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Ih?L'RODUCTION 
Four bas i c  questions are  fundamental t o  our inqu i r i e s  i n t o  the  

o r i g i n s  and e a r l y  h i s t o r y  of t he  anthropoid primates: (1) A r e  p l a t y r r h i n e s  
and c a t a r r h i n e s  monophyletically or d i p h y l e t i c a l l y  r e l a t ed?  ( 2 )  How did 
t h e i r  geographical  d i v i s i o n  i n t o  N e w  and Old World r a d i a t i o n s  come about? 
( 3 )  Who were the ancestors of t h e  anthropoids? ( 4 )  What adaptive break- 
throughs, i f  any, were achieved dur ing  the anthropoid t r a n s i t i o n ?  These 
l a rge ,  much debated subjects  w i l l  be t h e  t o p i c  of t h i s  paper, scaled down 
t o  a s i z e  and formulat ion t h a t  w i l l  perhaps suggest more questions than it 
answers. Another equally basic mat te r ,  predicated on the o t h e r s  and there-  
fo re  more i n t e r e s t i n g  in many ways, i s :  What are the d i f f e r ences  between 
the  p l a t y r r h i n e  and catarrhine adaptive r a d i a t i o n s ,  and how can they be 
explained? That t h i s  m o r e  comparative concern has received a t t e n t i o n  only 
recently (Delson & Rosenberger, 1984) i s  i n  l a r g e  part due t o  the i m -  
balance of fossil evidence for the Old and New World anthropoids.  Despite 
its i n t e r e s t ,  it i s  a question that will not  be considered i n  t h i s  paper. 

Monophyl y or d i p h y l  y - how are  p l a t  yrrhines and ca t a r r h i n e s  
re1 at ed ? 
The obvious d i s t i n c t i o n s  between l i v i n g  p l a t y r r h i n e s ,  c a t a r r -  

h ines  and other primates were w e l l  known t o  the authors  of the e a r l i e s t  
higher Level pr imate c l a s s i f i c a t i o n s  (e.g. E. Geoffrey, 1812 ;  Gray, 1 8 2 1 ) .  
More de ta i l ed  work on s k e l e t a l  morphology (e.g. Mivart,  1874; Flower, 1866) 
expanded t h e  range of t h e i r  d i f f e r e n c e s ,  and it was this b d y  of evidence 
t h a t  formed t h e  backdrop f o r  t h e o r i e s  of t h e  a f f i n i t i e s  of p l a t y r r h i n e s  
and ca t a r rh ines .  Two schools  of thought emerged. One s u g g e s t 4  tha t  anthro-  
poids w e r e  the monophyletic descendants of a s i n g l e  protoanthropoid ances tor  
that was genealogica l ly  l inked with a non-anthropoid (va r ious ly  spec i f i ed  
a s  adapid or ommyid). The other argued t h a t  each group a rose  i n  p a r a l l e l  
from distinct 'lower primate '  s tock .  Wood Jones (1929) a t t r i b u t e d  the 
o r ig in s  of the parallelism hypothesis  to S t .  George Mivart (1874). who was 
an accmpl ished  primate anatomist, but decidedly apHylogenetic i n  h i s  
thinking.  Mivart seemed fascinated by cases of adapt ive  similarity i n  
d i s p a r a t e  taxonomic groups, such as the long armed A t e l e s  and Hylobates, 
the thumbless Ateles  and Colobus and the long faced Alouat ta  and Papio. 
The o r i g i n s  of t h e  monophyly theory can probably be t r aced  t o  prjmatology's 
phylagenet ica l ly  o r i e n t a t e d  thinkers, such a s  E l l i o t  Smith (19241, although 
o ther  prominent phy logene t i c i s t s  of the period, like Haeckel (1899) and 
Wood Jones (1929), w e r e  convinced t h a t  p l a t y r r h i n e s  and catarrhines arose 
independently. The complexity of the problem i s  evident  when one r e a l i z e s  
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that Le Gros Clark,  one of the masters  of comparative primate morpholqy, 
opted for monophyly i n  his f i r s t  c l a s s i c  synthesis of primate evolution 
( 1 9 3 4  1 , but seemed swayed by d iphyly  i n  h i s  heavily updated revision 
(1363). 

Although the major i ty  of today's workers have re jec ted t h e  diphyly hypo- 
thesis, it was the overwhelming favourite of  r e sea rche r s  u n t i l  the l a s t  
decade (e. g . Gregory, 1920; Schultz , 1969) , and there i s  l i nge r ing  support 
for it (e.g. Groves, 1972; Cachel, 1979, 1981). Since this debate shaped 
so much of modern prhatology,  it would seem f i t t i n g  to attempt a brief, 
bu t  by no means exhaust ive,  historical synopsis and cr i t ique  of the major 
propos i t ions  of the diphyly theory ( F i g .  1). 

L e t  us examine three  propositions pe r t a in ing  t o  taxonmny, evolutionary 
theory and g e q r a p h y ,  in sequence: 

1. Platyrrhines and catarrhines  are markedly different i n  
form, suggest ing a lack of a f f i n i t y  and w a r r a n t i n g  their separation a t  
h igher  taxonomic l e v e l s  ( e . g .  Flower, 1866; Mivart, 1874; Keith, 1 9 3 4 ) .  

2 .  Primate higher  taxa  should be ordered and interpreted as 
success ive  grades of organiza t ion ,  r e f l e c t i n g  the  existence of directed 
evolutionary trends, and suggest ing t h a t  advanced qrades of organization 
could be attained, or traversed, independently by separate lineages (e .q .  
Huxley, 1863 ; Le G r o s  Clark,  1963) . 

3 .  The d i s j u n c t  d i s t r i b u t i o n  of New and Old World faunas were 
p r d u c t s  o f  parallel  evolution,  anthropoid primates being just one example 
(e .g .  Wallace, 1876; Matthew, 1915; Simpson, 1961). 

A s  Mart in  (1973) explained,  using primate examples, classifications were 
an i n s p i r a t i o n a l  source fox evolutionary hypotheses,  rather than the o t h e r  
way around. Additionally,  early classifications were usually devised as 
aids t o  zoologica l  i d e n t i f i c a t i o n ,  rather t h a n  evolu t ionary  statements. 
To maintain such a typological structure and convey d iagnos t ic  messages, 
such classifications were exclusive i n  design, that is, not b u i l t  upon 
t h e  i nc lus ive  not ions  ak in  to the monophyly concept, or genealogy (Mayr, 
1982) . Consequently, when applied t o  primates, the differences between 
p l a t y r r h i n e s  and catarrhines were exaggerated; when evolutionary questions 
were posed, the answers were of t en  correspondingly awry. Thus p l a ty r rh ines  
and catarrhlnes w e r e  assumed to be qene t i ca l l y  far removed from one another 
be genetically far removed from one another .  

