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3. Gibbons and hominoid ancestry

Peter Andrews and Richard J Johnson

Introduction

Gibbons form a monophyletic group that differs from other hominoid primates, 
both in behaviour and anatomy. They are found exclusively in eastern Asia, 
and although evidence from DNA suggests their lineages diverged close to the 
time of hominoid origins (Goodman et al., 1998), the species array seen today 
in Asia did not speciate until closer to 6 Mya (Hayashi et al., 1995; Groves, 
2001). Their taxonomy has been clarified by the work of Groves (2001), but 
their evolutionary history is still poorly understood. There is next to no fossil 
evidence to show when and where the gibbon lineage emerged and speciated, 
but comparisons with the great apes provide evidence of their shared common 
ancestor. Gibbon locomotor morphology, which formed the basis of our 
shared work with Colin Groves (Andrews and Groves, 1976), is unique in the 
animal world, but attempts to link gibbon anatomy with that of the great apes 
has generated much confusion not only in ape evolution but also in human 
evolution. The question ‘were human ancestors brachiators?’ provides a good 
instance of this, and it seriously retarded evolutionary interpretations of human 
evolution during the middle part of the twentieth century (and is still with us 
today). We will review this evidence here, followed by the fossil evidence for 
gibbon evolution, little as it is, and attempt to reconstruct the gibbon common 
ancestor. Three evolutionary scenarios will be presented based on these two 
lines of evidence, with a third based on the evolutionary significance of the 
loss of the uricase gene during gibbon evolution (Johnson and Andrews, 2010).

Hylobatid taxonomy and morphology

Gibbons (family Hylobatidae) share some characters with the great apes, 
including the relatively large size and the configuration of the brain; the 
morphology of the teeth; long clavicle; the orientation and dorsal positioning of 
the scapula; the cranial orientation and shape of the head of the humerus; the 
free rotatory movements of the radioulnar joints; the mobility of the wrist and 
hand , in particular the meniscus development of the wrist; the shortened caudal 
and lengthened sacral regions of the vertebral column; the expanded ilium; the 
loss of the tail; the shape of the thorax; the presence of a vermiform appendix; 
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and the disposition of the abdominal viscera (Napier, 1960, 1963; Lewis, 1971, 
1989; Groves, 1972, 1986; Preuschoft et al., 1984). They have many adaptations 
for below branch suspensory locomotion, or brachiation, for example their 
elongated arms and the automatic hook formed by their hands when they 
extend their arms – they literally cannot extend their fingers when their arms 
are extended, an excellent device for hanging securely on to branches. They 
may move bipedally on larger branches of trees (Avis, 1962), and their legs are 
relatively long compared with the size of their bodies. They are strictly arboreal, 
living in tropical rainforest, with a diet consisting mainly of fruit, and they 
are 5 to 12 kilograms in body weight. In all of these morphological characters, 
gibbons appear to be derived relative to monkeys and other primates. 

In many characters, gibbons are also derived relative to the earliest known fossil 
apes, so that they may have branched off from the other apes soon after the 
appearance of this fossil group. The earliest fossil that can be shown to share 
hominoid synapomorphies is Proconsul heseloni (Ward et al., 1991, 1993), which 
is from 18 Ma deposits on Rusinga Island, Kenya, but other species of the genus 
extend back in time to 20 to 22 Ma. There is also a fossil monkey from similar 
aged deposits, and recently a monkey-like tooth has been described from the 
Rukwa rixft in southern Tanzania dated to 25 Ma (Stevens et al., 2013). From 
the same site at Rukwa is a fossil tooth row showing a remarkable degree of 
similarity to Rangwapithecus gordoni (Stevens et al., 2013), but it should be 
pointed out that there are no characters that establish either this species or 
the new Rukwapithecus fleaglei as members of the hominoid lineage. Their 
elongated molars and adaptations for more folivorous diets (Kay, 1977) are shared 
with monkeys rather than apes, and it may be that R. gordoni and R. fleaglei 
should be distinguished as a separate family, together with ‘nyanzapithecines’ 
and separate from hominoids (Harrison, 2002). Be that as it may, there is also 
evidence for gibbon divergence prior to the loss of the uricase gene (see below), 
a loss common to all living hylobatids, before 13.1 Ma (Keebaugh and Thomas, 
2010) or 9.8 Ma (Oda et al., 2002).

