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ABSTRACT: This article deals with the unique postcranial of an Old World Plio-Pleistocene monkey (Paradolichopithecus) and its
possible way of locomotion as far as this can be inferred from the present material. The postcranial material is described and compared
with that of its living close relatives Papio, Macaca, and Theropithecus. As some unique features were found in Paradolichopithecus,the
comparison was extended with Australopithecus anamensis, A. afarensis (AL 288-1) and Pan troglodytes. The studied postcranials of
Paradolichopithecus comprise the recently found associated ankle joint and arm of Vatera (Greece) and the elbow joint of Valea
(Roumania). It appeared that features with which Australopithecus differs from African apes, make also Paradolichopithecus differ from
baboons. A parallel was found, which was unexpected in the light of the general morphological differences between monkeys and apes.

The morphological features that are unique for Paradolichopithecus amongst the monkeys are described for the talus, distal
tibia and the humerus, and are as follows: The talus is discriminated by its almost parallel trochlea, the large flap-like, protruding
fibular suspensory facet, and a slightly deeper facet for the spring ligament on the talar head. These features are suggestive for a
baboon-like ankle joint with the body weight more evenly distributed over the talar trochlea, a greater proportion of the weight
transfer through the lateral (fibular) side, and with approximate the same stability in maximal dorsiflexion as in maximal plantar
flexion. In these aspects Paradolichopithecus resembles Australopithecus.

The distal tibia is discriminated by a more massive, square and blunt malleolus that lacks the typically pronounced ball-shaped area, a
wider groove (sulcus malleolaris) for the tendon of the M. tibialis posterior, a more square cross-section, clear scars for the fibula, and
a double tendon groove on the dorsal surface (either for a bifurcated tendon for the M. flexorum tibialis posterior or a pronounced groove
for the long toe flexor), which follows the parasagittal plane. None of these features is unique, and they make Paradolichopithecus
resemble Australopithecus, a trained Japanese macaque and to a lesser extent some other macaques. The combination indicates a
maintainance of the close-packed situation from dorsiflexion to plantar flexion, an increased importance of the fibula in weight transfer, a
stronger plantar flexion, and possibly a slightly abducted foot. The flat tibial malleolus in Paradolichopithecus and Australopithecus,
compared to Papio and Pan respectively, in combination with the corresponding facet on the talus acts as a blocking mechanism, preventing
further dorsiflexion rotation during maximal dorsiflexion. This makes this ankle unsuitable for climbing.