The gradistic perspective, which implied an i nhe ren t ly  progressive order- 
i n g  of groups not too d i f f e r e n t  from the scala naturae paradigm which 
preceded it (e.7.  Mayr, 1982),  offered an evolu t ionary  explanation for 
t h e  set morphological dichotomies that distinguished taxa, The d i f f e r ences  
between platyrrhines and c a t a r r h i n e s  became explicable i f  each had 
attained somewhat different l e v e l s  of evolu t ionary  rank along t h e  trajec- 
tory e x h i b i t e d  by Liv ing  primates (Fig. 1 ) .  The s i m i l a r i t i e s  of p l a t y r r -  
h ines  and c a t a r r h i n e s  w e r e  also thus explained,  s ince  t h e  evolu t ionary  
trends t h a t  guided pr ima te  d i v e r s i f i c a t i o n  operated i n  p a r a l l e l  i n  all 
groups,  enabling each to reach comparable higher grades of organization. 
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Fig. 1. The gradistic view of anthropoid evolution as a 
parallel t r a n s i t i o n .  Based upon t h e  order ing  of "types" along 
a scale of prqress  (see inser t )  in the human direction, 
allegedly c m o n  evolutionary trends in groups across the 
order and geographical division of possible ancestral stocks 
(Diphyly I), later  replaced by a less definite ancestral- 
descendant scheme (Diphyly 11). 
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Grades, like taxa, were typologica l ly  defined. The sugges t ion  
that  higticr t a x a  d i d ,  i n  fact, arise i n  p a r a l l e l  wag but a simple extens ion  
of the ascepted principle of convergent adapt ive  evolution a t  the genus 
l eve  1. As men t ~ o n e d ,  Mivart (1874) promulgated this viewpoint,  and i t  was 
emphatically endorsed even dur ing  recent t i m e s  (Le Gros Clark,  1963). 
Suppart for the theory came £ran the discovery of the e x t i n c t  s u b f o s s i l  
~ n d r ~ o i d s ,  such as  Hadropithecus and Archaeolemur, embraced by many 
researchers (e.g. Wood Jones, 1929; Le Gros Clark, 1963) as  a sound 
example of how parallelism i n  pr imate evolutionary trends can produce 
anthropoid (or  monkey-) grade taxa o u t  of an a n c e s t r a l  stock of a lower 
grade. The in te rp re ta t ion  of marmosets a s  anatomical ly primitive Ie .g .  
Beat t ie ,  1927) also seemed t o  suggest t h a t  p l a t y r r h i n e s  had bridged the 
higher  primate grade s e p a r a t e l y  from t h e  c a t a r r h i n e s ,  which were never 
suspected of having such primitive t r a i t s  a s  d i g i t a l  claws and minimally 
convoluted brains . 

Given t h i s  a l l e g e d l y  f a c t u a l  b a s i s ,  it was logically inferred t h a t  anthro- 
poids had independent ly  evolved their s i m i l a r i t i e s ,  i n  s i t a ,  i n  the New -- 
and Old Worlds. It w a s  f r equen t l y  surmised that much of Tertiary mammalian 
evolution was s e t t l e d  during the Eocene, when many modern families first 
appeared in no r the rn  continents. C o u p l d  w i t h  the parallel ism principle, 
and armed a g a i n s t  t h e  notion of imaginary land br idges  across the oceans 
at middle l a t i t u d e s ,  zoogeographers l i k e  Wallace (1876) were convinced t h a t  
Eocene primates, rodents and others independent ly  evolved i n t o  more 
advanced descendants after migratinq into soathern c o n t i n e n t i  h a v i n g  
s i m i l a r  t rop ica l  environments.  Rather convincing pa l aeon to log i ca l  evidence 
for this view was supplied by Leidy (1873), Wortman (1903-41, and Gregory 
(1920) among others.  They began t o  c h a r t  out the p h y l q e n e t i c  h i s t o r y  of 
the major pr imate  groups as a n  east-west hemispheric d iv ide ,  which pro- 
gressed over time v i a  southward d i s p e r s a l .  In  many of these studies, Nurth 
American notharctines w e r e  prmoted as p l a t y r r h i n e  ancestors, European 
michxochoerines were cited as catarrhine and t a r s i i d  ancestors, and 
European adapines were possible s t reps i rh ine  ancestors. Following Wallace 's  
exp l i c i t  r a t i o n a l i z a t i o n ,  the family-level segregation of these a n c e s t r a l  
s t o c k s  was emphasized as  proof t h a t  anthropoids evolved diphyle t ica l ly  i n  
p a r a l l e l ,  a l though Simpson (e .g .  1961) perpetuated the mixture of phylogeny 
and taxonmy by de f i n ing  t h i s  c a s e  of parallel ism a s  an example of mono- 

PhYlY - 
In r e t r o s p e c t ,  one can appreciate how t h e  parallel ism hypothesis provided 
an e l e g a n t  expianation of platyrrhine-catarrhine s i m i l a r i t i e s  before 
Darwin's monophyly concept became firmly established, and while the 
approach of character weighting, c ladist ic  analysis and phylogeny 
reconstmction w a s  not broadly understood. I t  would a l s o  have been s o l i d  
proof of the t h e o r e t i c a l  evo lu t i ona ry  p a t t e r n s  championed by the  'New 
Synthesis'. L i k e  o the r  cases in the his tory  of science, a re th inking  of 
t h e  d i p h y l y  theory was perhaps slow i n  coming because t h e  data were pre- 
sented as a paradox, t o  be answered by an unusual solution.  

Since t h a t  t ime,  r e v i s i o n s  i n  sy s t ema t i c  concepts  and methods, improved 
knowledge of t h e  affinities of a l l  the pr imates ,  and a v a s t l y  improved 
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foss i l  record have contributed t o  the  rejection of the hypothes i s  t h a t  
platyrrhines and c a t a r r h i n e s  have evolved t o  an thropoid  status 
i n d e p e n d e n t l y .  The genea log i ca l  relationships of the ear ly  T e r t i a r y  
primates are b e t t e r  appreciated, but their d e t a i l  does n o t  resolve i n t o  
a n y t h i n g  resembling t h e  schemes that were conducive t o  the d iphy ly  theory 
elaborated by Gregory and o t h e r s  (see Szalay & Delson, 1979; Rosenberger 
et al., 1985) .  Geography, which w a s  c lea r ly  a stronger b a r r i e r  to ideas -- 
than t o  animal migration, now weighs less i n  phylogeny r econs t ruc t i on .  A s  
e x t r i n s i c  evidence, it i s  nut amer,able to tests of homology and polarity, 
and, a t  least i n i t i a l l y ,  should be ignored. 

The recovery of more early Oligocene catarrhines and platyrrhines has 
tended t o  b l u r  t h e i r  anatomical distinctions. Character  ana ly se s  of shared 
p l a ty r rh ine - ca t a r rh ine  t r a i t s  (e. g . Szalay & Delson, 1979: Luckett, 1980; 
Delson & Rosenberger,  1980; C a r t m i l l  et d l . ,  1981; Rosenberger e t  al., -- 
1985) provide direct suppor t  for their monophyletic d e s c e n t  (see below),  
d e s p i t e  sane nagging anatomical differences  which require better evolution- 
ary exp l ana t i ons .  The ' a r c top i t hec ine '  t heo ry  of marmoset evolution, which 
views callitrichines as primitive, has slowly eroded. More convincing 
analyses have supported t h e  idea that they  are a lineage of relatively 
apomorphic structure and behaviour (e.g.  Rosenberger, 1983). The rampant 
parallelisms that so impressed earlier workers (e.g. toothcombs i n  lemurs 
and lorises, suspensory l o c m o t i o n  in gibbons and spider monkeys; i n c i p i e n t  
o r  complete postorbl t a l  closure i n  anthropoids, t a r s i e r s  and extinct 
i n d r i o i  d s ;  the  manual dexterity of capuchin monkeys and ce r cop i t hec id s )  
are now g e n e r a l l y  recognized as examples of incidental convergence, a n d  
not evidence of true affinity, or as t r ue  homology (e .  g .  i n  lemuriforms) . 