The family is divided into four genera and as many as 14 to 18 species (Groves, 
2001; Brandon-Jones et al., 2004; Thinh et al., 2010). Genus Hylobates (named 
as subgenera in Groves, 2001) is the most widespread with seven species; 
Bunopithecus hoolock and Symphalangus syndactylus are monospecific genera, 
and Nomascus has six species. They live exclusively in tropical and subtropical 
forests of eastern Asia where they have a unique form of locomotion, brachiation, 
which is common to all 14 species (Napier, 1963; Avis, 1962; Lewis, 1971). At the 
time when Colin and lead author, PA, wrote their paper on gibbon locomotion, 
there was much discussion about brachiation, what it is and how common it 
is in other primates. Much of this was the result of anatomical studies of the 
primate shoulder and forearm (Napier, 1963; Ashton and Oxnard, 1963, 1964), 



3 . Gibbons and hominoid ancestry

53

of the skeleton (Schultz, 1973) and of the hand (Lewis, 1971), and following 
in this tradition we undertook a series of anatomical dissections of the gibbon 
shoulder and forearm. Colin and PA found that:

The most striking thing, perhaps, about the musculature of the gibbon 
is the prevalence of interlinked muscle systems; indeed Hylobates 
lar may be crudely characterised as a mass of muscle chains. A long 
chain runs from pectoralis major via biceps brachii to flexor digitorum 
sublimis, and this is reinforced by a chain from latissimus dorsi via 
dorsoepitrochlearis to biceps. Further cleidodeltoideus (in the lar group 
only) inserts into pectoralis major. Separate from this multified chain is a 
second linking the caudal head of subscapularis with the deep fibres of 
teres major. Functionally a muscle chain acts to transmit the contraction 
of one muscle to the action of a second. (Andrews and Groves, 1976: 207)

There are variations within the hylobatids, as we and others have pointed out 
(references in Andrews and Groves, 1976), but these are minor compared with the 
species of great apes and humans. Even the spider monkey, which comes closest 
to gibbons in its form of locomotion and in its specialisations for below-branch 
locomotion, lacks the specialised interlinked muscle systems so characteristic of 
gibbons. They are absent in the great apes, and we concluded that characters 
for brachiation, and for suspensory locomotion in general, must be tied to the 
hylobatids, and the absence of these characters in great apes suggests a non-
suspensory evolutionary history. Characters such as the broad thorax, which 
are sometimes put forward as evidence of suspensory function in the great apes, 
together with associated characters of elongated clavicle and position of the 
scapula, are rather allometrically associated with increase in body size within 
primates, and the broad thorax in hylobatids is an exception to this allometric 
gradient (Andrews and Groves, 1976). This is consistent with fossil evidence 
(see below), which shows that for the first eight million years of the known 
fossil record of apes, the thorax was narrow and deep like that of monkeys. 
The same argument applies to the ‘long’ arms in gibbons and great apes; in the 
latter, their length in the African apes is on the same allometric gradient as that 
of monkeys (and humans), and while orangutan arms are slightly longer than 
expected for their body size, it is only the gibbons that have arm lengths outside 
the allometric gradient (Biegert and Maurer, 1972; Aiello, 1981; Jungers, 1984). 
We concluded by saying:

Where differences in morphology occur between gibbons and Great 
Apes, we conclude that, potentially, the condition seen in gibbons is that 
adaptive for brachiation. In many cases the functional interpretation 
significantly relates the condition to brachiation, but in some cases the 
features can be interpreted as adaptive for upright posture of mobility of 
forelimb, both necessary but not exclusive attribute of brachiation. It is 
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in these features that Great Apes resemble gibbons, and it is concluded 
that they share a common feeding adaptation, despite their very different 
habitats, involving feeding in a stationary upright posture by reaching 
all round with the mobile forelimbs. (Andrews and Groves 1976: 213)

References to and justifications of these conclusions are set out in full in our long 
1976 article and cannot be repeated here. The message we wish to convey here 
is that the gibbons formed a monophyletic group marked by unique behaviour 
and morphology that are shared to a great extent by all hylobatid species. It has 
also become apparent from molecular studies that gibbon speciation was both 
recent and sudden, either as a vicariant event or a rapid radiation at the end of 
the Miocene period (Israfil et al., 2011). We will now look to the fossil record to 
see if any of the features present today in living hylobatids may be seen in any 
known fossil ape.

