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Chapter 34
Humans Among Primates

Colin P. Groves

School of Archacology and Anthropology, Australian National University, Canberra. A.C.T. 0200 Australia
E-mail: Colin.Groves @anu.edu.au

INTRODUCTION

The primates are arguably one of the most successful
of the placental orders. Non-human primates (see Figures
[, 2) are also amongst the most adaptable and widely
distributed of mammalian groups occurring naturally
throughout Africa, Asia and South America and

extending within the comparatively recent past into both
Europe and North America.

Historically, the deep scas between the continental
shelves of Asia and New Guinea-Australia have consti-
tuted onc of the few long-term barriers to primate
dispersal. Indeed it was not until the advent of our own
species, or more pertinently of our watercraft, that
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Figure 1. An assortment of living primates: (a) a tarsier (Tarsius sp.); (b) a galago (Otolemur $p.); (¢) a macaque mon-
key (Macaca nemestrina); (d) a gibbon (Nomascus letcogenys.); (e) a chimpanzee (Pan troglodytes). Based on

Le Gros Clark (1963).
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°

Cercopithecidae

Figure 2. The family-level distribution of living primates.
primates, ubiquitous. Modified from Webb et al. (1977)

primates of any kind crossed this natural barrier to colo-
nize Meganesia (i.e. New Guinea, Australia and
Tasmania) and wider areas of the Pacific; without water-
craft primates had reached Sulawesi (Celebes), but no
farther east.

Although primates have only had direct impacts on
Australasia in very recent times, the whole matter of
primate evolution is given broad coverage in this chapter.
This is partly because the wider history of cosmopolitan

primate radiations provides a valuable contrast to the -

almost entirely endemic mammalian radiations of
Australasia.

Primate evolution is one of the most progressive and
controversial areas of palacontology. This interest is
accompanied by many hypotheses on primate taxonomy.
Classifications of primates, both fossil and extant, are
almost as abundant as the primates themselves. Despite
this diversity, few of the existing schemes are entirely
satisfactory because they are based on untestable phylo-
genetic hypotheses or they contain too much paraphyly
for cladistic palates. Accordingly, a new cladistic classifi-
cation is presented in Table 1: this system is based on the
phylogenetic scenario developed in the succeeding

pages.

The chapter is organized around five themes: the
origins and relationships of primates; the early radiation
and dispersal of primates and the evolution of the extant

Indridae, Cheirogaleidae
Lemuridae, Daubentoniidae

1

Pongo and
Hylobatidae
Non-Human
Humanoids

\
Gorilla and Pan

Humans (Homo sapiens) are, unfortunately for the other

prosimians; the origin of the higher primates and the evolu-
tion of the Old and New World monkeys: human evolution:
and the course of human evolution in Australasia.

PRIMATE ORIGINS AND
RELATIONSHIPS

It is important to appreciate that primates are onc of
the more venerable groups of living mammals. Indeed,
they are presently the only extant placental group with a
fossil record that may extend back into the Mesozoic Era.
One implication of this antiquity is that, with more than
65 million years of independent evolution under their
belts, extant primates cannot be considered closely
refated to any other living group of placentals.

The major hypotheses and types of evidence relating
to primate origins are examined below. The evidence
comes from three separate sources (fossils, comparative
anatomy, molecular studies), each of which is plagued by
a unigue set of problems.

THE FOSSIL RECORD

The earliest known probable primate is Purgatorius
ceratops (Figure 3(a)). This species is currently repre-
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Order Primates Family Omomyidae
Plesion® Purgatorius \ Subfamily Omomyinac
Suborder Plesiadapiformes Subfamily Washakiinae

