendall 1977)
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Shape

The shape is “all the geometric information that remains 

when location, scale and rotation effects are filtered out 

from an object“ (Kendall 1977)

Operations that do not alter shape

Zelditch et al. 2004



We are interested in shape

Size

Definition of size is also problematic 

(question of scale/scaling)



We are interested in shape
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Traditional morphometrics



Traditional morphometrics

Distances, angles, diameters, surfaces, 

volumes, …

Wilczek 2917



Traditional morphometrics

Distances, angles, diameters, surfaces, 

volumes, …

Sackett 1966

Vašíček and Jičín 1971 

Barker 1975

Barker 1975

Vašíček and Jičín 1971 

Sackett 1966



Modern morphometrics 

Quantitative study of shape variation and its covariation with other variables

Use in many fields of research:

- anthropology, palaeontology, evolutional biology, geology, forensics, …

https://www.transmittingscience.org/wp-content/uploads/3D-Geometric-Morphometrics.jpg

http://graphics.idav.ucdavis.edu/research/projects/EvoMorph/main

https://media.springernature.com/original/springer-static/image/chp%3A10.1007%2F978-3-642-27800-6_72-1/MediaObjects/129032_0_En_72-

1_Fig3_HTML.jpg



Modern morphometrics 

Shape

Outline analyses

Landmarks analyses

www.anarchiel.com

Králík et al. 2008

van der Niet et al. 2011

Urbanová 2009

www.biology-online.org

Monna et al. 2009



Modern morphometrics 

Surface analyses

www.anarchiel.com

https://www.stratovan.com/sites/default/files/LandmarkCap3.jpg

Hadley et al. 2009

https://sourceforge.net/projects/morpho-rpackage/



Modern morphometrics 

What can we do with GM?

- Are two or more groups of artefacts different in their shape? Can we visualise these 

differences?

- Is there any relation/What is the relation of the shape with any other factor (geography, 

time, composition?) Can we visualise these effects on the shape?

- Can we create morphological classification, i.e. classification based on the shape?

- Can complete and incomplete individuals be classified automatically?

- Can we compare variability of different artefact types/productions?



GMM - Workflow

1) Data collection

2) Standardisation
(position, size and orientation)

3) Calculation of shape variables

4) Data treatment and visualisation



Some software

Digitisation

tpsUtil, tpsDig2, ImageJ

Morphometric treatment and statistics

Efawin, MorphoJ, IMP, PAST

Matlab/Octave, R, Python

SPSS, Mathematica, Statistica

https://life.bio.sunysb.edu/morph/

https://life.bio.sunysb.edu/morph/
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Traditional morphometrics

GOOD LUCK



Traditional morphometrics

Data representation

- It is easy to represent 2D data in one plane

- It is more difficult to represent 3D data in one plane

- It is impossible to represent 4D data in one plane

2D 3D



PCA

Principal Component Analysis (PCA)

- The goal is to reduce the dimensionality of the dataset (if possible to 2 dimensions) and 

in the same time to conserve most of the information (i.e. variance)

3D 2D



PCA

Principal Component Analysis (PCA)

- The goal is to reduce the dimensionality of the dataset (if possible to 2 dimensions) and 

in the same time to conserve most of the information (i.e. variance)

- We calculate new variables - Principal Components (PC)

- they are linear combinations of original variables

- they are orthogonal (independent)

- they account as much original variability as possible



PCA

Procedure
1) Original data

2) Calculate variance-covariance or correlation matrix

3) Calculate eigenvectors and eigenvalues

1) Eigenvectors – coordinates of Principal components

2) Eigenvalues – values associated to each of eigenvectors; they give information about 

variability of Principle components

4) Calculation of Principal Scores

Projection of original data onto Principal components



PCA

Three examples

PCA of row data

PCA of centralized data (mean=0)

PCA of centralized and normalized data (standard deviation=1)



PCA (row data)
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PCA (row data)



PCA (row data)

% = 𝑒𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒 ∗
100

𝑠𝑢𝑚 𝑜𝑓 𝑒𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒𝑠



PCA (row data)



PCA (centralized data)



PCA (centralized data)



PCA (centralized data)



PCA (centralized data)



PCA (center-normalized data)



PCA (center-normalized data)



PCA (center-normalized data)



PCA (center-normalized data)
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