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WHAT DOES MEAN TO MEASURE?

Saint Petersburg Workshop on GMM

1.Our perception of the universe is directly related to the estimation
of tha main parameters describing change: space, time, matery
and energy.

2. These parameters are understood through the notions of “entity”
and “object”.

3. To measure consists in estimating the parameters of space, time,
matery and/or energy

4. The estimation can be discrete or continuous

5. ... and based on instruments that optimyze the perception we
have about the object.

6. Measurements should be: Operational (unambiguous and clear
computational algorithms), reproducible (increasing precision),
testable (based on statistical hypotheses) and systematic (based
on population sampling)

WHY TO MAKE MEASUREMENTS?

Saint Petersburg Workshop on GMM

We make measurements in order to know the properties of the
objects of the Universe.

...to compare them

...To analyse them and to understand the causes of the
processes where those objects are participating as biological
entities.

To establish the significance of the differences between and
within groups (populations) through hypothesis testing

*Statistical hypotheses: Allow to make decissions
about the problem: are the observed differences
explained by chance?

*Biological (anthropological, archaeological)
hypotheses, allow to make decissions about the
problem: there is any causal factor different to
chance which could explain the observed results?
(sex, age, origin, genetic variation, etc.)

UNITS  TAR




WHY TO MEASURE HUMAN POPULATIONS?

* Saint Petersburg Workshop on GMM

To know the causes of their:

VARIABILITY: Role played by evolutionary
factors such as natural selection, genetic drift,
and migration, among others, in the generation
of genetic and phenotypic changes

COMPLEXITY: Nature and type of the
relationships established between the parts of
any structure as well as between the functions
derived from those parts.

HISTORY: Individual (ontogenetic) and
supraspecific (phyilogenetic) changes of
populations during time.

Saint Petersburg Workshop on GMM

Quantitative methods have been used for a long time in Anthropology, Biology and Archaeology to assess the
type of relationship between multiple variables and thus allowing the estimation of populational parameters.

Howell data base (skulls)
Goldman data set (long bones)
Decorated skulls from Austria

www.paleoanth..org

Dennis E. Slice
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Structure of the matrix with raw data obtained from measurement of interlandmark distances (or
geometric distances)

CAUSAL VECTORS DEPENDENT VARIABLES (INTERLANDMARK DISTANCES OR
(DISCRETE, CONTINOUS IND. VARS) SHAPE COMPONENTS

PLM4 Co 0 E 0. = 0.0163 10,0041

¢Why GMM are useful in Anthropolgy and Archaeology?

Saint Petersburg Workshop on GMM

Approaches

Linear and
geometric
morphometrics




LINEAR MULTIVARIATE MORPHOMETRICS

Saint Petersburg Workshop on GMM

Exploratory analyses (PCA) a posteriori

Multivariate analysis reduces the number
of original dependent variables to a few
new variables resuming jerarchically the
overall variance of the sample

When the number of variables is higher
than two the resulting graphs represent a
morphometric space

Confirmatory analyses (DA, REG) a priori
Uses categorical (discrete) independent
variables in order to test the statistical

significance of the observed differences
between groups

Saint Petersburg Workshop on GMM

Original raw data: interlandmark distances

J

Indeces ——» Principal component analysis

Tabla 1 Indices
Procedencia 1) AAF/DOF  2) DBM/DFO .
Araucano  0.68** 1.41* Fora dl

Araucano 0.62 1.56 ! . .
Araucano  0.77* 1.44 2 Petagonia
Araucano 0.71 1.31
Araucano 0.69 1.38*
Araucano 0.73 1.45 Traiguén
Traiguén 0.73 1.30 i o
Osorno 0.69** 1.24
Curico 0.77* 1.23
Pta. Teatinos 0.67** 1.42*
Patagonia 0.66 1.39*
Chonos 0.67 1.26 Componerte | (40.2%)
T. del Fuego 0.65 1.66

T ) s

Componente I
(29.2%)

, Punta
¢ Teatinos

Skull shape variation in prehispanic chilean population from Central a nd Southern Chile. Original data (Medina, 1882),




GEOMETRIC MORPHOMETRICS

Morfometry: Analysis of shape changes due to growth, experimental treatment and/or evolution in a
finite group of organisms (Rohlf & Marcus, 1993).

