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RECONSTRUCTION OF THE LOCOMOTOR
BEHAVIOUR OF THE EARLIEST HOMINIDS

-O.ne .of the most important questions of the
hominization process 1s the question of the origin
of the characteristic bipedal way of human walking.
As correctly presumed by Ch. R, Darwin, E. Haeckel
and some of their contemporaries and
man and the living Pongids had a common, pro-
bably Miocene, ancestor. Therefore when studying
the origin and development of the hominid loco-
motion we must study the locomotion of the pre-
sent-day Pongids (including gibbons) and monkeys,
to study in detail their locomotion apparatus and to
put its various modifications into connection with the
environment in which the given primate lives and
to pay special attention to their lomomotor beha-
viour. Without this knowledge we could hardly
study and interpret the fossile finds, we could
hardly understand the relation of the fossile pri-
mate to the environment in which he lived.

In order to be able to discuss the changes in
the development of the locomotion of the Hominids
[ would suggest to concentrate on the following
notions used on studying locomotion: locomotion
type, locomotion adaptation, locomotor beha-
viour (some authors speak of locomotion mode) and
on mutual relations among the above phenomena.

Locomotion type is the basic, generally used
mode of locomotion, which in spite of certain pe-
culiarities (adaptation), is typical of a larger group
of primates. To this type correspond the adaptation
of the locomotion apparatus (including the skeleton),
organs of senses, blood circulation system, arrange-
ment of the internal organs, but also the external
build of the body and all features of multiplication.
The type of locomotion is, at least to a certain extent,
genetically fixed. Locomotion type is an abstract
notion comprising the general locomotion features
of a larger number of taxonomic units, In species,

followers,

due to its specific development, we must speak of
modified locomotion type.

Locomotion adaptation is the adaptation of the
locomotion type to a certain environment, i.e. the
locomotion apparatus is formed through long-term
natural selection (influencing eventually also the
arrangement of other external and internal organs.
If the adaptation is of short-term, or the environ-
ment does not differ too much from the original
environment, the environment and natural selection
cause only certain changes in the locomotor be-
haviour. The animal can use within the framework
of a single way of locomotion several kinds of loco-
motion adaptation (e.g. in gibbons ricochetal bra-
chiation combined with bipedal walking).

Locomotor behaviour (locomotion mode) is the
sum of locomotion adaptations, used by the primate
in a certain environment. Locomotor behaviour can
differ from locomotion type, however, the general
build-up of the locomotion apparatus and other
organs remains within the variability of a certain
locomotion type. Locomotor behaviour can be char-
acterized also as a totality of modifications of the
given locomotion type. In an ideal, homogenous
environment the modified locomotion type should
be identical with locomotor behaviour.

