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Abstract

The purpose of this thesis is to examine extinct and extant nonhuman Hominidae locomotion, through
analysis of observational and fossil postcranial research. The extant genera reviewed were Pongo,
Gorilla, and Pan. Knucklewalking is the primary locomotor form observed in African great apes while
suspension predominates in Pongo. Less prominent are palmigrade quadrupedalism, bridging, vertical
climb, scrambling, and other forms of suspensory behavior. Bipedalism, primarily assisted, is found in
all examined extant apes with Pongo utilizing it the most. Extinct genera were selected based on the
recent, thoroughgoing phylogenetic study by Pugh (2022), categorizing probable stem hominids, stem
hominids, pongines, and hominines. Main forms of locomotion utilized were quadrupedalism, vertical
climb, and suspensory behavior. Kenyapithecus and Sivapithecus are suggested to have used, along
arboreal quadrupedalism, knucklewalking. Most of the discussed hominines, phylogenetically closest
to our chimpanzee-human last common ancestor (CHLCA), have limited postcranial data and
locomotion could not be concluded. Danuvius guggenmosi, Lufengpithecus lufengensis, and
Ouranopithecus macedoniensis are thought to have employed bipedalism. Lufengpithecus and
Danuvius further show signs of recently termed extended limb clambering, which along with

bipedalism is a promising hypothesis for the locomotor form of the CHLCA.
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Abstrakt

Cilem této prace je analyza pohybu vyhynulych a soucasnych nelidskych Hominidae prostfednictvim
publikovanych pozorovani a postkranialniho fosilniho zdznamu. Zkoumané zijici rody byly Pongo,
Gorilla a Pan. Nejrozsitenéjsi formou lokomoce u africkych hominidi je kotnikochodectvi a u rodu
Pongo je to zavéSovani. Dale méné Casta je palmigradni kvadrupedie, pfemostovani, vertikalni lezeni,
Ipéni a skakani, a dalsi formy zavésené lokomoce. Bipedie, predevs§im asistovana, je vyuzivana u
vsech probiranych zijicich lidoopt, pficemz u rodu Pongo nejvice. Vyhynulé rody byly vybrané dle
recentni, ucelené fylogenetické analyzy od Pugha (2022), kategorizované do pravdépodobnych
basalnich hominidi, basalnich hominidii, ponginti a hominini. Hlavni formou lokomoce u vyhynulych
rodu byla kvadrupedie, vertikalni lezeni a zavéSovani. Kenyapithecus a Sivapithecus mohli téz
vyuzivat, vedle arborealni kvadrupedie, kotnikochodectvi. Vétsina zminénych homininti, nejbliz§ich
k nasemu poslednimu spolecnému predku s Simpanzi (CHLCA), nemé dostate¢na postkranialni data a
lokomoci neni mozné popsat. U Danuvius guggenmosi, Lufengpithecus lufengensis a Ouranopithecus
macedoniensis je mozna bipedie. Lufengpithecus a Danuvius dale vykazuji znamky recentné
kategorizovaného pohybu extended limb clambering coz spolu s bipedii tvoii slibnou hypotézu o

lokomoci CHLCA.

Klicova slova: Lidoopi, bipedie, postkranialni, kvadrupedie, zavéSovani, CHLCA
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1 Introduction

There is a longstanding debate regarding the human locomotor origins. The emergence of
bipedalism is described by several evolutionary hypotheses including a knucklewalking ancestor
(Makedonska & Strait, 2015), suspensory ancestor (Thorpe et al., 2007), terrestrial quadruped with
climbing abilities (Prang, 2019), arboreal quadrupedal ancestor (Lovejoy et al., 2009; Prang, 2019), or
even a recently proposed extended limb clamberer (Bohme et al., 2019). Whether it was a
phylogenetically linear path from these hypothetical forms of movement to the habitually bipedal
locomotion remains a mystery. Transitioning from the locomotion in taxonomically more basal
hominids, through the chimpanzee-human last common ancestor (CHLCA), leading up to first
hominins is not yet resolved. Sahelanthropus tchadensis (Daver et al., 2022) and Orrorin tugenensis
(Pickford et al., 2002) are believed to be the oldest hominins to have supposedly employed habitual
bipedalism. An analysis of the locomotor repertoire of phylogenetically proximate group of hominids
to first hominins could ameliorate the search for possible missing links towards habitual bipedalism.
Taking also into consideration stem hominid groups would enlarge the locomotor scope through which
a better understanding of the CHLCA possible locomotion could emerge. Furthermore, reviewing
locomotion utilized in the extant great apes, therefore, Pan, Gorilla, and Pongo could also serve as a
valuable outline of potential CHLCA locomotor repertoire, given our genetic proximity (Mohammad-
Ali et al., 1995). There is an ambiguity behind bipedal origins in terms of environment, whether it
emerged in terrestrial or arboreal settings (Crompton et al., 2010; Drummond-Clarke, 2023). Viewing
where set genera utilize their locomotion, in this case bipedalism, could counter this ambiguity with
found data. Presenting various forms of locomotion within many groups of the nonhuman Hominidae
could potentially serve as a theoretical framework for further research regarding the CHLCA and its

locomotor range.

2 @Goals

The goal of this thesis is to analyze locomotion of extinct and extant genera within the Hominidae
family and present a general assortment of utilized locomotor forms. It will be achieved through
examination of published observational studies regarding extant species, therefore Pongo, Gorilla,
Pan. As for the extinct genera, postcranial fossil evidence with specific anatomical properties linked to
certain locomotor forms will be scrutinized as well. Discussed extinct genera will be selected based on
newest and most complete phylogenetic research conducted by Pugh (2022). Extinct species will be
reviewed extensively due to the secondary objective of this work on detecting possible bipedal
behavior appearance throughout the Hominidae evolution leading up to the chimpanzee-human split

and origins of bipedalism.



3 Defining the Hominidae

The Hominidae is a taxonomic family, alternatively referred to as the great apes. It consists of
four extant genera: Homo, Pan, Gorilla, Pongo, and several extinct ones. The taxonomic classification
has undergone a lengthy evolution and has been a subject of debate over the past centuries. Carl von
Linné stands at the beginning of this taxonomic ambiguity, placing humans among other animals and
classifying them in the Quadruped class and Antropomorpha order. This order encompassed Homo
(humans), Simia (apes), and Bradypus (sloths) (Linné et al., 1792). Eventually, he would rename both
the class and the order as Mammals and Primates (Charmantier, 2020). Several naturalists, including
Johann Friedrich Blumenach, disagreed with the taxonomic placement, assigning humans to the order
Bimana and apes to the order Quadrumana, creating a potent barrier (Blumenach, 1825). Thomas
Henry Huxley, who laid down the structural differences between humans and apes, concluded with no
need of separating the two into distinct orders (Huxley, 1886). Charles Darwin concurred as well,
arguing in Linné’s favor, upholding the term Primates for both humans and apes (Darwin, 1889).

