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EDITOR'S NOTE

1 Introduction

1.1 Locomotion and bone structure
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1.2 Aims and predictions

4 

5 Pan  troglodytes P.  paniscus

et al. et al. et al.

6 Gorilla  gorilla G.  beringei

Pan

7 Papio anubis

et al. et al.

8 Macaca mulatta

9 Homo sapiens

al.

10 Hylobates  genus

et al.

11 

12 Pan Gorilla Papio Macaca

13 Pan Gorilla

Papio Macaca

Gorilla

Pan

Papio Macaca

14 

Macaca Papio Homo Pan Gorilla Hylobates
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2 Material and Methods

15 

Table 1

Genera species
N  (♀/♂/

ND)
Positionnal repertoire

Locomotor

group

Homo sapiens

Pan
paniscus,

troglodytes

Gorilla
gorilla,

beringei

Hylobates
lar,  agilis,

hoolock

Papio anubis

Macaca mulatta

Study sample. Percentages are averages of locomotor bouts from: 1Doran, 1996; 2Doran, 1997; 3Hunt,
1992; 4Sarringhaus et al., 2014; 5Gittins, 1983; 6Srikosamatara, 1984; 7Fleagle, 1976; 8Fan et al., 2013; 
9Chivers, 1972; 10Rose, 1977; 11Hunt, 2016; 12Turnquist & Wells, 1994. *data for chimpanzees and
bonobos are averaged as well as for mountain and lowlands gorillas.

16 
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et al.

17 

et  al. et  al.

et al.

et al.

3 Results

18 

3.1 Cross-sectional geometry

3.1.1 Relative cortical area

19 
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Figure 1 

CSG measured on discrete femoral cross sections for genera. %CA: percentage of cortical area per
section. Ix/Iy: ratio of the second moments of areas relative to the mediolateral and anteroposterior
axes. Imax/Imin: ratio of the maximum and minimum second moments of areas. Boxplots : min, Q1,
average, Q3, max.

20 Pan

Table 2

% of length %CA

Homo Pan Gorilla Papio

Homo
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Pan 1.55E-05

Gorilla 3.68E-06

Papio 2.41E-11 6.08E-07 2.81E-06

Macaca 5.52E-09 1.18E-04 1.22E-06

 

Homo

Pan 1.12E-03

Gorilla 7.17E-05

Papio 7.35E-09 1.20E-04 1.34E-05

Macaca 8.22E-07 5.19E-03 7.34E-06

 

Homo

Pan

Gorilla 3.59E-02 4.32E-03

Papio 1.64E-05 1.32E-03 2.44E-04

Macaca 2.44E-03 2.29E-02 6.94E-04

 

Homo

Pan 3.95E-02

Gorilla 2.05E-03 3.09E-02

Papio 6.92E-04 9.23E-04

Macaca 3.01E-02 5.43E-03

 

Homo

Pan 4.20E-06

Gorilla 1.83E-04

Papio 5.31E-05 7.69E-04
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Macaca 1.37E-02 7.99E-03

 

Homo

Pan 1.06E-10

Gorilla 8.94E-07

Papio 6.94E-06 7.01E-04

Macaca 1.84E-04 1.27E-02 7.99E-03

 

Homo

Pan 9.80E-15

Gorilla 1.89E-07

Papio 2.47E-02 1.54E-07 7.01E-04

Macaca 3.61E-05 1.90E-03 4.13E-02 4.95E-02

 

Homo

Pan 5.25E-15

Gorilla 2.64E-07

Papio 9.40E-09 1.32E-03

Macaca 6.30E-06 6.13E-04 9.97E-03

 

Homo

Pan 2.26E-13

Gorilla 2.64E-07

Papio 8.06E-09 5.82E-04

Macaca 8.40E-05 2.47E-04 6.24E-03

 

Homo
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Pan 3.42E-12

Gorilla 1.83E-04

Papio 4.01E-09 1.21E-03

Macaca 1.70E-02 1.71E-05 3.38E-02

 