On applying the results of the research of the
present-day Pongids on the evolution of locomotion
of the Hominids four groups of views have arisen.
In the first group prevails the view that the earliest
Hominids arose from the Pongids, which were bra-
chiators, i.e. their mode of progression corresponds
to a certain extent to that of the present-day Pon-
gids. Some scholars regarded as suitable model
a fossile anthropoid ape, with a body of approxi-
mately of the same dimensions and progressing
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similarly as the present-day gibbon (Morton
1924, Schultz 1930). Other theories considered
more suitable the model of progression of the big
Pongids, roughly represented by the brachiation
and suspension behaviour of the present-day chim-
panzee (this, however, is quite rare in the nature),
eventually of the orang-outan (Keith 1923, Gre-
gory 1927, Hooton 1946, Tuttle 1969,
Lewis 1972, Krantz 1975). Scholars adhering
to the second group of theories presume that the
earliest Hominids after a brachiation phase under-
went a phase of quadrupedal terrestrial mode of
progression (knuckle-walking, fist-walking or palm-
walking), practically identical with the mode of pro-
gression of the present-day African Pongids (W as h-
burn 1972, Napier 1967, Jolly 1970). Ac-
cording to these theories the anthropoid ape an-
cestors of man underwent a locomotion stage that
was analogous to the mode of progression of the
present-day African Pongids, namely of the chim-
panzee, although some specialists indicated that
knuckle-walking is very improbable, much more
probable being palmigradual quadrupedy. The third
group of views deny the importance of brachiation
for the development of Hominids. In line with the
above groups of theories an arboreal phase in the
development of the Hominids is regarded as prin-
cipal, but without achieving the stage of brachia-
tion. It is presumed that the anthropoid ape ancestors
of man progressed in principle quadrupedally, either
in the more static typical (Cercopithecoid) quadru-
pedal mode of progression (Straus 1940), or
using the more dynamic way of so-called probra-
chiation (Clark 1940, 1964, Schultz 1950,
Napier and Davis 1959, Tuttle 1967).
Authors belonging to the fourth group of theories
hold that the fossil Pongids, important for the de-
velopment of the Hominids did not go through an
utterly arboreal development phase, although they
do not deny the capability of suspension and bra-
chiation, roughly in the extent that can be observed
in the present-day chimpanzee (Simons and
Pilbeam 1972, Conroy and Fleagle 1972,
Eckhardt 1975). This group presumes the ra-
diation of fossil Pongids (Dryopithecs) into open
eco-systems (forest-steppe and steppe) already in
the early Miocene. The views of this type are re-
ferred to as the so-called theory of Ground Apes.
The differences among the above groups, ho-
wever, are not so big as they appear at the first
sight. At present, to wit, most scholars hold that all
modesof locomotion can be comprised by a single
locomotion type, by brachiation (Erikson 1963,
Napier 1963, Napier and Napier 1967,
Oxnard 1968, Tuttle 1957a). From this
point of view the ricochetal brachiation of the gibbon
and the knuckle-walking of the African Pongids can
be regarded as an adaptation form, one of the whole
series derived from a single locomotion type, from
brachiation. Natural selection during evolution con-
centrates mostly on new locomotion adaptations,
while the locomotion type is relatively stabile. The
stability of the locomotion type is not influenced
only by its genetic fixation (Tuttle 1969), but
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also by the weight and size with regards dlo t.he
environment in which the primates inove m:ii 1S In-
fluenced also by the standards of the coordination
and control svstem, i.e. of the nervous system and
executive sys{em, shortly of the system of muscles

and skeleton. . i &
Exactly locomotion adaptation, arising in close

connection with the environment has caused that
the definition of brachiation, as }’Olé!’;d by prof.
Napier (Napier and Napier 1967, Naple.r
1968) “The body is suspended on t!;]e z;lnps and is
being propulsed in the space through their mighty
ricochets. The arms alternate in ricocheting and the
result is an arm-swinging movement. The lo,f"'f?l‘
limbs are practically not used for locomotion” js
accepted by many authors with strong ";se"va“O“S,
since it practically defines only part of the loco-
motion of the gibbons and of the siamang (Tuttle
1975b, Andrews and Groves 1976), '

It would be therefore very purp.oseful to deffne
brachiation in this context once again. I would like
to suggest the following defln}tlon: . .

Brachiation is a locomotion type in which the
forelimbs (upper limbs, arms) are used as organs
controlling progression, i.e. there 1s a notablg fux.lcuo-
nal differentiation of the forelimbs and hmdl.lmb.s.
The trunk is being maintained during progression in
a more or less vertical position. For eating, food
collecting most frequently su§pep510n_(blpedal or
tripedal) is used. The above activities can be realized
also in sitting position, with erectec.l trpnk and free
forelimbs (arms). Resting posture is either suspen-
sion or sitting with erected trunk.

Locomotor behaviour comprises three basic
adaptations, i.e. ricochetal and swinging brachiation,
quadrupedal progression with semi-vertical posture
of the trunk (knuckle-walking, fist-walking and palm-
walking) and quadrumany — one of these adapta-
tions is naturaly dominating in the given species,
while the other can appear in negligible extent. Bi-
pedal locomotion is a supplementary adaptation,
used more or less in all species of brachiators, and
we can presume that it is one of the general features
of brachiation, '

Limiting factor for the quality of progression,
most probably, is the size and the weight of the
body. Large body dimensions and weight are par-
tially or completely unsuitable for typical quadru-
pedal or arboreal movement and force the animal
to use quadrumany, eventually other locomotion
adaptations (Napier 1967). Quadrumany means
Phe contemporary use of all four limbs, but
In contrast to quadrupedy hands are the
control organs of the movement, in most cases they
hold other supports (branches) in higher positions
than the lower limbs. This increases the security of
progression. It “fixes the centre of gravity”, which
in such big primates in typical arboreal quadrupedal
way of progressing is too instabile (N a pier 1967),
and at the same time it decreases the danger of
Injury In case that the twig breaks — we must count
also with this eventuality with such heavy animals.
The functional differentation of the limbs increases
considerably the capability of analytical orientation



in the environmenl, Besides the polarity of the
Jocomolion apparah.ls arises also an analogous po-
larity in the respective brain centres responsible for
locomotion. It creates the condition for the hands
to fulfil hosjdes lommoli-\'e functions also functions
of direct evironment tesling,