Until around the 1960s, humans and apes were distinctly separated within the superfamily of
Hominoidea. Humans, referred to as hominids, placed in the Hominidae family, and apes, on the other
hand, in the Pongidae family (Straus, 1946). New phylogenetic studies revealed a closer relationship
between humans and apes, thereby classifying them in the same family, the Hominidae. With
molecular advancement in the 1970s, research had shown that the genera Homo, Pan, and Gorilla, are
genetically proximate, while orangutans stand as an outgroup in the Hominidae family (Mohammad-
Ali et al., 1995). Therefore, only orangutans could be classified as pongids leading to a new division
of subfamilies, the Homininae, with Homo, Pan, and Gorilla and Ponginae comprising Pongo
(Goodman, 1974). Today, the consensus stands at Hominidae, a family, consisting of two subfamilies,
Homininae and Ponginae. Homininae is further divided into two tribes, Hominini with Homo and Pan,

and Gorillini, with Gorilla (Goodman et al., 1989).

3.1 Evolutionary Background and Hominoid Origins

There has been a long-standing debate over the origins of the primate order. Molecular data and
physical fossil finds suggest different times of emergence. The molecular clock points at a much older
period than fossils, the Cretaceous, therefore placing the first primate-like species as far as 90 Ma
(Janecka et al., 2007). The fossil record of undisputable primates, however, stands at 56 Ma (Silcox et
al., 2017), implying a large dissonance between the data. Steiper & Seiffert (2012) propose the
hypothesis of convergent rate slowdown as an explanation for this discordance. Furthermore, they
offer a new time of primate appearance to the K-Pg boundary. As for the physical evidence behind
primate evolution, we are presented with another uncertainty due to geographical distribution of
fossils. As mentioned before, primate fossil record appears at the Paleocene-Eocene boundary (56-55
Ma) coinciding with the climatic Thermal Maximum (Smith et al., 2006). Fossil discoveries of the

Haplorhini, however, appeared synchronously in North America and Eurasia, proposing a question of



geographical origins (Smith et al., 2006). Smith et al. (2006) reference the omomyid Teilhardina as
the oldest primate known, spanning the North American and Eurasian continent. Another Eocene
Haplorhine from the infraorder Tarsiiformes is described from China (55 Mya), with a discovery of a
nearly complete skeleton. Furthermore, this fossil primate narrows down the timeframe of
Tarsiiformes and Anthropoidea divergence (Ni et al., 2013). The Oligocene period (34-23 Ma) is
suggested by molecular data as the time of Cercopithecoidea-Hominoidea divergence, however, fossil
record remains insufficient (Stevens et al., 2013).

Early Miocene (23—17 Ma) presents a favorable climatic environment in which the catarrhine
primates proconsuloids, a possible ancestorial link to hominoids, thrived (Harrison, 2010). Period
between ca. 17 to 15 Ma marks a warming trend referred to as the Miocene Climatic Optimum
(MCO). This period of warmer climate is also accompanied by low seasonality (Methner et al., 2020),
and forest expansion, which proved to be beneficial to the modern ape ancestor radiation. It is exactly
during the time of MCO when the Hylobatid-Hominid divergence occurs and when undisputable
hominoids appear (Pozzi et al., 2014). Around ca. 14 Ma, seasonality increased, leading to the
decrease of proconsuloid diversity and resulting in cercopithecoids and hominoids becoming the
prevailing taxa, largely due to their dietary and locomotor adaptations (Harrison, 2010). Gradual
cooling in Mid-Miocene led to unfavorable biome changes, followed by the Vallesian Crisis (9.6 Ma)
which marked a decline in forest-adapted taxa (Casanovas-Vilar et al., 2005). Most hominoids had
become extinct by 5 Mya, except for the extant lineages restricted to the present-day geographical

localities (Begun et al., 2012).

3.2 Fossil Record of Extinct Genera

First modern-like apes are thought to appear before the last marine transgression in Eurasia
around 17 Ma at sites in Germany and Turkey (Heizmann & Begun, 2001). The classification of
modern apes and their taxonomic placements remain subjects of debate, thus this thesis offers insights
based on the latest research discoveries made by Pugh (2022), who distinguishes found fossil
Hominidae into categories of probable stem hominids, stem hominids, pongines, and hominines. Stem
hominids, in this context, constitute a paraphyletic group of extinct genera, displaying resemblance to
the nearest crown group (comprising the last common ancestor and all its descendants). Both
geographical and chronological data of further mentioned fossil finds are presented in Fig. 1 and

detailed list of genera in Table 1.



Table 1. List arrangement of fossil apes mentioned in the text. Table is based on the work of Begun
(2010) and Pugh (2022). Danuvius guggenmosi is placed within stem hominids, but phylogeny is not

yet agreed upon.
Fossil find
Phylogenetic placement Genera dating (Ma) Localities of discovery
Probable stem hominids
Griphopithecus 16.0-16.5 Germany, Turkey
Kenyapithecus 16.0-16.5, Turkey, Kenya
13.5
Stem hominids
Dryopithecus 12.0-12.5 France
Anoiapithecus 11.9-12.3 Spain
Pierolapithecus 12.0 Spain
Danuvius guggenmosi 11.6 Germany
Hispanopithecus 10.0-11.0 Spain
Rudapithecus 9.8-10.3 Hungary
Lufengpithecus hudienensis 7.2-8.2 China
Pongines
Sivapithecus 12.5 Pakistan
Khoratpithecus 9.0-12.5 Thailand
Ankarapithecus 10.0 Turkey
Indopithecus 8.9 India
Lufengpithecus lufengensis 6.2-6.9 China
Gigantopithecus 2.0-0.3 China
Hominines
Nakalipithecus 9.8-9.9 Kenya
Ouranopithecus 8.7-9.6 Greece
macedoniensis
Ouranopithecus turkae 7.4-8.7 Turkey
Graecopithecus 7.2 Greece
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Figure 1. Geographical and chronological dispersal of fossil finds of extinct and extant nonhuman
Hominidae and assumed lifespans. Figure is based on the work of Pugh (2022), added genera with
alternative dating are based on Ji et al. (2013) and Bohme et al. (2019a).

The earliest modern ape fossil discovered in Eurasia is Griphopithecus emerging 16 to 16.5
Ma, believed to represent a stem hominid (probable) (Casanovas-Vilar et al., 2011). The first sites of
its discovery are in Germany, Turkey, and later in Africa. Kenyapithecus, another assumed stem
hominid, was discovered in both Europe and Africa as well (Kelley et al., 2008). The European
Kenyapithecus discovery, from Pasalar in Turkey, dated around 16 to 16.5 Ma predates the African
findings, from Fort Ternan in Kenya, which are approximately 13.5 milion years old (Andrews &
Kelley, 2007; Begun & Geraads, 2003; Leakey, 1961).