Fossil evidence

It is a remarkable thing that despite their origin in the Miocene, hylobatids are 
not known in the fossil record earlier than the Middle Pleistocene. There are 
isolated teeth from Middle Pleistocene deposits in China and Indonesia, and 
Matthews and Granger (1923) described Bunopithecus sericus from Szechuan, 
which is indistinguishable from hoolock gibbons. Delson (1977) described a 
number of isolated teeth, but without attributing them to species, and Hooijer 
(1960) described numerous siamang teeth from Middle to Late Pleistocene sites 
in Indonesia. All are indistinguishable from living species of hylobatid and tell 
us nothing about the evolution of the lineage.

There are several reasons that might explain why the fossil record is so poor. 
Gibbons did not differentiate until relatively late in hominoid evolution, about 
the same time as the African ape and human clade, but while there is a good fossil 
record for early humans there is almost none for the great apes. DNA evidence 
shows that gibbons split off from the other apes and humans well before the 
orangutan divergence, but it may be that early species of fossil gibbon were 
extremely rare, and the sparse fossil record of fossil apes has so far failed to 
recover any. It is possible, even likely, that early gibbons did not look anything 
like modern gibbons, the characteristics of which almost certainly appeared late 
in their evolution, and it may be that some fossil gibbons are already known, 
but since they are not recognisable as gibbons they are not generally accepted 
as such. Finally, it might be also that gibbons were restricted to dense tropical 
forest, unlike the majority of fossil apes (see below), and the rarity of fossil sites 
representing forest habitats means that no fossil gibbons have been recovered. 
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It is also the case with the great apes that few fossil apes can definitively be 
assigned to any of the great ape lineages. There is a fossil orangutan skeleton from 
middle Pleistocene deposits in Vietnam (Bacon and Long, 2001), fragmentary 
remains of chimpanzees in Africa, also from the Middle Pleistocene (McBrearty 
and Jablonsky, 2005; Pickford and Senut, 2005), and no fossil gorillas are known 
at all. It is the human lineage that is by far the best represented in the fossil 
record.

Morphology of fossil apes

We will first briefly review the evidence for morphological variation in fossil 
apes. Fossil apes span the last 20 million years, restricted initially to Africa in the 
early Miocene and spreading into Europe and Asia during the middle Miocene. 

The earliest known apes are the proconsulids from the early Miocene, and they 
are characterised by the following key morphologies (described in Table 3.1). 

Table 3.1: Morphological features of proconsulids related to their form of 
locomotion.

Torsion of the humeral head

Mobile shoulder joint

Mobile elbow joint

Narrow chest

Long curved back

Relatively long thumb

Opposable thumb, non-rotatory

Non-weight-bearing wrist and hand

Relatively short hand

Narrow gripping foot

Powerful flexor muscles for gripping branches

Molars had low degrees of shearing

Source: Compiled from sources on proconsulid morphology. All sources in reference list.

The conclusion to be drawn from the morphology of proconsulids is that they 
were arboreal climbers, moving on the tops of branches, but they were not 
habitual leapers rather moved slowly and powerfully in the trees. They were 
mainly fruit eaters with body sizes varying from 9–11 kg to 63–83 kg, from 
siamang size to larger than chimpanzees, and some degree of terrestrial activity 
is indicated, particularly for the larger species, which were as big as chimpanzees 
or even bigger (Le Gros Clark and Leakey, 1951; Napier and Davis, 1959; Napier, 
1960; Andrews, 1978, 1992; Walker and Pickford, 1983; Walker et al., 1983, 
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1993; Rose, 1983, 1984; Beard et al., 1986; Gebo et al., 1988; Rafferty, 1988; 
Lewis, 1989; Walker and Teaford, 1988, 1989; Ward, 1993; Begun et al., 1994; 
Teaford, 1994; Rafferty et al., 1995; Ward et al., 1995; Harrison, 2002; Gebo et 
al., 2009). Primates at the upper end of the size range and living in woodland 
(non-forest) environments, must have been partly terrestrial, as in chimpanzees 
and gorillas today, for they were too large to move easily between arboreal 
pathways. Mike Rose has made a particularly telling point when he said: When 
I look at the postcranial bones from the Miocene apes, I get a fairly consistent 
pattern from many species, but it is nothing like what we see in modern apes. 
Maybe we should consider the ones that survived as the bizarre ones. 