The humerus is discriminated by an increased articulation area on the head compared toPapio,a wide and deep groove for the
biceps tendon, a gradually descending capitulum, and an oblique axis for flexion-extension through the elbow joint. During flexion,
the ulna deviates from the parasagittal plane, and ends in a position medially to the humerus instead of parallel above it, due to the
trochlear shape and axis. This unique feature yields a significant increased mobility. Considering the unique features of the ankle and
elbow of Paradolichopithecus, it may be expected that its locomotion differed from that of baboons. Main differences are the
increased fibular component, the increased stability in plantar flexion, a more evenly distribution of stability during locomotion, and
an equal medio-lateral stability in maximal plantiflexion and in maximal dorsiflexion. In our view, such a type of locomotion finds a
parallel in Australopithecus and in trained Japanese macaques. The latter appear to develop significant modifications during training,
especially in the hind limb, to satisfy the functional requirements for increased habitual bipedalism. Amongst others, the malleolus of
the tibia has been remodeled under the influence of the greater stress and became less cusp-shaped, and the talar malleolar facet
correspondingly more planar. The varus knee in the trained macaque further requires an increased fibular compound. This may have
its parallel in Paradolichopithecus and Australopithecus,in whom we also find an increased fibular component. It should be stressed,
however, that the kind of bipedalism of the trained macaque differs essentially from the striding gait bipedalism with erect trunk and
straight knees of the genus Homo. The macaque bipedalism is characterised by high energy cost and bent knees. Considering the
similar biomechanical features in Paradolichopithecus, Australopithecus and the trained macaque, it is tempting to conclude that
also the two former genera had an all-round, energetically expensive bipedal mode with bent knees. This development then was not
restricted to the hominoid clade, but appeared also in the papionins, as evidenced by the difference between Australopithecus and
Pan on one hand and Paradolichopithecus and Papio on the other hand. The pattern shared indicates similar mechanical stresses, and
reflects a shared increased frequency of bipedalism in the daily locomotor behavior, possibly but not necessarily, accompagnied by
an increased mobility of the arm.
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* Movadund petoxpovioxd 1ov sudixov tov Iaiowov Koopov Paradolichopithecus: Meyohiteon opoldtnto ue tov Australopithecus amd 6,1 e Toug fofovivoug.
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NNEPIAHWH: H pelétn ouvtr] ovogéQetol ota Hovadwrd petoxpoviaxd evog mbiprov tov Ilahowov Koéopov tov ITheto-
IMewotoraivov (Paradolichopithecus) now otov ubavé 160 BAdlong Ommws avTdg OVUITEQOLVETAL aTtd TO VITAEYOoV VAWwO. To
UETAXQOVLOKG VAMHO TTEQLYQGPETAL KAL GUYXQLVETOL UE OUTO TV ONUEQLVMOV TIANOLEOTEQWYV OUYYEVV tov, Papio, Macaca nou
Theropithecus. Kabhg Boébnuav xdmolo uovadikd ototyeio oto Paradolichopithecus, yivetou ouyruon xou ue 1o Australopithecus
anamensis, A. afarensis 11513 (AE 288-1) xov 10 Pan troglodytes. Ta. petoxoovioxd oxehetind ototyelo mwov peletifnxay,
TeQLhoUBEvouY TNV odoxvnuiaia duapBpwaon %ot To Beayiova ov Beétnxe pdopata ota Batepd (EAAGOM) xaw Tn dudobomwon Tov
ayrmva v Beédnre oto Valea (Povuavia). Ao 6tL @dvnre, To uén Ta. 0Tmoio *EVOUV TOV AVOTQOAOTONHO VoL SLAPEQEL 0T TOVG
aPELXAVIXOVUG TILOMHOVS, elvor TaL (DLl TTOV ®dvouv raw Tov Paradolichopithecus vo. dagéer omd Tovg fafovivovs. H magodiniia
OUTH 1TOV ATTQOCOORNTN OTO (PG TWV YEVIAMY LOQPOLOYLLMDV SLOPOQMV UETAED Hotuovdmv xow mmwyv. Ta popporoywd otovyelo
7oV gbval Lovadurd yio. Tov Paradolichopithecus ovaueso. 0TLg HAtUOVOES DLAXQIVOVTOL GTOV 0OTRAYOAO, TO AIUMTEQO TUNUOL TNG
UVAUNG %O TO POOYLOVIO Hal glvon wg €ENG: O aoTAYAAOS OLOMQIVETAL At TN OXEDOV TOQEAANAN TEOYaALa, Uio LeyoAn %o
TLEVQUKGL EXTELVOLLEVY 0lROQLXY ETULPAVELD YLOL TNV TTEQOVN KO LILaL ENOPOMS PaBUTEON 0lEOQLAN ETULPAVELDL YLOL TOV TEVOVTAL KEPOATIG
TOV A0TOYAAOV. Tal xaQurTNELOTIHG AUTA elvaL EVOETUIXG IO TTOdORVINLLALLOG dLAEBomoNg evog BaovTvou IOV TO COUATIXG TOV
BAOOg *OTAVEUETOL LOOUEQMS YVQW OO TNV TEOYELAIO ®aBmS W onuavTiky avaloyior Tov BAQOVS UETAQEQETOL OLOUESOV TNG