Among the generally accepted stem hominids proposed by Pugh (2022), the first known is
Dryopithecus believed to have appeared 12 to 12.5 Ma, discovered at the St. Gaudens site in France
(Begun, 2005; Pilbeam & Simons, 1971). Initially grouped together with other apes, for instance with
Sivapithecus (Begun, 2005), under a single genus, current discoveries suggest this categorization was
incorrect. Anoiapithecus, another stem hominid, was found in the region of Els Hostalets de Pierola on
the Iberian Peninsula, dating back to 11.9—12.3 Ma (Alba et al., 2013; Moya-Sola et al., 2009). Both
chronologically and geographically proximate to Anoiapithecus is Pierolapithecus, an ape discovered
in Spain, now estimated to be 12 million years old (Pugh et al., 2023). The younger Hispanopithecus,
also a stem hominid from the Iberian Peninsula, dates back to 10 Ma (Alba et al., 2012). Pugh (2022)
and Casanovas-Vilar (2011) suggest even earlier emergence (11 Ma). In Hungary’s Rudabanya site, a
discovery was made of Rudapithecus, an ape estimated to be 9.8—10.3 million years old (Casanovas-
Vilar et al., 2011). The last putative Miocene stem hominid is Lufengpithecus hudienensis. It is
younger than the above mentioned apes, dating 7.2 to 8.2 Ma (Pan et al., 2021), discovered in

southwestern China in the Yuanmou basin. Danuvius guggenmosi is a recently discovered Miocene




ape (dating 11.6 Ma, Germany) that has been placed within stem hominids, but needs more
phylogenetic analysis for concurrence (Bohme et al., 2019). It is included, despite its uncertainty, due
to the importance of found postcranial evidence.

Pongines, also referred to as Asian hominids, encompass several extinct genera and a single
extant genus, Pongo. The oldest pongines, currently agreed upon, are Sivapithecus and
Khoratpithecus. Sivapithecus was first unearthed in Pakistan and the findings date back circa 12.5 Ma
(Kappelman et al., 1991). Khoratpithecus emerged between 9 and 12.5 Ma in Thailand (Chaimanee et
al., 2019). A sole European pongine Ankarapithecus extends furthest west and was found in Turkey
from deposits at Sinat Tepe and overlaps geographically with both Dryopithecus and Griphopithecus
(Chaimanee et al., 2019). The Ankarapithecus fossils discovered date back approximately 10 million
years (Begun & Geraads, 2003). Indopithecus, an extinct ape from India dated around 8.85 Ma
(Pillans et al., 2005) was previously linked to Gigantopithecus, however, its distinct position is now
well resolved. Lufengpithecus is another fossil ape that falls into the pongine category, however, only
one specie. Pugh (2022) differentiates and classifies this taxa, that consists of two species, into two
distinct categories. Lufengpithecus hudienensis among stem hominids and Lufengpithecus lufengensis
among pongines (Pugh, 2022). The species lufengensis was found in the Lufeng basin in southwestern
China and originated around 6.2—-6.9 Ma (Ji et al., 2013). The last and probably the most renowned
genus of extinct pongines, due to its enormous size, is Gigantopithecus. Discoveries were made in
caves in southwestern China and the unearthed remains date from 2 Ma to 300 Ka, spanning the Early
and Middle Pleistocene (Zhang & Harrison, 2017).

As of the extinct apes assigned to the subfamily Homininae, it has been concluded with three
genera, the oldest of which is Nakalipithecus, discovered in Nakali, Kenya, from Late Miocene
approximately 9.8-9.9 Ma (Kunimatsu et al., 2007). Following is another genus, Ouranopithecus,
represented by two species. The earlier emerging Ouranopithecus macedoniensis, found in Greece, is
dated back to 8.7-9.6 Ma (de Bonis & Koufos, 2014; Kunimatsu et al., 2007). The younger,
Ouranopithecus turkae, from central Anatolia, is dated between 7.4 and 8.7 millions ago (Giileg et al.,
2007). The last genus is Graecopithecus, discovered in Pyrgos Vassilissis, Greece, estimated to 7.2
Ma (Fuss et al., 2017).

The diversity of extinct ape lineages surpasses that of the extant ones. There are solely three
surviving genera: Pongo, Gorilla, and Pan. The only one outside Africa and the sole extant member of
Ponginae is Pongo, with three species, all resorted to southeastern Asia. It is also the oldest living ape,
emerging around 1.2-2 Ma under the specie P. weidenreichi (Harrison et al., 2014; Wang et al., 2014)
found at sites in China. Pan and Gorilla are both classified under the subfamily Homininae and are
assumed to be younger, due to the lack of fossil evidence (Steiper & Young, 2006). The pongine-
hominine divergence is thought to have occurred between 16-20 Ma (probably around 18 Ma) (Steiper
& Young, 2006), followed by the Gorillini-Hominini split around 6—10 Ma (Katoh et al., 2016) and
the Pan-Homo around 5—7 Ma (Locke et al., 2011). While Pan and Gorilla inhabit Africa, there are no



certain fossil taxa identified as members of their evolutionary lineages. The only possible fossil finds
are related to the chimpanzee clade, from Kenya, traced back to Middle-Late Pleistocene (approx. 500

Ky) (McBrearty & Jablonski, 2005).

4 Locomotion forms in the Hominidae

Various forms of locomotor behavior proved to be an important ecological adaptation acquired by
taxa when facing changing environments (Behrensmeyer, 2006). Late Miocene cooling brought drier
climate in Western Eurasia and the subtropics, resulting in the transition from broadleaved evergreen
forests to more open woodlands and C4 grasslands (Agusti et al., 2013; Herbert et al., 2016). Along
with geographic transitions due to climate change, development of locomotor versatility stands at
frontline in obtaining a successful and sustainable ecology (Habinger et al., 2022). Further discussed
will be the locomotor and positional repertoire of the extinct and extant Hominidae genera with
addition of anatomical factors linked to specific movements. Postcranial evidence is the main method

of examining locomotor behavior of extinct species.

4.1 Anatomical properties

Locomotion variety in the Hominidae spans both arboreal and terrestrial environments. Along with
different ecologies propelling various forms of movement, evolutionarily flexible anatomical plans are

key in viewing different strategies utilized by both the extant and extinct genera. One of the significant

anatomical features is the presence of either
pronogrady or orthogrady in both posture and body
plan (Almécija et al., 2021). The pronograde
posture refers to a horizontal position of the body,
or specifically the trunk, during locomotion or
positional behavior. On the other hand, orthogrady
is a position where the body is vertical. The
orthograde body plan is scarcer among primates and

includes, for example, a coccyx as a remnant of the

thorax and lumbar vertebra
(cranial view)

tail, dorsoventrally shallow and mediolaterally

broad rib cage, and dorsally placed scapulae

pronograde

(Almécija et al., 2021). The pronograde body plan

contains a deep, narrow ribcage, laterally placed
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scapulae, and a tail as seen in Fig 2. (Almécija et

al.,, 2021).

Figure 2. Pronograde (above, monkey) versus orthograde (below, ape) posture and thorax. Taken
from Almécija et al. (2021).



Many primates while possessing either a pronograde or an orthograde body plan may still
exhibit locomotion that extends beyond their inherent body plan. All extant great apes display an
orthograde body plan (Almécija et al., 2021). The great apes share anatomical features that permit
various forms of locomotion from suspensory to bipedal variants.