Homo

Pan 2.11E-09

Gorilla 7.43E-03

Papio 3.71E-09 1.57E-03

Macaca 3.54E-05 3.08E-02

 

Homo

Pan 2.09E-06

Gorilla

Papio 3.02E-04 4.69E-09 1.01E-03

Macaca 7.85E-06 1.37E-02

 

Homo

Pan 1.23E-02

Gorilla

Papio 9.05E-06 9.35E-08 1.32E-03

Macaca 5.89E-05 9.61E-07 2.91E-03

Wilcoxon-Mann-Whitney p-values of interspecific comparison of femoral relative cross-sectional
cortical area.

3.1.2 AP/ML bending rigidty

21 
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Pan

22 

23 

% of length Ix/Iy

Homo Pan Gorilla Papio

Homo

Pan

Gorilla 1.89E-07 4.23E-09

Papio 2.61E-02 3.19E-06

Macaca 6.12E-07

 

Homo

Pan

Gorilla 1.63E-08 4.23E-09

Papio 1.94E-06

Macaca 6.12E-07

 

Homo

Pan 3.21E-04

Gorilla 1.36E-09 4.23E-09

Papio 8.67E-04 1.50E-06
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Macaca 7.47E-05 6.12E-07 1.40E-02

 

Homo

Pan 5.86E-09

Gorilla 1.36E-09 4.23E-09

Papio 4.91E-06 1.50E-02 1.50E-06

Macaca 3.01E-08 6.12E-07 2.91E-04

 

Homo

Pan 8.21E-10

Gorilla 1.36E-09 4.23E-09

Papio 1.30E-06 4.71E-04

Macaca 1.82E-09 6.12E-07 6.43E-06

 

Homo

Pan 2.26E-10

Gorilla 1.36E-09 4.23E-09

Papio 1.50E-07 9.16E-05 1.50E-06

Macaca 9.21E-09 6.12E-07 2.74E-06

 

Homo

Pan 1.44E-10

Gorilla 9.51E-09 2.96E-08

Papio 6.05E-08 6.14E-06 1.50E-06

Macaca 9.21E-09 2.45E-06 3.32E-06

 

Homo
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Pan 1.95E-10

Gorilla 1.32E-07 2.09E-06

Papio 4.95E-07 6.08E-07 1.50E-06

Macaca 8.79E-08 1.19E-04 9.63E-05

 

Homo

Pan 9.42E-10

Gorilla 1.89E-07

Papio 1.32E-05 3.10E-06 2.19E-06

Macaca 1.59E-06 8.78E-04

 

Homo

Pan 1.08E-08

Gorilla 2.01E-06

Papio 3.96E-04 6.95E-07 9.42E-06

Macaca 1.27E-05 7.08E-04

 

Homo

Pan 1.37E-08

Gorilla 6.89E-05

Papio 3.38E-08 5.85E-06

Macaca 1.06E-04 3.44E-02 1.98E-04

 

Homo

Pan 1.95E-08

Gorilla 5.08E-04

Papio 1.28E-08
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Macaca 1.21E-02 8.46E-04 2.28E-03

 

Homo

Pan 2.75E-08

Gorilla 6.60E-04

Papio 3.64E-02 1.73E-11 4.38E-04

Macaca 1.71E-05 2.96E-03

Wilcoxon-Mann-Whitney p-values of interspecific comparison of femoral AP/ML second moment of
area.