How, then,  do xecent advoca tes  f i n d  support f o r  the diphyly i n t e r p r e t a t i o n ?  
Cachel (1981) ques t i ons  s t u d i e s  dealing directly with t h e  issues (see 
Ciochon % Chiarelli, 1980) and wrongly  defines the p l a ty r rh ine - ca t a r rh ine  
r iddle  a s  "...the question of monophyly or diphyly of t h e  anthropoid 
qrade" (Cachel, 1981:168). It is the applicability of the 'grade' concept, 
in this particular case, or in general ,  w h i c h  i s  i n  ques t i on ;  s i n c e  Darwin's 
clear s ta tement  of the phylogeny concept, propinquity of descent has been 
the hypothesis explaining similarities shared jointly by spec i e s .  
Damirl, who was a ' p h y l o g e n e t i c i s t '  [as opposed t o  H u x l e y ,  who was a 
'gradist'), wrote, i n  his & s c e n t  of Ma!: 

Every n a t u r a l i s t ,  who believes i n  the principle of 
evolution w i l l  grant that the two main d i v i s i o n s  of 
t h e  Simiadae, namely the Catar rh ine  and Pla ty r rh ine  
monkeys, with the i r  subgroups, have a l l  proceeded from 
one extreneljr ancient progenitor, before they had 
diverged t o  any cons ide r ab l e  e x t e n t  from each other ... 
The many characters which they possess in common can 
h a r d l y  have been independent ly  acqui red  by so many 
distinct spec i e s .  .." (1871 p. 197-8).  

To r e f u t e  Darwin, one would have t o  successfully cha l lenge  t h e  assumption 
tha t  such s i m i l a r i t i e s ,  especially i f  derived,  are nonhcmologous. with the 
s ing l e  exception of the p o s t o r b i t a l  septum ( s e e  below), there are no 
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p o t e n t i a l  anthropoid synapomorphies w h o s e  homology has been seriously 
q u e s t i o n 4  on t h e  basis of anatomy. N o r  does functional r a t i o n a l i z a t i o n  
detract from the phyletic valence of p o t e n t i a l  synapomorphies simply 
because we can better envision w h y  samething evolved, which seems t o  be 
the premise of s o m e  arguments ( C a c h e l ,  1979) .  Rather, i t  makes pure 
similarity stronqer evidence of affinity, because it implies  the 
inextricability of phylogeny a n r l  adapta t ion .  

There i s  another aspect that d i s t i n g u i s h e s  t he se  alternative v i e w s  of 
p la tyr rh ine-ca ta r r l l ine  r e l a t i onsh ips .  Only one i s  sub jec t  t o  robust bio- 
l o g i c a l  tests. The monophyly hypothesis is a relatively straightforward 
c l a d i s t i c  proposition. It may be wrong, bu t  it lays ou t  a set of facts 
that have predic t ive  value.  I t  can be corroborated by a b s o h i n g  new data, - 

explaining add i t i ona l  anthropoid synapomorphies. It i s  not weakened by 
zoogeographic uncertainties surrounding mechanisms t h a t  drive groups to 
d i s junc t ion .  Nor i s  debate over the potential s i s te r -groups  of the  anthro- 
poids of relevance. P a r e n t h e t i c a l l y ,  its credibility i s  increased now t h a t  
the n o t h a r c t i n e - p l a t y r r h i n e / m i c h r o c h o e r i n e - c a t h i n e  scenario has been 
thoroughly discredited, without any a l t e r n a t i v e  candidates being proposed 
as  t he  twin, separate ancestors t o  t h e  p l a t y r r h i n e s  and ca t a r rh ines .  

On t h e  other hand, the diphyly hypothesis is a more complex phylagenetic 
and adap ta t i ona l  argument. It rests e n t i r e l y  on the differences between 
p l a t y r r h i n e s  and c a t a r r h i n e s ,  relegating t h e i r  s i m i l a r i t i e s  t o  trivia. 
A s  an ancestral-descendant.  hypothesis  with no c l e a r  statement of t h e  
i d e n t i t y  of its dua l  antecedents, it i s  a p h y l q e n e t i c  hypothesis w i t h o u t  
r o o t s  in t h e  world of experience. I f  framed as  a cladistic hypothesis i n  
which p l a t y r r h i n e s  and c a t a r r h i n e s  each have their own nonanthropoid s i s t e r  
taxa, it would  be menable t o  t e s t ,  but I know of n o  such proposi t ion.  
I f  framed i n  pure ly  gradistic terms, i.e. anthropoids are descendants of 
a s i n g l e  non-strepsirhine, non-tarsiifom species t h a t  had not yet evolved 
t ra i t s  such as  t h e  fused mandibular symphysis, p o s t o r b i t a l  p la te  or 
c e l l u l a r  petrosal b u l l a ,  it would s t i l l  no t  be t e s t a b l e  so long a s  the  
classic tests of homology, analogy and p o l a r i t y  de te rmina t ion  a r e  deemed 
unacceptable (e.g. Cachel, 1981). The only recourse, given a d isbel ief  i n  
t h e  v a l i d i t y  of classic tests, would be t o  locate an a c t u a l  c m o n  
a n c e s t r a l  spec i e s  and examine its morphology, a v i r t u a l  imposs ib i l i ty .  

Zoogeography of earl g an throwids 
Hoffstetter (1980) r e k i n d l e d  an old debate when he proposed 

t h a t  t h e  Oligocene catarxhines f rm the Fayum su2ported the hypothesis  
t h a t  a t r a n s a t l a n t i c  migration of O l d  World anthropoids gave rise t o  
p l a ty r rh ines .  Such cross ings  over land bridges stretching between widely 
separa ted  con t inen t s  were f a v o u r i t e  images among 'philosophical' zoolo- 
gists of t h e  n ine teenth  cen tury .  ~t was r e j e c t e d  by more modernistic 
diphyly and monophyly advocates ( e . g .  Wallace, 1876; Matthew, 1915; Elliot 
Smith, 19241, a l l  of whom preferred a d i spe r s ion  of anthropoids v i a  the 
northern continents. Hoffstetter, on the other hand, presented his case in 
a d i r e c t ,  comprehensive fashion, based upon t h e  premises that: (1) anthro- 
poid monophyly implied a camon origin i n  the southern con t inen t s  w h e r e  
they are h a s i c a l l y  endemic; ( 2 )  Egyptian pa rap i thec ids  displayed morpholqy  
consistent w i t h  a k jpothet ical  p l a t y r r h i n e  ancestor; ( 3 )  Afr ica  and South  
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America were c l o s e r  together during t h e  middle and l a t e  Eocene, when 
p l a t y r r h i n e s  and catarrhines probably emerged and ( 4 )  t h e  same explana- 
tion i s  appl icable  t o  a second content ious  group t h a t  may have migrated 
i n t o  South hmerica 's imultaneously,  the caviomoph rodents, thought by 
Hoffstetter and co l leagues  (Lavocat, 1980) t o  be t h e  sister-group of the  
African phianyid rodents. 

