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résumé

Cette thèse avait �our objectif d’étudier la mise en �lace des s�écialisations fonctionnelles de la main des hominidés 
�liocènes et de tester l’h��othèse de la terrestrialité à l’origine de la lignée hominidé. 115 os du �oignet mio-�liocènes 
originaux, �armi lesquels 27 restaient à décrire, ont été com�arés à 392 s�écimens ostéologiques de �oignets d’anthro�oïdes 
actuels. 14 �oignets de cadavres d’anthro�oïdes non humains ont été également anal�sés. Une a��roche transdisci�linaire a 
été conduite d’abord à l’aide de radiogra�hies (n = 10), de dissections (n =14) et d’observations mor�hologiques (n = 392) 
�uis à l’aide de la mor�hométrie géométrique 3D a��liquée à l’étude des os du com�lexe fonctionnel ca�itatum-hamatum 
(n[ca�itatum] = 245 ; n[hamatum] = 222 ; n[ca�itatum fossiles] = 10 ; n[hamatum fossiles] = 6). Ainsi, j’ai montré que �our 
les mouvements de flexion-extension du �oignet, les hominoïdes actuels, à l’image des autres anthro�oïdes, �résentaient 
une �lus grande mobilité médio-car�ienne qu’antébrachio-car�ienne. Toutefois, �our les mouvements de déviation radio-
ulnaire, Homo, gorilla et pongo �résentent �lus de mobilité antébrachio-car�ienne que les autres anthro�oïdes en raison de 
leur �rocessus st�loïde ulnaire atro�hié. Par ailleurs, les tissus mous stabilisateurs de la mécanique car�ienne (ligaments et 
tendons) sont associés à des marqueurs ostéologiques liés aux �ostures des mains (quadru�édie et sus�ension). L’anal�se 
mor�hométrique géométrique tridimensionnelle a mis en évidence que la conformation de chacun des os était liée i) soit 
aux différents t��es de saisie de force �ratiquées �ar les anthro�oïdes, ii) soit à leur com�ortement de sus�ension et de 
quadru�édie. D’un �oint de vue �aléobiologique, j’ai �ro�osé de nouvelles inter�rétations fonctionnelles des os du �oignet, 
re�lacées dans le cadre fonctionnel de l’ensemble du squelette locomoteur des hominoïdes mio-�lio-�léistocènes africains. 
Au moins quatre t��es de �almigradie arboricole ont �robablement coexisté au Miocène. Une tendance à la terrestrialité se 
confirme au Miocène mo�en chez Equatorius qui aurait �u �ratiquer une forme de digitigradie ou de knuckle-walking. La 
main des hominidés �liocènes devait être utilisée dans une saisie de force intégrant une o��osition du �ouce comme chez 
Homo, ex�loitée soit dans un grim�er, soit dans la mani�ulation et la fabrication d’outils. D’un �oint de vue évolutif, ce travail 
a notamment mis en évidence : i) une mise en �lace �récoce (Miocène ancien) des s�écialisations mor�ho-fonctionnelles 
�ro�res aux hominoïdes actuels, ii) des caractères communs �artagés �ar les hominidés �liocènes et miocènes, iii) une 
émergence tardive des s�écialisations fonctionnelles du �oignet Homo, �robablement héritées d’un ancêtre arboricole.
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INTRODUCTION