The hominoid torso has many properties that allow such possibilities. Compared to monkeys,
apes evolved tail-lessness and possess short and broad lumbar vertebrae, three to five depending on the
genus (Spear et al., 2023). This column reduction was due to sacralization (last lumbar vertebra fused
with the sacrum), resulting in apes having a shorter back than the Cercopithecoidea (Spear et al.,
2023). Apes therefore have 7 lumbar vertebrae, advantageous to countering buckling forces in arboreal
environments (Hunt, 2016). The pelvis differs to the one of monkeys as well, being tall and broad, also
resisting buckling strain and further maintaining hip extensions. The hip mobility is further
characterized by factors such as rounded femoral head or shallow acetabulum (Hunt, 2016). The ape
upper torso is significantly distinguishable from that of the monkeys. As further seen in Fig. 2, the ribs
are tightly curved and the sternum is broad, all of which reduces stress on thorax and facilitates arm
raising and force-bearing during arm-hanging (Hunt, 2016).

Hominoid forelimb and hindlimb anatomy is quite distinguishable from that of monkeys and
can differ between the great ape genera. Generally, apes have elongated upper limbs compared to

lower limbs (Hunt, 2016). This facilitates

Globular

Long, curved, robust

o metacarpals and suspensory behavior, vertical climbing

phalanges

and increases foraging reach. The so
called intermembral index is a forelimb-

hindlimb length comparative ratio

radius, ulna

suggesting either a suspensory or

| s quadrupedal forms of locomotion (Moya-

Sola & Kdhler, 1996). Hunt (2016)
suggests that owing to the expanded,

globular humeral head and scapulae

Tailless

High
neck-
shaft
angle,
globular
head

dorsally placed, large shoulder mobility is
achieved, furthermore, the ulnar articular
surface wraps around the trochlea and thus
allows the body weight to be borne by

Large g3 batween bone rather than muscle, beneficial during

great and lateral
toes, abductible

great toe suspension.

Figure 3. Anatomical scheme of a suspending great ape. Modified version taken from Hunt (2016).

The ape olecranon process is reduced, allowing full elbow extension during arm-swinging

(Hunt, 2016). Great apes have the ability to pronate and supinate, allowed, for example, by the bowed



radius and ulna, and the possession of a circular radial head allowing 150 degree wrist rotation
compared to 90 degrees in monkeys (Hunt, 2016; O’Connor & Rarey, 1979), depicted in Fig. 3.
The ape hand is variable and serves as a reflector of different ecologies. The phalanges and
metacarpals have various degrees of curvature (See Figure 4.), more so is seen in orangutans, given
their arboreal lifestyle, and less in the more terrestrial gorillas or chimpanzees (Howell, 1917;
Matarazzo, 2008). Furthermore, secondary phalangeal shaft characters such as ridges are present in

suspensory apes enabling muscle and tendon attachment (Almécija et al., 2007).

)
Human v

Dorsal ridge

Ch\mpanze@, —

Gorilla <)///-
Orangutan/

Figure 4. A: variation in primate phalangeal curvature, B: diversity in primate foot morphology with
different degrees of hallux abduction. Both images taken from Hunt (2020).

Hominoid hindlimbs, as previously mentioned, are shorter than forelimbs, however, facilitate
great amount of mobility and operate quite dexterously. Due to the large globular femoral head and
high femoral neck-shaft angle, as presented in Fig. 3, apes achieve substantial hip mobility (Hunt,
2016). The ape foot contains an important locomotive adaptation, being the opposable hallux, enabling
grasping (Schultz, 1950). The degree of big toe abduction varies within genera (Fig. 4.). As well as in

the hand, finger curvature is present in hominoid feet too.

4.2 Extant Genera

As previously noted, the sole living members of the nonhuman Hominidae are orangutans
(Pongo), gorillas (Gorilla), chimpanzees and bonobos (Pan). These genera are described ahead of the
extinct ones, due to the broader availability of data regarding them, most importantly due to the fact
we can presently still observe them. Chapters following, are detailed in locomotion utilized by set

genera, further summarized in Figure 5.

4.2.1 Pongo
The genus Pongo currently encompasses three species, all restricted to Southeast Asia. Pongo

pygmaeus occupies the island of Borneo and Pongo abelii along with Pongo tapanuliensis the Sumatra



Island. Pongo tapanuliensis was described in 2017 (Nater et al., 2017) and thus available data is
greater in the two former species. Orangutans live in lowland rain forests, inhabiting tree canopies
abundant with fruit (Djojosudharmo & Schaik, 1992; Galdikas, 1988). Time spent on the ground is
minimal with most activities and travel occurring high up in the canopy. However, terrestrial
locomotion does occur, notably more so among males (Ashbury et al., 2015; Djojosudharmo &
Schaik, 1992). The orangutan is the largest primarily tree-dwelling mammal and must operate with its
substantial body mass in the canopy (Galdikas, 1988).

Suspensory behavior, precisely below-branch suspension, is the primary locomotion and
posture utilized by this genus (Hunt et al., 1996). Dominating postural mode is the orthograde
suspension with the use of forelimbs, often together with hindlimb compression for further support,
termed orthograde clambering (Hunt et al., 1996), making up 46% of total movement in Sumatran
Pongo abelii (Thorpe & Crompton, 2005) and 48% in Bornean Pongo pygmaeus (Manduell et al.,
2011). Hindlimb suspension is also observed, given the anatomical property of their grasping feet, but
less commonly than the forelimb variation (Cant, 1987). Furthermore, ipsilateral suspension variation
has been recorded as well (Thorpe & Crompton, 2005).

Brachiation is a form of a pendulum-like movement employed during the branch-to-branch or
tree-to-tree transfers and is categorized under the orthograde suspension mode. Pronograde suspension
is seen as well, more so among younger individuals (Manduell et al., 2011; Thorpe & Crompton,
2005). Bridging is another locomotive form used, but scarcely seen. During bridging, orangutans
suspend themselves and reach out to grasp a branch and pull their body towards it (Manduell et al.,
2011). Additionally, orangutans utilize compressive pronograde postures, pressing their bodies against
surfaces to navigate through confined spaces (Thorpe & Crompton, 2006), a behavior more associated
with feeding rather than travelling (Manduell et al., 2011). Oscillation is another form of locomotion
used by orangutans more frequently observed in the pygmaeus species (Manduell et al., 2011; Thorpe
& Crompton, 2005). Oscillation combines tree sway and ride motion during tree-to-tree transitions
(Thorpe & Crompton, 2005). Tree sway is a form of movement where the animal uses either its body
weight to accumulate enough force to bend a branch one way or swings with the branch back and forth
in oscillations with increasing magnitude and finally grasping the destination branch (Thorpe &
Crompton, 2005). Ride is very similar to tree sway but is reserved for tree-to-ground travel.
Orangutans have been recorded oscillating branches, trees, and lianas (Mackinnon, 1974).