3.1.3 Cross-sectional shape

24 

Pan

Pan

Pan

25 Pan

Table 4

% of length Imax/Imin

Homo Pan Gorilla Papio

Homo

Pan

Gorilla 6.71E-07 4.23E-09

Papio 4.60E-06

Macaca 6.12E-07

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

13



 

Homo

Pan

Gorilla 4.08E-08 4.23E-09

Papio 2.81E-06

Macaca 6.12E-07

 

Homo

Pan

Gorilla 9.51E-09 4.23E-09

Papio 1.94E-06

Macaca 6.12E-07

 

Homo

Pan

Gorilla 2.72E-09 4.23E-09

Papio 2.36E-02 1.71E-06

Macaca 2.34E-02 6.12E-07 9.42E-03

 

Homo

Pan

Gorilla 9.51E-09 4.23E-09

Papio 2.49E-03 1.51E-03 1.71E-06

Macaca 6.12E-07 2.00E-03

 

Homo

Pan 3.67E-02
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Gorilla 2.64E-07 8.46E-09

Papio 9.09E-07 2.56E-03 1.71E-06

Macaca 6.12E-07 2.91E-04

 

Homo

Pan 9.47E-04

Gorilla 6.89E-05 1.69E-08

Papio 6.85E-09 1.45E-03 1.71E-06

Macaca 1.70E-02 2.45E-06 8.88E-05

 

Homo

Pan 3.12E-03

Gorilla 3.68E-06

Papio 5.54E-09 2.70E-05 2.19E-06

Macaca 1.05E-02 1.84E-05 2.72E-05

 

Homo

Pan

Gorilla

Papio 2.34E-07 2.25E-06 1.50E-05

Macaca 5.87E-05

 

Homo

Pan

Gorilla

Papio 1.73E-04 5.31E-07

Macaca 1.87E-03
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Homo

Pan

Gorilla 1.18E-02

Papio 2.71E-02 1.06E-05

Macaca 4.74E-02 3.38E-02

 

Homo

Pan 9.47E-04

Gorilla 1.18E-02

Papio 5.89E-04 3.08E-07 1.24E-02

Macaca 1.23E-04

 

Homo

Pan 3.53E-02

Gorilla

Papio 8.03E-05 2.51E-07 2.44E-04

Macaca 5.87E-05

Wilcoxon-Mann-Whitney p-values of interspecific comparison of femoral max/min second moment of
area.

3.2 Overall cortical distribution

26 

Pan
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Figure 2

Consensus maps of cortical thickness distributions for genera. Orientation: A, anterior; M, medial; P,
posterior; L: lateral. Thickness is represented on a standardized scale from 0 (blue) to 1 (red).

27 

Figure 3

Principal component analysis based on individual values of cortical thickness maps (n=127). Blue: Pan
genus (n = 28), skyblue: Gorilla genus (n = 10), orange: Papio anubis (n = 38), pink: Macaca mulatta (n =
15), red: Homo sapiens (n = 32), green: Hylobates genus (n=4).
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4 Discussion

4.1 Internal structure of the femoral diaphysis: locomotion or
phylogeny? 

4.1.1 Validating predictions

28 

Pan

et  al.

et  al.

et al.

et al.

et al.

29 

et al.

et al.

et al.

Pan
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30 

31 

et

al. et al.

Homo sapiens

32 

Pongo
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et  al.

4.1.2 Cortical thickness distribution: a phylogenetic partition in non-human
primates?

33 

Homo sapiens

34 

et al.

et al.

4.2 An approach on the entire diaphysis

4.2.1 Advances

35 

Pan Gorilla

et al.
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et al.

Gorilla Pan

Gorilla

Pan

36 

et al.

et  al.

et al.

4.2.2 Limits

37 

et  al.

38 

et al. et al.

et al. et al.

et al.

39 

et  al. et  al.
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et

al.

