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ERRATUM AND ADDENDUM

Page 9, line 8 ,..1812 for 1912

10, 1ine 9 dnsert marmosets after colon

11, last ...Ttalicize Branfsella

12, legend ...to for at

13, Hi1l, 1957-1962 ...Dolichocebus is mispelled
13, Romer, 1966 ...add " after "fossil

13, Simons, 1972 ...end of classification should read--

Callitrichidae
Callithrix, Saguinus
Xenothricidae
Xenothrix
Ceboidea?
Branisella
14, Cabrera 1958 ...line gaps below Cebus in unintentional
14, Hershkovitz 1977  ..line gaps below Tremacebinae unintentional

15, AND SUCCESSIVE PAGES ..,.Figures 1l and 2 (but not the legends) are transposed,
Fer Fig. 1 see Fig. 2 and vice versa.

2%, 9 from bottom ...of for or

22, 23 .,.a colon for the hyphen

22, 9 from bottom ...add a comma after parenthesis
23, 7 ...Few for A

24, 24 ...et al, 1975 for 1976

26, 12 from bottom ... Joysey For Loysey

Rose, X. D. and Fleagle, J. G., 1981, The fossil history of nonhuman primates
in the Americas. In: Ecology and Behavior of Neotropical Primates.
A.F. Coimbra-Filho and R.A. Mittermeier (ed.s). Academia Brasileira de
Ciencias, Rio de Janeiro, pp. 111-167.

Rosenberger, A. L., 1980, Gradistic views and adaptive radiation of platyrrhine
primates. 1. Morph, Anthrop., 71:157-163.




Systematics: The Higher Taxa
Alfred L. Rosenberger

To maintain greatest usefuiness, clossification must he
consistent not with knowledge of some fixed
time In the past, hut as nearly as may he with the constantly
choneing knowledge of texlay. It ie, therefore, devirable
that clasdfications showld not remain static
but thowld change constently as
pertinent knowledge expands

G.G. Simpton (196 1:111)
I. INTRODUCTION

Historical reviews of the higher classification of the living New World
monkeys have recently been presented by Cruz Lima (1945), Hill {1957, 1960),
Napier {1976} and Hershkovitz (1977), and Thorington (1976]) has also asscssed the
“state of the art™ of platyrrhine classification at its various taxonomic levels. The
purpose of this paper is to present a brief historical account lrom a somcewhat
different perspective, and also to provide a synopsis of some of the more influential
ot historically representative arrangements that have appeared since the first
supragenceric classification of the platyrrhines was introduced by E. Geoffroy in
1912, Perusal of these, as well as the many relatively standardized classificationy
offered by current students, suggests that very little has changed since the middle
of the {9th centvry. This dramatically contrasts with the situation of lower level,
alpha taxonoiny, wiich has improved substantially in recent decades (sec
Mittermeier and Coimbra-Fitho, this volume) and has vundergone many
modifications. If higher level classificaticn, beta taxonomy, is to keep pace with
alpha taxonomy, with new data and ideas on the systematics of the platyrrhines
and with modern evolutionary principles, then a revised suprageneric classification
would appear long overdue.



Along with a roview oi conventional arrangements, ¥ suggest in this paper
an alternative generic classification based upon, and consistent with, a general
hypothesis of the phylogeny of New World monheys and their adaptive radiation,
Some of the evidence for the latter has already been presented (Rosenbesger, 1977,
19793, 1979b), and a comprehensive review is now being prepared. A version of
the clussification offered here, deriving from that work, was given by Szalay and
Delson (1979). Since the termmology of my arrangement differs somewhat from
that cunently in use, | avoid using taxononic names for suprageneric groups in
the first pans of this paper. Instead, the following vernacular tering are defined:
(Caltithrix, Leontopithecus, Saguinus, Callimico), snonw-marmosets (all  the
remaining  living  plotyrehines); saki-wakaris (Pithecia, Chirvpenes,  Cacufao);
spider-woollys (Ateles, Brachyeeles, Lagothrix). Except for includmg the pygmy
marmoset ‘Cebuelle pygmaea”™ in the genus Callithrix (because | believe that the
jacchies-group is probably more closely related to pygmaen than to the humcralifer-
argentata group), 1 accept the same living genera recognized by such authorities as
Cabrera (1958), Napier (1976) and Hershkovitz (1977), and the fossil genera
recognized by Rose and Fleagle (this valume).

I HISTORICAL REVIEW

By convention, the systern ol hicraichicat classification dates back to the
tenth edition of Linnacus’ Systema Nasurae (1758), although he did nol use such
common laxonomic levels as the [amily and subfamiy. Linnacus included seven
platyrrhine species togethes with other anthropoids in one genus, “Simia”, of his
Order Primates. These were later allocated o five distinct genera (Callithrix,
Saguinus, Saimiri, Cebus, Ateles) by various students, beginning with Erxleben
(1777) who initiated the formal generic segregation of Linnaeus’ nonhuman
primate species. Except for Collimico, which was discovered in 1904, essentially
all of 1he currently accepted living penera were recognized as distinct and formally
named by the muddle of the }9th century. However, some (e.g. Callithrix, Callice-
bus; see Thomas, 1903) presented nomenclatorial problems lor more than a century
after their original discovery. New World monkey fossils have only become
adequately known in the past thirty years, though they were [irst found near the
turn of the century.