Another significant locomotive form is climbing, encompassing both ascending and
descending movements, and is not restricted to the canopy, but also utilized during ground-to-tree
travel and vice-versa. Orangutans travel on the ground less frequently compared to African apes,
resulting in climbing being less prevalent within the Pongo genus and primarily facilitating food
acquisition (Thorpe & Crompton, 2005). Climbing accounts for 24% within the P. abelii locomotion
and 8% in P. pygmaeus (Manduell et al., 2011; Thorpe & Crompton, 2005).
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Next to suspensory locomotion, quadrupedalism as the most prevalent locomotion within the
primate order is greatly observed in great apes (Rose, 1973). In the case of orangutans, it is both a
terrestrial and an arboreal form of movement. Arboreal quadrupedalism on branches is exhibited more
in higher levels of the canopy and during feeding rather than during travel (Thorpe & Crompton,
2005). On the ground Pongo utilizes classic palmigrade quadrupedalism (fist walk has been identified
as well (Hunt et al., 1996), and occasionally adopts a tripedal walk, compressing hindlimbs and using
a forelimb for additional support (Hunt et al., 1996). Orangutans do not have a defined running gait.
When in danger however, quadrupedal run may be seen as well (Hunt et al., 1996).

Bipedalism, movement on two legs, is seen within this genus more often than within other
great apes (Thorpe et al., 2007). Unassisted bipedalism is present but not frequently observed,
however, assisted bipedalism is more commonly seen, with locomotion on hindlimb with assisted
forelimb branch gripping. Some authors suggest it is a mere extension of the orthograde clamber
locomotion (Thorpe & Crompton, 2005), others define assisted bipedalism as a distinct form of travel,
specifically within the canopy. Thorpe & Crompton (2006) in their study find P. pygmaeus to use
bipedalism in 2% of total locomotion and assisted bipedalism in 6%. In contrast, Manduell et al.

(2011) suggest 0.1% and 3.1%.
4.2.2 Gorilla

The Gorilla genus constitutes of two species, the western gorilla (Gorilla gorilla), and the
eastern gorilla (Gorilla beringei). Furthermore, the eastern gorilla subdivides into the mountain and
lowland gorillas and the western gorilla into lowland and cross river gorillas (Thompson, 2021). The
localities of the two species are separated by the Congo River, where the western gorilla occupies west
central Africa and the eastern gorilla the eastern part. Habitat distribution is various, especially in
terms of elevation ranges (Sarmiento, 2002). However, it is the subtropical and tropical forests biomes
this genus inhabits. Gorillas are considered to be the most terrestrial of the nonhuman Hominidae (Fuh
et al., 2022; E. Sarmiento, 1994). Arboreal travel is mainly reserved for food acquisition, and is more
prevalent within female and immature gorillas (Hunt, 2016).

A gorilla’s primary form of locomotion is quadrupedalism, specifically knuckle-walking
which can be seen in the Pan genus as well (Kivell & Schmitt, 2009). Given gorillas’ dominant
terrestrial ecology, quadrupedalism makes up the majority of observable locomotion, with
approximately 96% (Doran, 1997). In this percentage, quadrupedalism, movement employing all four
limbs, encompasses knuckle-walking (sometimes fist-walking) and palmigrade quadrupedalism,
present in both terrestrial and less frequently arboreal environments. Palmigrade quadrupedalism,
moving on palms, is frequently seen within infants (Doran, 1997). The dominating knuckle-walking,
with 85% of total quadrupedal locomotion, is primarily in adult gorillas (Doran, 1997). Knuckle-
walking is a form of movement where the forelimbs bare weight on the dorsal side of middle

phalanges (II-V) (Tuttle, 1967). As opposed to the Chimpanzee form of knucklewalking with an
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extended wrist posture, gorillas utilize a “columnar” form, with the hand and wrist joins aligning in a
straight, neutral position (Kivell & Schmitt, 2009).

As mentioned before, arboreality is observable, and more so within the western lowland
gorillas (Tocheri et al., 2011). Gorillas utilize quadrumanous climbing, in both ascend and descend.
Furthermore, gorillas utilize scrambling and bridging, as well (Doran, 1997). Scrambling is a form of
movement with unpatterned gaits, combining varying combinations of climbing and crawling,
generally used to maneuver difficult areas (Hunt et al., 1996). Climbing is the second most utilized
form of locomotion and accounts for approximately 20% of arboreal locomotion (Doran, 1997; Remis,
1995). Suspensory behavior is not common, nonetheless suspension can be observed in females and
juveniles (Remis, 1995). Lastly, both unassisted and assisted bipedalism is seen within this genus.
Less so than in orangutans, and mainly used as a means to show dominance, or carry objects (Hunt,

2016).
423 Pan

Panins comprise of two extant species, the Pan troglodytes and Pan paniscus. Both species are
sub-Saharan natives but occupy different localities. Pan paniscus, also called bonobo, spans the Congo
Basin south of the Congo river and inhabits moist, mixed, forests and forest-savanna mosaics, in
elevations ranging between 300 and 700 m (Fruth et al., 2016). Pan troglodytes, the chimp, is found in
both central and western Africa. Chimpanzees live in lowland, swamp, dry, submontane and montane
forests and also in savanna woodlands (Humle et al., 2017). The Pan genus is quite terrestrial but
arboreal environments are more prominent. Nest building is typically arboreal, for instance
(Tédonzong et al., 2020).

Chimpanzees, like gorillas, utilize quadrupedal locomotion the most. It accounts for about
77% of their locomotor behavior (Sarringhaus et al., 2014), and some authors state even more (Hunt,
1992). Within this locomotor form, palmigrade quadrupedalism and knucklewalking is frequently
observed. As compared with the knucklewalking form seen in gorillas, chimpanzees have a less
columnal arm position and a more extended wrist (Piischel et al., 2020). To reach food or nests that are
located high in the canopy, vertical climb and further descent is observable within this genus as well
(Henke & Tattersall, 2015; Sarringhaus et al., 2014). Suspensory locomotion is seen with postural
orthograde suspension as the most prominent, along with the lesser utilized clambering and
brachiation (Hunt, 1992). Chimpanzee infants are found is this postural-locomotive mode very
frequently (Sarringhaus et al., 2014). Bipedalism, with 1.8% occurrence, is seen within the
chimpanzee locomotor spectrum as well with hand-assisted flexed bipedal walk as the most common,
followed by hand-assisted bipedal scramble (Sarringhaus et al., 2014). Infants are the ones who walk
bipedally the most with about 6% of total locomotive occurrence (Sarringhaus et al., 2014). Bridging,
dropping, ride and sway are all locomotor forms that are utilized, but all together account for about 4%

of total movement (Sarringhaus et al., 2014).
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Bonobos, as compared to chimpanzees, are more arboreal (Doran, 1993), therefore, most
studies and observed data cover arboreal environment rather than terrestrial. Most frequently observed
form of locomotion within this specie is arboreal quadrupedalism and vertical climb and descent
(Susman et al., 1980). Within the canopy, bonobos move quadrupedally utilizing palmigrade
quadrupedalism (Doran, 1993). On the ground, knucklewalking can be observed as well and is like the
form seen in chimpanzees. Climbing is one of the most prominent bonobo locomotor forms with
approximately 48% of overall movement (Doran, 1993). Suspensory locomotion is more frequent in
bonobos than chimpanzees and bipedalism is less frequent in bonobos with a about 1.3% occurrence,
therefore 0.5% less than chimps (Doran, 1993). Leaping is another locomotor behavior more
frequently seen in bonobos than chimpanzees with about 3.8% (Doran, 1993). Leaping is a form of
movement where the body is abruptly propelled off the ground, followed by suspension, and then

landing again (Demes et al., 1995).