Sane of t h e  weaknesses of t h i s  hypothesis  have been outlined ( e . g .  Kay, 
1980; Delson & Rosenberger, 1980) b u t  le t  me c i t e  several examples. Para- 
p i t hec ids  are an u n l i k e l y  a n c e s t r a l  s tock f o r  t h e  p l a t y r r h i n e s  because, 
as t h e i r  anatomy becanes b e t t e r  known, so t o o  grows t h e  list of autapo- 
rnorphous s p e c i a l i z a t i o n s  (e.g. Szalay & Delson ,  1979; Kay & Sirnons, 1983) 
that mark them a s  a divergent c o l l a t e r a l  ca t a r rh ine  branch. P o s t u l a t i n g  a 
d i f f e r e n t  ca t a r rh ine  group as a poss ib l e  p l a ty r rh ine  s i s t e r - t axon ,  such as 
t h e  p l iop i thec ids  (e.g.  Fleagle & Bow.?, 19831, is ques t ionable  on similar 
grounds. T h e i r  gene ra l  dental anatomy, which serves  t o  u n i t e  c a t a r r h i n e s  
as monophyletic (e .g .  Kay, 19771, is more derived than t h e  p l a t y r r h i n e  
pa t t e rn .  The l a t t e r  probably lacked such ca t a r rh ine  traits as s t rong ly  
d i f f e r e n t i a t e d  t a l o n i d  cusps, hypoconulids on f i r s t  and second molars, 
a u x i l i a r y  wear facets on t h e  back of t h e  t r i g o n i d ,  subequal t r i gon id -  
talonid e l e v a t i o n  and advanced reduction of upper molar metaconules. Some 
of these f e a t u r e s  even suggest an extra-African origin for c a t a r r h i n e s ,  
which negates  t h a t  crux of t h e  t r a n s a t l a n t i c  argument, the African endernism 
of the ca t a r rh ines .  The Burmese Pondaunqia displays than, possibly because 
of a common ancestry shared with  catarrhines after t h e  platyrrhine- 
ca t a r rh ine  s p l i t  (Delson a Rosenberger, 1980). 

Regarding t h e  former p o s i t i o n s  of t h e  continents, a f a c t o r  t h a t  should be 
treated separately f r a n  the biological d a t a ,  b o t h  t r a n s a t l a n t i c  and t r ans -  
carribean cross ings  seem t o  s t r e t c h  t h e  human imagination. Werwater  
d i s t ance  during the Palaeogene would probably have been less of an impedi- 
ment to primate dispersal than a c c e s s i b i l i t y  t o  island stepping-stones,  
now t h a t  sunken and/or r e su tu red  landmasses are thought t o  have been 
s c a t t e r e d  between South America, and both North America and A f r i c a  ( e . g .  
Sykes -- et al., 1982; Tar l ing ,  19801, i n  i n t e r rup ted  chains. Finally, the 
cladistic links between t h e  African and South American rodents  have been 
seriously challenged i n  a recent symposium on rodent phylogeny ( L u c k e t t  & 

Hartenberger, 1985) . 

The timing of the a r r i v a l  of primates i n  South America, and t h e  a l l eged ly  
equivalent emergence of related t axa  and S i m i l a r  morphoLogies i n  Af r i ca ,  
is now a l s o  being reconsidered. A rev ised  callibration of upper F a w  
beds places them e a r l i e r  i n  time, circa 32 m i l l i o n  years ago, (Bohn & 

Simons, 1984) .  N e w  dates for  the Branisella zone a t  LaSal la ,  B o l i v i a ,  are 
about 25  Mya (MacFadden, pers . c m .  , roughly ten mi l l i on  years  younger 
than previously thought (Marshall et dl., 1977) .  By canparison w i t h  the -- 
anthropoid morphotype, t he re fo re ,  t h e  earliest known catarrhines were 
h igh ly  modified d e n t a l l y  perhaps ten  mi l l i on  years  before t h e  earliest 
kqown p l a t y r r h i n e s ,  which themse lves  are more primitive i n  some ways 
(Rosenberger 1901a, b) but more der ived  i n  o thers .  

No r e so lu t ion  t o  t21e p a l a e o z o q e q r a p h y  question i s  l i k e l y  t o  come without 
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the recovery of f o s s i l s  f rom more African and South American localities, 
which presently represent n o t h i n g  more than two oases in an otherwise 
desert of palaeontological ignorance. W e  might profit, however, by placing 
the question in a broader context. I t  appears t h a t  c o n t i n e n t a l  Africa and 
South America interacted with Euras ia  and North America, respectively, 
throughout the Tertiary, g i v i n g  passage to d i f f e r e n t  mammals at various 
times. The Fayum contained a circui Tethyean fauna during the e a r l y  Tert- 
iary Ie.g. Cooke, 1972;  Savage & Russell, 19831, shar ing  many elements 
with southern Europe, the Indo-Pakistan region and c e n t r a l  no r th  A s i a  
{Fig. 2 ) .  I d e n t i c a l  genera ,  families and (probably)  s i s t e r - t axa  are present 
outside Africa and as far westward as Nor th  America, ranging in time from 
late Palaeocene t o  Oligocene (Table 1 1 .  T h i s  implies t h a t  t h e  F a p  
accumulated (and probably supplied) a ra ther  cosmopolitan mammalian fauna, 
with the f lux  of the Tethys. The Fayum primates may have had an impor tan t  

Fig. 2. A r e c o n s t r u c t i o n  of the world's con t inen t s  du r ing  the 
la te  Eocene, made by Savage & Russell (1983). Several. orders, 
families and genera of mammals (Table 1) were d i s t r i b u t e d  across 
the nor the rn  continents and into Africa. Protoanthropoids could 
have been part of t h i s  fauna but were e v e n t u a l l y  d iv ided ,  as 
when platyrrhines became isolated in South  A m e r i c a .  Eocene and 
Oligocene primate localities are  emphasized. 
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geographic linkage with Asian forms (not having close relatives i n  t he  
Eocene-Oligocene P a r i s  Basin) and may be represented by a d iverse  assemb- 
l age  of t a x a  because they were a f f e c t e d  en masse by  palaeogeography. The 
pa r ap i t hec id s  and e u c a t a r r h i n e s  may have close t ies  wi th  forms akin t o  - 
Pondaungia, as a l r eady  mentioned. Ol igopi thecus ,  which does no t  appear to 
have  any c a t a r r h i n e  o r  anthropoid synapmorphies ,  (less even than 
Pondaungia possibly has) deserves more s e r i o u s  comparisons with Indian 
Indraloris (Szalay & Delson, 13741, w i t h  t h e  Chinese Hoangonius and w i t h  
Tars ius .  There i s  a l s o  l i t t l e  doubt t h a t  t h e  African mcestors of the 
Malagasy strepsirhines w i l l  sane day t u r n  u p ,  a s  Africa probably supported 
them en r o u t e  t o  Madagascar. These points t end  t o  argue against an Af r i c a  
t o  South America dispersal route in pleading the an th ropo ids  as a specia l  
case, f o r  they would be t h e  only group suspected of bridging the A t l a n t i c  
and surv iv ing  the t r i p ,  and they would be the on ly  ones t o  head westward. 

I n  t h e  western hemisphere,  a s i m i l a r  p a t t e r n  p r e v a i l e d ,  w i t h  important 
phyle t ic  and geographic connections between North  A m e r i c a  and S o u t h  ~mer ica  
(see McKenna, 1980) . The didelphid Alphadon w a s  p r e s e n t  i n  the l a t e  
Cretaceous of both con t i nen t s ,  when t h e  water barrier between them was  
even greater than i n  the Eocene. The contemporaneous condyla r th ,  Perutherium, 
resembles o t h e r s  from t h e  PaLaeocene and Eocene of North America, Europe 
and Asia. The exclusively North A m e r i c a n  soricmorph insectivores also 
seem t o  have con t r i bu t ed  t o  t h e  Neotro?ical realm during t h e  Palaeogene, 
leaving Solenodon and Nesophontes as descendants  that a r e  now confined to 
the Greater Antilles (MacFadden, 1980). Thus, a smaller number of taxa 
are thought  to have been involved i n  an in te rchange  between t h e  Americas 
than between Afr i ca  and Eura s i a ,  but this may reflect a more d i f f i c u l t  
passage  across t h e  geophysically complex proto-Carr ibean Basin. Primates 
and rodents may simply represent one or t w o  other cases of incidenta l  
dispersa 1. 

