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ABSTRACT Comparison of  sequences of  dental  development and erupt ion of  fossi l
and extant pr imates as wel l  as ' insect ivores strongly suggests that  the commonly
accepted dental  homologies,  the reconstruct ion of  the ancestral_pr imate morpho-
type as wel l  as the phylogenet ic relat ionships of  pr imates should be revised.
t t  js  suggested that var ious pr imates (e.g.Tarsius) have retained the pr im' i -
t ive mammal ian character ist ic of  f ive premolar loci ,  but  lost  the jncisors
and developed the canine at  the f ront of  the iaw. 0ther pr imates (e.9.
Strepsirhini)  retained the pr imit ive incisor-canine cornplex and ' lost  pre-
molars.  In addi t ion,  i t  appears that  the molar region of  Catarrhini  is  not
homologous with that  of  other pr imates.

t( tk

Evolut ionary Thecry 4zL- '32 (September, 1978)
The editors Lhank E. Delson, K.D. Rose, and another referee for help in
eval-uating this paper.

G) 1978, the author

Introduct i  on

Recent descr ipt ions of  fossi l  Euther ia wh' ich unquest ' ionably possessed f ive
pairs of  premolars (Clemens,197.3;  L ' i l legraven,. l969; McKenna, 

. l975) 
demand a

revis ion of  the dental  formula (3.1.4.3/3. . l .4.3) conrmonly accepted as pr imit ive
for euther ians and ident i f icat ' ion of  the loci  which may have beeninvolved in
reduct ion of  premolar number wi th in.  the var ious marnna' l ian groups (9f :  McKenna,
1975).  Specimens of  Kenrclg: lq l  (McKenna, 1975) and Gypsonictops (Clemens,
1973.;Li1iegraven, l96,gl@demonstratelossofaprernoTarTromwithin
the set of  f ive premolars.  McKenna ( . l975) has argued that th ' is  tooth was
dP3.

Inherent in the need to recognize that premo' lar  loss may occur at  d i f ferent
loci  r l i th in or at  the extrem' i t ies of  the premolar set  is  that  of  determin' ing
mechanisms which produce Such dental  reduct iOn, i .e. ,  tooth " loss."  From
developmental  studies of  tooth replacement in the mult i - toothed, polyphyodont
rept i le Lacerta v iv ipara (Osborn,  l97l) ,  i t ' is  c lear that  tooth " loss" is not
ju; t  thef f ivme-n[ and, thus,  non-appearance of  a structure.  I t  jn-

volves forces or f ie lds of  inhibi t ' ion which prevent ei ther total  growth and
erupt ion or proper calc i f icat ' ion of  the tooth (But ler ,1939; Gri jndberg, . |95?,
.1963; 

0sborn' ,  
. |973).  

l^ l i th regard to incomplete ca' lc i f icat ion,  the vest ig ia]_
structure is resorbed (Gri jneberg,  1952, '1963;0sborn,  l97l)  and thus, for  a l l
intents and purposes, has been " lost ."  Simpl ist ical ly,  the rept i l ian condi-
t ion ( i .e.  mult ip le successjve waves of  replacement of  large numbers of
teeth) could have been converted to that  of  mammals by inhib ' i t ing most t {aves
of dental  development as wel l  as the number of  successfu ' l ly  develop' ing teeth.
That teeth,  more accurate ' ly ,  are inhibi ted f rom complete development rather
than str ict ly " lost"  (and thus potent i i l  tooth loci  of  the dental  lamina are
not " lost")  js  impl ied by the secondar i iy  der ived mult i - toothed condi t ion of
cetaceans.

Contrasted with rept j les,  mammals are character ized by having maximal iy
two sets of  post-natal  teeth:  deciduous predecessors and permanent success-
ors (Peyer,  tgOA).  The molars are the resul t  of  the same interact ions which
produce deciduous incisor,  canjne and premolar teeth (But ler ,  , |939'  , I956;

kinoant,1957, 
. l958a, . l958b, . l959a, . l959b,1967; 

0sborn,  
. l970, 

l97l '  
. |973;



sors,  canines and premolars that  are succeeded by permanent teeth,  there are
var. i i t ions of  the conrmon one-to-one replacement which should be noted.