Statistical analysis of covariance between shape and its causal factors (Bookstein, 1991)

Geometric Morphometrics: The suit of methods for the adquisition, processing, and analysis of
shape variables that retain all of the geometric information obtained within the data (Slice, 2007)

Shape: the geometric properties of an object that are invarant to location, scale, and
orientation (Slice, 2007)

Form: Size + Shape (Uniform, Non-uniform)

Theory of transformation of cartesian grids

Saint Petersburg Workshop on GMM
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Research program of geometric morphometrics (after Bookstein,
1991, with modifications)
" Saint Petersburg Workshop on GMM

1)Create matrices of homologous landmarks as raw data (2D,
3D)

2) Obtain an estimator of size which is independent of scaling
effect (centroid size)

3) Possing classical and new problems in biometry: there is
any covariation between the variables, and if any, which is
the cause of that covariartion?

4) Testing statistical and biological hypothesis using
procrustes analysis and multivariate statistics for the
resulting linear vectors (shape components)

5) To describe and analyse differences between groups using
thin plate spline function

6) Explaining and understanding the causal factors of shape
variation

Why GMM are useful in Anthropolgy and Archaeology?

Saint Petersburg Workshop on Geometric Morphometrics for Anthropologists, Biologists
and Archaeologists, 30 April — 05 May 2012

Examples

Anthropology,
Biology,
Archaeology

|
&




GEOMETRIC
Modern Morphometrics MORPHOMETRICS FOR

in Physical Anthropology

BIOLOGISTS: A PRIMER

Miriam Lealr Zelditch, Donald L. Swiderski,
H. David Sheets and William L. Fink

Morphometric tools
Jor landmark data
Geometry and biology

Dennis E. Slice FRED L. BOOKSTEIN

Contribution of geometric morphometrics to the study of biological affinities between Fueguian
populations: a three dimensional analysis of skull shape variation. (Grant Fondecyt 1020375)

The current state of the knowledge about the biological affinities among the first inhabitants of Tierra del Fuego
(Selknam, Kaweskar, Yamana and Aonikenk), and the Amerindian populations of southern Chile (Mapuches,
Huilliches, Chonos) deals with classic problems of Physical Anthropology and Population Genetics: 1) what
factors do explain the morphological variation of these populations? and 2) Which is the pattern of genetic
variation that characterizes them?

Although these problems are common to every research on the causality of human biodiversity, the case of the
fueguians is particularly interesting due to the knowledge that has been obtained about their anatomical atributes,
the extreme environmental conditions in which they lived and the rol that those conditions played in the early
peopling of Southamerica (Massone, 1989, Manriquez & Llop, 2004).

Figura 1: Ubicacion de los territorios de origen de las muestras de craneos utilizadas en

este estudio (O= Kaweskar, A= Yaghan 0= Selknam, en recuadro, * = Mapuche, ®=
Chono).




Figura 2: a) Hitos utilizados en el andlisis de la variacion de la forma del craneo mediante morfometria geométrica
3D (Los hitos 31-51 se ubican simétricamente en el lado izquierdo, segln definicién en Tabla 1), b) Ubicacién de
los hitos en 3D, c) red de poligonos, d-e) Muestra de craneos antes de eliminar diferencias de tamafo, rotacion y
traslacion, f) Craneos alineados luego de efectuar el andlisis de procrustes, g-i) vistas tridimensionales de la
configuracién de consenso de la muestra utilizada en este estudio
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Analysis of skull shape variation
in archaic and non-archaic
prehispanic populations of
Central Chile using 3D and 2D
geometric morphometrics
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Analysis of skull shape variation in archaic prehispanic populations of Northern (Acha, Camarones,
Playa Miller 8, Morro 1, 1-6), Central (Cuchipuy, Sta. Amelia), and Southern (Bafio Nuevo) Chile
using 2D geometric morphometrics

RW2=245%
0.05

+*

4 ‘vs&'-\\" -0.05

mAcha A Camarones 14 # Playa Miller 8 eMorro 1, 1-6 A Cuchipuy O Sta Amelia x Bafio Nuevo