4.3 Extinct Genera

The extinct members of the Hominidae have been introduced in previous chapters. Fossil finds
have been discovered, but due to the inability to observe exact movements utilized by these species,
anatomical indications serve as the only possible clue to determine locomotor forms which had been
used. These anatomical properties are compared with other fossil finds and extant primates to
assemble a valid hypothesis for locomotor behavior. Following descriptive chapters, is Figure 5

summarizing employed locomotion.

4.3.1 Probable Stem Hominids

There is not much available fossil data that would enable extensive analysis of locomotor
versatility of the Griphopithecus genus. The only indications have been assessed from the Pasalar site
in Turkey (Kelley et al., 2008). Number of phalanges have been discovered and based on their
curvature and width/height index evaluated as non-suspensory, given greater height and robustness.
Furthermore, there is a non-cercopithecoid-like dorsal side expansion of the proximal articular surface
of the proximal phalanges indicating pronograde quadrupedalism (Ersoy et al., 2008).

Kenyapithecus has more postcranial evidence and thus better chance at interpretation. Owing
to fossil discoveries in Maboko and Nachola, Kenya, there are possible locomotor patterns that could
be assigned to this genus (Rose et al., 1996). Hominoid-like features of Kenyapithecus include its
humeral properties like the size of the humeral head, the bone’s gracility, or great shoulder joint
mobility. These properties suggest scansorial movements, with forelimb-dominated forms, such as
vertical climbing, or hoisting (Mccrossin et al., 1998). Hoisting refers to raising the body upwards
using arms and grasping hands. Furthermore, anatomically similar to the Pan or Gorilla genus, the

distal radioulnar joint and the metacarpophalangeal joint suggest knuckle-walking ability (Mccrossin
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et al., 1998). Overall, Kenyapithecus can be concluded as a primarily arboreal quadruped, including

some suspensory locomotor forms, with semi-terrestrial lifestyle (Nakatsukasa, 2004).

4.3.2 Stem Hominids

Postcranial discoveries of Dryopithecus are limited. Owing to that fact, pronogrady versus
orthogrady cannot be concluded. Nevertheless, fossil finds from Saint-Gaudens propose various
locomotor forms. Above-branch quadrupedalism remains as the dominant movement with supporting
arguments of proximal projection of the greater trochanter or rounded femoral head with deep articular
surface aiding hindlimb abduction (Pina et al., 2019). Suspensory behavior remains unresolved with
no exact adaptations discovered (Alba et al., 2011), furthermore, secondary shaft characters on
phalanges associated with suspension, such as ridges, pits or scars showing ligament and muscle
attachment, were not found either (Begun, 1994). Some authors, however, still believe suspensory
activities were present (Bohme et al., 2019b). As opposed to extant great apes, Dryopithecus has a
long, curved, muscular pollical phalanx suggesting great grasping capabilities associated with cautious
vertical climbing (Almécija et al., 2012).

Pierolapithecus has been discovered at the beginning of the century with about 80 bones
allowing a reconstruction of a largely complete body plan (Moya-Sola et al., 2004). It has been
concluded that this genus possessed an orthograde body plan based on the degree of rib curvature,
clavicle length, or the morphology of the lumbar region, all suggesting broad and shallow thorax
(Moya-Sola et al., 2004). Phalanges and metacarpals are relatively short but show signs of power-
grasping capabilities with the assistance of the pollex or hallux (Moya-Sola et al., 2004). Furthermore,
phalanges are not curved and thus this genus does not conclude as suspensory, but some forms of this
locomotion are possible (Deane & Begun, 2010). A patella has been found and associated with that of
great apes, suggesting knee joint mobility associated with climbing (Pina et al., 2014). With all factors
brought into consideration, this genus is concluded to be somewhat between an above-branch
quadruped and a suspensory ape, with an orthograde body plan (Deane & Begun, 2010). It is proposed
that forms of vertical climbing had been utilized (Moya-Sola et al., 2004). Below-branch suspensory
behaviors are unresolved. The anatomical properties of the phalanges and metacarpals do not support
suspensory movements, but some authors believe they were present based on its positional behavior
(Deane & Begun, 2008).

Hispanopithecus, like Pierolapithecus, has been concluded to possess an orthograde body plan
with a broad, shallow thorax, and a rigid lumbar region. Its long, compressed acromion process and
craniocaudally compressed ribs support this body plan (Alba, 2012). A straight humerus and a curved
radius and ulna suggest versatile movement such as pronation, abduction, and flexion, all of which is
associated with suspension and vertical climbing (Moya-Sola & Kohler, 1996). Above branch
quadrupedalism is, however, still at forefront in this genus’ locomotor repertoire. The phalangeal
shafts exhibit insertions indicating powerful grasping capabilities (Almécija et al., 2007) . The large

femoral head in comparison to the neck and shaft also propose great hip mobility (Moya-Sola &
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Kohler, 1996). Lastly, the intermembral index, which compares the length of forelimbs and hindlimbs
and expresses a ratio indicating an either arboreal suspensory or quadrupedal lifestyle, is high, and
thus proposes suspensory adaptations for this genus (Moya-Sola & Kohler, 1996). Hispanopithecus is
one of the oldest hominoids with an orthograde body plan with below-branch suspensory capabilities
(Alba, 2012).

The recently discovered Danuvius guggenmosi has sufficient postcranial evidence and thus its
locomotor repertoire can be assessed. This genus has diaphragmatic vertebra placement with a longer
lumbar region, aiding with placing the center of mass over the extended hips, knees, and feet (Bohme
et al., 2019). This anatomy suggests some form of bipedalism given the possibility of hip and knee
extension and orthograde body plan but further analysis must be done to conclude (Williams et al.,
2020). The upper limb is adapted for below-branch suspensory behavior as well. Danuvius further
possesses a grasping hallux and curved phalanges. Bohme et al. (2019) proposes extended limb
clambering as a unique locomotor form extensively utilized by this genus. It combines patterns of
orthograde suspension as well.