M� doctoral research aimed to evaluate wrist 
functions in Mio-Pliocene human ancestors in order to 
�recise first hominids hands s�ecializations and to further 
test current h��othesis of emergence of bi�edalism 
(Daver 2007). Recent h��otheses have stated that the 
African a�es/Homo Last Common Ancestor (LCA) might 
be a knuckle-walker2 as suggested b� hand mor�holog� 
of Middle Miocene hominoid (McCrossin et al. 1998) 
and wrist mor�holog� of Pliocene hominids (Gebo 1996; 
Sarmiento 1998; Richmond, Strait 2000; Richmond  
et al. 2001; Begun 2004; Richmond 2006). Alternativel�, 
an arboreal (climbing and/or hand-assisted bi�edalism) 
h��othesis has recentl� been cham�ioned (Thor�e et al. 
2007; Crom�ton et al. 2008). This latter h��othesis 
is based on arboreal-like hand mor�hologies in oldest 
hominids (Haile-Selassie 2001; Semaw et al. 2005) 
�ossibl� ex�loited in a �ower gri�3 (Gommer�, Senut 
2006) and not exclusivel� in a hook gri�4 t��ical of 
sus�ensor� Asian a�es. Because the wrist allows the 
�recise orientation of the hand and because this joint 
could retained in bi�edal hominids �lesiomor�hic traits 
inherited from the LCA (Lewis 1977; Corruccini 1978; 
Heinrich et al. 1993; Richmond, Strait 2000; Richmond 
et al. 2001; Richmond 2006), the stud� of the wrist is 
of first im�ortance in �aleoanthro�ological studies. So 
far, functional inter�retations of these �lesiomor�hic 
traits have been limited because of the low congruence 
of the wrist com�lex and of the difficult� of quantif�ing 
car�al bones sha�e. Thus, I conducted a transdisci�linar� 
a��roach. First, a mor�hofunctional and ex�erimental 
anal�sis of living anthro�oids aimed to identif� new 
osteological traits on fossils associated with hand �ostures. 
Second, a three-dimensional osteometric (3D) anal�sis 
focused on the ca�itate-hamate functional com�lex of 
living and fossil hominids. Integrating conclusions of both 
a��roaches allowed a better understanding of the �ostural 
roles of the wrist in fossil hominoids and assessing 
terrestrial quadrupedalism in hominid ancestors. 

2. quadru�edalism used b� African a�es where bod� weight isquadru�edalism used b� African a�es where bod� weight is 
su��orted on dorsum of fingers middle �halanges.

3. Prehensile hand function where the �alm contacts the substrate. InPrehensile hand function where the �alm contacts the substrate. In 
Homo, the �ower gri� can be associated with the o��osition of the 
thumb (Marzke et al. 1992). 

4. Prehensile hand function where the �alm does not contact thePrehensile hand function where the �alm does not contact the  
substrate (Marzke et al. 1992).

MATERIAL AND METHODS

I anal�zed 115 original wrist bones attributed to 
both Miocene (Proconsul, Turkanapithecus, Afropithecus, 
Kalepithecus, Limnopithecus?, Rangwapithecus?, Dendro-
pithecus?, Equatorius, Nacholapihecus), and Pliocene 
genera (Australopithecus, paranthropus), including 
27 undescribed s�ecimens. These fossils are re�re-
sentative of the taxonomic diversit� currentl� 
recognized for these �eriods and were com�ared 
with 88 modern humans, and 314 living non-human  
anthropoids (including 23 genera). in addition, 14  
(4 non-Homo hominoids; 3 ceboids, 7 cerco�ithecoids) 
wrist s�ecimens from non-human anthro�oids cadavers 
were anal�zed.

A transdisci�linar� a��roach was carried out 
through two com�lementar� axes. First, radiogra�hs and 
dissections of 10 wrists removed from cadavers allowed 
characterizing car�al kinematics in anthro�oids. I also 
identified the osteological traits associated with entheses 
on car�al bones of living anthro�oids (n = 392) in order 
to assess the role �la�ed b� ligaments and tendons into 
carpal motions. Second, the 3D geometric morphometric 
anal�ses focused on both bones of the ca�itate-hamate 
functional com�lex (245 ca�itates; 222 hamates; 10 �artial 
ca�itate-hamate com�lexes from Miocene (proconsul, 
Equatorius, Limnopithecus?), Pliocene (Australopithecus) 
and Pleistocene (Homo). 