Accotding to Herskovitz (1977) and others, Buffon in 1767 was the fust
to distinguish between the Qld and New World anthropoid prunates. Hlowever, it
was nt until the works of E. Geoffroy (1812) and Gray (182¢, 1825) that this
distinction, as well as intra-platyrrhine suprageneri divisions, became codefied and
found widespread usage in classifications. As discussed below, the influence of
Geolfzoy is particularly significant in this regard, but most of the early attempts at
higher classification (e.g. Geoffroy, 1812, Gray, 1821 Spix, 1823; Lesson, 1830)
drew heavily from the vernacular groupings of still earlicr students iike Buflon.
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Taxonomically, the New World monkeys are usually united as a single group, the
Platyrehini, following the terminalogy ol Geoffroy, and ranked as an infrzorder
of the subosder Anthropoidea. Simpson (1945), on the other hand, suggesied
that better taxonomic batance among the anthropaids would be achicved «f the
New and Old World monkeys and apes were each ranked as superfamnilies. In place
of the plutyriine<catarrhine  dichotomy he used the terms Ceboidea,
Cercopithecoidea and Hominoidea, respectively, for the three groups. The terms
Platyrrhini and Ceboides have siice been used essentially synonymously by maoye
workers,

A) Geoffroy, 1812 — The Comerstone of Supragencric Classification

Most authors {see Tabics 1, [I) have divided the platyrrhines into (two major
groups, the “Callitrichidae” {marmoseis) and the 'Cebidae” {non-mamosels).
In accordance with the rules of zoological nomenclature, the authorship ol these
names dates back to Thomas (1903) and to Bonaparte (1831), respectively,
although the idea of employing two family groups apparently began with Gray
(1821) who, unfertunately, assigned each of his families taxonomic names wlach
proved to be nomenclatorially “illegal”. However, it seems that Gray's hierarchal
concepls were quite dillercnt from those current in the Jater 1800's, and akso from
those of modern workers. T infer this because Gray classified his 1wo platyrriune
familics in entirely different *Orders™, placing the marmosets in an exclusive group
and the noa-marmosets in a collection that also included the catarthine monkeys
and apes, except for Homo. Like most subsequent authors, Gray distinguished
mannosets from non-marmosets by dilferences in body size, deatal formula, molar
shape and the presence or absence of digital claws.

Ouring the 19th century, Hapalidae was the name most frequently used lor
the assemblage of marmosets. Cebidae was almost universally employed for non-
marmosets. The senior synonym Callitrichidae, spelled in many different ways, was
shown by Thomas (1903) to have priority over Hapalidae and has esseatially
replaced it. Many other names have been proposed for sublamilies of non.
marmosets but few have been elevated to family rank. (The classilications of Miller,
e.g. 1924, provide notable exceptions. He employed five {amilies for the six
platyrthine species inhabiting Central America and no doubt would have been
comforable with severa) more if only others were able to cross the boundaries he
detined for North America). With the discovery of Callimico early in the 20th
century, and the addition of fossils to the known platyrrhine fauna, the distinction
between marmosets and non-marmosets became much less clearcut and the
rationdle for maintaining Gray’s two-family arrangement came into question. While
most workers adhered to it, scveral have opted for multifamilial schemes.
Hershkovitz (1977), for example, employed no less than five families, three for the
living species and two for the fossil forms {with an additional family for the fossil
BraniscHa, whose taxonomic status he considered jndeterminate}.



TABLE )

A synopsis of platyrrhine family-group classifications and systematics
at the generic level®

E. GEQFFROY, 1812

Helopheci
Ateles, Lapothrix, Alouarsa, Cebus
Geopitheci
Saumwi, Callicebus, Aosus, Pithecils,
Chuopoies, Cacapao
Arctopnhect
Calhithrix, Saguinug, Leontopithecus

MIVART, 1845

Cetndae
Cebinse
Arctes, Lagothrix, Cebus
Myventinae
Alouata
Pitheciinae
Pitheca, Cacojao

GRAY, 1821 Nyctipithecinae
Aoiut, Callicebut, Saimiri
Callitsicidne Hepalidae
|. Alouatia, Ateles, Cebus, Saimirl Callithrix
R 1. Pithecia
apalidas
1. Callithrix GRAY, 1870
SFIX, 1813 Gymnura
Mycchina
Trichuri Alouvatta
Cebus, Chirapotes, Cacgjaa, Pithecia, Lagownchina
Callicebus, Saguinug, Aotus, Callithrix Areles, Brachyteles, Lagothrix
Gymnun Trichiura
Atcles, Brachyteles, Lagothrix, Alouatta Cebina
Cebdus
GRAY, 1823 Callunichina
) Saimuri, Callicebus
Sasnguidae Nyciipithecina
Mycetina Aoint
auffauﬂu Pithcoina
paa Prrhecia

Aseles, Brachyieles, Lagothrix
Cajlithncina

Cebus (including Seimiri )
Ssguinine

“Suguinug' (Lacepede® |, = Callicebus ),

Aatug, Pithecia, Chrapotes
Hapalina
Caliuthrix, Saguinug

LESSON, 1230

Helopitheguas
Gymnun
Alouastis, Ateles, Brachyleles,
Lagotkrix
Trichun
Cebux
Geopitheques
&opnhecus

Saoniri, Collicebus, Aorus, Puheci,

Chiroposes, Cacajac

Brachyunna
Chiropotes, Cocafac
Hapalina
Calihrix, Leontopishecus, Saguinus

POCOCK, 1925

Cebidac
Aaotinae
Aotus. Callicebus
Pitheciinae
Pithecia, Chiropotes, Cocajeo
Cebinae
Saimiri, Cebug
Atehinae
Lagothrix, Brachyieles, Aicles
Alouvatlinge
Alouatie
Hepahdde
Hapalinae
Cullishrix, Saguinus, Leontopithecus

Axclopithecus Callimicominae
Callthrix, Saguinug, Leontopithecus Cullimica
% This may also include Saimirf Voigt, §83) tcont.}
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Table [ (Cont.)