Rudapithecus has limited fossil data available, but an extensive analysis of a partial pelvis
from Hungary has been conducted and further observation of several other postcranial bones enabled
locomotor reconstruction (Ward et al., 2019). Ward (2019) suggests the bone morphology proposes an
orthograde body plan. With a great hip, elbow, and wrist mobility, Rudapithecus is thought to
resemble the range of motion typical for orangutans (Ward et al., 2019). A shallow acetabulum and
thus less coverage of the femoral head enables this great hip mobility (Hammond, 2014). The elbow
with trochlea and capitulum separated by zona conoidea and a medially-projecting medial epicondyle
enables a plethora of positions the ape could adopt (Ward et al., 2019). Supination and pronation were
possible as well (Begun, 1992). Furthermore, Rudapithecus had long, curved, ridged phalanges
(Begun, 1992). Altogether, there is a clear indication for below-branch suspensory behavior along with
vertical climbing, given the phalangeal morphology grasping capabilities, and bridging (Ward et al.,
2019). Above branch quadrupedalism had been utilized as well (Ryan et al., 2012). Unlike extant great
apes, Rudapithecus has a more flexible lower lumbar region, suggesting when on ground, could move
in a more upright position that them, however, more fossil data is needed to address hypothetical
forms of bipedalism within this genus’ locomotor repertoire (Ward et al., 2019).

Lufengpithecus hudienensis has scarce cranial fossil evidence. Furthermore, its own
taxonomical classification is relatively new (Qi et al., 2006). More available data regarding the
postcranium and locomotion is known of the Lufengpithecus lufengensis specie.

Anoiapithecus, one of the extinct hominids found on the Iberian Peninsula, has got no
postcranial evidence that would suggest any form of locomotor repertoire, thus this genus remains

unresolved (Miguel, 2016).
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4.3.3 Pongines

Sivapithecus, the long-debated genus in terms of phylogenetic placement, is thought to had
been both arboreal and terrestrial. Cranially, it resembles the genus Pongo, postcranially it differs
(Begun & Kivell, 2011). Proximally it appears to have terrestrial Cercopithecoid anatomical
properties, distally arboreal suspensory ones (Begun & Kivell, 2011). Two humeri were discovered,
one described as robust, medially inclined, with flat deltoid plane and no torsion, the other slender,
with straight lateral side and no indication of a flat deltoid plane (Moya-Sola & Kohler, 1996).
Furthermore, its’ thorax is mediolaterally compressed. Both quadrupedalism, more probable
pronograde, and suspensory behavior are a valid hypothesis regarding the locomotor repertoire.
Vertical climbing has been suggested as well (Moya-Sola & Koéhler, 1996). Newer studies, however,
add knuckle-walking as another possibility. Based on the discovered carpal bones, similarities with
African apes were proposed. An analysis of the capitate and hamate, two carpal bones, has been
conducted and supports the knuckle-walking argument (Begun & Kivell, 2011). The capitate
morphology is like that of a primitive hominid, with low mobility and possible compressive loading
abilities. Furthermore, in terms of size, it resembles that one of Pan or Gorilla (Begun & Kivell,
2011). Overall, the locomotor and positional behavior of Sivapithecus remains unresolved with further
data necessary for classification.

Khoratpithecus, a hominoid from Thailand and Myanmar, has been described from several
cranial fossil discoveries. Postcranial data is missing and thus locomotor behavior cannot be
concluded. Based on available cranial data, however, this genus closely resembles the extant Pongo
(Chaimanee et al., 2006).

The same goes for Indopithecus, a hominoid from India. No sufficient postcranial data and
therefore, no clear locomotor behavior. Based on its predicted size however, terrestrial lifestyle is
highly probable (Patnaik et al., 2014).

Ankarapithecus has scarce evidence as well. The only postcranial features unearthed are one
radius and two distal fragments of phalanges. It has been debated that overall, this genus exhibits
rather non-hominoid like characteristics such as straight phalanges with poor curvature and ridge
development (Andrews, 2004). It has been proposed that Ankarapithecus was probably both an
arboreal and terrestrial pronograde quadruped. Suspensory behavior was not present (Andrews, 2004)

Lufengpithecus lufengensis is limited in fossil evidence likewise, but more data is available
than the few above mentioned genera. This genus is thought to perform suspensory behavior based on
found proximal phalanx which resembles that of Pongo, in both curvature, shape, and articular
morphology (Kelley, 2002). Furthermore, later found scapula, clavicle, and radius support this
argument as well. It is evident Lufengpithecus had great hip mobility based on the proximal femur and
distal first metatarsal anatomy (Kelley, 2002). Grasping capabilities were prominent as well.
Altogether this genus’ locomotor variety includes forelimb suspension, vertical climbing, above-

branch quadrupedalism, clambering, and even possibly above-branch bipedalism, based on a recent
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analysis of discovered bones of the inner ear (Zhang et al., 2024).

Lastly, Gigantopithecus, thought to be the greatest in size of all hominoids in history, is also
solely known from several mandibles and teeth. The search for postcranial material is extensive, but
unsuccessful so far. Therefore, there is no certainty about this genus’ locomotion. However, the
proposed diet based on the discovered teeth and the enormous body size would suggest terrestrial

lifestyle (Zhang et al., 2024).

4.3.4 Hominines

Nakalipithecus, discovered in Nakali, Kenya, is known from dental fossils and postcranium
has not yet been discovered. Locomotion is therefore not possible to determine. Based on the data
available, this hominine is believed to be related to the younger Ouranopithecus and thus serves as a
link between Late Miocene African hominids and Eurasian ones (Begun, 2009). Another hypothesis
proposes Nakalipithecus as the basal genus of the gorilla lineage (Katoh et al., 2016).

Ouranopithecus macedoniensis was discovered in Greece and for a long time only known
from cranial elements. The first postcranial finds, two phalanges, were unearthed only recently. The
found phalanges are short, robust, and with low curvature. Furthermore, ridges for muscle attachment
are poorly developed suggesting no suspension, climbing, or any significant grasping capabilities (de
Bonis & Koufos, 2014). When compared to African knucklewalkers, differences are apparent as well,
such as more dorsally flexed hand and short phalangeal ridges. The locomotor form utilized by this
genus could be terrestrial quadrupedalism, but some form of bipedalism is being considered as well
(de Bonis & Koufos, 2014). For clarification, more data must be assessed. OQuranopithecus turkae has
no postcranial data available and thus cannot be surely determined, although similar locomotor forms
to O. macedoniensis are predicted (Giileg et al., 2007).

Graecopithecus, considered to be an important piece in the African ape-Homo lineage, has got

no postcranial fossil finds and locomotion is thereby, unfortunately, not assessable (Fuss et al., 2017)

17



Time (Ma)
0 ——— -—

— . Gorilla  Pan

Pongo
5 R S
I -
Lufengpithecus
- lufengensis
10 —— || - Ankarapithecus : |
Ouranopithecus
I Rudapithecus Hispanopithecus [ macedoniensis
Danuvius
— guggenmosi
2 Pierolapithecus
— Dryopithecus Sivapithecus Hominines

. Pongines
%5 —— Stem hominids

Kenaypithecus Griphopithecus

- Bipedalism
Suspension
Probable stem hominids )
I clmberng
20 ——
_ Climbing

Palmigrade quadrupedalism

_ Knucklewalking

Figure 5. Color-coded representation of main forms of locomotion utilized within both extinct and

extant nonhuman Hominidae.