Supertamily Plesiadapoidea Subfamily Utahiinae
Family Plesiadapidae Incertae sedis: Donrussellia
Family Saxonellidae Copelemur
Family Carpolestidac Kohatius
Superfamily Paromomyoidea Infraorder Tarsiiformes
Family Paromomyidae Family Tarsiidae
Subfamily Paromomyinae Infraorder Simiiformes
Subfamily Macromomyinac Plesion Fosimias
Subfamily Picodontinae Section Platyrrhini
Inceriae sedis: Navajovius Plesion Branisella
Berruvius Family Homunculidae
Suborder Strepsirrhini Family Cebidae
Infraorder Adapiformes Family Aotidae
Family Notharctidae Family Pitheciidae
Family Adapidae Family Atelidac
Subflamily Protoadapinae Section Calarrhini
Subfamily Adapinae Plesion Pondaungia
Subfamily Anchomomyinae Plesion Amphipithecus
Family Sivaladapidae Superfamily Parapithecoidea
Family Petrolemuridae Family Parapithecidae
Incertae sedis: Azibius Superfamily Cercopithecoidea
Infraorder Lemuriformes Plesion Prohylobates
Family Cheirogaleidae Sublamily Cercopithecinae
Family Lemuridae Tribe Cercopithecini
Family Megaladapidae Tribe Papionini
Family Indridac Subfamily Colobinae
Infraorder Lorisiformes Superfamily Propliopithecoidea
Family Lorisidae ‘ Family Propliopithecidae
Family Galagidae Superfamily Pliopithecoidea
Infraorder Chiromyiforimes Family Pliopithecidac
Family Daubentoniidae Superfamily Hominoidea
Suborder Haplorrhini Family Proconsulidae
Plesion Decoredon Family Hylobatidae
Infraorder Omomyiformes Family Oreopithecidae
Family Microchoeridae Family Dryopithecidae
Family Anaptomorphidae Family Hominidae
Subtamily Teilhardininae Plesion Kenyapithecus
Subfamily Anaptomorphinac Subfamily Ponginac
Subfamily Tetoniinae Subfamily Homininae

*The term “plesion’ indicates that the taxon is represented only by extinct forms and contains too Jittle diversity to warrant the recognition of a

separate suprageneric rank.
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sented by a single molar from the late Cretaceous (or Apart from a suite of primate-flattening dinosaurs
earliest Paleocene) Hell Creck Formation in Montana (although these may have been reworked into the
(Clemens, 1974; Bown and Rose, 1976). A second deposit from older sediments), the contemporaries of
species, Purgatorius unio (Figure 3(c)), is found in Purgatorius ceratops included an early condylarthan,
greater abundance in the overlying Paleocene sediments Protungulatum donnae, and a variety of palcoryctoid
of the Tullock Formation. Both species were evidently — and leptictoid proteutherians. In terms ot dental
about the size of a rat. In common with many later morphology, the species of Purgatorius show consider-
primates, P. unio shows a characteristic enlargement of  able similarities to many of these early placental
the central lower incisor and initial stages in the reduc- groups, particularly with the diverse group of
tion and loss of the anterior premolar. In its retention of proteutherian ‘insectivores’. In nearly all instances,
both I3 and PI, however, £ unio is uniquely primitive however, these similarities are most likely due (o the
among primates. Overall, the species of Purgatorius  common retention of primitive placental dental states
appear to be sufficiently generalized to have given rise  rather than to common descent. Clemens (1974) consid-
to any plesiadapiform group. eted Purgatorius species 1o be too primitive in some

(d)

pad  med \end

Figure 3. The teeth of the paromomyiform species of Purgatorius: (a), (b) an isolated right lower molar of the late
Cretaceous North American P ceralops, a contemporary of dinosaurs; (¢), (d) an isolated RM\2 of P unio, a
Paleocene species from Norih America; (e), (f) occlusal and buccal views of the right P12-M/3 of P unio.
Modified from Szalay and Delson (1979).

Key to abbreviations: a.c. = anterior cingulum; end = entoconid; hyd = hypoconid; hyld = hypoconulid;
mel = metaconule; me = metacone; med = metaconid; pa = paracone; pad = paraconid; p.c. = posterior cingulum;
pel = protoconule; pr = protocone; prd = protoconid; P = premolar; RM = right molar; RP = ri ght premolar.




respects to have been derived from any of the other
known late Cretaceous placental groups. If this is
correct then the origin of primates might be regarded as
an cven carlier event, one that perhaps occurred as early
as 70 or 80 million years ago.

COMPARATIVE ANATOMY

In contrast to the rather uninformative fossil record,
comparative anatomical studies during the last century
have generated many hypotheses concerning questions of
primate phylogeny. Perhaps the most influential during
modern times were the ideas of William K. Gregory as
outlined in his Orders of Manunals (Gregory, 1910).
Gregory postulated a monophyletic lincage, the
Archonta, in which he grouped the primates, tree-shrews
(Tupaiidae), colugos (Dermoptera), clephant-shrews
(Macroscelididac) and bats (Chiroptera).