D. i f ferent ia l  Tooth Replacement and lgg! [Lgls.  When there is a di f ference
betwe reptaFing lFm-anent teeth of the same set
dur ing ontogeny, the decrease has been in the number-of  permanent teeth.  An
. i t . . f i "  exafrpt !  is  found' in Lep' i lemur ( the sport ive lemur) in which a pair  of
J. i iarorr  upirer incisors devei@ an- i lerupt but are ui t imately shed and un-
replaced (Slhwartz,  . |974a).  0ther examples of  d i f ferent ia l  tooth replacement
ur! ,  t )  ine indr i ines (Propi thegus, . I f rdr i  and Avahi) ,  jn wh' ich four deci9ugu:_
io*." premotars are shed anAreTTaced-EFonly two permalen!_PlgTolars (Schwartz,
1g74b) ' ;  2)  Elephantulus (Kindahl ,  . l958a), .Taipa (Kindahl ,  . l958b), .Nolharctus

(G;#;y; , t f f i i i . i i i . r , i . in, lg i i ) ,Tf i_whichon1ythepostEi f f i r -e
of four deciduous prf f iars 'are repiaced by permanent premolars;  and 3) Tarsius
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peyer,  1968).  Therefore,  a permanent set  of  teeth that  would have rep' laced
tfr l  m6tars has been inhibi ted.  Furthermore, wi th regard to deciduous inci-

wi th the permanent set .

i i ig." i  ) - i ;  ;h i ;h i r re tee*r  usual iv aet lnei t . is  the uppbr lateraj  incisorfTf iE-
jow6r incisor and the upper and lower anter ior  premolars do not replace teeth
nor u".  r .epiaced (Dahlberg,  . |948; 

Schwartz,  
, l974a).  With regard. to the non-

replacing-unreplacecl  teet [  of  Tarsius,  they should be viewed as deciduous, not
peiran.ni  teeth,  because they aie ThE f i rst  to develop and_erupt.and therefore
funct ion wj th b6th "proper" ieqiduous and permanent sets of  teeth (cf .  Dah' lberg'
i94g; i i f rwartz, lgT4'a,  iSZSal. t  This ' is  s jmi lar  to the s i tuat ion in Notharctus,
Adaois.  Elephantuius- ina Tal6a, jn which i t  is  the anter iormost deciduff i  pre-
rff i" *rrm-mt-nit funcffi iF with the other deciduous teeth but is retained

Fjqure l :  Post i ive pr int  of  rad' iograph of  a iuvenj ' le Tar: ' ius sPectrum (RM
&-
lgg1d; approx . xZj-sfiowing re]ativ6 states of dental devejop-nrenfrn-a'eruption.
OFi- inO hb9 a"e retained ind wi l l  funct ion wj th the var iously developing and
.r ' lp i ing p$rmanent teeth;  as def ined here,  the permanent premolars develop
and'eru[ t  in the order P2 + P5 ' r  P4.
**************rk*********************Jr*****:k************************************

lCartmi l l  and Kay ( . l978) have argued that the occasional  development ' in fetal

tars jers of  rudimentary denta' l  nuUOins at  the loci  of  what are here regarded

as deciduous teeth indicates that the fetal  " teeth" are real ly deciduous teeth

inO-i f 'u i  the lat ter  are permanent teeth.  In reviewing this phenomenon in

iars ius and other mammals,  Schwartz (ms.b) pointed out that  there is a funda-

nf f iOi i i . " .n. .  between fetal ly in i t iated dental  nubb' ins and post-nata ' l1y

."Jpt ing teeth:  the former are developmental ly very incomplete and do not

funct ion,  whereas the lat ter  have complete crowns and roots and do funct ion

in mast icat . ion.  There may be two sets of  post-nata ' l1y funct ignlng teeth,  which

are the deciduous and permanent dent i t ' ions,  and the var iably in i t iated dental

nubbins are pre-natal  or  pre-deciduous teeth,  as they are commonly refef fed

to in Homo sapiens.
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DENTAL DEVELOPMENT AND PRIMATES

From the above, two s ' igni f icant general izat ions can be made. First ,  in
the adul t  Talpa, Elephantulus,  Notharctus,  Adapig (and, presumably,  ot l . rer
four-premola?Ei'' a@ afrffio-lar teeth are a m'ixed (decid-
uous and permanent)  dent i t ' ion.  These teeth are not ser ia l ly  homologous and
cannot be undi f ferent ia i ' ly  lumped together for  purposes of  e i ther biolog' ica ' l
oF-Fh-togenet ic cons jderat ion.  Thus, s ' imp1e dental  formulae such as
2.1.4.3/2.1.4.3 for  most adapids,  or  unmod' i f ied statements such as " . . . the
three premolars of  Tarsius. . . , "  are mislead' ing.