4.4 TImplications for Hominin Bipedalism

There are many hypotheses regarding the origin of bipedalism and from which locomotor form
it developed. Some propose it evolved from knucklewalking, given our closest ape relatives (Pongo,
Gorilla) who utilize this form of movement (Makedonska & Strait, 2015). Others suggest a
generalized terrestrial quadrupedalism and climbing (Prang, 2019), arboreal bipedalism and
suspension (Thorpe et al., 2007), or recently proposed extended limb clambering (Béhme et al., 2019).

The knucklewalking theory has long been debated, but many paleoanthropologists today do

not support it given other more plausible hypotheses and newer fossil data, such as probable mobile
lower back region, as opposed to the rigidity found in extant African apes (Lovejoy, 2009). The
human vertebral spinous process morphology is also like that of the extinct Pierolapithecus and
transitional vertebra placement similar to Orangutans, rather than to the African apes (Machnicki &
Reno, 2020). Generalized palmigrade terrestrial quadrupedalism, as another possible origin theory, is
proposed based on the Ardipithecus ramidus (considered bipedal) foot fossil and its similarity to the

African ape foot with retained arboreal adaptations such as grasping capabilities (Prang, 2019).
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Many researchers lean towards the arboreal bipedal and suspensory chimpanzee-human last
common ancestor (CHLCA), given the fact Pongo is the most bipedal of all extant great apes.
Furthermore, first bipedal Hominin genera are still adapted to arboreal lifestyle (Stamos & Alemseged,
2023). The recently discovered Danuvius guggenmosi is thought to have used extended limb
clambering as a dominant locomotor mode and it is proposed as a missing link, having adaptations for
both bipedalism and suspension (Béhme et al., 2019). Further research is needed to concur this
locomotor scheme, however. Recent discoveries have also suggested Lufengpithecus-like locomotor
repertoire as representative of the possible CHLCA (Zhang et al., 2024). This proposes orthograde
posture with forelimb-dominated suspension, vertical climbing and clambering, and possibly above-
branch bipedalism (Zhang et al., 2024).

Paleoanthropologists are pulling away from the initial savannah hypothesis and its treeless
grassland evolutionary pressures aiming at bipedalism (Harcourt-Smith, 2010). Arboreal origin of
bipedalism is based on fossil data of both extinct apes and first hominins who retained several arboreal
adaptations (Drummond-Clarke, 2023). Along with Lufengpithecus, Ouranopithecus macedoniensis,
categorized under hominines, is considered bipedal at times as well, but differing from locomotive
forms of both African apes and suspensory apes (de Bonis & Koufos, 2014). Phylogenetically closest
hominines and their locomotor variety could ameliorate potential evolutionary direction towards the
CHLCA and its employed locomotor behavior, however, more postcranial data must be obtained.
Among extant great apes, all show bipedalism, mostly in the form of assisted bipedalism above
branches (Crompton et al., 2010).

Conclusively, it is apparent that with the arrival of bipedalism, it was a mosaic-like repertoire
of several different locomotor forms and postures, both arboreal and terrestrial, like it is with all
above-mentioned Hominidae (Harcourt-Smith & Aiello, 2004). The ancestral mosaic-like form of
locomotion is still disputed, however, comparing extinct ape genera and the genera close to the
CHLCA, therefore Sahelanthropus tchadensis and Orrorin tugenensis, we can see several overlaps in
terms of locomotion variety. Newest studies suggest that both Sahelanthropus and Orrorin were
habitually bipedal, with the latter more certainly (Daver et al., 2022; Pickford et al., 2002).
Sahelanthropus tchadensis is older and thus closer to the chimpanzee-human divergence and the
origins of bipedalism (Macchiarelli et al., 2020). New fossil discoveries suggest that Sahelanthropus
was habitually bipedal in terrestrial environments yet retained adaptations for arboreal lifestyle (Daver
et al., 2022). Specifically, it is believed that this genus manifested both pronograde and orthograde
clambering along with bipedalism. Quadrupedalism is ruled out within these new studies (Daver et al.,
2022). Based on the extinct genera mentioned in this thesis, closest ones to this Sahelantropus-like
form of locomotion are Lufengpithecus and possibly Danuvius. Both genera are primarily arboreal
with possible bipedal forms of movement above branches, which could be associated with locomotion

seen in Sahelanthropus, who employed habitual bipedalism within its more terrestrial environment.
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This sheds light on possible environmental origin of bipedalism, therefore being arboreal, and further

down in evolution employed terrestrially.

5 Conclusion

This thesis sought to examine locomotor diversity in extinct and extant nonhuman Hominidae,
utilizing postcranial fossil record as the main reconstruction tool. Extinct genera based on the
phylogenetic work of Pugh (2022) were analyzed through anatomical properties linked to specific
locomotive forms. Extant genera were primarily described based on published observational research.
African great apes predominantly utilized knucklewalking with occasional employment of palmigrade
quadrupedalism, vertical climb, scrambling, leaping, clambering, bridging, ride, and sway. Bipedalism
was recorded within both Gorilla and Pan, commonly in the form of assisted bipedalism, but not as
frequently as in Pongo. The Pongo genus further exhibits quadrupedalism, orthograde clambering,
brachiation, bridging, oscillation, sway, ride, and climbing.

Determining extinct Hominidae locomotion is challenging due to limited fossil data, but forms of
quadrupedalism, vertical climb, and suspension has been concluded. Probable stem hominids showed
signs of pronograde quadrupedalism, vertical climbing, and even possible knucklewalking within the
Kenyapithecus genus. Most stem hominids utilize above-branch quadrupedalism, vertical climbing,
and forms of suspensory behavior, all concluded within Hispanopithecus, and Rudapithecus. The
recently discovered Danuvius guggenmosi is thought to have been bipedal and utilized extended limb
clambering. Pongines are thought to have used pronograde quadrupedalism, suspensory behavior, and
vertical climbing. Furthermore, clambering and even possibly bipedalism was suggested for
Lufengpithecus lufengensis and knucklewalking for Sivapithecus.

Hominines have limited postcranial data and thus locomotor variety could not be determined for
Nakalipithecus nor Graecopithecus. Ouranopithecus, however, showed signs of terrestrial
quadrupedalism and bipedalism. Based on new postcranial findings and proposed locomotor repertoire
of Sahelanthropus tchadensis, a genus closely related to the chimpanzee-human last common ancestor
(CHLCA), Lufengpithecus and Danuvius, appear as the most similar. Both Lufengpithecus and
Danuvius exhibit forms of bipedalism and clambering which are thought to have been the main
locomotor forms of the CHLCA. Sahelanthropus is described as habitually bipedal while retaining
arboreal traits. Lufengpithecus and Danuvius, both arboreal, exhibit similar locomotive forms as
Sahelanthropus, with the environmental distinction of arboreal-terrestrial habitats. Therefore, this
presents a possible environmental model of bipedal origins. Described hominines (Nakalipithecus,
Graecopithecus, Ouranopithecus), phylogenetically closest to the CHLCA, lack sufficient postcranial

data and cannot serve as the linking trajectory towards bipedalism.
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