Size and shape K of morp i iation in archaic ples from Chile,and Brazil, according to lineal and geometric morphometrics
approaches. The grids represent the pattern of shape variation at positive and negative extreme values (x3) of the first two principal shape componentes in
relation to the “consensus”, non deformed configuration.
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sis of skull shape variation in L
different ethnic origin
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Figura 9: MUESTRA POBLACIONES PREHISPANICAS. Relaciones de afinidad morfolagica entre poblaciones

prehispanicas de Chile, no afectadas por la practica de deformacion artificial. Se han agregada, en calidad de gupo

externo, los promedios de cranens de Egipto antiguo (Tebas), Mongolia (Ulan-Bator, s. ¥IX) y Japdn (Ainu, 5. XIX) y

Rapa-Nui (s, XIX) (0= Egipte antiguo /N=10/, &= Rapa-Mui/N= 45/, &= Japén, N= 10, G= Mangolia /N= 10/, m=

Selknam /N= 7/, &= Kaweskar /N= 16/, = Yamana /N=5/, &= Arica, Formativa iN= 5/, ®= Atacamefios iN= 3/,

D= Agroalfareros Ghile central /= 10/, %= Chono /IN= 9/, @= Tehuelche /N= 20/, — =Mapuche /N= 13/ (. PG1
24.4%, y: PC2= 19.7% de |a varianza total)
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REVISTA CHILENA ORTODONCIA (2006) 23 {1): 6 - 12
ARTICULOS ORIGINALES

Morfometria Geométrica: 8

una Nueva Herramienta en Ortodoncia £ K ' :

Geometric Morphometrics, a New Tool in 0 115 0 '10 _[y'ogv’ o™ ‘Ub " .g.'m 0 '15

Orthodontics / 00340, 0% [
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APLICACION CLINICA: VECTORES
BIOMECANICOS EN UN CASO DE
HIPERPLASIA MAXILAR

G. Manriquez, F. Gonzalez, S DentoMaxilo Facial Hosp. Clinico U. de Chile.




Variacién de la Forma Facial Post-tratamiento Ortopedico-quirurgico:Analisis de Telerradiografias
Craneofaciales Mediante Morfometria Geométrica.
F. Gonzélez, JC Salinas y G. Manriquez
XVIl Reunién Anual International Association for Dental Research Seccién Chile, Concepcién. Nov. 2004

Clase esqueletal |

Clase esqueletal Il

JOWEN
CIRUGIA

MIFLA
ORTODONC A

MORMA DESPUES ANTES

+

Y

Pacientes, Servicio Dento Maxilofacial, Hosp. Clinico U. de Chile. Analisis, Dr. Fermin Gonzalez.
Nifia 6 afios (A A), tratamiento ortopédico. Joven 20 afios (m), tratamiento ortodoncico-quirargico, crecimiento 6seo
terminado. Ambos de clase esqueletal il

Variacién de la Forma Facial Post-tratamiento Ortopedico-quirurgico:Analisis de Telerradiografias
Craneofaciales Mediante Morfometria Geométrica.
F. Gonzélez, JC Salinas y G. Manriquez
XVIl Reunién Anual International Association for Dental Research Seccién Chile, Concepcién. Nov. 2004
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Clase esqueletal lll

Clase esqueletal Il

Pacientes, Unidad de Cirugia Maxilofacial Hospital San Borja Arriaran, Analisis (Dr. Alejandro Diaz M.)
Clases esqueletales Il (izquierda), | (centro) y lll (derecha) y reubicacion de dos pacientes en el espacio morfométrico de
Clase esqueletal | luego de la cirugia



RADIOLOGICAL REGISTERING OF ARCHAEOLOGICAL MATERIAL IN THE COAST OF
NORTHERN CHILE (ARICA)

Universidad
de Chile

Excavations site PLM3, Arica.
December 1966 (Focacci, Espoueys)
June 2006 (Manriquez, Espoueys + team)

Analisis morfométrico de los componentes arqueoldgicos del cementerio Playa Miller 3

© CIRCULAR OBLICUA [PLM3 1966)

4 SIN DEFORMACION ARTIFICIAL (FLM3 19686)
O TABULAR ERECTA (PLM3 1966)

© TABULAR OBLICUA [PLMS 1366)

