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Primate Phylogeny: Morphological vs Molecular Results
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If Morfs Goodman is correct in his conclusion, we will just have to go back to the anatomical evidence and find Hut what we've been missing.
(Lewin, 1987, p. 273, attributed to Lawrence Martin).

As inmurder investigations, reconstruction of phylogenetic history after the event has its difficulties. There may be several versions of what
supposedly happened. Nevertheless, only one sequence of events actually occurred. (McKenna, 1987, p. 82).

Our comparative study of morphological (our data
on selecied living primates) and molecular characters
(from the literature) confirms that, overall, phyloge-
netic reconstructions of Primates, and consequently
their classifications, are more similar than dissimilar.
When data from fossil Primates are incorporated,
there may be several possible relationships among liv-
ing Primates; the difference between most of them
hinges mainly on the position of Tarsius. In one hy-
pothesis, tarsiers are closely related to lemurs and
lorises, and thus Primates is divided into Prosimii
[lorises, lemurs, and tarsiers] and Anthropoidea
[Platyrrhini and Catarrhini, i.e., monkeys, apes, and
humansl. Two additional alternatives are that Tarsius
is a sister group to the clade embracing lorises + le-
murs and Anthropoidea and that in which all three lin-
eages (Tarsius, lorises + lemurs, and Anthropoidea)
form a polychotomy. In another hypothesis, tarsiers
are closely related to anthropoids, giving these two
branches: Strepsirhini [lemurs, lorises] and Haplo-
rhini [tarsiers and Anthropoidea (Platyrrhini, the New
World monkeys, and Catarrhini, Old World monkeys
and Hominoidea)]. The first three alternatives gain
some support from the fossil record, and the fourth
from morphology of the living Tarsius and molecular
data. It is emphasized that the morphological charac-
ters employed in this study for Tarsius are based on
the only surviving genus of once-diverse tarsiiform
primates known from the Eocene, and, although con-
sidered a “living fossil,” it cannot represent all of them.
Furthermore, Tarsius embodies derived features of its
own which may affect its systematic position, but not
" necessarily the position of Tarsiiformes. Although the
early Tertiary adapoids might have more nearly re-
sembled anthropoids in their biochemistry and pla-
cental developments, this hypothesis is not testable
from fossils, and any inferred relationships here must
be based on characters of skeletal anatomy. Alterna-
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tively, anthropoids may be derived from certain omo-
myids or from some as yet undiscovered Eocene Afri-
can taxon. Close relationships among Homo, Pan, and
Gorilla have been confirmed during recent decades;
Pongo is the sister group to this trichotomy. With in-
creasing molecular data, Homo and Pan appear to be
closer to each other than to any other living hominid
taxon. Gorilla is a sister group to the Homo~Pan clade
and Pongo is a sister group to all of them. Morpholo-
gists have given limited evidence for such a dichoto-
mous grouping. In this study, we support the Homo-
Pan clade, although with characters not as strong as
for other clades. © 1996 Academic Press, Inc.

INTRODUCTION

Even though the quotes at the beginning of this pa-
per do not seem to be in concert with each other, they
are very much interrelated. The main thread connect-
ing them and other similar ideas is that there is only
one true phylogeny. Based on available evidence, it ap-
pears that, overall, results of intraordinal primate rela-
tionships from morphological characters correspond to
those from molecular ones. A major discrepancy be-
tween the results obtained from morphological (of fossil
taxa) and molecular characters relates to the taxo-
nomic position of Tarsius (cf. Appendix 1 to Tables 1
and 2). Other disagreements concern classification on
the family and subfamily levels. For example, Aotus,
based on morphology, is classified in the family Aoti-
dae, superfamily Ceboidea (Groves, 1991), whereas mo-
lecular data place it in'a subfamily Aotinae, family Ceb-
idae (Schneider et al., 1993). As will be noted below,
here we employ the subfamilial category, to correspond
with those of Thorington and Anderson (1984, pp. 204~
208), based on morphology, and of Schneider et al.
(1993, p. 235, in part), based on molecular data.
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Understanding intraordinal relationships within any
given nanmalian order may help in better understand-
ing intenrdinal relationships within the class Mam-
malia a ndviceversa. Similarly, a better familiarity with
the fosssilrecord of a lineage helps in better understand-
ing the pdarity of a character, thus rooting the tree. For
exampl €, in the primitive state at the ordinal level of
Mamm alia, the orbital fissure and foramen rotundum
are united as one common opening, character 39 in Ap-
pendicess 2and 3 [the orbital fissure is located in the cra-
nium, pierces the orbitosphenoid and alisphenoid bones,
and tramsmits cranial nerves II1, IV, V,, and VI; the fora-
men roturdum is located in the alisphenoid bone and
transmitsthe maxillary branch—V,—of the trigeminal
cranial nerve]. This primitive condition also occurs in
certain living primates, e.g., Lemur, Daubentonia, Loris,
and Nyctitebus. The derived state for this character (sep-
arate openings for the orbital fissure and the foramen
rotundum) is found in Tarsius and all higher primates
through Homo. Within Mammalia the primitive condi-
tion for this character is found in Monotremata and Mar-
supialia, and the derived condition is found within Eu-
theria (but not all eutherian taxa exhibit the derived
condition). Within the Primates the derived condition of
this charatter is one piece of evidence, a synapomorphy,
for Haplorhini (Tarsioidea and Anthropoidea; Simii-
formes is used instead of Anthropoidea by Groves (1991)).
As discussed below, the age-old quandary regarding the
phylogenetic position of Tarsius has not been resolved.