DOLLMAN, 1933

Atclinae
Lagothrix, Brachyieles, Areles

Ceb;d::}“ac Cebidae ncertae sedis
Aotus, Callicebus, Seimiri Xenothric
Pitheciinae
Pirhec i, Cacsfoo, Chiropotes RO‘MER: 1966 . .
Alouattinae (a “fossil classification)
i (|
Cel;:rl;'::mr y Callitrichydae
Cebus, Lagothrin, Aieles, Brachyieles Dolichocebus
Hapahdae Cebdae

Callithrix, Saguinus, Leontopithecus
Callimicomdae

Cebupithecta, Homunculus, Neowimuri,
{?) Xenothrix

Caltimxco .
SIMPSON, 1945 NAPIER and NAPIER, 1967
Cebidae Callitrichidae
Aotinge Callitsichinae
Homuncutus, Aotus, Callicebus Caithrix, Saguinut, Leoniopithe: ..
Pitheciinae Callimiconinae
Cacaeo, Pitkecia, Chiropotes Cattimico
Alouattinae Cebidae
Alouatio Aotinac
Cebinae Aoitus, Callicebus
Cebus, Saimiri Pitheciinae
Atelinae Prhecia, Chiropotes, Cacaiao
Ateles, Brachyseles, Lagoihrix Alouatuinae
Callimiconinae Alouelta
Caltimico Cehinae
Callitrichidae Cebus, Saimiry
Callithrix, Saguinus Atelmae
HILL, 1957.1962 Ateles, Brachyieles, Lagothri
Hapahidae SIEMONS, 1972
Hapalinae
Callythrix Cebidae
Leontocebinae Aolinae
Saguirus, Leontopithecus MHomunculus, Aotus, Callicebus,
Callimiconinae Dolichocebus
Callimico Pitheciinae
Hapalidae incertoe tedis Cacageo, Pithecia, Chiropotes
Dalicebus Alouattinae
Cebidac Alouatta
Callivebinae Cehinae
Lallicebus Cebus, Saimiri, Neosaimiri, Stirtonia
Aotinae Cebupithecinae
Aotus Cebupirhecia
Pithiciinae Atelinae
Pithecia, Chiropotes, Cacajao, Ateles, Brachyreles, Lagorhrix
Cebupithecia Callimiconinae
Cebinae Callunico
Saimei, Neosawnirl, Cebus Callitrichidae
Alouattinae Callnhrix, Saguinus
Alouatta, Homunculus {incl, Xerorhrix
Srirtonio, Tremacebus) Bramisella

* For clarity, the gencric names listed are the senior names, not necessarily those of the original
reference. In some cases the spelling of family-group names are also emended 10 conform with
the rules of roalogical nomenclature. The tisting shown for Hil, 1957-1962 is 2 commlation
that includes his revised classification of marmosets which did not appear in his scrics on
primai¢ anatomy and sysiemalics (see Hill, 1959). See Table 1] for additional chassifications.
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TARBLE |1

A comparison of the classification proposed here with two impertant
classifications of recent decades

CABRLERA 1958

HERSIIKOVITZ 1977

ROSENBLRGE R { Fiis Study)

Superfamily Platyrrhni
Fuamsly Cebuilae

Sublamuy Aotinae
Aogus
Callicebus

Sublapuly Pithevinas
Cacatao
Cheopores
Prthecia

Subfamily Aloucattinar
Alouatia

Subfamily Cebinac
Crbus

Soem ir
Subllamily Atchnae
Ateles.
Brachyteles
Lugothrix
Subtauly Callimiconsnac
Calhimico
Famaly Catlithnichidae
Callithrix
Cebyella
Leontocedbus
Subgtnus Leonrocebur
Subgenus Dedipomidas
Subgenus Mar kg
Leoniuleus

Intraosdes Patyithini

Famuty Calltrichidae
Cebuella
Calierhrix
Saguinus
Leompopithecus

Famuty Callvmwconkdae
Catlimco

Famuly flvmunculidae
Dolichocebus
Homunculus

Fainuy Cebidue

Subfamily T1emucebinae

Tremacebus
Sublumily Stulonitnae
Snrionia
Sublumdy Saumirunae
Neosqimiri
Sannyre
Subfamily Actinae
Aols
Sublumaly Cullicebinig
{aliicebus
Sublamily Albyallinae
Alouotia
Sublamily Cebupitheciinae
Cepupithecw
Subtamuly Prihecimae
Pithecia
Chiropoies
Cacajao
Sublumily Cebinae
Cebuy
Subfamily Aelinae
Lagochrix
Alcles
Hrachytelea
Family Xvpotnchidace
Xenothrix
Subordet incertae sedis
Family Branpseilidae
Branisells

Infraorder Flutyrehini
Family Cebidae
Sublmmdy Cebinae
Trbe Cebin
Cebug
Tohe Somirin
Sareniry
“Saumiri" tbernensis)
Neoswuniri
Dolchacebus
Subtamiy Caliisichinae
Tnbe Callinichim
Calinhrx
Onctuding Cebuelia)
Leanropithecus
Sayutnug
Tribe Callimiconim
Calbimicw
Famuy Atelubac
Sublamdy Alclinac
Tribe Achni
Ateler
Brachyrteles
Lagothrix
Tribe Alouattini
Altuatig
Stwiana
Subfaunly Putheciinae
Tribe Pitheenai
Subtnbe Pithecuna
Pitheca
Chiropores
Cagajau
Cebupithecia
Subiribe Callicebine
Callicebus
Xenothrx
Subuibe Homunculina
Homiinculus
Trnbe Aatjna
Aofus
Tremacebus
Family incertac sedis
Bromsella

