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Ecomorphology

* Ecomorphology or
ecological morphology can
be defined as the
characterisation of the
adaptive relationship
between the morphology of
an organism and its
ecological role.

Cebupithecia sarmientoi

Piischel, T. A., Marcé-Nogué, J., Kaiser, T. M., Brocklehurst, R. J., and Sellers, W. 1. (2018).
Analyzing the sclerocarpy adaptations of the Pitheciidae mandible. American Journal of
Primatology 80, €22759. d0i:10.1002/ajp.22759.
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Function: Biomechanics
R R
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* Biomechanics is the discipline [ /7 4
that applies mechanical [/ i
principles to biological systems |/ '/ [ ]
) N,
* The application of Piischel, T. A. (2012).tBiomechanical modelling of Human Femora: a comparison between Agriculturalists

and Hunter-Gatherers using FEA, GMM and Beam Theory.
Medical image reconstruction

biomechanical principles to
vertebrate skeletons has a long

history that can be traced back
to Galileo (1638) and Borelli

(1680) .
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Jordi Marcé-Nogué https://featunning. weebly.com/hemodynamics.html



Finite Element Analysis

Finite Element Analysis
modelling technique that can be used for structural,
thermal, fluid, and acoustic analyses, amongst

others.

(FEA) is

Step

Identification of the
anatomical structure of
interest and the the research
problem

a general

Generation of a 3D virtual
representation of the
structure of interest

Easy to calculate stress
and strain of block

Difficult or impossible to calculate
stress and struin of block

Stress and strain of block
are approsimated
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Pre-processing
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Discretisation

Location

+CAD software
*Image Analysis software
*Fe pre-processing software

*Finite Element conversion

The model is converted into a software
finite element mesh consisting
of millions elements and =

nodes
S 2
l—v feedback Material Properties

and Boundary
Recreating the material

behaviour of the structure in Cm:ldltlons
silico, as well as the loading Assignment
scenarios

T Constraints {_ ﬁ
Calculating nodal - ‘ I Loading

displacements, and based on
them estimating stresses and

*FE pre-processing software

strains in the each one of the Analysis *FEA software
elements composing the
structure ‘
Sty

Visualisation and *FE post-processing software

Post-processing
interpretation of the results

functional morphology. The Anatomical Record Part A: Discoveries R R -']
in Molecular, Cellular, and Evolutionary Biology 283 A, 259-274. St .

Stress Displacement
d0i:10.1002/ar.a.20169.

Richmond, B. G., Wright, B. W., Groesse, 1., Dechow, P. C., Ross, C.
F., Spencer, M. A., et al. (2005). Finite element analysis in

Piischel, T. A. (2012). Biomechanical modelling of Human Femora: a comparison
between Agriculturalists and Hunter-Gatherers using FEA, GMM and Beam Theory.
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Geometric morphometrics (GM)
comprise a set of techniques for the
analysis of form (i.e. shape and size)

that utilise as primary data Cartesian » : o g ‘
coordinates  rather  than  linear : I: Wm%@
distances, angles, ratios or other Y "

o <

measurements.
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GM has become the standard tool to - .
quantify morphology in organismal

biology.
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Morley, J., Bucchi, A., Lorenzo, C., and Piischel, T. A. (2020). Characterizing the \
body morphology of the first metacarpal in the Homininae using 3D geometric
morphometrics. bioRxiv, 2020.04.30.070326. doi:10.1101/2020.04.30.070326.
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* Modern phylogenetic comparative methods (PCMs) area s =
series of statistical procedures applied to analyse B
phylogenetic trees, and frequently, their association with

i

trait/phenotypic data.