Ancestors of the anthropoids 
The t h r e e  v i a b l e  theories spec i fy ing  the sister-group, o r  

a n c e s t r a l  s t o c k ,  from which anthropoids arose are respectively the adapid- 
an thropoid ,  t a r s i i d - an th ropo id  and omanyid-anthropoid hypotheses (Fig.  3 ) .  
The adapid-anthropoid hypothes i s  i s  based on a v a r i e t y  of den ta l  character- 
istics shared j o i n t l y  by c e r t a i n  fossils and all anthrogoids ,  and the 
case f o r  it h a s  been made m o s t  eloquently by Gingerich (e .g .  1975, 1977, 
1980). Previous formulat ions of t h i s  position (e .g .  Gregory, 1920; Le 
Gros Clark, 1963) were f a l l a c i o u s l y  in f luenced  by the scala na tu r ae  doct- 
rine, an (apparent or unce r t a in )  acceptance of a d i p h y l e t i c  Anthropoidea, 
a misunderstanding of the affinities of Palaeogene primates, and the 
acc iden t a l  n a t u r e  Of palaeontological discovery (Rosenberger e t  a l . ,  1985). 
Sane of t h e  c r a n i a l  evidence suppor t ing  the adapid-anthropoid hypothesis 
has been cha l lenged  r ecen t ly  (e.9. Rosenberger Szalay ,  1980; Delson 5. 
Rosenberger ,  1980; Cartmill et al., 1981). -- 
I n  the d e n t i t i o n ,  t h e  essential phenetic resemblance l i n k i n g  adapids and 
anthropoids includes such features as a fused mandibular symphysis, spatu- 
l a t e  incisors, canine sexual dimorphism, canine honing premolars and 
upper molar morphology (e. g .  Gingerich,  1980) . These have been reexamined 
c r i t i c a l l y  (Rosenbe rge r  e t  a l .  , 1985) and seriously challenged as a s u i t e  
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Table 1. Comparison of t h e  geographical distribution of Fayurn 
rnarmals dur ing  the Eocene and Oligocene (cmpiled fran various 
sources). The co-occurrence of genera in Europe, A s i a ,  North 
America and Africa suggests the existence of a cosmopolitan 
Laurasian fauna, and s i g n i f i c a n t  interchange between A f r i c a  
and Eurasia. The contrastingly sparse overlap between Fayum 
groups and South American eutherians,  and t h e i r  restriction 
t o  the o r d i n a l  l e v e l ,  suggests that Transatlantic crossings 
are inconsistent with t h e  global zoqeographic pattern for 
nonvolan t ,  terrestrial mammals. The presence of non-anthropoid 
primates in the F a p m ,  such as Oligopithecus, and t he  
possibility that Eocene forms like Pondaungia of Burma are 
phyletically anthropoids - and more primitive than ca ta r rh ines  
impl ies  that catarrhines may not  be endemic t o  Africa and that 
anthropoids arose on some other cont inent .  
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of potential synapmorphies. Rosenberger et al. (1985) attempted to show 
t h a t  the anterior dentitions of those adapids most similar t o  anthropoids 
manifest a non-hmologous similarity, and are less comparable anatomically 
than our vague termir~oloqy allows. They i n t e r p r e t d  the an te r io r  denti-  
tions of each group as  re f l ec t ing  d ivergent  adaptive or ienta t ions ,  They 
claim, for example, t h a t  notharctines d i sp l ay  a pattern laid over a bauplan 
t h a t  is  strepsirhine and not anthropoid. The pat tern  exhibits a reduction 
in the importance of t he  anterior den t i t ion  i n  ancestral adapids, away 
from the p r i m i t i v e  primate pattern where they play s ign i f i can t  harvesting 
roles, towards a m o r e  lemurifom-like s n i f f i n g  and grooming complex 
(Rosenberger & St rasse r ,  1985). This postulated preadaptation t o  a t o o t h -  
combed anatmy rules out a phyle t ic  adapid from anthropoid ancestry. 
Adapids are thus viewed as bona fide representatives of the  autapomorphous 
s t reps i rh ine  clade. I n  contrast, anthropoids augment the plesiadapiform- 
like pat tern  (see below), where food h a r v e s t i n g  p r e d o m i n a t e s  over the 
groming o r  comun ica t ive  faculties associated with t h e  anterior den t i t ion  
and snout .  

 he tarsi id-anthropoid hypothesis is based upon a number of cranial 
s i m i l a r i t i e s  thought t o  be exclusively shared by Tarsius and the anthro- 
poids ,  to the exclusion of anmyids (Cartmill & Kay, 1978; Cartmill ,  1980; 
C a r t m i l l  et al., 1981). These characters include details of the middle ear 
and t h e  postorbital septum. S m e  suggested synapomorphies, such as t h e  
pa r t i t ion ing  of an anterior bullar cav i ty  and t h e  relocation of the post- 
erior carot id  foramen, have been challensed a s  convergences (Rosenberger 
& Szalay ,  1980; Packer & Sarmiento, 1981). The homologizing of an enlarged 
postorbital bar i n  Tarsius and a complete postorbital s e p t u m  i n  anthro- 
poids (see below) has also been disputed (Delson & Rosenberger, 1980). 
Added t o  these cr i t i c i sms  i s  the fac to r  of phylogeny. Although the posi t ion 

F ig .  3 .  Anthropoid monophyly, and t h e  three current candidates 
for their ancest ra l  stock. Cknomyids (11) appear t o  be the  most 
likely stem group. 
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of tars iers  among the  haplorhines i s  i n  d i s p u t e ,  advocates of t he  tarsi id- 
anthropoid hypothesis bear t h e  burden of f a l s i f y i n g  a series of possible 
synapomorphies i n  the skulls, d e n t i t i o n s  and postcrania of Tars tus  and the 
microchoerines ( e . g . ,  Simons, 1972; Gingerich, 1981; Rosenberger, i n  prep.) 
which would preclude them from s h a r i n g  i n  a s i s t e r - g r o u p  relationship 
with anthropoids. 

The t h i r d  op t i on ,  t h e  anomyid-anthropoid hypothes i s ,  i s  based upon features 
demonstrat ing t h e  rnonophyly of living hap lo rh ine s  (Luckett k Szalay, 1978) 
and the presence i n  ananyids  of appa ren t l y  derived hmologies  shared w i t h  
anthropoids (Rosenbcrger % Szalay,  1980) such as an a p i c a l  i n t e r o r b i t a l  
septum, abbreviated face, enla rged  b r a i n  and, p o s s i b l y ,  fused f r o n t a l  
bones (F leagle  & Rosenberger, 1983) . Those who object t o  t h i s  viewpoint ,  
c i t i n g  t h e  presence of a fused t i b i o f i b u l a  and ta rsa l  e longa t ion  (e .g .  
Ginger ich ,  19801, have been answered by t h e  discovery of ommyid material 
showing n e i t h e r  of these der ived ,  non-anthropuid cond i t i ons  (Daqosto, 
1985). This model i s  also supported by its a b i l i t y  t o  provide a p readap t i ve  
morphological substrate for the evolution of the anthropoid head. 