If we define brachiation in the above-mentioned
way. it is quite obvious that the locomotion of all
recent Pongids can be regarded as belonging to
a single locomotion type, with each species pre-
ferring a certain mode of locomotion, In the spirit
of this definition the movement of the gibbon can
be determined as “mobile brachiation” (composed
mostly of ricochetal and “swinging brachiation®).
The semi-vertical quadrupedy of the African anthro-
poid apes can be called “modified brachiation”, the
quadramany of the orang-outan as “static brachia-
tion”. Each of these locomotion modes represents
a more or less specialized way of progression, the
result of long-term natural selection, but in case of
changing the environment artifically, e.g. in zoo-
logical gardens or in primatological research centres
we can observe a basic change in the frequency of
the original locomotion adaptations. This causes also
structural changes in the locomotor behaviour, e.g.
in gibbons the frequency of bipedal locomotion
shows a considerable increase also during progres-
sion on the ground (Chivers etal 1975, Car-
penter 1976, Baldwin and Teleki 1976),
in orang-outans there is an increasing frequency of
semi-vertical quadrupedy, during which either the
fists, knuckles or the palms are in contact with the
ground (Susmann 1974, Tuttle 1967, 1969,
1974, 1975a,b) and in African anthropoid apes we
can see an increase in the frequency of suspension
and swinging brachiation (Tuttle 1974).

Some authors hold that there was a parallel or
convergent development of locomotion modes in
Pongids, causing the development of certain ana-
logous characters of the muscles and skeletons
(Andrews and Groves 1976). Almost all
authors, including Napier (Napier and N a-
pier 1976) agree that practically only the gibbon
is a real brachiator (of course in the sense of rico-
chetal brachiation) and the big anthropoid apes had
never reached this stage of locomotion. These ob-
servations are, withhout doubt correct and well-
founded, nevertheless they remain on the surface
of the problem and can hardly solve it. It is ne-
cessary to realize, that firstly, as we hawe already
mentioned it in other connection, all modes of lo-
comotion of the recent Pongids comprise specialized
locomotion adaptations, which not only could, but
have had to develop for hundreds of thousand, pos-
sibly millions of years parallelly in each species of
the recent Pongids. Then naturally we can expect
the biggest  difference in gibbon, that had been se-
parated from the family of Pongids first. Secondly,
osteological characters are not being formed by the
ocomotion only (i.e. the transfer of the organism)
composed not only of a dynamic (movement) com-
Ponent, but also of a static (posture) one. These
Cha{‘acters are being formed also by the posture
during eating and food collecting, resting posture

and posture during plays and with the who}e scale
of behaviour connected with the reproduction. Be
sides, locomotion proper compriscs al the most one-
fourth of the movement activity in the most active
forms, and at least one-fourth of it is represented by
locomotion adaplations others than the adaptations
mentioned as characteristic of the given species.
Therefore the negation of brachiation as the only
locomotion type of the recent Pongids is as mistaken
as the differentiation of the quadrupedic type of
progression of the baboon and horse, although in
brachiation the general features are not so obvious
at the first sight.

[n case that the locomotion of the recent Pon-
gids ‘can be included into a single type of locomo-
tion, let us try to determine, which of the loco-
motion adaptations could serve as a probable model
for the reconstruction of the locomotor behaviour of
the Miocene Pongids and of the Hominids arising
from them. In view of the fact that the biggest
types of Dryopithecus were practically not bigger
than the male chimpanzees, we can eliminate the
mode of locomotion of the gorilla and orang-outan,
though some general features in their locomotor be-
haviour have certain analogy also in the evolution
of the locomotion of Hominids. The remaining re-
cent Pongids, the gibbon and chimpanzee can, at
least to a certain extent, serve for reconstructing the
locomotor behaviour of the Miocene anthropoid
apes, nevertheless in this case we must deal with
utmost care, since these primates are much more
specialized than the Dryopithecs in the Miocene
were. E.g. in the locomotor behaviour of the chim-
panzee we can see various phenomena that can only
hardly be explained as manifestations of clear-cut
arboreal or terrestrial locomotion adaptations. We
could rather think of a mosaic pattern in the arran-
gement of the arboreal (seemingly more original)
and terrestrial adaptations, which perhaps arose in
the recent decades as a reaction to the shrinking of
the area covered by tropical forests. Partially they
have been caused also by the drier climate, due to
the devastation of the environment by man and by

deforestation in order to obtain more ground for
farming.