Dendropithecus macinnesi, an early Miocene ape from the same sites and levels as 
the proconsulids, was described originally by Le Gros Clark and Thomas (1951), 
who showed its similarities to hylobatids based on the gracile limb bones, 
which were taken to indicate suspensory locomotion in trees. Limb proportions 
were not gibbon-like, however, but more similar to those of spider monkeys. 
Andrews and Simons (1977) agreed with this interpretation, placing the new 
genus Dendropithecus in Hylobatidae, but in many respects it was shown that 
the morphology of the limb bones was more like that of colobine monkeys, the 
most arboreal of Old World monkeys. 

There is also increasing evidence that early Miocene apes did not, for the most 
part, live in tropical forests but are mostly found associated with woodland 
habitats. The proconsulids (and Dendropithecus) at Rusinga Island are associated 
with a flora, which preserved a rich plant assemblage (Collinson et al., 2009) 
dominated by deciduous woodland tree species. There were very few twigs with 
thorns such as are found on more arid adapted species of Acacia or Balanites, 
and there was no evidence of forest trees. Broadleaved deciduous woodland is 
therefore indicated by the Rusinga flora. Evidence of large forest trees is known 
from Mfwangano Island, and the faunas from a few levels at Songhor and Koru 
suggest localised forest as well (Collinson et al., 2009).

Early in the middle Miocene, apes emigrated from Africa, initially in small 
numbers but later in the middle Miocene in greater numbers. Three groups are 
known at this stage, afropithecines, kenyapithecines and griphopithecines, and 
they share the following characters: relatively broad upper central incisors; lower 
crowned and relatively robust canines; enlarged premolars that are relatively 
long; molars with thick enamel, low dentine relief; long curved back; forelimbs 
adapted for both climbing and terrestrial locomotion; stiffer lower back (than 
proconsulids) analogous but not homologous to the condition in the living great 
apes; hand proportions indicate both arboreal and terrestrial locomotion; the 
foot was adapted for powerful grasping.
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Body sizes were within the range seen in the proconsulid species, estimated at 
35 to 55 kg, and environments were mainly woodland or even open woodland in 
Africa and subtropical woodlands in Europe (Harrison, 2002). Clearly, primates 
of this size, living in relatively open canopy woodlands, would have had to 
spend part of their time on the ground. The thick enamel of their teeth suggest 
a harder, coarser fruit and nut diet compared with proconsulids (Tekkaya, 1974; 
Alpagut et al., 1990, 1996; Teaford, 1988, 1991; Harrison, 1992; McCrossin and 
Benefit, 1997; McCrossin et al., 1998; Nakatsukasa et al., 1998, 2007; Begun and 
Güleç, 1998; King et al., 1999; Ishida et al., 1999, 2004; Ward, 1993; Ward et al., 
1995; Kelley et al., 2000, 2002, 2008; Kelley, 2002, 2008; Ungar, 2007; Ersoy et 
al., 2008; Nakatsukasa, 2008).