THE WRIST OF LIVING HOMINOIDS

Car�al kinematics anal�ses of ten living quadru�edal 
non-hominoid anthro�oids revealed that flexion-extension 
results more from midcar�al mobilit� than from radiocar�al 
mobilit�, as it has been observed in hominoids (Jenkins, 
Fleagle 1975; Sarmiento 1988). In radioulnar deviation, 
non-hominoid anthro�oids dis�la� also a higher midcar�al 
mobilit�. This condition was observed in onl� two 
hominoids, pan and Hylobates (Jouffro�, Medina 2002), 
while Homo, pongo and gorilla are characterized b� a 
more mobile antebrachiocar�al joint. These results su��ort 
that pan and Hylobates ma� best described as retaining a 
�lesiomor�hic anthro�oid wrist function. Dissections of 
14 living anthro�oids and mor�hological observations of 
392 osteological s�ecimens showed that terrestrial non-
hominoid anthro�oids dis�la� osteological traits associated 
with stabilization for flexion-extension and radioulnar 
deviation. B� com�arison, hominoids mor�hofunctional 



s�ecializations of the car�us were �recised. Great a�es are 
characterized b� stabilization s�stems of the su�ination 
and the ulnar deviation involved in the hook gri�. S�ecific 
car�al kinematics of Homo, gorilla and pongo are 
clearl� related with ulnar head mor�holog�. pongo and 
Homo dis�la� a better stabilization of thumb extension 
while Homo is distinguished b� a unique thumb flexion-
extension stabilization. 

Geometric mor�hometrics of each bone of the 
ca�itate-hamate com�lexes showed that living hominoids 
exhibit a greater mor�hological variabilit� than all 
other anthro�oid, reflecting their contrasting �ositional 
re�ertoires. These results confirm �revious anal�ses based 
on traditional methods (Corruccini et al. 1975). Although 
our main results reflect hand �ostures utilized b� living 
anthro�oids, the� also em�hasize osteological traits 
�eculiar to each bone of the ca�itate-hamate com�lex. 
For the ca�itate, our main results highlight the different 
utilization of a �ower gri�: i) human differs clearl� from 
other anthro�oids b� the mor�hologies of the facets 
for the tra�ezoid and the lunate, this illustrates major 
com�ressive loads linked to thumb o��osition; ii) all great 
a�es share a less �rojected tra�ezoid contact. Influenced 
b� size, this feature illustrates the com�ressive loads 
associated to a �ower gri� devoid of thumb o��osition. 
Our results also highlighted differences between 
sus�ensor� and terrestrial anthropoids, as well as between 
African hominoids s�ecializations. Results of the sha�e 
anal�sis of the hamate show some clear mor�hological 
differences between quadru�edal anthro�oids who utilize 
the wrist in com�ression and sus�ensor� anthro�oids 
who utilize their wrist in tension: i) Asian apes and pan 
exhibit a �roximodistall� elongated hamate due to tension 
loads a��lied during the hook gri�; ii) great a�es are 
characterized b� their dorso�almarl� enlarged hamates and 
their better stabilization of car�ometacar�al IV-V joints. 
Influenced b� size, this trait is associated to an o�timized 
absor�tion of com�ressive forces during flexion-extension 
movements involved in traction behaviours or knuckle-
walking. Other results also highlighted features that 
distinguish terrestrial and arboreal anthro�oids, as well as 
ceboid s�ecializations. 

THE WRIST OF FOSSIL HOMINOIDS

For proconsul, 67 antebrachiocar�al fossils were 
studied and 21 described for the first time. Like arboreal 
quadruped anthropoids, proconsul heseloni dis�la�s 