One of the characteristic properties is e.g. the
construction of nests in the trees, frequent stay in
the crowns of the trees, where most of the food is
obtained, acrobatic accomplishment, on climbing the
trees, ricocheting and swinging brachiation and sus-
pension, etc. (Napier and Napier 1967). Very
conspicuous is the more general morphological struc-
ture and more arboreal way of locomotion in a small
type of chimpanzee, in the bonobo (Pan paniscus)
(Tuttle 1975b). We can presume — and I think
that rightly so — that the closest ancestors of the
chimpanzee had a much less specialized mode of
locomotion, than we can see directly in their move-
ment and in the characters of their skeleton. In the
gibbon, on the contrary, we can see too advanced
specialization, which is of course of very recent
dating, probably not more than one or two million
years old (Delson and Andrews 1975), com-
prising also considerable acrobatic locomotion adap-
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tations, such as jumps in Lwigs, whose distance is
well over then metres, Nevertheless it seems very
plausible that the gibbon in the past had also much
less specialized mode of locomotion.

Since there is no anthropoid ape, nor any other
primate whose locomotor behaviour could in ge-
neral approach the presumed general locomotion
mode of the anthropoid apes in the Miocene. on re-
constructing the locomotor behaviour of the Dryo-
pithecus and earliest Hominids we base our work
not on the locomotion adaptation of a single species,
but on the locomotion adaptations of several species
of the recent primates, after abstracting the most
general characters suiting the non-specialized stage
of the locomotion apparatus of the Miocene anthro-
pid apes, and, of course, complying also with the
environment in which they lived.

This helped also to form the third possible
mode of original locomotion of the fossil anthro-
poid apes through so-called probrachiation (Clark
1940, 1964, Schultz 1950, Napier and D a-
vis 1959, Napier and Napier 1967, Napier
1967, 1968, Tuttle 1967). Probrachiation, as de-
termined on the basis of the study of the skeleton of
a fossil anthropid ape Dryopithecus (Proconsul) afri-
canus, in principle corresponds to brachiation as de-
fined in this paper. “Probrachiation” is, to wit, the
original and non-specialized brachiation in the proper

sense of the word. Some scholars have concluded
recently that exactly such’ non-specialized brachia-
tion could serve as pre-adaptation of the phases for
bipedal locomotion (Tuttle 1957a). In principle
Wwe can presume in Dryopithecus the existence of
brachiation in its most general form.

Now let us try, on the ground of our present
knowledge to establish the origin of the bipedal lo-
comotion of the earliest Hominids. Since we do not
have any posteranial skeletons of the earliest Homi-
nids, we can reconstruct the origin of bipedal loco-
motion only according to indirect indices. According
to our latest knowledge it seems probable that the
earliest Hominids had split off the subfamily Dryo-

pithecidae, namely in the Miocene, within an in- -

terval of roughly 20 to 14/10 mill. years (Ko r t-
landt 1974, Conroy and Pilbeam 1975,
Khatri 1975). On the ground of palaeoecological
studies of the Miocene in Africa (Andrews and
Van Couvering 1975) and of some parts of
Asia (first of all India) (Tatte rsall 1969a, b),
it can be supposed that the studied environment, in
which these anthropoids lived, was formed in its
overwhelming majority by tropical - forests, or
mountain rain forests. If we try to make a complex
evaluation of the general locomotion features of the
postcranial skeleton of the Dryopithecs of their en-
vironment and presumed body size. (roughly like
the bonobo chimpanzee or a big siamang), it is
very probable that the Dryopithecs were brachiators
in line with the definition in this paper, they pro-
gressed almost exclusively in the trees, Locomo-
tionally they were more active than the orang-outan,
but they had never reached the acrobatic mode of
locomotion as the recent gibbon (Vanéata 1975),
With the partial retreat of the forest towards the
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- orangoutan or gorilla), h

n inside the forests and
along rivers arose open grassy place\s,;rt)}’xe ;g(—)g;[t]ﬁg
:‘duml)os". the anthropoid ﬂ[r)lt(als MR iy
started descending to the grou