The second general i2at ion Concerns the evidence for tooth " loss."
Var ious studies (e.9.  But ler ,  

. l939, . l956; 
Grt lneberg,  

. l952, . |963; 
0sborn,  .1971 ,. l973) 

c]ear ly demonitrate that  the non-appearance of  a tooth ( tooth " loss) is
caused by f ie lds of  jnhibi t ion which, at  some stage of  tooth development (e.g.
fo l l ic le,  bud, crown) interfere w' i th the proper growth of  a tooth,  resu' l t ing
in j ts resorpt ion.  I f  a tooth subjected to forces of  inhibi t ion does develop
to a certain minimum threshold ( the "quasi-cont inuous" t ra i t  of  Grt lneberg
(1952, . |963))  

suf f ic ient  for  i t  to erupt,  i t  wi l l  be diminut ive,  stunted or
malformed ( ib id. ;  a lso But ler ,  

. |939, . |956, . l963).  
0n a macroscopic 1eve1,

observat ion-6Fthe lat ter  ( i .e.  a stunted tooth) would indicate a locus of
tooth inh' ib i t ion and, perhaps eventual ly,  tooth " loss."  However,  tooth " loss"
can occur wi thout necessar i ly  observ ' ing a preceding diminut ion of  a tooth
(Schwartz,  1974c).  The f i rst  genera' l izat ion--occurrence of  a mixed (decid-
uous and permanent)  dent i t ion in the adul t - - imp' l ies that  tooth " loss" can occur
phy' logenet ical ly in the fo l lowing fashion by:  1)  developing and erupt ing a
iet i  auous tooth and j  nhi  b i  t i  ng i  ts permanent successor;  1a )  possi  b ' ly  reta ' in-
inq the deciduous tooth to funct ion rr t i th the permanent mem[ers of  i ts  set ;
and 2) ' inhibi t ing the deciduous tooth (see Kindahl ,1967). t  Step "1a" need
.not necessar i ly  occur.  This model app' l ' ies,  for  examp' le,  to the der ivat ion of
the s ' i  s ter- taxa Lepi  I  emur and Meqal adapi  s .

The majori t7-6T-ffipsi rhlieEfffih-thropoidea devel op two pai rs of
dec' iduous upper incisors that  are repiaced by two pairs of  permanent teeth;
th is represents the pr imit ive state.  The cond' i t ion jn Lepi lemur:  could have
been der ived by:  1)  erupt ion and supsequent shedding of  two pairs of  decid-
uous upper jncisors (e.g.  d la and dID).and. inhibi t ' ion of  one pair  of  the
permanent replacements ( la for  example);  2)  complete inhibi t ion of  the
i***********************tr**********************************t?rk***dr**************
2thi ,  sequence fol lows from the developmental  dependence of  the permanent tooth
on i ts deciduous predecessor (cf .  GrUneberg,1952, '1958; Kindahl ,  E1. c i t . ;
Peyer,  

. |958):  i .e. ,  1)  the development of  a deciduous-!oo! l  is  seen as a
rr5-u6'-at  the f ree edge of  the dental  lamina; 2) asr the deciduous tooth develops,
j t  sends of f  a "stal i , "  ( the gubernaculum) at  the end of  which the permanent
successor develops. Molars,  for  example,  are deciduous teeth ' in that  they
develop from the free edge of  the dental  lamina and are not replaced by other
teeth;  obviously,  development of  permanent successors has been inh' ib i ted.
Kindahl 's (9p_. c i t . )  work on var ious insect ivores beaut i fu l ly  i l lustrates the
developmentaT iFerplay between permanent and deciduous teeth.  in lg]pg and
Elephantulus,  the tooth Kindahl  jdent i f ies as the f i rst  premolar develops from
tFeff iTAge of  the dental  lamina but,  unl ike the other deciduous teeth,  does
not send of f  a gubernaculum and, thus,  does not develop a permanent successor;
th is tooth is relained and funct ions wi th the "adul t"  dent i t ion.  The data
presented in th is paper are congruent wi th Kindahl 's (espec' ia l ly  . l967) 

con-
clusjon that permanent teeth are " lost"  f i rst ,  and then the deciduous teeth
are inhibi tedj  0f  course" i t  is  possiblFThE-t  a l l  development at  a tooth
locus could be simultaneously jnhibi ted.



or ig inal ly af fected pair  of  dec' iduous-permanent jncisors (dIa and-Iul  ry i ln
nortat  development and erupt ion at  the rema' in ing ingigor locus (glb -  ID);
and, f ina'11y, erupt ion of  the deciduous incisors (alo;  wj th inh' ib i t ' ion of
the permanent set .  The condi t ' ion in Megaladapis.-- lack of  jncisors-- js fur-
iher 'der ived by inhjbi t ' ing the remainlngff i l  deciduous inc ' isors.