During the second half of the middle Miocene and extending into the late 
Miocene, there was a greater proliferation of fossil apes in Europe and Asia. 
There are also a few genera and species known in Africa. The taxonomic status 
of subfamily Dryopithecinae has passed through several stages in its history, 
from the time when it included almost all known fossil apes, after the 1965 
revision by Elwyn Simons and David Pilbeam (Simons and Pilbeam, 1965), to the 
later part of the twentieth century when almost everything except Dryopithecus 
itself had been removed (Begun, 2002). This situation will certainly change in 
the future, with some of the species and genera perhaps being combined and 
new ones found. Their characters are as follows: skulls with lightly built crania 
with relatively prominent brow ridges; variable prognathism from low to high; 
strong angle between face and skull (klinorhynchy) in Hispanopithecus laietanus; 
reduced maxillary sinus; broad triangular nose; broad palate; high zygomatic 
root; primitive teeth in D. fontani, molars with broad basins between cusps 
elongated molars and premolars in Pierolapithecus; teeth with thick enamel in 
Anoiapithecus and Pierolapithecus; reduced M3 in the three earlier species but 
not in H. laietanus and R. hungaricus; orthograde (upright) posture; broad chest 
region; long clavicle; scapula shifted on to back; stiff lumbar region; mobile 
elbow joint, stable at full extension; mobile wrist; long slender hand phalanges 
(short and less curved in some); femur head above greater trochanter; femur 
neck steeply angled.

Not all these characters are known for all species, but where they are known 
for two or more species the characters are consistent, with the conclusion that 
upright posture, and/or suspensory locomotion had evolved in some species 
of dryopithecines, particularly in Hispanopithecus laietanus (Crusafont-Pairo 
and Hurzeler, 1961; Pilbeam and Simons, 1971; Kretzoi, 1975; Morbeck, 1983; 
Begun et al., 1990, 2003; Moyà-Solà et al., 1993, 2004, 2009a, 2009b; Kordos, 
1991; Begun and Kordos, 1993; Moyà-Solà S. and Köhler, 1993, 1995, 1996, 1997; 
Kordos and Begun 1997; Ungar and Kay 1995; Kordos and Begun, 1997; Kordos 
and Begun, 1997; Begun, 2002, 2009; Ungar, 2005; Alba et al., 2010; Begun et al., 
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2012). Some of the characters supposedly indicating suspensory locomotion are 
absent in gibbons, the most suspensory of the apes, for example the stiff lower 
back. Similarly, the combination of mobility and stability in the elbow joint is 
seen as far back in time as the early Miocene in Proconsul heseloni, which had no 
suspensory adaptations. Crompton et al. (2008) points out that the adaptations of 
the trunk are related to upright posture, not necessarily to suspensory activity 
in trees, although it may be a pre-adaptation to the specialised brachiation in 
living gibbons. The large and elongated hand and cranial orientation of the head 
of the humerus are the two major adaptations that can be related to overhead 
suspension during locomotion, and these would certainly be pre-adaptations to 
gibbon-style locomotion.

The smaller dryopithecine species (15 to 35 kg, Begun, 2002) have been found 
associated with subtropical to warm temperate swamp forests, with mesophytic 
broadleaved trees and deciduous conifers. These forests are deciduous and 
have open canopy, but there may have been a lower canopy of evergreen 
sclerophyllous bushes such as palms and laurels (Kretzoi et al., 1974; Axelrod, 
1975; Myers and Ewel, 1990; Kovar-Eder et al., 1996; Kordos and Begun, 2002; 
Andrews and Cameron, 2010; Merceron et al., 2007; Marmi et al., 2012). There 
is no indication that these species of fossil ape were terrestrial.

More generally, all five dryopithecine species share some characters with the 
living great apes, and can be grouped with them in Hominidae. Some characters 
are shared only with the African great apes and others only with the orangutan. 
None are shared exclusively with gibbons, although the characters of the 
shoulder joint and hand are most similar to those of gibbons and orangutans, and 
it does not seem possible to link dryopithecines with one or other of the extant 
apes. The mosaic nature of evolutionary change depicted by the dryopithecines 
suggests that many of the cranial and dental similarities shared by the great 
apes evolved independently and should not be expected to be present in their 
common ancestor. 

Mosaic evolution is also shown by the morphology of Oreopithecus bambolii, 
a late Miocene ape from Italy. It also had long arms, a broad thorax, short 
trunk, mobile hindlimbs, and powerful grasping hands and feet, and, like 
Hispanopithecus, it was adapted for forelimb suspension and arboreal climbing 
(Harrison, 1991; Harrison and Rook, 1997), but its skull and dental morphology 
show it to be different from the dryopithecines and probably an aberrant side 
branch of ape evolution.