Noiz that Cabrera's arrangesent did not wnclude fosuls. “Safmbri’’ (hernensisy 1s included wn my
generic clagsificztion because 1 believe that it wall prove 1o be genernally dystinct. Callithrix
includes the species “Cebuellr* pygmara a3 well as the predominantly Brazdan forms. {See alio

Table I},



Even before Gray's (1821) first bilamilial classilication, E. Geoffroy (1812}
had identilied the three major suprageneric groupings that are still considered to
be basic classificatory units. Geoflioy recognized the Arctopitheci, comprised
exclusively of the clawed, two-molared marmosets; the [lelopitheci, including
the larger species Naving pichensile wails, Cebus, Alouatia and the spider-woollys;
and the Geopitheci, embracing the remainung platysehines and typified by their
lack of a prehensile tail and their retention of three molar teeth, Of these
assorlanenis, the union of the marmoset genera {except for Calfimico), has been
unanimously accepted. The classiflicatory associations of other genera, however,
have varied considerably oves the years, particularly as newly accepied genera were
being added to ihe system. Nevertheless, the development of our current
classifications may be viewed as taxonomic refinement of Geoffroy’s fundamental
arrangement (see Fig. 1, Tabie 1). Apart from the division of the marmosets, two
other higher taxa emerged from his three groups as centsal foci of platyrrhine
classifications, the spider-woollys (*Atelinac*’) and the saki-uakaris (“Pitheciinae™).

SPIDER- AKI-
WOOLLYS | Lakam | AOTUS | SAMIRI | CALLIMICO

688 | 8 £8 a 23 7I°

ER-A= = 3= o 2 3 4

S a 3.3 a 2 3 +

> g g '3 s 9 8

i - & o 3 1

“ :3.: 46

s ¢
-143
o =4
3
1235
1o
o
g
s
a

(n=14)
Fiz. 2

1o

SUPRAGENERIC GROUPINGS OF LIVING PLATYRRKINES

Fig. | — The development of platyrrhine suprageneric clasafications from E. Geoffroy's
concepts. Sce text for explanatwon and Tables 1 and B for the usual generic compaosilions of
famtly and sublamily groups. Double-tesded hosizontal asrows indicate some of 1he aliernative
placemenis of waas (¢ g nchsion of Seiriri in the Cebinae; inclusion of Saguinus in the
Callurichinae). Callimica stem is dashed because 11 was unknown to Geofiroy.
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As with Geoffroy’s approach, many systematists have telied on features of
the tail for diagnosing generic groups, Some {e g. Spix, 1823; Lesson, 1830) divided
the platyrrhines as a whole inlo 1we groups, une having a pechensile il and the
other lacking it, whereas others (e g. Gray, (870, Dollnian, 1933) employed the
grasping tail as 2 taxonomic character at a lower level, as within families, Thus in
spitc of some controversy over the alliance of Afouarra andfor Cebus with the
spider-woullys, both of which appeared in Geoffroy’s 1lelopitheci, at lcast one of
these genera were usually alligned with Ateles, Braciyteles and Lagothrix in many
i9th century classifications (Fig. 2; Table 1), Until it became clear in the middie
1800's (e.p. Gray, 1849; Mivart, 1865) that the Geopitheci thared liftle in common
other than the absence of features which characterized othes groups, this
issemblage was 2 standacd taxonomic division (e.g. Gray, 1825; Bunett, 1528;
Lesson, 1830). 1t has essentially been abandoned during this century as views on
he affinities of Saintirs, Callicebus and Aorus became drastically revised (Fig. 2).
n contrast, the diagnostic features of Arctopitheci continue to be uselul, although
fiere has been much controversy over their biological tmplications. In addition,
here has been much debate over theiv uvse in classifying Callgnico, which presenls

mosaic of marmoset and non-marmosetl morphology.

{

FCALLITRICHIDAE =—=————

| ARCTOPITHECH] [GEOPITHEC!] [HELOPITHECH

N

hY
b
colitrichigqe cahimiconidos aotinoe pithaciinos gilinas —aloucttinoe

AN

caliiirichinas «—— lsontocebings  colimiconnos | collicabinos

A ‘ sawmirunas «—cebinas

3.

Fig. 2 -~ Taxonomic associations of (9¢h and 200h century classifcations. Vertical axis
mesents the number of classiflications in which cach geous or sot of pencra indicated in the
clumns was allocated to an exclusive higher taxon conlaining groups or genera placed al the
p row. The spider-woolly group includes Arefes, Brachyreles and Lagothrix; saki-vakari

wup includes Pithecia, Chiropotes and Cacajao. Note that Callimico was not discovered andil
904,

This bieakdown of the Geopitheci resulted in delineation of the saki-uakari
s 0up, & comparatively stable taxonomic unit during this century defined by a fuily

16

»



unique set of dental characters (e.g. Pocock, 1925; Hershkovitz, 1977; Rosenberger,
1977). It also led to the recognition of another supeageneric group of non-
marmoscts that is still an important conceptual focus, the Nycripithecinae (Mivart,
1863}, although the latter’s modern constituents gencrally differ from the original
version which included Aotus (seniar synonym of NMyctipithecus), Callicebus and
Saimiri. However, like the heterogeneous Geopitheei, it loo proved difficolt (o
define on morphological prounds.