Loci  of  tboth " loss" in other taxa are:  1)  in Tarsius,  the s i tes of
t f re teet t r  usual ' ly  def ined as the upper lateral  incisoTlTF lower jncisor

and the upper and lower anter iormost premo' lar-- these are al l  retained, un-
replaced dbciduous teeth;  2)  ' in Ta]pa, ElephantYlus,  Notharqtus and Adapls
(ana, presumably,  other four-prernoT-ared-dapj=da),  the Enter iormost premolar.
is a-dbciduous iooth--complete inhibi t ion at  th is locus most l ike1y occurred
in the evolut ion of  three-premo' lared adapjds,  such as Protoadapis;  and 3) ' in
Gvpsonjctops and Kennalestes (McKenna, , l975),  the " los---  of  dP3 resul ted in
TEE-TduETlon from-fiVE to four premo'lars.

SCI{WARTZ

THE SIGNIFICANCE OF TOOTH REPLACEMENT IN TARSIUS

Dental  Development and Premolar Homologies.--  E' lsewhere j t  has been sug-
qestem-TIe or-Oer o-t-AevffipmenT anA erupT-ion "P2" + I 'P4rt + "P3" may be
pr imit ' ive for  pr imates (Schwartz,  197?b).  This sequence is.observed. in most
strepsirhines (Schwartz,1974a, . l975b), .as wel l  as, lany ceb' ids,  (cf .  Johnston'
r ' l^aizen ana lpvv^ lg70: 0.  de] ' la Serra c i ted in Hi l l .  

. l960; 
Schwartz,  unpub-Dreizen and Levy, 

. |970; 
0.  del la Serra c i ted in Hi l l  

' ;  Schwartz,  unpub-
i i r f ' .6 data),  t6;  parapi thec' ids (Conroy, Schwartz and Sjmons,1975) and some
foss. i l  and extant insebt ivores (cf  .  K' indahl ,  q.  c i t . l  0sborn,  

. I970; 
Slaughter '

Pine and Pine, 1974; bJest,  1972) (Figs.  2 andT).- In addi t ion,  in these and

Figure 2:  posi t ive pr int  of  radiograph of  a juveni le Cebus alPi f rons (AIINH

ffiOr; 
-natural 

size). In Cebus, the permanent premolars develop and erupt in

the order p2 4 P5->P4; ttris ' is the most contrnon sequence in three-premolared

pr imates ( toothcombed or not)  and is also seen in fossi l  and extant inseeLivores '
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Fjqure 3:  Comparison of  (A.)  Tarsius spectrum (Rpt . |892d) 
w' i th (B) Perodjct icus

@tnNNH.slbzs),  tc)  eat igo crassi f f i  (MNHN A-3.0. t4) ,  and re
G-MNtr stoz+). Note the Fveloprnent@on-of dental triads. In Tar5ius,
i f r is  uni t  i i  composed of  the ufper anter jor  " incisor,"  and th 'e uppef ind--
lower "canine."  In the others,  these teeth are the upper canine, "Pa" and
"P2" as in al i  lor is ids and some lemurids.
********************************************tr*********rk************************

other taxa, regardless of  the order in which the three permanent premolars
appearn each permanent premolar is always preceded by a deciduous counterpart .
These forms obviously di f fer  f rom Tarsius ' in that ,  in the adul t ,  "P2,"  r rP3' '

and "P4" are al1 permanent teeth ani ldo not represent a mixed dent i t ion.  I t
js  therefore not poss' ib le to homologize the teeth of  Tars ' ius wi th those of
other taxa ' in the t radi t ional  mannei.  Inter- taxon compff in of  pat terns of
dental  development and erupt ion,  however,  does appear to be a v iable method
of determ' in ' ing dental  hornologies (see Gazin,  1958: 73'74) .