TLEVOUANG (TTQOG TNV TTEQOVN) UEQLAG KAl e TTEQLTTOV TNV (Ot 0TadEQOTNTO TOOO OTNY UEYLOTH QUiLaoL AU GO0 AL OTNY UEYLOTN
seEApoTIado xappm. ZVppovo e outd ta otowxeio o P aradolichopithecus powdCel pe tov Australopithecus. To ndtm GxQo g xunung
OLorQiveTal atd €val JTLo GUUITTOYES, TETOAYMVO Kot ABAD O(uOLKO TO OTTOL0 OTEQELTOL TNG TUTTLXC. EUPAVOVS TPOLQULNG TTEQLOYNG, LLCL
L0 gvpelo cvAdmwon (sulcus malleolaris) yia tov tévovto tov M. tibialis posterior, uo. 70 TETOAYMYN OLOTOUN, EUPAVH ONUAOLAL YLat
mv TEQAHVN, KoL Wl OLTTAT) AVAGXMON TévovTa oTtn aytaior emupdvela (gite yia évov duyahwtd tévovia tov M. flexorum tibialis
posterior, €lte YLo. (ol BoOL CUAGHWON YL0L TOV KOUTHOA TOU HeYEAOU d0XTUAOV), N omtolo axolovbel to mopaofehelaio emimedo.
Kavévo ammd avtd to xaoontnolotind dev elvar novadird koL xavovv tov Paradolichopithecus vo. poldCel ue tov Australopithecus,
évol exgtaldepévo Tamavind paxdxo xat oe xedTeEo Pabud dAha eldn poxdxomv. O ovvovaouds VITOdELRVIEL €VaL TEEQLOPLOUS TNG
%nivnong asd ™ paytaio ot TEALaTIOi ®APN, Lo CVEAVOUEV ONUAGTO TNG TTEQOVNG OTNV UETOPOQOE TOV BAQOVS, L TULO LOYKVON
FEAOTLOL0 ®AUPN xoL TOOVOTATO UXQEOTEQN 0VALOTTOON TOV TT00S. TOo €mtimedo ®vnund opuowrd tov Paradolichopithecus nou Tov
Australopithecus ovyxivetar ue 1o Papio vow Pan avtiotolymg, o€ ouvouaouod ue Ty ovahoyn ooBotkn emLpAaveLo TOU 0OTQOYGAOV
AELTOVQYEL WG UNYOVIOUOS EUTTAORNG, OUTOTOETTOVTAG TNV TEEQULTEQM QUXLOL0L TTEQLOTQOMPN HATA T OLGQKELD. TNG UEYLOTNG QOILaLag
©auyng. Avtd xablotd Tov 0oTedYaAd TOU axaTAAMAO Yoo oxappdimua. To Boytdvio dwampivetar armd wo weydin seoLoyn
apbpwong otV ®eQOAT, ovyrOLTLKA UE TO Papio, wo mhatid ®on Padud ovhdxwon Yol To OHEPOAO TEVOVTO, WO OTOOLOHA
BuOwlCouevn xe@arn nar éva AoEG dEova ndmpmg dapéoov g évwong Tov oyxava. Kotd t dudgrewor tng ®auymg, n wiévn
TOEEXHALVEL aTTO TO TTORAOPEELOLO ETTLTTEDO %Ol KOTOATYEL OF Mo BEom evoLdueoa 0To BEOLOVLO OVTE YLal TTOLEAAANAOL ETTAV® OTTO
auto, egautiog Tov dEova 1AL TOV OYNUATOS TNG TEOXLALOG. AUTO TO UOVAOLXO XUQUKTINOLOTIXG OITOMEQEL ONUONVTLKY aOENOM TNng
WWNTROTNTOS. AUBEVOVTAS VIT” GYPLV T LOVOOLA(L XOQAXTNOLOTIXG. TOV LOTQAYAAOV KoL TOV oyrva. TovParadolichopithecus Oa.
WTOQOVOE VoL TEQLUEVEL ®OVEIS OTL T UETOKIVNOT TOV dLé@ee 0Tt autt) Twv Bofouivmv. Ot nuQLOTEQES dLapOEES lval 1 GuUETOXN TN
TEQOVNG, 1 AVEVOUEVN OTODEQOTNTOL OTT TEEAUOTLOLOL AU, (LCL TTEQLOOOTEQO LOOUEQTS OLOVOUN TNG OTAOEQOTNTAG HATA TN OLCLOKELXL
e ®ivnong xon pior tom uéco-mAevurt} oTafeQOTNTAL 0TV UEYLOTY TEEAUOTLOLOL XAUYN HaL 0TV UEYLOTY Qaxtaka xauyn. Katd vy
AITOYN OGS, TO €Ld0g auTd TNG ®ivnong Poloxel TapdAANAO otov Australopithecus won 6TOVG EXTTOLOEVUEVOVS pomdnovs TG lastwviog.
O televtoiol GEyLOOV Vo OVOITTVO0OVY GUYKEXQUUEVES OAAOYES HATA TNV EXTTOLOEVON, ®VRLMWG 0TO OTTOOLO GUEO, TTQOXELUEVOL VO
UXOVOTTOLYOOVV TIG AELTOVQYLXES OIVELYXES TTOV TTQOXVITTOVV ALTTO TOV AVEAVOUEVO OLTTOOLOUS . AVAUEST G8 GALOL, TO GPUOOV TNG KVAUNG
£yeL avodlapoopmbel eEartiag Tg emidQoomng HeyaAng mieong o £xeL Yivel AydTeQo Luted %ot 1 aeBotn ETLQAEVELL TOV GQUELKOV
00TOV TOV aOTEUMAAOV €yLve avtiototya meQLoodTeQo emimedn. H e£GpBpmon tov Yovatov 0TovV eXTTodeVUEVO HAXANO aTtoLTel
ETULITAEOV LAl OVEAVOUEVT TTEQOVLXT] CUUETOXY]. AUTO UITOQEL Vo €xel wa Tapolniia otov Paradolichopithecus now Australopithecus,
otov omolo emiong TOEATNEOVUE Wa AVEAVOUEVN OVUETOXN Tng Tepdvng. Qotdoo, Bo mpémel vo toviotel, 6Tl T0 €ldog Tou
OUTOOLTUOV TOV EXTTALOEVUEVOD UOHAROV OLOPEQEL ONUAVTLXE OTTO TOV OLTT0d0 dOAoHEALOUS Ue GOOLO ®OPUO HaL UE LOLaL YOVOTO. TOV
vévoug Homo. O dLtodLoptdg ToU UOKAKOV XOQOXTNOICETOL 0TTO MPNAT] HOTOVAAMOTN EVEQYELOS oL AvyLouéva yovata. Aoupdvovtag
VT OYLV TO. TTOQEUPEQN BLO-Unyovind. xapoxtnolotind tov Paradolichopithecus, tov Australopithecus wal TOU EXTOUOEVUEVOV
UOHAKOV, €LVOL OENEAOTIXG VO. HATAANEEL HAVELG OTO OTL KOL TOL OVO JTQOYOVUEVOL YEVN ELYOV LLOL YEVLXY, EVEQYELOXE OOTTOLVMON
Outodwy xivnon ne Auytopévo, yovato. Omote n eEEMEN vt dev TTeQLOQLLOTaY Hdvo otov ®hddo twv Hominidae, alhd eupaviotxe
%O 0TOVG BOPOVIVOUS, OTUNG OTTODEUVVETOL OTTO TN dLapod UETAED Tov Australopithecus xow Tov Pan o7t Tn (ol UEQLE xOL TOV
Paradolichopithecus »ouv tov Papio amd v GAAN. To mEOTUIO VITOONAMDVEL TTOHQOUOLEG UNYOVIKES TUECELS KOL OVTOVOKAGL ULOL
UOLRAOUEVOL QVEOLVOUEVT] GUYVOTNTOL TOV OLTTOSLOUOU 0TV ®oOnueouvn ®ivnon, smlovd oAld Oyl ataaiTNTO, CUVOIEVOUEVN OTTO ULOL
avEavopevn evxivnoio Tov Bayiova.