Late Miocene fossil apes are less well known. A few fragmentary specimens 
have been recovered in Africa, but they are best known in Asian deposits, from 
Pakistan and India to Southeast Asia. Their associated habitats appear to be 
subtropical to tropical woodland (Badgley, 1984, 1989). Some of the species 
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extend back into the middle Miocene, for example Sivapithecus sivalensis, and 
they are similar functionally to middle Miocene European apes, with relatively 
robust jaws and thick-enamelled teeth. Some have similarities of the skull with 
the orangutan, but the few postcrania show no suspensory adaptations and 
indicate a strong element of terrestriality in their locomotion (Pilbeam, 1982, 
1996, 2004; Pilbeam et al., 1990; Rose, 1984, 1986, 1988, 1989, 1994, 1997). 
Laccopithecus robustus from late Miocene deposits in China is an ape similar to 
hylobatids in its skull and dental formation, but a single proximal phalanx is 
long and curved, like that of Hispanopithecus and gibbons (Wu and Pan, 1984; 
Meldrum and Pan, 1988; Begun, 2002). 

In summary, the spectrum of fossil apes as known at present appears to have 
little or no bearing on the evolution of gibbons and nor, for that matter, to 
the great apes and humans. In 2006, Terry Harrison and PA tried to define the 
common ancestor between apes and humans by looking at the full extent of this 
spectrum, and we found that the last common ancestor of apes was probably not 
great-ape-like at all (Andrews and Harrison, 2006), and we suggest here that, 
similarly, the ancestral gibbons for most of their evolutionary history also did 
not look anything like recent gibbons. 

Divergence date of gibbons

In the absence of fossil evidence, it has been proposed that the divergence of 
genera within the hylobatid clade was about 6 Ma. This is based in large part 
on the similarities in sequence diversity in mtDNA within the hylobatid clade 
and the African ape and human clade (Hayashi et al., 1995). Hylobatids are 
accepted as the outgroup to Hominidae (Hylobatidae(Hominidae(Ponginae(Ho
mininae)))), and so, clearly, their separation from hominids must have predated 
the earliest divergence within Hominidae, that of the orangutan, and this gives 
a minimum age for the emergence of hylobatids. It has already been observed 
that the divergence of hylobatids from the great ape and human clade after 
that of the proconsulids does not itself give a maximum age of divergence. A 
minimum date is also provided by the uricase mutation mentioned above (and 
see below) of 13.1 to 9.8 Ma (Keebaugh and Thomas, 2010; Oda et al., 2002).

There are many unresolved issues in determining divergence ages. For a start, 
the calibration point from which molecular phylogenies are generated from DNA 
trees is that of the separation between monkeys and apes, and this is commonly 
taken to be about 30 Ma (Raaum et al., 2005; Locke et al., 2011; Disotell, 2013). 
However, as Disotell points out, the earliest fossil apes or monkeys date to about 
20 Ma, and there is no real basis for assuming a date much earlier than this. It 
is on the basis of a 30 Ma split between monkeys and apes that the orangutan 
lineage is thought to have diverged at 12 to 13 Ma, but if the monkey/ape split 
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was closer to 20 Ma, the orangutan divergence would have been closer to 9 or 
10 Ma and the separation of the gibbon lineage from other apes not much earlier 
than that.

The other main problem with the divergence of the orangutan lineage is that 
two species of fossil ape could be implicated. One is the Indian ape Sivapithecus 
sivalensis, the earliest record for which is about 12 Ma, and which gives a 
minimum age for the origin of the orangutan lineage (Pilbeam, 1996; Pilbeam 
et al., 1990). However, the postcranial skeleton of this fossil ape is nothing like 
that of the orangutan (Rose, 1984, 1986, 1989), whereas the skeleton and some 
aspects of the skull of Hispanopithecus laietanus from nine-million-year-old 
deposits in Spain have many similarities with the orangutan (Moyà-Solà and 
Köhler, 1996; Moyà-Solà et al., 2004, 2009a, 2009b). There is little likelihood, 
however, that S. indicus and H. laietanus are closely related, and it is clear that 
one or the other is converging on the orangutan, but which one? The fossils 
provide a range of dates of 9 to 12 Ma, and all we can say at present is that the 
gibbons branched off earlier.