Neglected for many years in favour of more conser-
vative classifications, Gregory’s Archonta has been
revived recently on the basis of new anatomical and
biomolecular evidence (McKenna, 1966, 1975; Szalay;
1977b; Szalay and Drawhorn, 1980). However, these
authors consider the Archonta to contain only the
primates, tree-shrews, colugos and bats. They place the
Macroscelididae and their fossil allies elsewhere within
Placentalia.

Evidence comes from a wide range of tissue systems
including cranial and dental anatomy (Van Valen and
Sloan, 1965; McKenna, 1966), the structure of the prox-
imal tarsus (Szalay and Decker, 1974; Szalay, 1977b),
the organization of the cephalic arterial system (Bugge,
1974), patterns of patagial muscularization (among bats
and colugos) (Leche, 1885) and, most recently, from
comparative serology. Despite apparent concordance of
evidence, recent reanalyses of archontan affinities
suggest that the question is far from resolved. There are
serious claims of non-homologous elements in the audi-
tory region (Cartmill and MacPhee, 1980) and of misin-
terpretation of character state polarities elsewhere within
the skeletal system (Novacek, 1980; Lewis, 1983). In
fact, in terms of gross morphology, there appears to be
little justification for the inclusion of primates within
Archonta; but, comparative morphology does not suggest
any more compelling relationship between primates and
any other known placental group.

The Archonta concept has fared poorly as a whole,
but parts of it may be salvageable. The presumption of
monophyly in the order Chiroptera (bats) has been ques-
tioned (Hill and Smith, 1984) and, if the Megachiroptera
and Microchiroptera (fruit bats and insectivorous bats
respectively) are independently derived from non-flying
ancestors, it seems natural to ask what these ancestors
could be. The affinities of Microchiroptera remain
mysterious, but those of the Megachiroptera could, on a
number of grounds (especially the neuroanatomy of the
visual system), really be with primates (Pettigrew, 1986;
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Pettigrew and Jamieson, 1987). Pettigrew (1986) 2oes as
far as to include the ‘mega-bats’ within the primates, and
suggests that the Dermoptera might belong in the order
as well. For further discussion of bats and their relation-
ships see pp.673-705 (Hand, 2006).

MOLECULAR STUDIES

Molecular evolutionary studies, drawing on the
sophisticated techniques of immunology, amino acid
sequencing and, more recently, recombinant DNA and
nucleotide sequencing, now constitute a major alterna-
tive to the traditional morphological approach.

As indicated above, carly immunological studies
(reactions between whole sera) generally supported the
concept of Archonta (Gregory, 1910), at least in regard
to the association of primates with tree-shrews,
colugos and bats; but the same analyses also indicated
fairly close ties between these groups and rodents
(Rodentia), a morphologically aberrant and phyleti-
cally enigmatic placental order. In more recent years
vast amounts of sequencing data (from numerous
polypeptides, gene and pseudogene nucleotides), from
250 vertebrate species (including many primates), have
been analysed (Goodman, 1975, 1976; Goodman et al.,
1982). Genealogical trees generated from these data
(Figure 4) consistently associate primates with two
other placental orders. One of these includes the tree-
shrews and the other includes rabbits and pikas (order
Lagomorpha). Beyond this immediate grouping, asso-
ciation is made first with rodents (confirming the
earlier serological results), and then with the carni-
vores (order Carnivora) and ungulates (order Ungu-
lata). Bats are placed further afield in these analyses
and the results, with different techniques, are inconclu-
sive or contradictory.

In summary, in terms of comparative morphology,
no significant anatomical feature has been identified
that supports an affinity between primates and any of
the other groupings suggested above. The initial conclu-
sion stands that primates as a group might well be too
ancient fo retain any special features that might tie them
unequivocably to any other (equally ancient) placental
lineage.

PALAEOECOLOGICAL CONSIDERATIONS

Speculation concerning the possible ecological
circumstances of primate origins revolves around the
importance of arboreal adaptations among early placen-
tals. Several authors, including Jenkins (1974) and Kay
and Cartmill (1974), consider the earliest primates to
have combined both terrestrial and arboreal adaptations,
possibly with a lifestyle somewhat akin to that of the
pen-tailed tree-shrew, Ptilocercus lowii.