AgEerg-#Aewda: Paradolichopithecus, Hoo@oloyind xaooxTnolotixd, Blo-unxavird xaoaxtnototixd, Australopithecus.

INTRODUCTION

In 1997, a Late Pliocene mainland vertebrate fauna was dis-
covered near Vatera on the island of Lesvos, Greece; a year
later excavations started there (Fig. 1). The fauna of Vatera
can be placed in the MN 17 zone (St Vallier Faunal Unit, or
2.4 to 1.8 Ma ago) on the ground of the faunal elements (DE

Vos et al., 2002). During the Pliocene, the island was part
of the mainland Anatolia. Amongst the vertebrate material
recovered, there are two mandibles and several postcranial
elements, including an articulated ankle joint, that are clear-
ly primate in morphology (DERMITZAKIS et al., 1999).
These materials are assigned to the Old World papionin
monkey Paradolichopithecus arvernensis (DEPERET, 1929),
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Fig. 1. Dr Paul Sondaar excavating at the site Vatera on Lesvos,
Greece (autumn 1998). This is how we all know Paul, and this was
how he was on his best: in direct contact with the fossils.

as the cranial and dental material does not differ significant-
ly from that of Séneze (France; type skull for the species)
and Valea Graunceanu (Romania) of the same period (pers.
comm. Eric Delson). The ankle joint has the shared cercop-
ithecid pattern, but presents a unique and derived morpholo-
gy clearly distinguishing it from all other known cercopithe-
cids (VAN DER GEER, 2002). As the ankle joint reflects foot
use in loading and propulsion, its unique features are useful
for the determination of the type of locomotion practiced by
this Old World monkey. The morphology of the tarsus in-
forms us whether it was capable of adjusting to and with-
standing the stresses of various orientations as in arboreal
species or was adapted to more nearly level orientations as
in terrestrial species (SZALAY & DECKER, 1974).
Locomotion, however, as such can not be studied in extinct
species, but can be inferred from morphological particulari-
ties and comparison with extant species, because direct cor-
relations between structure and adaptation can be made on-
ly for living animals. For this reason, the comparison mater-
ial we used consists of ankle joints (tibia and talus) of recent
baboons, geladas and macaques, including a macaque
trained for a traditional Japanese bipedal performance
(NAKATSUKASA et al., 1995). As none of the ankles showed
complete similarity with the Paradolichopithecus ankle, we
also studied (casts of) Australopithecus afarensis (AL 288-
1, ‘Lucy’) and of A. anamensis, which we compared on turn
with recent chimpanzees, as this ape shows the most simi-
larities with the australopithecines.

MATERIAL

The postcranial material of Paradolichopithecus
arvernensis (Table 1) used in this study belongs to the
University of Athens, Department of Geology, Section
Historical Geology and Palacontology and are stored at the
Vrissa Natural History Collection, Vrissa, Polychnitos,
Lesvos (Greece); casts of the Roumanian P. arvernensis
material from Valea Graunceanu were provided to us by E.

TABLE 1

The postcranial elements of Paradolichopithecus arvernensis from

Vatera, Lesvos (Greece). The fossils of Paradolichopithecus arver -
nensis all originate from the F-site of the so-called Vatera Formation,

Polychnitos, Lesvos, Greece. The age of the site is Plio-Pleistocene, or

MN 17. The numbers are the inventory numbers of the Vrissa Natural

History Collection, Polychnitos, where the material is stored and ex-

hibited. Apart from the postcranial elements, also jaws with full denti-

tion and separate teeth have been found at the same site. In this study,

the tibia, talus and humerus are the main subject.

Number Element remarks

PO 059F ulna, sin. olecranon

PO 157F talus, dex. complete

PO 200F humerus, sin. lower half

PO 225F humerus, dex. complete

PO 228F tibia, dex. distal part

PO 229F ulna, dex. distal part missing
PO 431F radius, dex. distal part missing
PO 498F radius, sin. shaft fragment
PO 501F radius, dex. shaft part

PO 502F radius, sin. shaft fragment
PO 630F radius, sin. shaft fragment

Delson (American Museum of National History, New York),
and consisted of a right distal humerus, a right almost
complete ulna, and a right radius lacking articulation areas,
all with number VGr 350 and belonging to one individual.
The postcranial material of living cercopithecoids (Table
2) were studied in Naturalis, Nationaal Natuurhistorisch
Museum, Leiden (The Netherlands) and in the American
Museum of National History (Department of Mammology);
casts of tali and distal tibias of Macaca fuscata ‘Jiro’ and of
distal tibias of Erythrocebus pat a s were provided to us by
M. NAKATSUKASA (Tokyo University) and E. SARMIENTO
(AMNH) respectively. Casts of Australopith ecus anamensis
and of A. afarensis AL 288-1 were studied at the AMNH,
Department of Anthropology and at Naturalis, Leiden,
respectively. The postcranial material of fossil
cercopithecoids were studied at the Frick Collection
(AMNH, New York), and comprises limbs of Mesopithecus
penteli, Dolichopithecus ruscinensis, and Paracolobus che -
meroni.

MORPHOLOGY OF THE POSTCRANIAL MATERI-
AL

The talus

The general architecture of the Paradolichopithecus talus is
typically cercopithecoid with asymmetrical trochlear ridges,
a wedge- shaped trochlea and a weakly developed sulcus for
the tendon of the flexor fibularis. It is also typically cercop-
ithecine and not colobine, as the medial malleolar cup
approaches the plantar border of the talus (sensu STRASSER,
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TABLE 2

Material used for comparison. Complete skeletons of a number of liv-
ing baboons, geladas and macaques have been compared with the fos-
sils of the monkey Paradolichopithecus from Vatera (Greece) in order
to reconstruct its locomotory behaviour. Most skeletons originated
from wild animals, a few from zoo specimens, and one from a
bipedally trained Japanese macaque, named Jiro (Kyoto, Japan); es-
sential differences between wild and zoo animals could not be found.
Two fossil species were also taken into consideration: Australo -
pithecus afarensis (the famous Lucy) and A. anamensis. It appeared
that the morphology of Paradolichopithecus is more close to
Australopithecus and Jiro than to its more close relatives Papio and

Macaca. Institutional abbrevations:

AMNH = Department of Mammology, American Museum for Natural

History,

New York, USA; NNM = Naturalis, National Natural History

Museum, Leiden, The Netherlands.