The anthropoid transition 
The l i s t  of shared derived f e a t u r e s  which characterize the  

Anthropoidea is drawn from d i v e r s e  anatomical systems, ranging from the  
brain to the reproduc t ive  tract and t h e  femur ( e . g .  F a l k ,  1980; L u c k e t t ,  
1980; Ford, 1980). B u t  as C a r t m i l l  (1982) pointed out, these still give  
u s  l itt . le i n s i g h t  i n t o  t h e  l i f e s t y l e  of early anthropoids, or t h e  nature 
of the anthropoid  t r a n s i t i o n .  Gn t h e  other hand, t h e  c r a n i a l  skeleton 
includes the h i g h e s t  concentration of anthropoid synapomorphies, which 
suggests that a study of the anthropoid  head might shed more l i g h t  on the 
subject. Several of these synapomorphies, such as the fused mandibular 
symphysis ,  the p o s t o r b i t a l  septum and t h e  l a r g e ,  s p a t u l a t e  i n c i s o r s  have 
been discussed as s ign i f i can t  contributions t o  a mas t i c a to ry  appara tus  
adapted t o  a frugivorous diet (e .g .  Beecher, 1979; Cachel ,  1979, Rosen- 
berger e t  a l .  1985) .  I am i n  essential agreement with  this view, for 
reasons other than those  g i v e n  b y  Beecher, Cachel and others. L e t  me 
propose a m o d e l  for t h e  e v o l u t i o n  of the anthropoid  synapomorphies a s  
adap t a t i ons  t o  c r i t i c a l  functions (see  Rosenberger & Kinzey,  1976) for 
the ha rve s t i ng  of  tough-coated fruits and, poss ib ly ,  f r u i t s  w i t h  hard 
edible contents, such as seeds and nuts. The model i s  framed as  a con t r a s t  
of strepsirhine and anthropoid structure and func t ion  and u s e s  forms l i k e  
Lemur and Notharctus  a s  representatives of t h e  primitive euprirnate anatomy 
(Fig. 4 ) .  

Anthropoid skulls are distinguished by features of the  den  t i t i o n  , mandible, 
facial structure, craniofacia l  hafting and s t r u c t u r e  of t h e  ossified 
petrosal bu l l a .  I propose t h a t  t h e  transition t o  the Anthropoidea involved 
the e v o l u t i o n  of a masticatory appara tus  designed to produce a powerful 
a n t e r i o r  bite employing the incisors and the anterior p r e m o l a r s  effecting 
s t rong  static stresses with in  t he  cranium. Fu r the r ,  the ana tmica1  sub- 
strate for t h i s  cmplex was a hap lorh ine  heritage; the particular mechani- 
cal solutions were c o n d i t i o n &  by other architectural developments that  
emerged i n  the m m y i d  re la t ives  of the anthropoids  i n  response t o  d i f f e r -  
e n t  s e l e c t i v e  pressures. 
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F i g .  4. Comparison of ( top) anthropoid (Cebus) and (bottom) 
euprimate (Lemur) skulls and dentitions to suggest some of 
the m d i f i c a t i o n s  involved in the anthropoid t r a n s i t i o n :  
(a)fused frontal bones, (b)recession of face, closure of o r b i t  
by enlargement  and fusion of zygmatic bone to braincase. 
(clenhanced grinding stroke of chewing cycle, ( d )  cancellous 
petrosal bones, (el fused mandibular symphysis , ( f ) f ronta t i o n  
and enlargement  of incisors ,  b l u n t i n g  of premolars, 

ANTHROPOID 
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The mst dist inct ive component of the anthropoid dentition is  
t he  morphology of the incisors. Anthropoid upper incisors are quite 
different from those of adapids (Rosenberger -. e t al. - 1985) , w i t h  which they 
have been compared. They are relat ive ly  robust, high-crowned, bucco- 
l i n g u a l l y  thickened teeth  w i t h  s trong roots, and are aligned mostly in t h e  
f r o n t a l  plane (F ig .  4)  . They reciprocate w i t h  lowers that are solidly 
implanted across a f u s e d  mandibular symphysis. Anthropoid upper premolars 
tend to be m o r e  transversely extensive and anteroposteriorly compact than 
i s  the case among other p r i m a t e s .  They also have subsequal protocones and 
paracones rather than a dominating buccal cusp, and there is a f a i r l y  
large intervening occlusal b a s i n .  Molars tend t o  have laraer occlusal 
basins and have crowns of lower re l ie f  than those of many anmyids,  suggest- 
ing a t ransi t ion a t  sane point t o  a greater emphasis upon li-ngual phase 
processinq during the chewing cycle (Kay & Hiiemae, 1974) . Thus,  in  general, 
the molar teeth of anthropoids are designed for more crushing and grinding 
and less shearing, and t h e  premolars for more crushing than puncturing 
dur ing  the preparatory cycle. 

What is being proposed, i n  simple terms, i s  t h a t  the anthropoid head 
ref lects  a shift i n  design f r m , a  primitive euprimate pattern,  i n  which 
the tooth-bearing f a c i a l  skull is braced against the cerebral s k u l l  by an 
envelope of midline structures,  t o  an architecture in which central and 
lateral trusses are more prominent (Fig. 51, Geometrically, this corresponds 
t o  a repositioning of the face from a precerebral to a more subcerebral 
location so that the face is hafted below the forebrain, rather than in 
front of it. The primitive euprimate condition, still exemplified by many 
primitive strepsirhines,  has a cone-shaped face joined to the anterior 
cranial fossa a t  its base. Widely separated o r b i t s  are divided by an 
impressive inter-orbital plate that is continuous with the upper portion 
of the  maxillary and nasal bones. T h i s  represents the outer, upper surface 
of t he  cone. The more important structures cmpleting the cone l a te ra l ly ,  
i n f e r i o r l y  and internal ly  are t h e  medial walls of the orbits, the hard 
palate and connecting bones, e . g . ,  the  palatine and maxilla. During 
mastication, forces transmitted to the  f ac i a l  skul l  probably cause t he  
face t o  bend and, t o  sane extent ,  t w i s t  up against its moorings. Mach of 
this  load i s  probably distributed through the core of t h e  cone. B u t ,  with 
t h e  molar t e e t h  and t he  temporomandibular joint and muscles of mastication 
positioned la te ra l ly ,  the postorbital  bar w i l l  a lso probably be affected 
(see  Endo, 1973: Roberts, 1979). The bar, being a T-shaped member connect- 
ing the f r o n t a l  hone to the maxi l la  and temporal through the st rut- l ike 
processes of the  zyqomatic,  must also be loaded. 

The contrasting anthropoid pattern is b u i l t  around a greatly narrowed 
central cmplex, and a lower, recessed face ( F i g s ,  4,5).  The reduced 
nasal fossa and convergent orbits produce a r e l a t i v e l v  narrow interorbi turn, 
eliminating the broad wedge between the eye sockets aid reducing t h e  
capacity of this craniofacia l  junction t o  r e s i s t  any twisting of the face 
upon the braincase. The medial o r b i t a l  walls are more c lose ly  spaced and 
are less effect ive i n  bracing against l a t e r a l  forces. The entire face 
tends to be tucked i n  below the f rontal  bone, making t h e  toothrows more 
near ly  perpendicular t o  the line of action of masseter and much of 
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temporalis. The upper, lateral, aspect of t h e  f a c e  i s  completely su tured  
t o  the s idewal l  of the cranium by t h e  o s s i f i e d  p o s t o r b i t a l  septum, Thus, 
the anthropoid face is e s s e n t i a l l y  hung from t h e  neurocranium by a s e r i e s  
of p a r a l l e l  p i l l a r s  formed by t h e  t h i n  p l a t e s  of t h e  interorbitum and t h e  
postorbital septa. 