# CIRCULAR OBLICUA (PLM3 2006)

4 SIN DEFORMACION ARTIFICIAL (PLM3 2006)
= TABULAR ERECTA (PLM3 2006)

(PLM3_1966 vs PLM3_2006) (andlisis de regresion /Prueba de F segin Goodall F = 0.9069, df = 58, 1682 : P = 0.6737
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WEACAVACION 1866 A BEXCAVACION 2006

(PLM3_1966 y PLM3_2006) (anélisis de regresion /Prueba de F segiin Goodall/: F = 0.2389, df = 14, 126 : P = 0.9979;

Figueroa, V. y G. Manriquez, XVI Congreso Nacional de Arqueologia Argentina (San Salvador de Jujuy, 8-12 de Octubre, 2007)

Poblaciones ceramicas de Rancagua /Itaci Correa, alumna Arqueologia, Fac.Soc. U Chile/.
Confeccion de mapa de homologias y digitalizacion y con uso de tpsdig
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Andlisis Exploratorio: Jarros V/S
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Efectos de la domesticacion y origen del cuy (Cavia porcellus)

guinea pigs (Cavia porcellusL.)

A.E. Spotorno’, J. C. Marin", G. Manriquez’, J. P. Valladares’, E. Rico? & C. Rivas?

1 Laboratorio de Gendmica Evolutiva ce

2 Proyesto MEJOCUY, Universidad Mayor de San Simén, Cochabarmba, Bolivia

dormestio
Cavia porcelius
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Figure 2 Minimum spanning tree in the principal component analysis
of six cranial and post-cranial measurements from four domestic
guinea pig breeds, 13 mummies and three wild cavies. Percentages
are per cent of total variance explained by each axis. Numbers below
specimens are weights (in g},




Efectos de la domesticacion y origen del cuy (Cavia porcellus)

8 University of California Publications in Zoology Spotorno et al.: Domestication of Guinea Pigs 15

58 Galea musteloldes 2494
Galea musteloides 2496
Galea musteloldes 2561
Cavia aperea 2556 Bolivia
Cavia aperea 2558 Paraguay
Cavia tschudil 2562Cusco’
Cavia tschudii 2495Puno |4 9uinea-pig
" Cavia p. 424384 requipa
avia p. d2308Tacna

190 Thr s s BIZVA Cayia p. dsn.P.Atac.
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51 Cavia p. D2410Piura
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Figure 5. Consensus MP tree based on the inferred 380 amino acids of cytochrome
b gene (51 were informative). Tree length = 779 steps. CI= 0.802and RC = 0.72
Characters were ordered according to the outgroup. Bootstrap values (1000
replicates; >50%) over each branch. Site number below, followed by theexclusively
shared amino acid substitution. Modified from Spotorno et al. (2004).

" parcellus
L

AE Spotorno, G Manriquez, A Fernandez, JC Marin,
F Gonzaélez, and Jane Wheeler. 2007. Domestication
of Guinea Pigs from a Southern Peru-Northern Chile
Wild Species and their Middle Pre-Columbian
Mummies University of California Publications in
FIROPE Zoology (vol. 134: 367-388)

C. porcellus | a

(andean breed)

SOUTH-AMFRICA

LA NEOTENIA COMO FACTOR EVOLUTIVO DE LOS HOMINIDOS

1. En este seminario se aplicaran técnicas de Morfometria Geométrica (MG). La morfometria tiene como objeto de estudio
la descripcion anatomica y el andlisis numérico de la variacion de los seres vivos en forma (desarrollo) y tamafio
(crecimiento), asi como el conocimiento de las causas que explican dicha variacion

Pongo pygmasus

Hamao habilis

Pongo pygmazus (jvenil)

Australopithecus afarensis
(uvenil)

Homo neanderthalensis Homo sapiens Australopithecics afarensis

2. La MG se caracteriza por capturar y conservar la informacion espacial (geométrica) de la estructura que se estudia
mediante la sobreposicion de matrices de coordenadas para dos (x, y) o tres dimensiones (X, y, 2), eliminando las
diferencias de rotacion y traslacion, y ajustando la escala. Se obtienen componentes de la forma de los espécimenes,
independientemente del tamafo.