Species Storage number Additional data
Macaca leonina AMNH 011091 adult female
Macaca tonkeana AMNH 153400  young adult female
AMNH 153401 young adult male
AMNH 153402  young adult male
Macaca fascicularis AMNH 103654  adult female
AMNH 103649  young adult male
AMNH 103661 juvenile female
Macaca mulatta AMNH 201050  young adult female
Macaca brunnescens AMNH 30613 adult male
Macaca arctoides AMNH 112727 adult male
Macaca fuscata ‘Jiro’ adult male
AMNH 201287 adult male
Macaca nemestrina AMNH 35075 adult (zoo), no skull
Macaca sylvanus AMNH 202786 adult (zoo)
Papio sphinx AMNH 089357 adult female
AMNH 089358 adult female
AMNH 089365 adult female
AMNH 089367  young adult female
AMNH 170364  adult male
AMNH 39387 adult
AMNH 170366  young adult male
AMNH 70303 adult male (zoo)
AMNH 202584 adult male
NNM n.n.
Papio leucophaeus AMNH 120388
AMNH 35693
AMNH 202416 adult male (zoo)
AMNH 70245 adult male
Papio tesselatus AMNH 051380  young adult male
Papio ursinus AMNH 216251 young adult male
AMNH 216247  adult female
AMNH 216250 adult female
AMNH 80771 adult male
Papio hamadryas AMNH 216249  young adult female
AMNH 238099 adult male (zoo)
NNM 24581
Papio anubis AMNH 187369  juvenile male
AMNH 51380 young adult male
Papio cynocephalus AMNH 35042 adult male (zoo)
Theropithecus gelada AMNH 201008 young adult male
NNM 11341
NNM n.n.
Australopithecus afarensis AL 288-1ar and al adult; casts in
AMNH and NNM
Australopithecus anamensis KNMP 89280 B adult; casts in
AMNH and NNM

Fig. 2. The talus (astragalus) of the fossil baboonParadolichopithecus
arvernensis from Vatera, Greece, in plantar view (left), dorsal view
(centre) and distal view (right). a = talar head (caput), b = talar neck
(collum), ¢ = articulation area with fibula, d = proximal end of trochlea,
e = suspensory facet for malleolus of the fibula. Photograph VAN DER
LAAN.

1988), the head is not strongly rotated (low talar head tor-
sion), and the proximal talo-calcaneal facet is mildly curved
(Fig 2). A feature that distinguishes it from Papio is the
more planar facet for the malleolus of the tibia (VAN DER
GEER, 2002), while it is clearly bowl-shaped in Papio. This
is paralleled only in some macaques (M. mulatta, M.
fuscata, including the bipedally trained macaque ‘Jiro’), and
in A ustralopithecus. In all other cercopithecoids, and also in
Pan,the facet for the tibial malleolus is clearly bowl-shaped.
Two features distinguishParadolichopithecus from other

cercopithecoids (Fig 3), and are considered unique for this
taxon (VAN DER GEER, 2002). Firstly, the trochlea is only
slightly wedge-shaped, in other words, its mediolateral
diameter is only slightly larger anteriorly than posteriorly
(Table 3). Secondly, the dorsal aspect or horizontal part of
the fibular articulation is large and protrudes laterally (Fig. 3)
to the extent seen in some hominoids. This flap-like
horizontal part is perpendicular to the lateral side like in
Australopithecus,whereas it slopes gradually in baboons and
the chimpanzee. These features in the Paradolichopithecus
talus are closer in morphology to those of Australopithecus
than to those of cercopithecoids, recent (Papio, Macaca)
and extinct (Mesopithecus penteli, Dolichopithecus rusci -
nensis, Paracolobus chemeroni). The facet for the spring
ligament (lig. talocalcaneum interosseum) on the talar head
seems slightly deeper than in the largest baboons (P.
ursinu s, P. sphinx), although these have the same body size as
Paradolichopithecus. T h e re is some postmortem damage to
this area, so the size of this facet cannot be measured with
certainty. When the talar features are considered together it
suggests a baboon-like ankle joint with the body weight more
evenly distributed over the talar trochlea, a greater proportion
of the weight transfer through the lateral (fibular) side, and
with approximate the same stability in maximal dorsiflexion
(‘close-packed’ position) as in maximal plantar flexion. In
the latter aspect Paradolichopithecus resembles the bipedally
trained Japanese macaque, and to a lesser degree M. mulatta
and non-trained M. fuscata, whereas in all three aspects it
resembles Australopithecus.
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TABLE 3

Width of the talar trochlea in mm. The width of the trochlea of the talus, as seen from proximal was measured at two points in order to determine
the degree of parallelism. The first point, or DT prox (proximal width) is the point at which the lateral ridge bends inwards. The second point, or DT
dist (distal width) is the distalmost point at the end of the trochlea. AMNH 216247 is an exceptional baboon, as the lateral flap is similar to that seen
in Paradolichopithecus. However, the talar head projects clearly further, and stands at a more pronounced angle. Australopithecus is A. afarensis
A L. 288-1 (‘Lucy’), and Paradolichopithecus is P. arvernensis from Vatera. Macaca species, all from NNM, are the available adult males of M.
fuscata, M. maura, M. nemestrina, M. schreata, M. nigra. Pan troglodytes data (NNM) are lumped together, as no significant difference was ob-
served. It appeared that a more or less parallel trochlea was found in Paradolichopithecus as well as in Australopithecus.