Subsequent muodifications of this new taxon were largely the result of
alternative platements of Safmiri. Most recont workers (eg. Pocock, 1925,
Simpson, 1945; Cabrera, 1958) were content with maintaining Callicehus and
Aotus in 2 distincl subfamilly, and placed Sagimiiri with Cebus, Fewer (e.g. Hill,
1960; Hershkovitz, 1977) opled to classify each of these genera in separalc
subfamilies. The former approach, of course, was only possible if Celnes was severed
from the Helopitheci, a move that achieved broad acceptance only during the 20th
century.

Thus, cxcept for the much revised concept of the Geopitheci, the systematic
arrangement of Geoffrtoy (1812) set most of the important precedents for later
classifications of the platysthine primates. By the middle 1804's, the format of
platyrrhine classification was basically similar to the arraagements that arc now
generally accepted (eg. Simpson, 1945; Cabrera, 1938; Napicr and Napier, 1967,
Napier, 1976; Hershikovitz, 1977}, The major otganizational components, marmoget
and son-marmosels al one level, saki-uakaris and spidet-wacllys at anuther, were
[fully sorted out and equally ranked 23 familjes and subfamilics. Mivart (1865), (or
example, employed two lamilies of platyrrhines, with his “Cebidae” subdivided
into four subfamilies (Table (). Although there has been some reshuffling of the
gencia between these and additional subfamilies, the framework of platyrrhine
higher classification has essentially remained the same for more than a centory-
and-a-hall.

Vestiges of Geolfroy’s (1812) tripartite divisions are still apparent in
discussions of platyrrhine evolution, although his direct inflluence ou classification
now seems less obvious. For example, Hershkovitz {1977} explains the adaptive
radiation of the platyerhines in terms of a scries of grades of arganization which
correspond rather closely with the Arctopitheci, Geopitheci and Helopithecei.
Together with a basic intra-platytrhine contrast of marmoset versus non-marmoset
grades, he also recognizes a group characterized by relatively large size and
prehensile tails (Cebus, Alowgria and spider-wocllys); 2 “marmoset-like cebid™
group (Saimiri, Aotus, Callicebus); and a pitheciine group (Fithecia, Chiropotes,
Cucajao}. He implies that the latter is close to the marmoset-like cebids {cf.
Geopitheci) and of lower grade than the preliensile-tailed forms (sce 1972, Fig. 11,
1977, Fig, Ui.4).



B) The Importance of Callimico

The discavery of Callimico had an important impact not only upon higher
level classification but on the general interpretalion of platyrrhine evolutionary
history as well. Callimico combined in a single species the principle taxonomic
characters that had been used {or more than a century to distinguish the mannosets
and the non-marmosets; clawed digits and three molar teeth, Since a strictly
empirical definition of the marmeset and non.marmoset families could not be
modified to accommodate Callintico and still maintain these as paired “natural™
taxa, systematists were forced 10 reassess the basis of their classifications,
Characier weighting (see Simpson, 1961; Mayr, 1969), ie., judging the phyletic
significance ol morphological features, became a more important part of the
classification process, although most authors rarely made their interpretations
explicit.

At the heart of the Callimico question is the controversy over whether the
clawed digits and tricuspid molars of marmosels are primitive or derived features,
These jssues have been reviewed recently by ilershkovitz (1977) and Rosenberger
(1977, 1979b). Pocock {1920, 1925; see also Gregory, 1922) copently argued that
the clawed inarmosets weie a rather derived branch of platyrrhines and that
Callimico, despite its presumably more primitive molars, is best aligned with
mannosets but ranked as a separate subfamily. Napier and Napier (1967),
among otliers, have also placed Callimice with the marmosets but considered clawg
to be a primitive feature. On the other hand, Thomas (1913), Simpson (1945)
and Cabrera (1958) heavily weighted the denial simitarities shared by Caitimico
and the non.marmosets and assigned the genus to a subfamily of the {atter. They
evidently regarded marmoset claws as primitive fealures less indicative of
phylogenetic relationships than dental features, and were perhaps willing to
expand the concept of the “Cebidae”, an already diverse assemblage, but unwilling
lo disturb the classic homogencity of the “Callitrichidae™. Simpson (1969) later
concluded that the intermediate morphology of Callinico suggested Lhat marmosets
and non-marmuosets were more closely selated to one another than was implied by
their placement in two families. He grouped ali platyrrhines into a single family
and gave Callimico scparate subfamilial status. Dollman (1931) tock the
completely opposite position, placing Calfimico in a monotypic family, This was
followed by Hershikavitz (1977), who considered Caltimico to be a very distinct
lineage lacking homologous diagnostic characters of either the marmosets or the
noti-marmosets {see pp. 412,867). 1HIE (1959) himsell offered 1wo different
interpretations and arrangements, first employing a unique family for the genus
and later settling on subfamilial rank within his marmoset family taxon,

Taxonomically, Nill’s (1959) final scheme for Caflimice and the other
marmoscts ulso established a formal basis for a distinction that dates back to the
19th century but which had been expressed only in verpacular terms, “Marmosets”,
species of the genus Callirhrix, were ofien separated (rom “tamarins™, Seguinus and
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Leontopithecus (and Callimico, according 10 some) on the basis of the differing
crown heights of thieir canine and incisor teeth. Marmosets were regarded as shor-
tusked, with liftle difference between the projection of the canines and incisors,
and tamarins were termed Jong-tusked, with strongly projecting canines and
relatively low incisors. Hhl) allocated marmosets to the Hapaliitae and tamacins to
the Leontacebinac, reserving Callimiconinae {or Collimice.