By contrast, Szalay and Decker (1974) consider the
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Figure 4. A molecular tree of living placental rel
cules. All groups to the left of the ‘P’ line are
shrews (tupaiids) and rabbits (1

N
i

RACOON

ationships suggested by the
primates. Note that the closest groups to primates here are tree-
agomorphs). The ordinate scale is an estimate of millions of years based largely on

palacontological data. Based on Goodman et al. (1982).

carliest primates to have evolved within an arboreal
milieu following the initial colonization of this niche by
ancestral archontans. Furthermore, Szalay and Decker
consider archontans to have been the first and,
throughout much of the early Tertiary, the only placen-
tals to have undergone significant diversification within
the arboreal milieu. The future of this last hypothesis,
like that of the Archonta itself, does not look particu-
larly healthy; new biomolecular results would favour
the likelihood of multiple invasions of the arboreal
milieu by a variety of taxonomically diverse early
placentals.

Finally, Gingerich (1976a) and Cartmill and Kay
(1978) have independently questioned the arboreality of
the carliest primates, citing as evidence a number of
supposed terrestrial adaptations among Palcocene plesi-
adapiform primates. Much of their evidence, however,
has itself been attacked by Szalay and Delson (1979) and
Szalay (1981).

MICROSYOPIDS

Before concluding this section on primate origins

there is one further group, the microsyopids (late Pale-
ocene to Eocene) that warrants brief consideration;
Figure 5. Originally considered, on the basis of
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structure of their haemoglobin mole-

striking dental similarities, to lie within the primate
order (Szalay, 1969; Bown and Rose, 1976), Microsy-
opids more recently have been grouped with leptictoid
insectivores (Szalay, 1975, 1977a); these dental similari-
ties are regarded as evidence of paratlelism and not of
phyletic affinity.

Exclusion of this group from the primates follows
recognition that the microsyopids lacked one important
morphological feature that all undoubted primates
possess—a petrosal contribution to the auditory bulla
(Szalay, 1975; MacPhee, 1979; MacPhee et al., 1983).
In cladistic terms, however, the microsyopid auditory
region is thus merely more plesiomorphic (primitive)
than that of true primates. As such there appears to be
nothing about the microsyopid morphotype, cither
dental or basicranial, which would preclude them from
occupying a structurally ancestral position with respect
to primates,

Although known microsyopids occur too late in time
to include the actual ancestor of the primates, the possi-
bility that an ancestral microsyopid stock gave rise to
both the later microsyopids and the primates cannot be
discounted. Some researchers consider the microsyopids
to be either the sister-group of the entire primate radia-
tion, or a basal group for the plesitarsiiform radiation
(Gingerich, 1976b, 1977b, 1981a; Gingerich and
Schoeninger, 1977).
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Figure 5. The microsyopids, a group of carly Tertiary
placentals, regarded by some workers to be the
extinct plesiomorphic sister-group of primates.
Others (Szalay and Delson, 1979) regard them to be
near the insectivore-primate boundary. The scale
relates to the skull. From Szalay (1969).

EARLY RADIATION AND
DISPERSAL OF PRIMATES

PLESIADAPIFORMES: PLESIOMORPHIC
PRIMAL PRIMATES

Although classification of the carliest Tertiary
primates remains controversial, most authors favour a
conservative placement of all Paleocene and some later
taxa within a single higher taxon. This is variously
known as the Plesiadapiformes or Paromomyiformes;
and species allocated likewise vary considerably between
authors. From a phylogenetic viewpoint, these arguments
may be irrelevant as the group is very probably para-
phyletic. Adoption of ‘plesion’ status for Purgatorius
improves the situation, but the links between the
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Figure 6. Species of Plesiadapis, early Tertiary

(Paleocene and Eocene) North American and
European plesiadapiform probable primates: (a), (b)
reconstructions of species of Plesiadapis; (¢) a skull
and dentary of Plesiadapis tricuspidens showing the
procumbent lower first incisor and rodent-like jaw.
From Wood (1976) and Gingerich (1976a, 1977a).
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remaining superfamilies (Plesiadapoidea, Paromomy-
oidea) arc still tenuous.