Species Inventory number DT prox DT dist index mean
number
Paradolichopithecus 1 1.1
PO 157F 158 17.2 1.1
Papio hamadryas 2 1.5
NNM 24581 12.1 18.4 1.5
AMNH 238099 13.0 18.8 1.5
Papio anubis 2 1.3
AMNH 187369 122 153 1.3
AMNH 51380 153 19.2 1.3
Papio ursinus 5 13
AMNH 70372 132 18.3 14
AMNH 216251 159 18.7 12
AMNH 216250 119 142 12
AMNH 216247 109 13.7 1.3
AMNH 216249 15.7 18.3 12
Papio sphinx 1 14
NNM n.n. 14.2 19.5 14
Papio, total 10 13
Theropithecus 2 12
NNM 11341 13.2 15.8 12
NNM n.n. 12.2 132 1.1
Australopithecus AL 288-1 1 164 19.2 12 12
Pan troglodytes 4 214 16.6 1.3
Macaca 5 43 57 13
The distal tibia parasagittal plane like in Austrdopithecus, whereas it

The distal tibia also differs from that of the baboons in having
a more massive, square and blunt malleolus (Fig. 4); for
detailed comparison see VAN DER GEER (2002). The mal-
leolus has a regular and flat articular surface without the
typically pronounced ball-shaped area (Figs 5 & 6), and a
wider groove (sulcus malleolaris) for the tendon of the M.
tibialis posterior (function: plantar flexion with supination).
These differences provide a strong similarity with the distal
tibia of Australopithecus, but also, though to a lesser extent,
with that of macaques who are characterized by a poorly
developed ball-shaped area (M. mulatta, M. arctoides, M.
fuscata). The trained macaque has even a less developed
ball-shaped convexity, and approaches the Parado -
lichopithecus situation. Other macaques are like baboons in
this respect (M. fascicularis, M. brunnescens, M.
nemestrina, M. sylvanus, M. tonkeana). In addition, the
tendon for the flexor tibialis posterior in
Paradolichopithecus is either bifurcated, or accompagnied
by that for the flexor digitorum longus, with each tendon or
tendon part running through a separate channel (Fig. 6). The
direction of the channel differs also, and follows the

deviates disto-medially in other primates. A similar
situation, but less pronounced, is seen in one specimen of
Erythrocebus patas and in some Theropithecus gelada.

The decreased mediolateral width of the tibia in relation
to its antero-posterior width can be explained as a typical
terrestrial trait. The same applies to the stronger fixation of
the distal fibula to the tibia as inferred from the bony crests
around the fibular depression. The combination of all these
features again indicates a maintainance of the close-packed
situation from dorsiflexion to plantar flexion, and an increased
importance of the fibula in weight transfer. Theoretically, the
development of the tendon can be explained in two ways: in
dorsiflexion the foot was supinated, or during locomotion
plantar flexion played an important role. A supinated position
is unlikely, as weight transfer was shifted to the lateral side. A
stronger plantar flexion thus seems to be characteristic for the
locomotion of Paradolichopithecus. The direction of the
groove for the tendon of the M. tibialis posterior has a direct
link to foot posture. The foot can be expected to be slightly
abducted, as the M. tibialis posterior tendon has a groove
orientated in a direction that suggests this.
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Fig. 3. Five tali of living and fossil primates, seen from above, or
dorsal. The upper row represents the African apes, the lower row the
baboons. The left column represents the forest dwellers, the middle
column the clearing edge dweller, and the right column the plain
dwellers. It appears that the trochleas of the plain dwellers are less
wedge-shaped or more parallel than those of the forest dwellers, and
they have a much more pronounced suspensory facet for the fibula (to
the right). The depression for the tibial malleolus (to the left) is much
flatter and less deep. Legend: 1 = chimpanzee (Pan troglodytes),2 =
cast of ‘Lucy’ (Australopithecus afarensis AL 288-1), 3 = mandrill
(Papio sphinx), 4 = baboon (Papio hamadryas),5 = fossilbaboon
Paradolichopithecus arvernensis from Vatera, Greece (cast). Scalebar
1:1. Photograph VAN DER LAAN.

Fig. 4. The talus of the fossil baboon Paradolichopithecus arvernensis
from Vatera, Greece (right) and of the living mandrill Papio sphinx
(left) compared. The suspensory flap to sustain the downward pressure
of the distal fibula or lateral malleolus at the lateral side (at the left) is
much larger in Paradolichopithecus and its direction seems slightly
more towards the horizontal. These features indicate a higher fibular
compound in the ankle joint, and point to a more equally distributed
weight and a varus knee. Scalebar 1:1. Photograph VAN DER LAAN.
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Fig. 5. Five distal tibias of living and fossil primates, upside down, seen
from lateral. The upper row represents the African apes, the lower row
the baboons. The malleoli of the right column (the plain dwellers) are
more square, blunt and massive than those of the middle column (the
forest-edge dweller) and the left column (the forest dwellers). The
amount of bone material increases logarithmically with the stress
applied on it, and as a consequence, the shape of the tibial malleolus
informs us about the total stress applied on the medial side of the lower
leg. In addition, the malleolus is characteristically ball-shaped in the
forest and forest-edge dwellers (1, 3, 4), but more or less flattened in
the plain dwellers (2, 5). As a result, the type and degree of movement
in the upper ankle joint differs essentially, as the shape of the malleolus
gives direction to the movement, and determines its range, too, by
acting as a stop-facet. Legend: 1 = chimpanzee (Pan troglodytes),2 =
cast of ‘Lucy’ (Australopithecus afarensis AL 288-1), 3 = mandrill
(Papio sphinx), 4 = baboon (Papio hamadryas), 5 = fossil baboon
Paradolichopithecus arvernensis from Vatera (Greece). Scalebar 1 : 1.
Photograph VAN DER LAAN.