In this paper, we examine morphological characters
for testing cladistic relationships within extant Pri-
mates, with discussion on the role of extinct taxa. The
polarity of some of these characters was established
based on character data sets for the class Mammalia
(Shoshani and McKenna, 1995). Other characters were
chosen from orders thought to be closely related to pri-
mates. Most characters, however, were chosen to repre-
sent the extant primates. This approach was decided
upon because we wanted to compare our findings to
those obtained from molecular data.

The importance of fossils in evaluating phylogenetic re-
lationshipscannot be overstressed (cf. Simons, 1972; Nova-
cek, 1992; Tassy, 1993). A section on the fossil history of
primates 18 included here for background and correlation
of emergence of certain characters with geological dates.
Although there are approximately 252 living species classi-
fied into 61 genera and 13 families (Groves, 1993a), the
extinct genera of Primates greatly outnumber the living
ones (218 fossil genera with approximately 405 species).
Living Primates vary in size from 30.6 g for Western Ru-
fous (or Pygmy) Mouse Lemur (Microcebus myoxinus) to
160,000 g for male gorilla (Gorilla gorilla) (Schmid and
Kappeler, 1994; Tattersall et al., 1988, p. 215).

THE FOSSIL HISTORY OF PRIMATES

Primate fossils, once thought to be rare, are now
known to be common in the early Cenozoie wherever
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warm temperate to tropical forests existed. Fossil Pri-
mates vary in size from approximately 50 to 80 g for
extinet Teilhardina to over 160 kg for extinct species
of Gigantopithecus. Extinct genera of Primates provide
an extensive basis for character evaluation that facili-
tates better understanding of evolutionary relation-
ships within the order Primates. The earliest Primates
date from the late Cretaceous period, and Primates be-
came a taxon distinct from other mammals between
about 90 million and about 65 million years ago (= Ma)
(Simons, 1992b).

Africa has been suggested as the place of origin of Pri-
mates, but without any evidenge from fossils. North
America and Eurasia may be better places to search for
origins of the Primates because fossils of this order are
widespread and were abundant there during the Pa-
leocene and Eocene. The evolution of Primates may be
traced to two species of the archaic primate Purgato-
rius unio and P. ceratops (Van Valen and Sloan, 1965),
which lived in the late Cretaceous and early Paleocene
of eastern Montana (USA) at least 65 Ma. Molars and
premolars of Purgatorius have sharp cusps, which may
imply that it ate insects, as do small living insectivorous
primates, e.g., mouse lemur (Microcebus) and the dwarf
bushbaby (Galagoides demidoff). Based on the size ofits
teeth, Purgatorius was a mouse-sized animal whose
skeleton and locomotor adaptations are so far un-
known.

Major divisions within the Primates, living and ex-
tinct, include Plesiadapiformes, Adapiformes, Lemuri-
formes and Lorisiformes, Tarsiiformes, and Anthro-
poidea. Traditionally (Simpson, 1945; Simons, 1964),
living primates were classified into Prosimii and An-
thropoidea (higher primates or simians). Prosimians
are generally divided into these groups: the archaic
primates or proprimates (Plesiadapiformes), the tar-
sier-like primates (Tarsiiformes), and the lemur-like
primates (Lemuriformes). The higher primates are
modern-day Anthropoidea taxa, incorporating the
platyrrhine and catarrhine clades or infraorders. Mor-
phological characters of plesiadapiformes vs prosimi-
ans and prosimians vs simians are shown in Fig. 1. A
classification of Primates, living and extinct is given in
Appendix 1, and major lineages are depicted in Fig. 2.

Archaic Primates or Proprimates—
the Plesiadapiformes

The fossil record suggests that the initial radiation
of the archaic primates occurred in the Northern Hemi-
sphere and that they probably originated there. By
middle Paleocene (around 60 Ma), archaic primates
had diversified into at least four families: the Picrodon-
tidae, Carpolestidae, Plesiadapidae, Paromomyidae,
and possibly the Microsyopidae. These “half-lemur”
primates were mostly rat or mouse size, although some
species reached domestic cat size. The archaic primates
or Proprimates (Gingerich, 1989) might include extant
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FIG.1. Comparison of morphological characters of plesiadapiforms vs prosimians (left, after Gingerich, 1992), and prosimians vs simians
(right, after Simons, 1992b). %In this paper “Simian” is called “Anthropoidea.” ©® Cambridge University Press 1992; Reprinted with the

permission of Cambridge University Press.

tree shrews (Scandentia) and flying lemurs (Dermop-
tera) as descendants, but are otherwise extinct.
Dental characters of archaic primates indicate an
evolutionary trend toward leaf- and fruit-eating spe-
cializations and away from the sharp-cusped, primitive
dental patterns of their insect-eating predecessors. The
view that the plesiadapiforms should be ranked with
true Primates has been challenged because none had
all the features that characterize later primates. Plesi-
adapiformes, for example, lacked postorbital bars, did
not have expanded brains, possibly did not have oppos-

able thumbs (pollexes) and great toes (halluces), and
some seem to have had few obvious adaptations for life
in trees. Most plesiadapiforms had large, pointed, ante-
riorly angled lower incigors, which may have been use-
ful for opening seeds and fruits, and many had low-
crowned cheek teeth with flattened, and sometimes
multiple, cusps that resembled miniature versions of
the cheek teeth of later folivorous and frugivorous pri-
mates (Fig. 1; Simons, 1992b).

The alternate hypothesis (for including plesiadapi-
forms within the true Primates) is supported by the
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