a weakl� stabilized radioulnar deviation and flexion-
extension. Both antebrachiocar�al and midcar�al 
congruence are o�timized in extension and ulnar deviation, 
associated to a more mobile intermetacar�al II-III joint. 
Interestingl�, this anthro�oid resembles living hominoids 
(e.g. antebrachial �ronosu�ination abilities, thumb 
mobilit�, car�al architecture, hamate-ca�itate com�lex 
congruence). proconsul nyanzae wrist differs from 
proconsul heseloni b� both lower stabilized ulnocar�al 
and car�ometacar�al II joints and, as Afropithecus, a 
more congruent midcar�al joint. Turkanapithecus differs 
from proconsul because it lacks the stabilization of the 
hominoid-like su�ination and exhibits a better stabilization 
for flexion-extension. B� contrast to what has been 
�reviousl� described, small-sized Miocene anthro�oids 
are unique when com�ared with their contem�oraries. 
These �rimates exhibit some ceboid-like wrist functions 
such as the lowest radioulnar �ronosu�ination abilit� 
(Limnopithecus?), the highest degree of midcar�al 
supination (Rangwapithecus?), a better stabilization of the 
radial midcar�al joints (Dendropithecus?) and the weakest 
midcar�al extension stabilization (Kalepithecus?). The 
first descri�tion of Middle Miocene hominoids wrists 
highlighted two functional trends. On the one hand, 
Nacholapithecus wrist shares with proconsul and living 
hominoids an efficient su�ination stabilization as well 
as a better load transmission in the radial com�artment 
of the antebrachiocar�al joint. On the other hand, 
Equatorius differs from Nacholapithecus b� higher 
level of wrist stabilit� for both radioulnar deviation and  
flexion-extension, a stabilized thumb extension as in 
pongo and Homo. 

The 3D geometric mor�hometric anal�sis confirm 
that Miocene capitates (proconsul heseloni and 
Limnopithecus?) show mor�hological affinities for 
arboreal anthro�oids and sus�ensor� hominoids (e.g. 
orangutan). This results su��ort that these two fossil 
�rimates �robabl� utilized a �ower gri� with no thumb 
opposition. proconsul hamates are mor�hologicall� 
close to that of quadru�edal non-hominoid anthro�oids 
and Homo while Equatorius show more mor�hological 
affinities for cerco�ithecoids.

in Pliocene hominids, Australopithecus shares 
with proconsul common morphological features 
(�ronosu�ination abilities; ca�itate-hamate com�lexes 
congruence; car�ometacar�al II-III joint mor�hologies). 
From a functional �oint of view, Australopithecus, 
differs from Miocene anthro�oids (less stabilization for 
su�ination, better stabilization for midcar�al su�ination 
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and extension, antebrachiocar�al ulnar deviation and 
flexion abilities closer to that of pan and pongo, better 
transmission of com�ressive loads on the lunate-ca�itate 
joint). Car�al mor�holog� of Pliocene hominids show 
also an im�ortant functional diversit�: Australopithecus 
afarensis hamate exhibits a lower car�ometacar�al 
IV-V joint stabilization and a lower degree of midcar�al 
�ronation and ulnar deviation than the South Turkwell 
hominid. Australopithecus anamensis shows more 
stabilit� for car�ometacar�al II-III joints as do so non-
human hominoids, as well as a Homo-like stabilization 
for thumb flexion-extension. Paranthropus differs from 
Australopithecus because of a better stabilization of 
flexion-extension and because of a Pan/Pongo-like 
�rono-su�ination abilit�. This conclusion illustrates 
that two Pliocene hominids with different radioulnar 
pronosupination and/or radioulnar deviation strategies 
coexisted. 

The 3D mor�hometrics anal�ses showed that 
Pliocene ca�itates exhibit some clear mor�hological 
affinities for human ca�itates t��ical of the utilization 
of a Homo-like �ower gri�. Both Pliocene hamates are 
included in the great a�es variabilit�. The south Turkwell 
hamate (3,5 M�) does not fall within Homo variabilit� 
and differs from Australopithecus afarensis because of 
its radioulnarl� enlarged sha�e t��ical of that of living 
African great a�es. The mor�hological descri�tions also 
highlighted the close mor�hological affinities shared 
b� the South Turkwell hamate and that of African great 
a�es (ex: a better stabilization of hamatometacar�al IV-V, 

�resence of an elongated triquetral facet). Regarding 
hamate mor�hologies, this results suggest that between 
3,5 and 3 Ma, two mor�hot��es are re�resented, an older 
one which recalls the hamate of African great a�es and a 
�ounger one closer to Homo (contra Ward et al. 1999).