Fig. 6. The distal tibia of Paradolichopithecus seen from lateral (left),
medial (centre) and distal (right). a = the ball-shaped malleolus, which
is much less developed, and hardly elevated; b = either a bifurcated
channel for the flexor muscle of the tibia or an accessory channel.
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The humerus

The proximal humerus of Paradolichopithecus differs from

that of other baboons by its larger articulation area on the

head, and by a wide and deep groove for the biceps tendon.

The distal humerus (Fig. 7) is characterized by a gradually

descending capitulum, and an oblique axis for flexion-

extension through the elbow joint, compared to the straight

axis of the mandrill. These features of the distal humerus

seem also to have been present in the Late Pliocene Procyno -
cephalus wimani, as judged from the drawings (TEILHARD DE

CHARDIN, 1938) of the now lost material.

MECHANICS OF THE JOINTS

The ankle joint

The movement of the talus in the tibia in the recent cercopi-
thecoids consists of two movements: a dorso-plantar flexion
varying between 70 and 100 degrees, and a rotation of about
30 degrees.

In maximal dorsiflexion there is still some rotation pos-
sible. In general, this rotation is mainly given direction by the
spherical medial malleolus of the tibia which fits perfectly in a

Fig. 7. The distal right humerus of the fossil baboon compared to that of
the living mandril. To the left the mandrill (Papio sphinx), to the right
Paradolichopithecus arvernensis (cast of VGr 350 from Valea
Graunceanu, Roumania), both in planar view. The axis through the
lateral trochlea border and that through the capitulum, the articulation
area for the radius, meet each other at a much more distal point in
Paradolichopithecus than in the mandrill. The result is a deviating ulna
in the former, so that in maximal flexion of the arm the hand will end
more medially, somewhere on the clavicle, instead of on the shoulder as
in the mandrill and other monkeys. Scalebar 1 : 1. Photograph VAN DER
LAAN.

cup-shaped facet on the medial side of the talus during
maximal dorsal flexion. This stabilizing feature is especially
pronounced in cercopithecids and hylobatids (ROSE, 1994).
During dorsiflexion, the tibial malleolus articulates with the
medial side of the talus, and turns the talus medially, or
inward.

If we compare the tibio-talar joint of P a r adolichopithecus
and Australopithecus with that of Papio and Pan, we see
that the tibial malleolus is flat instead instead of spherical.
Now this same articulatory facet acts in combination with
the corresponding facet on the talus as a kind of stop facet,
or blocking mechanism, preventing further dorsiflexion, and
preventing rotation during maximal dorsiflexion. This
rotation, or mediolateral movement, is necessary for climb-
ing, but incompatible with efficient cursorial bipedalism
(SARMIENTO, 1985, 1998). The climbing abilities in Pan are
further facilitated by the large medial facet, which permits a
considerable range of medial rotation of the calcaneum on
the plantar surface of the astragalar neck, resulting in a high
possible degree of inversion of the foot (LE GROS CLARK &
LEAKEY, 1951). This is completely lacking in
Paradolichopithecus. In the latter, the talus is firmly kept
into its position by the malleolar fork.

The elbow joint

In a situation with an increased hindlimb component, as can
be inferred from the morphology of the ankle joint, the
mobility in the arm might secondarily be substantially
increased (MOYY-SOLY et al., 1999). In Paradolichopithe -
cus this is evidenced by a non-baboonlike flexion in the
elbow, during which the ulna deviates from the parasagittal
plane, ending in a position medially to the humerus instead of
parallel above it, due to the shape and axis through the
trochlea of the humerus. Together with the increased arti-
culation area on the humeral head, this yields a significant in-
creased range of possible movements.

THE ECOLOGY RECONSTRUCTED

The fossils of Vatera are found in a lens-shaped deposit
along a former river, thus obviously washed ashore. The
faunal assemblage is characterized by a diversity in bovids
(amongst others, Gazella borbonica), a giraffid, two or three
deer, Equus stenonis, Nyctereutes megamastoides, Geoche -
lone,Anancus arvernensis, Mammuthus meridionalis and of
course Paradolichopithecus arvernensis. If we take all
faunal elements into consideration (DE VOS et al., 2002), the
picture of a forest clearing and forest egde environment
(sensu ROSE, 1984) arises. Furthermore, seasonality of the
area is indicated by the insectivore fauna (REUMER et al.,
2002). If we take the ecology of the living baboon into
consideration, we see that a population remains in a re-
stricted area throughout the year (GRZIMEK, 1968), ranging
from approximately 400 hectares for forest baboons (daily
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movements 1,5 km) to 4000 hectares (daily movements 5
km) for savanna baboons (KINGDON, 1971), clearly
determined by the availability of sufficient food at their
disposition. The Pliocene Vatera environment, however,
differed substantially from the biotoop of the living baboon,
compelling Paradolichopithecus to enlarge its territory in
search for food. The body mass of the Vatera specimen can
be estimated between 31,6 and 63,1 kilo, based upon
midshaft antero-posterior width of the humerus, using data
for male specimens (DELSON et al., 2000), as the dimensions
of our humerus fall outside the range for Paradolicho -
pithecus females. This body mass fits very well with that of
Graunceanu males, estimated from humeral shafts: 34 kilo
(DELSON et al., 2000). Paradolichopithecus was
significantly larger than European and North African
Cercopithecinae in a time range from 5.5 Ma to present-day,
but similar to the largest African Papionini (other than the
gelada Theropithecusy Papio (Dinopithecus) in a time range
from 4.2 Ma to 1.77 Ma. By that time, Dinopithecus got
extinct, like the similar sized Paradolichopithecus in
Eurasia,and its position got occupied by the slightly heavier
gelada (Theropithecus, from 2.0 Ma to 0.4 Ma). It might be
possible to infer a number of biological data from what we
know of Dinopithecus, as there seems to be some similarity.