Aside from these taxonomic debates, the Coilimice controversy shows that
same of the classifications of the 20th century were based upon s consideration of
phylogenctic relationships. This contrasts with the approaches generally faken i
the previous century, when 2aological classifications served more as a (diagnostic)
“key" (Simpson, 1961) than s an “evolutjonary classification” meant to express
evolutionary ideas. {1t was the wssessment of the taxonomic distribution of
morphological features among the platyrrhines, as well as the mosaically primitive
and derived morphology exhibited by Geltinico, which led many systematists to
the canclusion that marmosets and non-marmosets were not so distantly related
after all (eg. Thomas, 1913; Pocock, 1925; Will, [959; Simpson, 1969,
Rosenberper, 197%b, contra Hershkovitz, 1977), This view differed from the
historical treatment of marmosets which often found them ranked us a separate
faniily of platyrzhine or even as a separate Owder of the primates. A simitaz line 0.
phylogenctic/ctassificatory reasoning led first to the division of Geoffroy’
Geopitheci, which appeared to be phyletically heteropeneous, then to the ereclior
of 4 novel {amily for Cafficebus and Aones, which were thought to be relativel,
close relatives, and finully to the association of Saimiri with Cebus, As with th
Caflimico-marmoset affiliation, the latter grouping united specics which werc
disparate morphologically but potentially close phylogenctically.

In swmmary, it appears that in the second century of platyrrhin
classification, systematists such as Pocock (1925), Hill (1959), Simpson { 1969) an:
Hershkovitz (1977} began to embrace » modernistic, evolutionary approach i
developing classilications, much because of the controversy sparked by Callimico
Haowever, their major concerns dealt with interesting individual genera, not wit’
the more geneeal question of generic and suprageneric phyletic relationship
This sesulted in 3 Giner dissection of the (undamental arrangements of Geoffron
(1812), Gray (1821, 1825) and Mivart (1965), bet it did not rroduce 8 mor
comprehensive evalvation of the basic framework of that system. Consequently
masi of the currently accepled classifications of the platyrrhines (see tables 1, i
employ a large number of subfamily taxa, compared with other primate group:
as well as other mammalian orders of similar generic diversity. Furthermore.
because 50 many of these equally ranked higher taxa are monospecific or represent
only small groups of closely rclated species, there is no clear phylogenetic messapy
embodicd in any of them, in spite of Napier's (1976) comment that the recen
prefiferation of subfamilies “. . . reflects an increase in knowledge of the New
World monkeys and their phylogeny™ (p. 1). kt appears that this organization
is becoming unsatisfactory to some workess, eg. Goodman {1975), Moynihan
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(1976) and Schwariz, Tattersall and Eldredge (1978), who refrain from using
any categories between the genus and the lamily in their classifications of
platycrhines,

C) The Influence of the Fossil Record

Le Gross Clask stated that, *. .. the phylogenetic relationships of the New
World monkeys can only be determined when the paleontolopical record becomes
more completely documented™ (1963339). If so, then the basis for a
comprehensive classification is severely limited since, as Rose and Fleagle (this
volume) show, the fossil record of platyrrhine primates is acutely improverished.
A recent tally suggests that localities of fossil New Work! monkeys comprise onty
about 5% of the world’s known nonhominid fossil primate ocalities {Delson,
pess. comm.). The eight extinct genera comprise only 38% of the total number of
platyrrthine genera recognized here, wheteas fossil genera account for 607% ol the
classifiable catarrhine fauna (data from Szalay and Delson, 1979). But the fact
that seven of eight platyrrhine genera have been named since 1950 refutes Le Gros
Clark's statement, and, surely, nonpaleontological data such as amino acid
sequencing and comparative anatomy are pertinent to discussion of the oullines
of phylogeaetic relationships.

In spite of our greater awareness of the fossil record and the tendency to
employ evolutionary thinking in constructing classifications, in some respects fossils
seem to have had a confounding effect upon the classification of New World
monkeys. Paleontologists such as Romer (1966), Sunpson (1945} and Simons
(1972), as well as many of the original describers of the fossil material, have taken
the usual approach and attempted to integrate these new genera with the living
forms, allocating most to existing higher taxa, Herslikovitz (1977), on the other
hand, erected two new platyrrhine families and thsee new subfamilies for these
same {ossils, with most of them including but one species usually represented by
a single individuaj (see Table IF). Thas latter system clearly reptesents an extreme
approach, and certainly overrates the phyletic and morphologic diversity of the
platyrrhines. One of the advantages of having a {ossil record is that it tends to fill
m the morphological and phylogenetic gaps between living species that have long
iince differentiated from common ancestors. In this way, much as with the case of
Callimico, the fossil record may suggest ties between taxa that were formerly
Jassified widely apart because of anatomical differences. Dolichocebur and
fomunculus, for example, narrow the distance between Cebus and Saimiri and
etween Aotus and Callicebus respectively (see Rosenberger, 19793, 1979b; Rose

. wnd Fleagle, this volume). The discovery of additional fossils may thus provide tests
M classifications and phylogenetic hypotheses and help 10 expand the concepes of
ligher categories, many of which were initially proposed for living species alone

+d without much of an evolutionary basis.

! ")
?