10

1.5

Trait-evolution PCMs

* (urrently there are two main sub-families

of methods within the PCMs, which can .
be broadly classified as those focused on
trait evolution and those wused to
investigate lineage diversification.
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Primates

[ Lemuridae
ring-tailed lemurs, true lemurs
ruffed lemurs, bamboo lemurs
— Indriidae
indris, sifakas, wooly lemurs

I Lepilemuridae
sportive lemurs

[ ] EXtant Primates are qUite diverse’ With b——— Cheirogaleidae ;

mouse lemurs, dwarf lemurs,

Lemuriformes

fork-crowne d lemurs

more than ~ 600 species recognised by e
the IUCN https://www.iucn.org/ ranging
in size from minuscule mouse lemurs (30 —

) to large gorilla silverbacks (200,000

Pitheciidae
titis, sakis, uakaris

Platyrrhini . d
L) Atelidae
Haplorhini spider monkeys, muriquis,
woolly monkeys, howlers
Callitrichinae

marmose ts, tamarins
Aotinae
owl monkeys ﬁ

Anthropoidea

Cebidae

Cebinae
capuchins, squirrel monkeys

* Most examples in this presentation are
focused on platyrrhines or New World cazonmecoive (Y

Monkeys (NWM). el |

Piischel, T. A. (2017). Morpho-functional analyses of the primate skeleton:
applying 3D geometric morphometrics, finite element analysis and
phylogenetic comparative methods to assess ecomorphological questions in
extant and extinct anthropoids.




Approaches % -
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1. GM as data generation/manipulation & o
tool for FEA
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Piischel, T. A. (2017). Morpho-functional analyses of the primate skeleton: applying 3D
geometric morphometrics, finite element analysis and phylogenetic comparative methods tgi

assess ecomorphological questions in extant and extinct anthropoids.




Approaches

combining FEA

and GM

2. GM as a tool to analyse

deformations after FEA analysis
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Piischel, T. A. (2012).
Biomechanical modelling of
Human Femora: a comparison
between Agriculturalists and
Hunter-Gatherers using FEA,
GMM and Beam Theory.



Approaches combining FEA and

3. GM and FEA combined by

analysing their results using
multivariate statistical tools
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Pongo pygmaeus

Hylobates moloch
Hylobates lar
Macaca mulatta

Macaca fuscata
Macaca nemestrina
Papio ursinus

Papio cynocephalus

Cercocebus torquatus
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A possible workflow
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Piischel, T. A. (2017). Morpho-functional analyses of the primate skeleton: applying 3D geometric morphometrics, finite element analysis
and phylogenetic comparative methods to assess ecomorphological questions in extant and extinct anthropoids.




Example: the platyrrhine talus

Achilles tendon— -2 |
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Piischel, T. A., Marcé-Nogué, J., Gladman, J. T., Bobe, R. & Sellers, W. L. Inferring locomotor behaviours in Miocene New World monkeys using finite element
analysis, geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Society Interface 15,
20180520 (2018).



[ clamber/suspensory
[ arboreal quadruped
M leaper

ancestral platyrrhine
diet: frugivory/insectivory
locomotion: arboreal
quadruped/leaper
size: small/medium size

Pitheciidae

Cebinae
diet: omnivory/frugivory
locomotion: arboreal quadruped
size: ~750-3500 g

diet: seed predation
locomotion: canopy dwellers - arboreal
quadruped
nocturnal- size: ~750-4000 g
cathemeral

Callitrichinae Aotinae Atelidae
diet: diet: primarily frugivorous diet: frugivory/folivory
frugivory/exudativory/insectivory locomotion: arboreal quadruped locomotion: climber/clamber
locomotion: clawed/leaper size: ~700-1200 g suspensory behaviours
size: ~100-700 g size: ~5000-14 000 g

Piischel, T. A., Marcé-Nogue, J., Gladman, J. T., Bobe, R. & Sellers, W. 1. Inferring locomotor behaviours in Miocene New World monkeys using finite element analysis,
geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Soctety Interface 15, 20180520 (2018).
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Piischel, T. A., Gladman, J. T., Bobe, R. & Sellers, W. I. The evolution of the platyrrhine talus: A comparative analysis of
the phenetic affinities of the Miocene platyrrhines with their modern relatives. Journal of Human Evolution 111, 179-201
(2017).