Having a f u l l y  fused mandibular symphysis, an thropoids  may transmit 
r e l a t i v e l y  l a rge  amounts of force to t h e  mandible and, presumably, t h e  
rest of t h e  masticatory periphery, i n  comparison w i t h  s t r e p s i r h i n e s  (see 
Hylander, 1979b for a con t ras t  between Macaca and Galago) .  With enlarged,  
r e l a t i v e l y  vertical i n c i s o r s ,  and premolars e f f e c t i n g  relatively l a r g e  
amounts of r e s i s t a n c e  by virtue of t h e i r  increased crushing-grinding 
su r f ace  a r ea ,  t h e  p a t t e r n  of forces absorbed by the face of an anthropoid 
may be assumed to be d i f f e r e n t  from t h a t  seen i n  s t r e p s i r h i n e s .  These 
d i s t i n c t i o n s  are exaggerated because s t rong facial loadings occur 
a n t a g o n i s t i c a l l y ,  and i n  unison. With a fused symphysis, t h e  jaw can be 
powered by muscles on both sides of the head (Hylander, 1984) wfthout 
d i s s i p a t i o n  of force through twisting of an open j o i n t  a t  t h e  f r o n t  of 

Fig.  5. Schematic f r o n t a l  s e c t i o n  of hypo the t i ca l  euprimate 
( l e f t )  and anthropoid ( r i g h t )  skulls a t  the craniofacia l  j u n c t i o n ,  
i . e .  , near optic foramen. The large n a s a l  fossa acts as  a c e n t r a l  
core of the face, brac ing  it against t h e  neurocranium. The 
narrow i n t e r - o r b i t a l  septum, a consequence  of olfactory reduc- 
t i o n  and o r b i t a l  convergence i n  preadapted omomyids, is l e s s  
able to res is t  t w i s t i n g  of t h e  face about a c e n t r a l  axis, as 
when masseter  i s  active and the z y g m a t i c  i s  t ensed  against the 
r e s i s t i n g  food and temporo-mandibular j o i n t .  The postorbital 
p l a t e  is a l a t e r a l  p i l l a r  which compensates for loss of central 
s t a b i l i t y ,  

- s e p r u  

A N T H R O P O I D  
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the lower j a w  (e.g. Beecher , 1979) t h u s  making p a r a s a g i t t a l  b i t e  p o i n t s  
more e f f i c i e n t .  I n  the anthropoids. t he re fo re ,  loads  can be concentrated 
at the f ront  of the f a ce .  With a fused symphysis, c o n t r a l a t e r a l  b i t i n g  
forces would be resisted by the p a r a l l e l  p i l l a r s  a t  the c r a n i o f a c i a l  
junct ion.  

In t h i s  model t he  p o s t o r b i t a l  p l a t e  i s  viewed as a mainstay i n  the 
connection of c r a n ~ a l  components, resisting t h e  tendency t o  t w i s t  t h e  face 
about t h e  narrow c e n t r a l  i n t e r o r b i t a l  strut. Due t o  t h e  fused anthropoid 
syn~uhysis , con t r ac t ion  of t h e  rnassewr (wllich ,-lr.:i ses along the lower 
border of the zygmat ic  a rch)  w i l l  produce a large t e n s i l e  component i n  
the  p o s t o r b i t a l  bar, tending t o  separate it from t h e  f r o n t a l  a t  their  
su tu re .  By increas ing  t h e  length  of the s u t u r e  and, more important ly,  
adding a perpendicular extension t h a t  connects the postorbital bar t o  
the s idewal l  of the  s k u l l ,  increas ing  t h e  s i ze  of the zyqmat ic  bone and 
giving it mechanical support ,  the tendency t o  p u l l  or rotate the l a t e r a l  
p i l l a r  out of position is counteracted. The add i t i on  of a t h i r d ,  inferiorly 
placed, s u t u r e  ( i .e .  t h e  zygmaticcknaxillary) adds mechanical integrity 
t o  t h e  zygmatic pla te .  Thus, postorbital c lo su re  braces t h e  facial  skull 
a g a i n s t  tw i s t i ng  produced by the system and reinforces the  o r ig in  of the 
masseter  muscle against enlarged forces. 

The d e n t i t i o n  is an important source of vibration. me zygmat i c  a rch ,  
under the bending in f luences  of t h e  masseter, and the articular surface 
of t h e  tempormandibular joint, which i s  heav i ly  loaded by t h e  condyle 
(Hylander, 1979a) l i k e w i s e  contribute bone v ib ra t i on .  The transmission of 
such bone conducted sounds t o  the hearing mechanism v ia  t h i s  heav i ly  
sutured and braced znthropoid s k u l l  must be i n s u l a t e d ,  pos s ib ly  by t h e  
developnent of porous, spongy bone i n  t he  p e t r o s a l  (cf .  Fleischer, 1979). 

Some c m p a r a ~ i v e  examples may be cited i n  support of the hirpothesis t h a t  
novel  loading conditions influence a s e l e c t i o n a l  response in the post- 
orbita: bar of s t r e p s i r h i n e s ,  which by extens ion  suggests t h a t  similar 
processes could have directed  t h e  evolu t ion  of f u l l  postorbital  closure, 
For example, i n  Loris the orbits are extremely convergent and supporting 
central  elements are correspondingly reduced. A s  compensation for the  
consequent reduction i n  static stability, the pe r iphe ra l  elements of the 
face a r e  modified. The diameters of the  l a t e r a l  maxillary process, 
i n f e r i o r  and l a t e r a l  aspec t  of t h e  postorbital bar  and zyqomatic arch are - -. 

a l l  en larged  t o  i nc rease  t h e i r  resistance against bending. In Hadropithe- 
cus, t h e  fused mandibular symphysis increases the mast ica tory  canponent - 
of c o n t r a l a t e r a l  forces and adds t o  t h e  amount of tens ion  borne by the 
zygomatic a rch  v i a  the masseter .  The arch and lateral o r b i t a l  p i l l a r  are 
consequently g r e a t l y  strengthened. A similar condition occurs in Adapis, 
which also has a fused symphysis, although it retains the pr imi t ive  
elongate snout, 

A number of explanations have been given fo r  the  evolution of Lhe post- 
o r b i t a l  p l a t e .  Ca r tmi l l  (1980) lists five: (L) support of  t h e  eye,, ( 2 )  
protection of t h e  eye, ( 3 )  increased attachment for  a n t e r i o r  tempora l i s ,  
( 4 )  bracing the eye and o r b i t  a g a i n s t  tension from mast ica tory  muscles, 
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and ( 5 )  i n s u l a t i o n  o f  the foveat  e y e  f r o m  temporal is  con t r ac t i ons  (see 
Figure 6 )  . These interpretations have been var ious ly  applied to the post- 
orb i ta l  p la te  of anthropoids (2,3,5) , the  enlarged p o s t o r b i t a l  bar of 
tars iers  (1 .5 )  and the u n e n l a r g e d  bar of ancestral euprimates ( 2 , 4 )  . 
Perhaps the best developed arguments proposed i n  recent years are those 
given by Cachel (1979) and Cartmill (1980). Cachel exp l a in s  the anthropoid 
condition as an adapta t ion  t o  increase the  sur face  of attachment for  t he  
anterior temporalis, thought t o  be e s p e c i a l l y  u s e f u l  i n  incisivation. 
C a r t m i l l  (1930) suggests tha t  t h e  explana t ion  for the morphology i n  
tarsiers anthropoids is  tha t  p o s t e r i o r  closure o f  t h e  o r b i t  i s  necessary 
t o  keep the fovea bearing eyeball from o s c i l l a t i n g  a s  temporalis c o n t r a c t s  
d u r i n g  chewing. The m o d e l  proposed above i s  compatible w i t h  Cache l ' s  hypo- 
thesis, though it emphasizes different factors. It is markedly different 
from Cartmill's, i n  p a r t  because our  i n t e r p r e t a t i o n s  of t a r s i e r  affinities 
are mutually e x c l u s i v e .  