NI AN ALTERNATIVE SCHEME

As previously indicated, | have developed an alternative classification of the
genera of platyrchine primates based upon a testable hypothesis of their
phylogenetic relationships as well 2s a scenario of their adaptive radiation. The
major outlines of my inferred phylogeny, drawn specifically in terms of the
classificatory issues discussed ahove, ls presented in Fig. 3. Table Il compares my
classification with the arrangements of Cabrera (1958) — which does not include
fossils — and Hershkovitz (1977), two influential schemes ol recent decades. Apart
from the fundamentally different composition of family groups, which does not
divide platyrrhines into marmoset and non-marmoset units, my proposed
classification differs from the conventional ones in employing additional
suprageneric categories, the tribe and subtribe rankings. These levels have become
extrernely uscful in modern rearrangements of primate higher taxa (e.g., Szalay and
Delson, 1979) and were extensively used by Simpson (1945} in his classic work on
mammals, although he did not apply them to the primates. This de-emphasis op
family and subfomily taxa is less a reflection of my personal preference for
“lumping®® instead of “splitting"” groups, but rather an attempt to indicate
taxonomic groups that are consistent with probably phylogenetic associations.

One of the inescapable problems with this revision is that it requires that
some familiar terms {(esp. Cebidae, Atelinae (idae), Pitheciinae) be used in different
ways, However, 1 believe that such » scheme allows platyrrhine classification to
convey much more ithan conventional arrangements, which are oversplit
taxonomically and also may give an erroncous impression of evolutionary
relationships.

Darwin foresaw that “Qur classifications will come to be, so far as they can
be so made, genealogies™ (1859486). This is essentially the view of modern
systematists {e.g. Simpson, 1961, Mayr, 1969), who suggest that the most usefid
classifications are those in which higher taxa are based upon phyletic aifinity.
1 have attempted to develop such a classification by grouping genera into
monophyletic groups, ie. clusters of species sharing & unique commmon ancestor,
although my classification is not a one-te-one correspondence with the full
branching network of my phylogenetic hypothesis (Rosenberger, 1979). This
principle is clearly the favored criterion for grouping genera snd Simpson, among
many others, argued that classifications according to grade or organization ot
other kinds of similarities are simply invalid if they do not conform with
monophyletic relationships (1961:127). The evidence for monophyly of the various
taxa, which is fully discussed elsewhere (Rosenberger, 1977, 1979a, 1979b), is their
common passession of presumably *“derived” rather than “primitive’’ characteristics.
For example, the marmosets, with the exception of Cullimico, are regarded as
monophyletic because the most likely gencalogical explanation for their lack of
third molars (a derived leature) is that they are all the descendants of g single
specics which had two and not three molar teeth. In contrast, since Callimico has
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three molars (2 primitive feature), one must find other potentiully derwed
characteristics in order to link this animal with either the marmosets or the non-
marmosets. The methods and theoretical bases for this approach to phylogenetic
ceconstruction have been considered at length by Simpson (1961), Mayr (1969),
Sealay (1977, Uecht and Edwards (1977) and others,

As 1 have previously implied, many of the chunges encountered during the
past 168 years of platyrrhine classification, especially those of this century, appear
to reflect a concern for the recognition of *nalural™ monophyletic groups. The
dissection of the Geopitheci, the removal of Cebus fromn the Helopitheci and its
placement with Saimiri, and the conlroversy over Collimico we all examples of
this. Thorington (1976) recently noted that among today’s selatively uniform
classifications only three sublwndy groupings actually represent satisfactory
(natural) groupings: marmosets (excluding Cullinico), saki-uakaris and spidee-
woollys. What has not been sulliciently appreciated is the possibility that ihe
classical councept of the non-magmosct “'Cebidae’™ nay alse comprise an vnnatucal
{polyphyletic) assemblage, ie., including some members that are more closely
weluted to marmuosets than to  other, non-marmoset genera. Indeed the
monophyletic status of “Cebidae™ has been tenuously questioned by several
students employing various sorts of information in their studies of platyrrhineg
phylogeny (e.g. Dent er al, 1976; Romero-Herrera ef al, 1976, Rosenberger,
1977). Hershkovitz has also implied this by referring to the non-marnosets as
“the catchall family Cebidae”™ (19743) and noting that *...some living
subfamilies now referred to the Cebidae probably belong elsewhere™ (1977-9).
I know of no anatomical or biomelecular charscteristics shared by the non-
marmosets that are likely 10 be detived (eatures suggesting that they are
monophyletically related. However, there are scveral signilicant features which
indicate otherwise. If this proves so, then one must question the validity and value
of recognizing the non-marmosets as a family group taxon.

To briefly review the major outlines of my phylogenetic hypothesis and
classification of the platyrrhines, I envision a phylogenetic dichotomy separating
not the marmosels and noo-marmosets from each other, but dividing the members
of the Cebidae from those of the Alelidae (see Fig. 3, Table I1). 1t appears that the
cebines, Cebus and Saimiri, themselves quite closely related {e.g, Pocock, 1925;
Roscuberger, 1977), and their fossid relatives {(Rosenberger, 1979a) are the
collateral relatives of the marmoset group. This entire assemblage of genera
{terined Cebidae for reasons of priority) share in cominon reduced ar absent third
molars, enlarged canines, somewhat enlarged antedior premolars, foreshortened
faces, gracile zygomatic acches and shallow, open glenoid fossae for articulation
with the mandibular condyle. This combination of characiers sharply contrasts
with that ot 1l to, us well as that ol imore primitive fossil and hiving prunates
(see Kose and Pleagle, this volume). Additionally, the external genitalia of cebids
are hugldy glandular, unlike those of atelids {Wislocki, 1936).
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CEBIDAE ATELIDAE

Callitrichinag —-l Cebinge r——--Pilheciinae Alehnug _j
marmosels colimico  samin cebus  colus colicebus soki-uakaris  alouatta il;'gﬁ;;