PCA: Locomotor data
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PLS: shape and locomotor data
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PLS: shape and stress data

(a)
0.4 - e ® o4 ? ®
e, ° %
n N
= 06 ¢ ®
§ o OO OX
3 © O
; -0.8 - @ “® O
3 @)
Z @
= o
S o_10] @ °
ke o
S @ o
%
= -1.24
m clamber/suspensory
@ arboreal quadrupedalism
14 ® B leaper
r-PLS: 0.8; p-value: 010 ~0.05 0 0.05
0.0002; 10,000
. PLS1 block 1 (talar shape)
permutations

Piischel, T. A., Marcé-Nogué, J., Gladman, J. T., Bobe, R. & Sellers, W. I. Inferring locomotor behaviours in Miocene New World monkeys using finite element analysis,
geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Society Interface 15, 20180520 (2018).



0.50
0.46
0.42
0.38
0.34
0.30
0.26
0.23
0.19
0.15
0.11
0.07
0.03

von Mises stress (MPa)

MWM

0.20

0.15 +

0.10 1

0.05 +

0

"

L

0.06

0.04
0.02

-0
“0.02
004 & ézt::
\

-0.20 -0.15 -0.10 -0.05 0

PC124.35%

—)

mag = |

0.05

~0.08
0.10 5

. clamber/suspensory
D arboreal quadruped

- leaper

Piischel, T. A., Marcé-Nogué, J., Gladman, J. T., Bobe, R. & Sellers, W. L. Inferring locomotor behaviours in Miocene New World monkeys using finite element
analysis, geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Society Interface 15,

20180520 (2018).




(D)

RF ¢
0.03
IS
a
a
O
= 0
5 b
il e
locomotion
leaper
quadruped il
clamber/suspensory -0.06

~0.10 ~0.05 0 0.05
@ fossil E PC1 21.78% %

Piischel, T. A., Marcé-Nogué, J., Gladman, J. T., Bobe, R. & Sellers, W. L. Inferring locomotor behaviours in Miocene New World monkeys using finite element analysis,
geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Soctiety Interface 15, 20180520 (2018).




2
P. marianae
1 a e
S C. sarmientoi locomotion
= C. carmenensis L]
g : ) _ B leaper
5 A P-reuquenensisg ‘ 2 g dindensis A quadruped
= W clamber/suspensory
% S. ameghinorum 4 o
0 Y Rio Cisnes
A A<> D, ol <& fossil
O <>Madre de Dios
N. fieldsi
-1
-1 0 1
interval 7

Piischel, T. A., Marcé-Nogué, J., Gladman, J. T., Bobe, R. & Sellers, W. L. Inferring locomotor behaviours in Miocene New World monkeys using finite

element analysis, geometric morphometrics and machine-learning classification techniques applied to talar morphology. Journal of The Royal Society
Interface 15, 20180520 (2018).




C O1cC lu S i OoOns Morphometrics Palaeobiology

Ekembo henseloni
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BF90% BF80%
Ekembo nyanzae
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FEA allows addressing this
issue from a mechanics point
of view, while GM provides
information about the
influence of shape
differences.

BF90% BF80%

Biomechanics

If combined in the context
of evolutionary theory (e.g.
by applying PCMs), a new
framework is generated that
enables testing hypotheses
regarding the relative - % o
contribution of a specific
function or morphology in
the evolution of a particular
clade.

y




Evolutionary modellin

Puschel, T. A., Gladman, J. T., Bobe, R. &
Sellers, W. I. The evolution of the platyrrhine
talus: A comparative analysis of the phenetic
affinities of the Miocene platyrrhines with their

modern relatives. Journal of Human Evolution
111, 179-201 (2017).
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