Fig. 6. Six t h e o r i e s  f o r  the evolution of the postorbital septum: 
(a] eyeba l l  protection; (b)  at tachment  surface for a n t e r i o r  
temporalis; (c) eyeball support i n  t a r s i e r s ;  (d) i n s u l a t i n g  the 
foveate eyeba l l  from oscillating with temporalis activity; 
(elresisting bending under muscular t ens ion ;  ( £ )b rac ing  the 
f ac i a l  s k u l l  against t w i s t i n g  and secur ing  the masseter against 
the non-rotating d e n t a r i e s .  

(c)  e y e b a l l  ~ U O P O ~ I  
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S u m a r  y and conclusions 
Anthropoids are a monophyletic subqroup of the Haplorhini. 

The diphyly t h eo ry  af anthropoid origins fails to address the contradictory 
i m p l i c a t i o n s  of shared der ived  similarities found i n  platyrrhines and 
ca t a r rh ines .  I n s t e a d ,  it focuses upon differences between t h e  two qroups, 
which have been considerably reduced by new information about the anatany 
of t h e  Oligocene African catarrhines. The diphyly theory is steeped i n  
t h e  g r a d i s t i c  t r ad i t ion  of primatologi., which overemphasizes the  possibili- 
ties of pa ra l l e l i sm  without  f a l s i f y i n g  t he  Darwinian null hypothesis t h a t  
s i m i l a r i t y  i n  £ o m  and func t ion  i s  an indication of affinity. 

The c u r r e n t  geographical s epa ra t i on  of platyrrhines and c a t a r r h i n e s  into 
N e w  and Old World realms postdates t h e  emergence of the Anthropoidea. The 
morphological evidence i n d i c a t e s  t h a t  catarrhines, of any s o r t ,  a r e  t o o  
der ived  t o  be d i r e c t  ancestors of the p l a t y r r h i n e s ,  and hints a t  the 
p o s s i b i l i t y  t h a t  c a t a r r h i n e s  have more p r imi t i ve ,  extra-African relatives 
i n  the Indo-Pakistan region.  Such a relationship favours  Lauras ia  a s  the 
geographical  source for protoanthropoids.  Faywr primates are but one 
element  of a changing Tethyean mammalian fauna. South America s imi l a r ly  
absorbed var ious  e a r l y  T e r t i a r y  mammals that found t h e i r  way across t h e  
t ec ton ica l ly -ac t ive  nuc lear  Central America and proto-carribbean. Since 
the T e r t i a r y  history of mannnals on both these southern con t inen t s  mirrors 
one another in pattern, the invoca t ion  of a special  circumstance, t h a t  is, 
a unique westward t r a n s a t l a n t i c  di spersa l ,  is not necessary  t o  explain the 
d i s j u n c t i o n  of the anthropoids. 

Anthropoids are probably the descendants of a haplorh ine  a n c e s t r a l  stock 
t h a t  would nominally be c l a s s i f i e d  as  omomyid. The l a t t e r  were widespread 
i n  Laurasia  dur ing  t h e  Eocene and included c r a n i a l  and d e n t a l  morphs 
s u f f i c i e n t l y  p r imi t i ve  t o  be a n c e s t r a l  t o  the h igher  primates. T a r s i i d s  
a r e  an un l ike ly  sister taxon because they are h igh ly  autapomorphous and 
t hey  are probably related t o  a different omomyid subgroup. Non-primitive 
s i m i l a r i t i e s  shared w i t h  anthropoids tend t o  be convergences. Adapids are 
probably the early members of t h e  greater l emur i fom c l ade ,  a modified 
graup shar ing  no Immediate ancestry with  haplorhines a f t e r  t h e  d i f fe ren t i a -  
t i o n  of each from a n c e s t r a l  euprimates. A few adapids have apparently 
converged upon anthropoids, leading sme t o  conclude that t h e y  are possibly 
anthropoid  ances to r s .  

The anthropoid t r a n s i t i o n  w a s  adapt ive ly  predicated upon a h a p l o r h h e  
cranial morphology, typi f ied  by such features as an abbrevia ted ,  l o w  face, 
a s m a l l  n a s a l  cavity and c r a n i o f a c i a l  h a f t i n g  along a narrow interorbi turn.  
Reinforcement of the c r a n i o f a c i a l  junction by t h e  development of a post- 
orbital plate enabled the anthropoid s k u l l  t o  absorb e c c e n t r i c  loads t h a t  
tend t o  t w i s t  the face up a g a i n s t  t h e  neurocranium, t o  apply powerful 
b i t i n g  fo r ce  with the i n c i s o r s  and premolars, t o  secure the zygomatic bone 
a g a i n s t  t h e  tension of masseter, and t o  t r a n s f e r  forces across t h e  fused 
mandibular symphysis t o  e i the r  s i d e  of the  face and toothrows. The 
pneumatizat ion of t h e  petrosal  bone may serve t o  i n s u l a t e  the hearing 
mechanism from vibrations t ransmi t ted  through t h e  more solidly fused 
anthropoid head. Thus, t h e  adap t i ve  s h i f t  of t h e  masticatory apparatus 
was probably r e l a t e d  t o  a critical r e l i a n c e  upon resistant fruits, such as 
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legumes (with their hard coverings)  and seeds, when less cos t ly  f r u i t s  
were unavai lable .  Additional shared derived fea tu res  of anthropoids help 
t o  delineate the o the r  dimensions of t h e i r  formative eco log ica l  n iche  and 
many of these are unrelated t o  feeding. For example, the coordination of 
a r e l a t i v e l y  large brain w i t h  acute v i s ion  made possible the coding of a 
huge amount of v i sua l  information stemming frm t h e  environment, which 
far exceeded t he  amount of 'smell' da ta  cues that lemur i foms or primitive 
euprimates could extract .  The sheer cogn i t i ve  advantages of ea r ly  anthro- 
poids should not be ignored i n  models de ta i l ing  their mode of origin. 

By drawing together the approaches of p h y l q e n e t i c  recons t ruc t ion  and 
functional analysis, r a t h e r  than perpe tua t ing  t h e  f a l s e  dichotcwy t h a t  
has d iv ided  them i n  sys temat ic  endeavours, f u t u r e  work will add clarity 
to discussions on the major topics of anthropoid evolution. More pointed 
t e s t s  of hmology,  and more satisfactory interpretations of character 
polarity, should help generate powerful heuristic models of t he  adaptive 
t r a n s i t i o n  that r e s u l t e d  i n  Anthropoidea, and the separate radiations of 
the New and O l d  World l ineages .  I f  the f o s s i l  record continues t o  grow as 
~t has done r e c e n t l y  i n  both hemispheres, the next decade of research on 
p l a ty r rh ines ,  ca tarrhines  and the anthropoid transition w i l l  prove even 
more rewarding tham the past century  of excitement, discovery and contro- 
versy. 
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