! ; . (compared e.g. with the
Their relatively light bOd'\d (bc:enpreadapled through

. ition of the trunk
brechiation o the vertest PO (tle 10750)
during tel-r'estrml loclontwanalogicﬂ"y with the bi.
Thé\rffore. llll ISf?::é:)r:\:t‘mn of the recent gibbon, the
\i!S ¥
}):ss?l lIe[l(l):ninids (or their closest tanciilt:;li"s,)elusgg
during terrestrial progression almos ex[ h o )
ion. Thus simply, without further com
pe.dal'loconwmn.1" o ot binedality ss boan
plications the basic slag | in the bod
achieved without any P"Ofou.nd Saang- t v
As long as it would be considered a nechessaryls t&.1ge
of terrestrial quadl'llpe_dahsm’ durlgg t; et‘:‘? 4 l(;)n
of the bipedal locomohon.lhere had to be two sub-
stantial changes not only in the locomotion appara-
slanua i alas. S th ans of senses, namely
tus proper, but also In t1e oFEECE T "G, Tol0e Y
in the system maintaining equilibrium. We hr.loh
know about any examples from the n.alur(zllnhw "
natural selection would prefer corrlpllc"i‘t‘l’l ¢ ?n%)fl’s
of any organ, as long as it was not specially s(liuta e
for the survival of the species. So far wei 2 no;
have the slightest proof abou.t the 1nev1.tab eness o
the semi-vertical quadrupedic locomotion for the
survival of the Miocene anthropOl(}’S 11v1r‘1‘g along the
dividing line “forest-forest-steppe” or “forest-step-
pe”. It, however, does not gxclude from .the re-
pertoire of locomotion adaptation of the earliest Ho-
minids quadrupedy (it is used sometimes even by
the recent man).
~ More frequent movement on the ground had
naturally brought about also certain changes in the
composition of the diet, a transition from fruits,
berries and leaves to a higher proportion of seeds
and to the increase of the share of animal proteins.
In no case could occur, however, such a locomotion
specialization, as presumed by C. Jolly in his theory
of “sitting seed eaters” (Jolly 1970, Maz4ak
1977). Tt is very natural that some of the factors,
as that determined by C. Jolly, had an important
role 1o play in the hominization process. For ex-
ample the seed food could have been one of the
most important factors for the formation of the
typical hominid dentition and of the whole viscero-
cranium. The question remains, however, if changes
of the diet played in this phase of the hominization
process (if they occurred at all) such an important
role, and if such a specialization did not have a ne-
ga’til\(/e 1i9n';;5):)act on the locomotion apparatus (N o-
va .

Unfortunately, from the earliest known ho-
minid, from the Ramapithecus, we do not known
so far any remains of the post-cranial skeleton, that
could proove or negate this hypothesis. Since it
appears, that in spite of some decisively hominid
characters (Simons and Pj Ibeam 1965,1972,
Conroy and Pilbeam 1975, Todd and
Blumenberg 1974, Delson and Andrews
1975) that Rapapithecus had without any doubt very
close morphological relations to the Dryopithecus
Greemfield 1974, Vogel 1975, Eck-

end of the Miocene, whe



- 1975), it seems that the paralle] with the
rlrlicﬂ] pre-adaptation of the basal hominjds with
\va vertical pre-adap%a!lon of the recent gibbon,
l-l.‘mz in the mot original environment of *thin
h‘l)iv:ll forest” (e.g. in the z0o), is justified. Some
trop finds from Turkey (Andrews and Te k.
n("“\. a 1976) and from Hungary (Kretzoj 1975)
kdbrl the correctnes of the taxonomie classifica
s'uPl of the Ramapithecus with the hominids, since
hmd hominid characters are not so progressive as
nl(}inn“\' supposed (Andrews and Tekk aya
'(l)(r)l'?ﬁ Pilbeam 1976, Simons 1976), Though
c(‘\rmi“ progress has been achieved in the solution
{ the problems concerning the Ramapithecus, most
“rohl ems remain open and only further palaeonto-
logical finds can give us lhe. correct answer,

On summing up the hitherto known facts we
can suppose that bipedal locomotion was the loco-
motion Lype used already by the earliest hominids,
i.c. also by the Ramapithecus, as far as its taxono.
mic classification proves to be correct,
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