Compared with all later primates, plesiadapiforms
(Figure 6) are characterized by the retention of a suite of
primitive features such as: lack of a postorbital bar; small
body size (few were much larger than a rat); essentially
unmodified molar morphology. In at least some forms
there are claws on all digits and a medially placed (extra-
bullar) entocarotid artery (Szalay, 1973; Gingerich,
19762). They do have, however, one derived feature in
common: an enormously overdeveloped lower central
incisor. Whether the procumbent form seen in the Paro-
momyoidea (Figure 7) is merely a modification of the
more vertical type of the Plesiadapoidea (Figure 6), or is
a parallel development, remains unclear.

Plesiadapiform affinities remain the subject of
controversy. Gingerich and co-workers (Gingerich,
19764, 1981a; Gingerich and Schoeninger, 1977),
regarded the plesiadapiform primates to be ancestral only
to the tarsiiforms amongst later groups, but later
Gingerich (1989) altered his opinion. He now argued that
the Plesiadapiformes was the sister-group of all primates,
and proposed to remove them from the order altogether,
as a new order Proprimates. Beard ( 1990a) criticized this
move as merely a formal recognition of our Ignorance of
plesiadapiform affinitics, but had an even more radical

proposal to make. Beard (1990b) suggested that the Plesi-
adapiformes were not primaies at all, but fossil members
of the Dermoplera. A group of partial skeletons of two
genera of the group, Phenacolermur and Ignacius, showed
that the hands and feet had short proximal phalanges, very
long intermediate phalanges, and very large terminal
phalanges, obviously supporting huge claws. Such
proportions are found only in the Dermoptera. Beard
(1993) performed a cladistic analysis, and concluded that:
the Plesiadapiformes and Micromomyiformes (a newly
recognized group of small primate-like fossils) were
Dermoptera; the primates should be restricted to Strepsir-
rhini and Haplorrhini; Purgatorius, Berruvius and some
other Paleocene fossils should be left ‘ncertae sedis’.
Although Gingerich’s hypothesis was initially
accepted (Schwartz et al., 1978), it conflicts with much
comparative anatomical evidence for the monophyly of
the post-Paleocenc primate radiation and with increasing
immunological data (Sarich and Wilson, 1967; Hoff-
stetter, 1974; Goodman et al.,, 1982). The overall concly-
sion places the tarsicrs within the living primate radiation
rather than as its sister-group. Beard’s hypothesis has
been more widely accepted. Indeed Martin (1990) inde-
pendently proposed that the Plesiadapiformes were not
primates, nor even closely related to them. Beard (1993)
did not go as far as this; he placed the plesiadapids in the

Figure 7. A Paleocene North American paro-
momyid (a plesiadapiform), Plesiolestes
problematicus: (a) the left IN-M\3;
(b)—~(d) the right NI-M\3 in occlusal,
buccal and lingual views. Modified from
Szalay (1973).
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Figure 8. The skull and dentaries of the late Eocene European adapine adapid adapiform Adapis parisiensis. From

Szalay and Delson (1979) and Gingerich (1980).

Dermoptera, but united Dermoptera and Primates
together with Purgatoriidae, Palaechthonidae, Microsyop-
idae and Picrodontidac (none of which he assigned to any
order at all) to a new mirorder, Primatomorpha.

These phylogenetic debates aside, the plesiadapiform
primates present a fascinating diversity of adaptation and
form. In one of several alternate classifications of the plesi-
adapiform primates, Szalay and Delson (1979) distinguish
a total of five families split between two superfamilies, the
Paromomyoidea and the Plesiadapoidea, although one
family, Picrodontidae, is so clearly derived from Paro-
momyidae that its status should be altered. It is proposed to
reduce it to subfamily level. From an Australian perspec-
tive, the most interesting of these early primates are the
paromomyoids (Figure 7), a remarkably diverse group

among which many specics show differing degrees of
enlargement of the central lower incisor, various plagiaula-
coid specializations of the posterior premolars, and an
occasional lowering of molar topography to a bunodont
condition (Szalay, 1973). In these features the paromomy-
oids are similar to members of the Australian phalangeroid
marsupial radiation, see pp.551-574 (Wroe and Archer,
2006) and pp.575-646 (Archer and Hand, 2006).

