Elucidating Paralouatta’s semi-terrestriality
using the virtual morpho-functional toolbox
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New World monkeys or
platyrrhines

PLATYRRHINES
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No Ear Tube
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Strepsirrhini

CATARRHINES 4

Frontal-Sphenoid Contact

Platyrrhini

Haplorhini

Narrow Nose

Two Premolars

Anthropoidea

Cebidae

Catarrhini

Lemuridae
ring-tailed lemurs, true lemurs,
ruffed lemurs, bamboo lemurs

Indriidae
indris, sifakas, wooly lemurs

Lepilemuridae
sportive lemurs

Cheirogaleidae
mouse lemurs, dwarf lemurs,
fork-crowned lemurs

Daubentoniidae
aye-ayes

Pitheciidae
titis, sakis, uakaris

Atelidae
spider monkeys, muriquis,
woolly monkeys, howlers

Callitrichinae
marmosets, tamarins

Aotinae
owl monkeys
Cebinae

capuchins, squirrel monkeys

Cercopithecoidea
Old World monkeys

Hominoidea
apes, humans



Fossil localities

Divisaderan
Deseadan

Hemingfordian & Colhuehuapian
Santacrucian-Friasian

Laventan

Hayquerian

Pleistocene
Holocene

CCO0O0006

42-36 Ma Late Eocene
29-21 Ma Oligocene

21—17.5 Ma Miocene
17.5 - 15.5 Ma Miocene
13.8 - 11.8 Ma Miocene

9—6.8 Ma Miocene

2,588,000 to 11,650 years ago
11,650 years ago - present
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Paralouatta

Paralouatta marianae
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Talar form and function
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Objectives

1. To test whether Paralouatta was truly semi-
terrestrial or not

2. To analyse the biomechanical strength of
Paralouatta’s tali and a comparative sample

3. To analyse Paralouatta’s talar morphology and a Distal

comparative sample

4. To train different ML classification algorithms
using the morphometric and biomechanical data
to establish Paralouatta’s substrate preference

Plantar
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Posterior Anterior

3D surface renderings of tali from 109
individuals of 85 species representing all
anthropoid sub-families

Most of the 3D data are available at
https://www.morphosource.org/

Thirty 3D landmarks were collected using
Landmark editor v. 3.6

A generalized Procrustes analysis was
performed to obtain shape variables

Superior Inferior
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Finite Element Analysis

Models were imported into ANSYS®

We applied FEA to analyze talar
mechanical strength

Homogeneous, linear and elastic
material properties were used.
Cortical bone values from a Homo
sapiens talus were applied (Young’s
modulus: 20.7 GPa; Poisson’s ratio:
0.3)

We applied a load on the trochlear
surface of each talus in order to
simulate a basic quadrupedal
scenario

Dorsal

Plantar

x-y fixed displacement
z fixed displacement

body-weight force

Distal

o

Proximal




Analysis of the stress results

We computed the von Mises stress because it
combines all Cartesian components of the stress
tensor into a single value.

New variables corresponding to different
intervals of stress values were computed
following the Intervals’ Method proposed by
Marcé-Nogué et al. (2017a)

These interval variables were then used to
analyze the FEA results. The Intervals’ Method
generates a set of variables, each one defined
by an interval of stress values.
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Fossil Substrate
Preference Classification

The extant sample was classified according to their
main substrate preference based on the database
of Galan-Acedo et al. (2019): a) Arboreal; b) ‘Both’
and c) Terrestrial

Two different datasets were analyzed and used to
elucidate the main substrate preference of
Paralouatta: (a) morphometric and (b)
biomechanical data. Each one of these datasets
corresponded to the PCs that accounted for 90% of
the variance.

Six well-known supervised algorithms were chosen

as they correspond to a diverse range of different
classification techniques
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Results: Morphometric PCA
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Results: Biomechanical PCA
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Biomechanical
results
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achine-learning model comparison
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Substrate preference: Morphometric data
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Substrate preference: Biomechanical data
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Classification results

LDA morphometric model

Posterior probabilities

KNN biomechanical model

Posterior probabilities

Species Arboreal Both Terrestrial Arboreal Both Terrestrial
Paralouatta marianae 0.99 0.01 0.00 0.43 0.43 0.14
Paralouatta varonai 0.27 0.73 0.00 0.00 0.71 0.29




Conclusions

1. Both the morphometric and biomechanical data indicate mixed locomotor behaviors, thus
indicating some levels of terrestriality

2. Paralouatta was probably an island-adapted large-bodied genus that most likely diverged
from other platyrrhines during the early Miocene. This would certainly explain the
similarities of Paralouatta to the other platyrrhines, as well as many traits that are evidently
unique to this genus and that seem to be exaggerated in the later species P. varonai. The
talar morphology of Paralouatta combines some more primitive morphological aspects
(both anthropoid and platyrrhine) with derived features associated to some terrestriality
levels.

3. This study has shown that a combined virtual morpho-functional approach can help to the
understanding of locomotor behaviors in other fossil taxa. By combining morphometrics,
biomechanics and ML methods it is possible to provide a broader perspective regarding the
locomotor behaviors of fossils species by analyzing different aspects of their functional
morphology
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