DISCUSSION

Considering the fact that the Paradolichopithecus ankle joint
can clearly be distinguished from other cercopithecoids, as it
shows some unique features, it may be expected that its
locomotion also differed. The increased importance of the
fibular component clearly shows an increased lateral con-
tribution. The increased stability in plantar flexion can be
explained in two ways. First, it might inform us about a more
plantar flexed rest position, or weight-bearing attitude.
Second, it might also be explained by the necessity for a
more evenly distribution of stability during locomotion. A
poorly wedged, almost parallel trochlea can only be
explained by the need of a medio-lateral stability that is
equal in maximal plantar flexion and in maximal dorsi-
flexion. A type of locomotion that requires an increased fi-
bular compound, combined with a lateral stability that is
equal in all positions finds a perfect parallel in Australo -
pithecus and also, but less so, in trained Japanese macaques.
A strong plantar flexion with a more lateral shifted position
of the tendon groove is seen only in Australopithecus,
whereas a strong plantar flexion alone is also present in the
mandrill, the chimpanzee and the macaque.

The locomotion of Australopithecus can only be inferred
from skeletal remains, but that of trained Japanese ma-
caques (M. fuscata) (IWAMOTO, 1985; NAKATSUKASA et
al., 1995) can be studied after death as well as during life. It
appears that these trained monkeys develop significant
modifications to satisfy functional requirements (AMT-
MANN, 1979; HAYAMA, 1986; HAYAMA etal., 1992; NA-

KATSUKASA et al., 1995; NAK ATSUKASA & HAYAMA, 1999;
PAUWELS, 1960, 1965; PREUSCHOFT et al., 1988). Though
bipedal posture and locomotion are part of the daily be-
havioral repertoire of all non-human primates (FLEAGLE,
1976, 1984; IWAMOTO, 1985; MITTERMEIER, 1978; ROSE,
1976; WRANGHAM, 1980), the degree in which it is adopted
or displayed is increased substantially by the training.
ISHIDA et al. (1974:288) trained six primates to walk
bipedal, and it took them two years for Hylobates agilis
(dark-handed gibbon), four years for two Macaca fuscata
individuals (Japanese monkey), five years for another Ma -
caca fuscata, for Papio hamadryas (Hamadryas baboon)
and Ateles geoffroyi (black-handed spider monkey), and six
years for Pan troglodytes (chimpanzee).

As bone remodels in response to applied stresses (KUM-
MER, 1970, 1972; PAUWELS, 1960; WOLFF, 1892), a change
in positional behavior from quadrupedality to bipedality is
likely to result in bone remodeling especially in the
hindlimb. Thus, crucial changes are to be expected in the
ankle (tibiotalar) joint. Indeed the articular surface of the
distal tibia is increased in the two bipedally trained Japanese
macaques, compared to untrained adult Japanese macaques
(NAK ATSUKASA et al., 1995). Furthermore, the medial
malleolus of the tibia is slightly less cusp-shaped than in
normal M. fuscata, a situation that is only seen in the much
smaller M. mulatta. The corresponding facet on the medial
side of the talus is thus more planar. Body weight is more
evenly distributed over the malleolar surface, and stability
during flexion is increased with a loss of medio-lateral
movement or rotation. Under the influence of greater stress,
the shape of the medial malleolus is remodeled. Thebipedal
posture results in a higher compressive force on the articular
surface of the distal tibia, and this force is even more
increased on the fibula due to the fact that the bipedal
monkey stands and walks with the knee in a varus position,
which yields a higher stress on the lateral side than on the
medial side of the limb. The mode of bipedalism shown by
the Japanese macaques is characterized by less extended hip
and knee joints, a varus knee and a forward sloping trunk.
This is quite different from the modern human type of
bipedalism, which is characterized by a very low level of
muscle activity (OKADA, 1972), straight knees while standing
and in the stance phase of walking, an erect trunk, and the
ability to run bipedally (MCNEILL ALEXANDER, 1991:255).
The modern human type is referred to as striding gait,
whereas the other type can be considered an all-round gait
(DE VoOs et al., 1998). In our view, the gait of Australopithe -
cus afarensis, Paradolichopitheats arvernensis and the
trained Macaca fuscata might very well have been more or
less identical, which means all-round, and not striding.

The transition from exclusive quadrupedalism towards
substantial bipedalism was thus not restricted to the
hominoid clade, but was also developed in the papionins. It
seems reasonable to assume that this transition demands
similar adaptations in the tibio-talar joint in cercopithecoids
and in hominoids. For the ankle joint of apes and monkeys
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is basically similar in function and general architecture.
Crucial differences between the ankle joint of the living
baboons and of Paradolichopithecus might therefore be
helpful to explain similar differences that are observed
between the African apes and Australopithecus. The pattern
shared by Paradolichopithecus and Australopithecus
indicates similar mechanical stresses, and is also partly
repeated in Japanese macaques, especially in those
individuals that are trained to walk bipedal. In all these
forms, it may reflect a shared increased frequency of bi-
pedalism in their daily locomotor behavior, possibly at the
same time accompagnied by an increased mobility of the
arm, but not necessarily so.
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