In terms of zoogeography, the plesiadapiform record
appears to indicate an initial phase of dispersal (presum-
ably into Europe from North America) possibly during the
middle Paleocene, followed by a relatively rapid radiation
(on both continents) into diverse, but largely endemic
primate faunas (Walker, 1972; Hoffstetter, 1974). Two
genera of plesiadapoids, Plesiadapis and Chiromyoides,
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have cosmopolitan distributions but are represented by
differing species in cach case (Gingerich, 1973). One
possible paromomyoid Tincage, the Navajoviini, is also
reported from both continents. However, in this case there
remains some doubt as to whether these minute and
poorly known taxa should be retained within the primates,
or, if they should, whether the two genera Navajovius and
Berruvius should be associated together in the same
higher-level taxon (sec Szalay and Delson, 1979).

ADAPIFORMES

Soon after the close of the Paleocene, plesiadapiform
primates are joined in the fossil record by a second major

group of early primates, the Adapiformes. All members of

this group share a number of morphologically advanced
features, such as a complete postorbital bar and a fully
intra-bullar internal carotid arterial system, which set them
apart from their plesiadapiform ancestors (Figure 8). They
are generally placed in the suborder Strepsirrhini, with the
living lemurs. Although we do not know how they nour-
ished their embryos, they do have a form of incisor occlu-
sion that seems to foreshadow that of modern lemurs
(Rosenberger et al., 1985). In addition, a well-preserved
pair of legs from the Eocene Messel formation was
equipped with lemur-like toilet claws (von Koenigswald,
1979); this shows that proto-lemurs were around at that
time, although not necessarily that they were adapiforms.
Szalay and Delson (1979) place all adapiform
primates within a single family, the Adapidae, but two
subfamilies are recognized (Notharctinae, Figures 9, 10;
and Adapinae, Figure 8), with both groups represented in
North America as well as Europe. As the Adapiformes
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Figure 9. The teeth of the FEocene North American
notharctid adapiform Notharctus sp. These forms had
enlarging hypocones and hence were probably
becoming more herbivorous. Some Focene species of
the genus, known from complete skeletons, appear to
have been agile and long-distance arboreal leapers.
(a), (b) occlusal views modified from Osborn (1907).

10 mm

Figure 10. The skull of the middle Focene North
American notharctid Smilodectes gracilis. Unlike
more plesiomorphic notharctids, this form had a
short face. Like some of the other notharctids, il was
probably a folivore. From Szalay and Delson (1979).

may well be paraphyletic, the distinct separation between
the two divisions may be better recognized at family level
(Adapidae, Notharctidae)—especially as there seem to be
clear groupings (perhaps subfamilies) within the Adap-
idae (Schwartz and Tattersall, 1985). Evidence of the
wrist and ankle joints supports the idea that Adapiformes
are paraphyletic, with Adapidae being the sister-group of
the living lemurs and lorises (Beard er al., 1988). The
Petrolemuridae (Szalay and Li, 1986) are difficult o asso-
ciate with any other adapiform; and the origin of certain
Miocene genera from India and China is at the moment
impossible to pinpoint. Accordingly, it is suggested that
four full families be recognized within the Adapiformes:
Adapidae, Notharctidae, Petrolemuridae and Sivaladap-
idac. At lower taxonomic levels, only one genus, Pely-
codus, is known from both continents (Gingerich, 1977a;
Gingerich and Simons, 1977).

Although primitively long-faced with laterally
facing orbits, some adapiforms, such as Smilodectes
gracilis (Figure 10), became decidedly cat-like with fore-
shortened rostra and anteriorly rotated orbits, the Jatter
feature presumably providing stereoscopic viston. Adapi-
form primates remained abundant throughout the dura-
tion of the Eocene and into early Oligocene, but by mid
Oligocene they had all but vanished. Three genera
survived into the Miocene: Indraloris and Sivaladapis
from the Siwaliks of northern India, and Sinoadapis from
China; these are closely interrelated and as long as we
cannot relate them closely to any carlier group we class
them as Sivaladapidae.

PROSIMIANS: SPECTRES IN THE
ANTHROPOID SHADOW

Throughout virtually their entire history, adapiform
primates coexisted with representatives of another major
primate group, Omomyiformes. Until the idea was chal-