Fig. 3 - Dendrogram (vladogram) ilusirating the probable phylogenetic relationships
of some of the taxa discussed in the text and how these relationships are transtated nto 4
family and sublamily classification (vop brackets),

This form of hypothesis, relating callitrichines to certain taxa of the known
non-marmosets, has appareutly been summarily dismissed by most workers, As
suggested above, that bias is largely a result of the implications of classifications
that were developed in pre-evolutionary times and left unchallenged. Debale on
the systematic status of marmosets has focused upon argument over the primitive
or derived nature of their morphology instead of the more relevant issue of their
phylogenetic relationships (Szalay and Delson, 1979). A few authors (e.g. Stirton,
1951; Egozcue and Perkins, 1971) have even implied that cullitrichines may be
the collateral relatives of some non-marmoset genera. If additional study conlirms
my hypothesis of callitrichinecebine affinjties, then the interpretation that
marmosets are a highly divergent lineage characterized by derived characters
becomes al! the more acceptable,

The callitrichines are clearly a2 monophyletic uait within the cebids,
typified by such features as clawed digits {except for the hallux), second molar
reduction, reduced hallux and pollex and a modified form of incisal occlusion.
While some or all of these features are often interpreted as primitive retentions
(e.g. Hershkovitz, 1977), there is a growing consensus Lhat they are more
probably derived features indicative of a divergent adaptive pattern (c.g.
Raosenbesger, 1977, 1979b).

Since the precise posilion of Aotus trivirgaties is not yet satisfactorily
determined, the gencalogical status of the Atelidae is still somewhut guestionable.
However, it is likely that additional study will show it to be a monophyletic group,
and there appears (o be no cause to separate Aonus (or Tremacebus) from the atelid
group at this time. Clearly, there is no teason to genewlogically align Aoms with any
of the cebids. In contrast to the cebids, atelids present reduced buccal cingulum on
the cheek teeth, relatively enlarged hypocones on upper molars, medially butressed
temporomaiwhbular joints and a mandibular corpus whose lower border slupes
distinctly vemrally, often giving the angle of the mandible an enlarged appearanza
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These, tao, appear to be derived features, and there are other distinguishing traits
of atelids which are more primitive than the muodified conditions shown by the
cebuds.

Within the atelids, the atelines are clearly monophyletic, as suggested by
Rumerous unigque aspects of thewr postcranial as well as dental morphology. The
saki-vakaris have for long been accepired as a natural group, but few workers have
recognized that both Callicebus and Homunculits (though the latter is not well
known) also show some of the distinctive dental features of these species in aless
exaggerated form. For example, al} have tall, natrow lower incisors, stout canine
teeth (of various heights), quite enlarged molar hypocones and cheek 1eeth with
Little crown relief.

Adaptively, if one considers the ecological, behavioral and morphological
evidence together, each family may be scen as inhabiting alternative aduptive zones
(Rosenbesger, in press; see also Eisenberg, 1977), rathec than successive grades of
organization or levels of adaptive sophistication witlun an essentially simular milicu
{e.g. Hershikovisz, 1977), The cebids, with their relatively reduced molar teeth and
enhanced premolars, abbreviated faces, and keen sensory capacitics, appear to be
frugivore-insectivores. Their dentition suggests a functionai emphasis upon the
puncturing and crushing of fooed items with the premiolar teeth rather than crushing
and grinding items with the premolars andfor molurs, as is common among other
anthropoid primates (see Kay, 1975). Such a dietacy regime is clearly the case for
Saimiri and Saguinus, but the more derived, “specialized™ lineages such as Collirhrix
{including C. pygmaea) and Cebus apparenily developed secondary preferences and
adaptations relating 1o gumivory (Kinzey, 1976; Coimbra-Filho and Mittermeier,
1977; Rosenberger, 1978) and a more catholic omnivorous diet (Rosenberger and
Kinzey, 1976), respectively, This relatcs to the evolution of clawed digits and
scansorial locomotion in the canopy and subcanupy by callitrichines, and the
evolution of Jarger body size (and increased intelligence?) m Cebus,

The comparatively robust feeding mechanism of atelids suppests that their
diet consists of more heavily masticated foods. As with cebids and nearly all
anthropoids, atelids ace essentially frugivorous, but unlike cebids they may also
rely heavily on a non-insect protein resource. For some of the larger species,
leaves may be a primary source of protein, in keepng with foraging-energetic
requirementy,

The relatively smaller forms, e.g. Aotus, Cullicebus, Pithecia, Chiropotes, and
{ocajao, which overlap in size with the Yarger cebids, appear to be less dependent on
insects than the latter (e g., Hladik, 1975). Clearly the suki-uakaris contrast strongly
with Cebus in their foraging and dietary habits (sce Mittermeier, 1977) despite their
sunilasty in size. I suggest what hentage factors have predisposcd saki-vakaris to
seek foods such as seeds in place of insects, while an alternative set of herilage
(actors directs Cebus to retain its strongly inscclivorous habit, despite the fact that
the latter is more than twice the size of its similarly insectivorous cebid celatives,
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Evidence from the fossil record (Roscnberger, 1979b) gives a few small clues
a5 10 the history of these alternative sadiations, but more {ussils are needed, and
much more morpholegical ami ecological and behavioral work must be done before
a dcfinitive picture of platyrchine phylogeny and adaptive radistion can be
developed and translated jnto a complementary clussification. kn the interim, |
propose this classification in the hope that it will challenge all of us to reconsider -
the many issues that we take for granted and force us to break with pre-:
evolutionary concepts and guidelines.
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