Hylobatid common ancestor

To truly reflect evolutionary history, phylogenies must be based on characters 
inherited from recent ancestors, that is, homologous characters, and convergent, 
or non-homologous, homoplasies must be discarded. Further to this, the 
characters shared between two species are only significant in evolutionary terms 
if they were uniquely shared with their common ancestor, so that they are both 
homologous and derived relative to other species. Homology can sometimes be 
clearly evident, as for instance in the loss of the tail in all apes, but they can be 
difficult to distinguish from primitive retentions from an anthropoid ancestor. As 
new data are introduced into the analysis, the potential for error is compounded 
once the individual traits are combined into an ancestral morphotype. With 
this in mind, it is important to view ancestral morphotypes as approximations 
with relatively low resolution, rather than precise and accurate formulations 
of the ancestral condition. This is particularly important in stem forms where 
the proportion of potentially phylogenetically meaningful characters is small 
in relation to the number of primitive features, and the level of resolution may, 
therefore, exceed the capability to confidently differentiate their preserved 
anatomy from the ancestral morphotypes. If this is the case, there is a serious 
danger that the outcome of phylogenetic analyses might be influenced or skewed 
by the introduction of a few characters of uncertain or dubious utility. 

From a theoretical perspective it may be argued that any common ancestor is 
essentially unknowable, because the characters by which it may be linked with 
its descendant species are not yet present. Closely related species are certain 
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to share many characters as well as having developed different characters after 
their separation, but by the time that any one of these characters are present in a 
putative ancestor, it is no longer the common ancestor but belongs to one or other 
of the descendent lineages. For example, one of the most visible morphologies 
distinguishing living apes from all other primates is the loss of the tail, and any 
fossil primate lacking a tail, such as Proconsul, cannot be the common ancestor 
between monkeys and apes but must already be considered an ape. On the other 
hand, the common ancestor of apes and monkeys could have had a tail without 
being placed on the line leading to monkeys, for all other primates have tails, and 
this is the ancestral condition for all primates, primitively retained by monkeys. 
It is likely, therefore, that the common ancestor of apes and monkeys had a tail, 
but this does not help to identify it, just as lack of tail would disqualify it as the 
common ancestor. 

Similarly with the gibbons: they share a whole suite of characters relating to 
their suspensory locomotion and orthograde posture, and this shows them to be 
a monophyletic group. Absence of some or even most of these characters would 
not exclude any fossil ape from being ancestral to gibbons before they began to 
speciate, and several possible scenarios for gibbon ancestry can be suggested 
and potentially tested against future fossil evidence. One such scenario is 
that the gibbon lineage will show the progressive acquisition of suspensory 
characters. In this scenario, it is suggested that early gibbon ancestors retained 
mainly primitive catarrhine characters, with a gradually developing suite of 
suspensory and orthograde adaptations, most of which were almost certainly 
acquired independently of the great apes and humans. Two examples illustrate 
this. Dendropithecus macinnesi from 18 Ma in Africa had clear suspensory 
adaptations, but they were analogous with those of colobine or ateline monkeys, 
and they cannot be identified with any certainty as being homologous with 
gibbons. Evidence is lacking to show if the fossil species was orthograde or 
not. Similarly, the late Miocene Laccopithecus robustus from China combined 
primitive skull morphology with a single phalanx that also showed tantalising 
evidence of suspensory locomotion. Either or both could be ancestral to gibbons, 
but it is also the case that there were many other small-sized catarrhine primates 
in the Miocene, any one of which could have given rise to the gibbons. 