CONCLUSION

During the Miocene, at least four t��es of arboreal 
�almigrad� ma� have coexisted; a �almigrad� with 
hominoid-like wrist s�ecializations (proconsul 
heseloni, Nacholapithecus), a cerco�ithecoid-like 
�almigrad� (Turkanapithecus), a ceboid-like �almigrad� 
(Limnopithecus?, Dendropithecus?, Rangwapithecus?; 
Kalepithecus?) and a semi-terrestrial �almigrad� 
(Afropithecus, proconsul nyanzae). A terrestrial trend is 
es�eciall� su��orted b� Equatorius wrist mor�holog�, 
�otentiall� used in a digitigrade/knuckle-walker hand 
�osture. Pliocene hominid hands were involved in 
a �ower gri� with thumb o��osition, either utilized  
in climbing or in mani�ulation/tool-making (Marzke  
et al. in �ress). Although their wrist share mor�hological  
features with Miocene anthro�oids (fig. 1), no persistent 
knuckle-walking traits have been identified. This  
conclusion challenges the knuckle-walking h��othesis  
of bi�edalism emergence (Richmond, Strait 2000; 
Richmond et al. 2001; Begun 2004; Richmond 2006). 
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Fig. 1—Main hand postures used by Miocene and Pliocene hominoids: illustrations of the hand postures 
from Lewis (1977), Whitehead (1993), Richmond and Strait (2000).

Fig. 1 - Principales postures de mains employées par les hominoïdes miocènes et pliocènes : 
illustrations des posturaux de mains extraites de Lewis (1977), Whitehead (1993), Richmond et Strait (2000).



238 g. daver

begun (d.r.) 2004, Knuckle-walking and the origin of human 
bi�edalism, in D.J. Meldrum, C.E. Hilton (eds), From 
biped to strider: The emergence of modern human walking, 
running, resource transport, Kluwer Academic/Plenum 
Publishers, New York, �. 9-33.

corruccini (r.s.) 1978, Com�arative osteometrics of hominoid 
wrist joint, with s�ecial reference to knuckle-walking, 
Journal of Human Evolution 7: 307-321.

corruccini (r.s.), ciochon (r.l.), mchenry (h.m.) �975 
Osteometric sha�e relationshi�s in wrist joint of some 
anthropoids, Folia primatologica 24: 250-274. 

crompton (r.h.), vereecke (e.e.), thorpe (s.k.s.) 2008, 
Locomotion and �osture from the common hominoid 
ancestor to full� modern hominins, with s�ecial reference 
to the last common panin/hominin ancestor, Journal of 
Anatomy 212: 501-543.

daver (g.) 2007, Le complexe articulaire du poignet des 
hominoïdes miocènes et �lio-�léistocènes africains :  
a��roche com�arative anatomo-fonctionnelle et mor�ho-
métrique, Thèse de doctorat, Muséum national d’histoire 
naturelle, paléontologie humaine, 619 p.

gebo (d.l.) 1996, Climbing, brachiation, and terrestrial 
quadru�edalism: Historical �recursors of hominid 
bi�edalism, American Journal of Physical Anthropology 
101: 55-92.

gommery (d.), senut (B.) 2006, La phalange distale du pouce 
d’Orrorin Tugenensis (Miocène su�érieur du Ken�a), 
geobios 39 : 372-384.

haile-selassie (y.) 2001, Late Miocene hominids from the 
Middle awash, Ethio�ia, Nature 412: 178-181.

heinrich (r.e.), rose (m.d.), leakey (r.e.), walker (a.c.) 
1993, Hominid radius from the Middle Pliocene of lake 
Turkana, Ken�a, American Journal of Physical Anthropology 
92: 139-148.