3. Los puntos definidos por cada par de coordenadas x e y corresponden a hitos anatémicos (landmarks) comparables
entre dos o mas objetos bioldgicos, y se establecen segun los criterios de homologia a nivel ontogenético, estructural y/o
evolutivo, conformando un mapa de homologias.

HITOS HOMOLOGOS

1. Lambda, 2. Bregma, 3. Glabella, etc
e MAPA DE
HOMOLOGIAS

COMPONENTES DE LA FORMA, CON
INDEPENDENCIA DEL TAMANO

T

(EXTRACCION DE DIFERENCIAS DEBIDAS A

ANALISIS DE PROCUSTO l
ROTACION, TRASLACION Y ESCALA)

Matriz de 12 hitos anatémicos
X
14.00000 301.00000
190.00000 439.00000
323.00000 381.00000
341.00000 329.00000
379.00000 277.00000
482.00000 219.00000
55.00000 216.00000
126.00000 217.00000
298.00000 230.00000
357.00000 270.00000
307.00000 328.00000
73.00000 403.00000
IMAGE=Pongo_pygmaeus_juv_LATD.jpg

Los cambios se muestran como grillas de deformacion cuyos vectores tienen origen en los hitos anatomicos de cada
especimen en estudio. En este caso, chimpancé juvenil sobrepuesto a humano adulto. El “costo” del cambio
evolutivo se expresa mediante el valor de la “energia de torsion”, sumatoria de la variacion vectorial entre
especimenes

Pan troglodytes Energia de torsion= | Homo sapiens
juvenil 0.33 adulto

— >



ACTIVIDAD 1 a) En grupos organizados por su Prof. Ayudante, nombre y defina los hitos anatémicos de la Figura 1. b) Discuta y
responda ¢,Qué condiciones deben cumplirse para que estos hitos sean de utilidad en un andlisis filogenético? Fundamente.
Compare la Figura 1 con la imagen que se muestra (Australopithecus africanus) y con la réplica de un craneo de hominido ¢Hay
hitos que no cumplan con el criterio de sinapomorfia? ;Por qué?

HITOS HOMOLOGOS

1.Lambda,

2.Bregma

3.Glabella

4.Nasion,

5. Maxilo-nasal,

6. Incisal superior,

7. Inion,

8. Porion,

9. Angulo mas anterior del arco cigomatico,

10. Punto mas inferior de la orbita,

11. Punto mas anterior de la sutura fronto—maxilar,
12. Proyeccion a béveda del punto medio del trazo lambda bregma.

Material publicado en
Nature, 21
Septiembre de 2006,
Describe hallazgo de
restos fésiles de
nifo A. afarensis (el
“hijo” de Lucy)

Features of the foce (top /eff), including the small, narrow
nasal bones, identify this creature as A. afarensis, os
opposed to the closely relaied A. ofriconus. Although much of
the brain case is missing, the fossil preserves a natural
sandsfone endocast, or impression of the interior of the skull
(top righf). The apparent brain size hinfs that A. aforensis may
have hod deloyed brain growih relative fo chimps, which is a
characteristic of modern humans. CT images (below right)
reveal that in addition to having the milk teeth, the Dikika
baby has unerupted odult teeth (labeled) sfill in the jow. The
fossil also preserves the delicate hyoid bone (below leff),
which anchors throat muscles. This is only the second fossil
hominin hyoid bone ever found--the first was from o much
younger Neanderthol skelefon. Its morphology suggesis

that A. ofarensis had a chimplike voicebox.



ACTIVIDAD 3.

Pan troglodytes Energia de torsién= | Homo sapiens
juvenil 0.33 adulto

>
>

Pan troglodytes
adulto

»
>

I"A. afarensis adulto | Energia de torsion= | A. afarensis juvenil | Energia de torsion= | Homo sapiens
1.06 0.014 adulto

Actividad 4. Las grillas corresponden a proyecciones sobre el eje x, que recoge la mayor varianza de los componentes de la forma (Relative Warps=
RW).

P. troglod. juv. 9
H

i

.

A. afar. juv. X Estado fetal

RW1=43.4% Pan troglodytes

-0.25 -0.125

Pongo pygmaeus

0.25

H. sapiens

A. afarensis
H. neanderthalensis

A. africanus
£0.15