An alternative scenario is that the gibbon lineage arose out of one of the 
lineages already known to have well developed suspensory adaptations, for 
example from Hispanopithecus laietanus. The adaptations of the upper arm 
and shoulder, the greatly elongated hand and the cranial orientation of the 
head of the femur could all be precursors to the highly specialised suspensory 
adaptations in living gibbons. Reduction in size, with increasingly gracile 
skulls, is not a major evolutionary step. Shea (2013) has shown that many of 
the apparent differences in the skull between great apes and gibbons is due 
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to their size differences, characters such as palate depth, naso-alveolar clivus 
morphology, nasal aperture size and shape and the height of the zygomatic root. 
It is apparent that reduction in body weight by about 50 per cent of a fossil ape 
such as Hispanopithecus laietanus would leave its skull close to the morphology 
of gibbon skulls. The apparent adaptation of this dryopithecine, together with 
that of Rudapithecus hungaricus, to below branch suspensory locomotion in 
warm temperate to subtropical swamp forests in southern Europe (Merceron 
et al., 2007; Andrews and Cameron, 2010; Marmi et al., 2012) could have led to 
increasing specialisation to life in tropical rainforests. 

A third scenario can be based on evidence of the mutation leading to the shutting 
down of the uricase gene. Uricase is an enzyme that breaks down uric acid, and 
exists in all mammals except the hominoids. There is evidence that the uricase 
enzyme progressively lost its activity in hominoids during the early Miocene 
due to mutations in its promoter region (Oda et al., 2002). However, complete 
silencing of the uricase gene occurred separately in the great ape–human clade (in 
codon 33 of exon 2) and in the hylobatids (in codon 18 of exon 2) during the mid-
Miocene. The timing of the uricase mutations is not known with certainty, but 
it has been calculated in the great ape–human clade to have occurred either 12.9 
Ma (Keebaugh and Thomas, 2010), 15.4 Ma (Oda et al., 2002), or between 15.7 
and 20 Ma (Eric Gaucher, pers. comm.), respectively. The silencing mutation in 
the hylobatid lineage has been estimated to occur at 13.1 Ma (Keebaugh and 
Thomas, 2010) or 9.8 Ma (Oda et al., 2002) based on proposed separations of 
the hominoids and Old World monkeys at 23 Ma and of the Catarrhini and 
hominoids at 35 Ma, respectively. The presence of a monkey-like tooth in 25 
Ma deposits of the Nsungwe Formation (Stevens et al., 2013) suggests an earlier 
divergence of monkeys and apes. These data are also consistent with a separation 
of hylobatids from the great ape–human lineage between 15 and 20 Ma. 

It has been hypothesised that the loss of the uricase gene had a positive 
adaptive function in the great ape and human clade (Johnson and Andrews, 
2010). For fruit eaters such as gibbons, this might appear to be a serious matter, 
for fructose, the primary sugar present in fruit, stimulates fat synthesis and 
accumulation due in part to an increase in intracellular and serum uric acid that 
occurs as a consequence of its unique metabolism (Lanaspa et al., 2012). The 
ability of fructose to stimulate fat accumulation in the liver is enhanced when 
uricase is inhibited (Tapia et al., 2013). The uric acid generated by fructose also 
has an important role in driving the elevations in serum triglycerides, induction 
of insulin resistance, and elevations in blood pressure in response to fructose 
(Nakagawa et al., 2006). Therefore, the loss of uricase may have enhanced the 
ability of gibbons and other ancestral apes to increase their fat stores from the 
ingestion of ripe fruits rich in fructose that could aid survival through the 
adverse conditions in seasonal habitats (Johnson and Andrews, 2010). In this 
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scenario, it may be that the late Miocene gibbon ancestors passed through a 
traumatic phase in increasingly hostile environments before ending up in the 
rich tropical rainforests of Asia.

Whichever of these scenarios proves to be correct, or any other not so far 
proposed, it is evident from molecular studies that the gibbon radiation was 
recent and rapid, either as a vicariant event or extremely rapid radiation (Thinh 
et al., 2010; Israfil et al., 2011; Disotell, 2013). The trigger for this was probably 
the rise and fall of sea levels, combined with expansion and contraction of the 
Southeast Asian rainforests during the glaciations (Geissmann, 1995; Brandon-
Jones, 1998). This diversification, however, probably took place during the last 
two to three million years, and it does not answer the question of what prompted 
the emergence of the highly specialised gibbon adaptations.
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