jouffroy (f.k.), medina (m.) 2002 Radioulnar deviation  
of the �rimate car�us: an Y-ra� stud�, Zeirthricht für 
Morphologie und Anthropologie 83: 275-289.

jenkins (f.a), fleagle (j.g.) �975, Knuckle-walking and 
the functional Anatom� of the wrists in living a�es, in  
R.H. Tuttle (ed.), primate functional morphology and 
evolution, Mouton The Hague, Paris, p. 213-227.

lewis (o.) 1977, Joint remodelling and the evolution of the 
human hand, Journal of Anatomy 123: 157-201.

marzke (m.w.), wullstein (k.l.), viegas (s.f.) �992, 
Evolution of the �ower (“squeeze”) gri� and its 
morphological correlates in hominids, American Journal of 
physical Anthropology 89: 293-298.

marzke (m.w.), tocheri (m.w.), steinberg (j.d.),  
femiani (j.d.), reece (s.p.), linscheid (r.l.), orr (c.m.), 
marzke (r.f.) in press, Comparative 3D quantitative 
anal�ses of tra�eziometacar�al joint surface curvatures 
among living catarrhines and fossil hominins, American 
Journal of Physical Anthropology. 

mccrossin (m.l.), benefit (b.r.), gitau (s.n.),  
palmer (a.k.) blue (k.t.) 1998, Fossil evidence for the 
origins of terrestrialit� among Old World higher �rimates,  
in E. Strasser, J.G. Fleagle, A. Rosenberger, H. McHenr� 
(eds), primate Locomotion: Recent Advances, Plenum 
Press, New York, �. 353-396.

richmond (b.g.) 2006, Functional mor�holog� of the  
midcar�al joint in knuckle-walkers and terrestrial  
quadrupeds, in H. Ishida, R.H. Tuttle, M. Pickford,  
N. Ogihara, M. Nakatsukasa (eds), Human Origins and 
Environmental Backgrounds, S�ringer, New York, �. 105-122.

richmond (b.g.), strait (d.s.) 2000, Evidence that humans 
evolved from a knuckle-walking ancestor, Nature  
404: 382-385.

richmond (b.g.), Begun (D.R.), strait (d.s.) 2001, Origin 
of human bi�edalism: the knuckle-walking h��othesis 
revisited, American Journal of Physical Anthropology  
33: 70-105.

sarmiento (e.e.) 1998, Generalized quadru�eds, committed 
bi�eds and the shift to o�en habitats: an evolutionar� 
model of hominid divergence, American Museum Novitates  
3250: 1-78.

BiBLiOGRAPHY



 the articular wrist complex in miocene and plio-pleistocene african hominoids 239

sarmiento (e.e.) �988, Anatom� of the hominoid wrist—its 
evolutionnar� and functional im�lications, International 
Journal of Primatology 9: 28�-345.

semaw (s.), simpson (s.w.), quade (j.), renne (p.r.),  
butler (r.f.), mcintosh (w.c.), levin (n.), dominiguez-
rodrigo (m.), rogers (m.j.) 2005, Earl� Pliocene hominids 
from Gona, Ethio�ia, Nature 433: 301-305.

thorpe (s.k.s.), holder (r.l.) crompton (r.h.) 2007, Origin 
of human bi�edalism as an ada�tation for locomotion on 
flexible branches, science 316: 1328-1331.

ward (c.v.), leakey (m.g.), brown (b.), brown (f.),  
harris (j.), walker (a.) �999, South Turkwell: a new 
Pliocene hominid site in Ken�a, Journal of Human  
evolution 36: 69-95.

whitehead (p.f.) �993, As�ects of the anthro�oid wrist 
and hand, in D.L. Gebo (ed.), postcranial adaptations in 
nonhuman primates, Northern Illinois Universit� Press, 
Dekalb, �. 96-120.

  