5 Conclusion

40 

Acknowledgements

41 

Conflicts of interest

42 

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

22



BIBLIOGRAPHY

Journal of

Physical Anthropology

Papio anubis

International Journal of Primatology

Journal of

Experimental Biology

American Journal of Physical Anthropology

Journal of Human Evolution

American Journal

of Physical Anthropology

American Journal of Physical

Anthropology

American Journal of Physical

Anthropology

American Journal of Physical Anthropology

Journal of Human

Evolution

Bulletins et mémoires de la Société d’anthropologie de Paris

Bulletins et mémoires de la société d’anthropologie de Paris

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

23



L’Anthropologie

Karger

American Journal

of Biological Anthropology

Papio anubis American Journal of Biological Anthropology

Nature

American Journal of Physical Anthropology

American Journal of

Physical Anthropology

American Journal of Physical

Anthropology

Journal of Human Evolution

Cambridge University Press

Journal of Human

Evolution

Evolutionary Anthropology: Issues, News,

and Reviews

American Journal of Physical Anthropology

Papio anubis American Journal of Physical

Anthropology

Nomascus nasutus

Integrative Zoology

Folia Primatologica

Folia Primatologica

Bone

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

24



Pan troglodytes

American Journal of Physical Anthropology

Journal of Anatomy

American Journal of Physical Anthropology

Revue de primatologie

Journal of

Biomechanics

American Journal of Physical Anthropology

Osteoporosis International

Journal of Human

Evolution

American Journal of Physical Anthropology

Australopithecus afarensis American

Journal of Biological Anthropology

Homo naledi Journal of Human Evolution

American

Journal of Physical Anthropology

The Anatomical Record

The Anatomical Record

Scientific Reports

PLoS ONE

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

25



American Journal of Physical Anthropology

American Journal of Physical

Anthropology

African

Study Monographs

Papio hamadryas ursinus PLoS ONE

Revue de primatologie

American Journal of

Physical Anthropology

Paléo

Journal of Human Evolution

Comptes Rendus Palevol.

Journal of Human Evolution

Papio anubis

Primates

Journal of Experimental Biology

Journal of Human Evolution

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

26



Homo erectus Journal of Human Evolution

Homo habilis. American Journal of Physical

Anthropology

American Journal of Physical Anthropology

Folia

Primatologica

American Journal of Physical

Anthropology

American Journal of Physical Anthropology

American Journal of Physical Anthropology

Gorilla beringei beringei Journal of Human Evolution

Wiley-Blackwell

American Journal of Physical

Anthropology

PLoS ONE

Journal of Human Evolution

American Journal of

Physical Anthropology

American Journal of Physical Anthropology

American Journal of Physical Anthropology

American Journal of Biological Anthropology

Journal of Human Evolution

American Journal of Physical

Anthropology

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

27



Folia Primatologica

Journal of Human Evolution

. Journal of Human Evolution

American Journal of

Physical Anthropology

Edinburgh University Press

Folia Primatologica

Folia Primatologica

Amercian Journal of Physical Anthropology

American Journal of Physical Anthropology

PaleoAnthropology

Macaca mulatta

Journal of Human Evolution

Proceedings of

the National Academy of Sciences

Comptes Rendus Palevol

Macaca mulatta

American Journal of

Physical Anthropology

Australian & New Zealand Journal of Statistics

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

28



ABSTRACTS

INDEX

Mots-clés: 

Keywords: 

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

29



AUTHORS

QUENTIN COSNEFROY 

FRANÇOIS MARCHAL 

LAURENCE BELLAICHE 

ROBERT CARLIER 

CYRILLE CAZEAU 

KATHIA CHAUMOÎTRE 

FRANCK LAMBERTON 

ANTOINE PERRIER 

JEAN-CHRISTOPHE THEIL 

GILLES BERILLON 

Phylogenetic and biomechanical influences in the structural pattern of the fe...

Revue de primatologie, 15 | 2024

30

mailto:quentin.cosnefroy@u-bordeaux.fr

	Phylogenetic and biomechanical influences in the structural pattern of the femoral diaphysis among catarrhines
	1 Introduction
	1.1 Locomotion and bone structure
	1.2 Aims and predictions

	2 Material and Methods
	3 Results
	3.1 Cross-sectional geometry
	3.2 Overall cortical distribution

	4 Discussion
	4.1 Internal structure of the femoral diaphysis: locomotion or phylogeny?
	4.2 An approach on the entire diaphysis

	5 Conclusion
	Acknowledgements
	Conflicts of interest