In 
. |952, 

Gazin (p.  24) descr ibed a juveni ie specimen of  Absarokius
noct ivagus (USNM . l9 ' |98;  

see Fjg.  4,  th is paper)  which " . . .exhibi ts Dp4 with
whaTappears to be P2, as we' |1 as P4 and M3, iu l t  erupt ing. . .The f i rst  two
molars are in posi t ion and unworn.. . I f  one may judge by the posi t ions of  the
two erupt ing premolars,  P3 is yet  bur ied beneath the long slender roots of
Dpg. l  Later,  Gazin ( . |958: 73-74) rev ' ised the dental  homologies of  th is
speclmen:

"The dental  formula for  the more typica' l  anaptomorphids was pre-
viously regarded (Gaz' in, '1952, p.  24) as including three lower
premolars.-  In the Absarokjus jaw from the Knight showing replace-
ment of  the dec' iduous piemo1ars. . . ,  the f i rst  of  the three perma-
nent cheek teeth in the antemolar ser jes. . .appears to be the
f j rst  erupt ing,  and for th is reason was' interpreted as P2.
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This would be close' ly fo l lowed or near ly coinc' ident in t ime
with P4, and fol lowed later by Pg. P3-d99t not actual ly show
in the- i l lustrat ion but i ts pies6nce i l i th in the iaw (unerupted)
has been ver i f jed. . . in the case of  the modern tars iers,  wh' i le
P2 and then P4 fol low the permanent incisors,  ' i t  was not certain
t f iat  p3 alwayd precedes the can' ine,  and the canine may wel l  be
erupt ing wi th P4. Omit t jng f rom considerat ion the.. .very ear ly
erupt ing P2 of  Tarsfusi t  is  at  once seen that an approxima-
t ion is-made toJTre ETtuat ion evident ' in the Absarokius jaw.
As a resul t ,  the interpretat ion suggested, in wh' ich the tooth
' in quest ion is regarded as P2 instead of  the canine, cannot
be considered as conclusive."
Gazin 's observat ions are qui te s igni f ieant:  demonstrat ion of  congruous

patternS of  develOpment and erUpt iOn Of the "canine,"  "P3" and "P4" of
Tarsius w' i th the three unerupted teeth of  the juveni le Absarokius noct ivagus
f f i . r igs. i ina_4l j1 lustratestheimport inceofdf f i
ment 'and er ipt ' ion for  determining homologies.  I t  is  thus s igni f icant that
the comparabie states of  development and erupt ion in Tarsius and A.
noct ivaqus, as wel l  as the total  sequences of  developmen-fan-d eru!- t ion of
Tf iE-, 'c i f f ie,"  "p3" and "P4" of  Tarsius (cf .  Dahlberg,  

. |948; 
Schwartz,  1974a,

igZSu), are'the same as the preGTEfr'-t order of_premo'lar development and
erupt ion,  "PZu + rrP4tr  + "P3" (compare Figs.  .1 ,  2,  4) ,  In addi t ion to
congruoui  patterns of  premolar development_and erupt ion,  a l l  9f . the teeth
inuotved rbplace deciduous predecessors.  Therefore,  I  suggest that  not only
are the three erupt ing teeth of  A.  noct ivagus homo' logous with.  the""canine,"
i 'P3" and "P4" of  Tarsius,  but  theSeEth, respect ively,  are homologous
with , ,P2,, ,  , ,P3' ,  afr f f i  Of ,  for  example,  ceboids,  parapi thecids,  lOr is ids
and I  emui ' ids .  These I  at ter  pr imates have tota ' l  ' ly  i  nhi  b i  ted the premol ar ' locus

between, 'P2" and "P3" whereas this locus is present jn Tarsius;  and this tooth
i f routd be ' ident ' i f ied as dP3 (see Fi9.  5) .

Denta' l  Devl , i -q lmg11 and Canine Homologjes. . - -  In al1 species of  lor is ines'
galagTfilandTeli€gaTelnes;-de-velopmenT-end eruption of the uPper canine is
io i i t imately coordinated with that  of  the upper and lower P2 that these
teeth may be'regarded as an integrated, funct ional  uni t  (Schwartz,  1974a)
(Fjg.  3) .  Al though lemurineg do not maintain th is denta' l  t r iad through erup-
i io i , ' in many, tha upper C-Pl  uni t  is  unmistakable dur ing development
(Schwartz,  . l974a).

14i th regard to Tarsius,  a l l  three lpecies display,a_gomp_1ex. in which the
upper anter i6r  " inciFoTai-d upper and lower "can' ine" (=Pf of  other extant
pr imates) develop and erupt in ' int jmate associat ion (Schwhrtz,  . |974a)

( f igs.  I  and 3A).  I f  not  for  their  pos' i t ions- in the iaw, the teeth of  th is
ieniat  t r iad could eas' i1y be accepted as homoJogous with these of  the
remarkably s im' i lar  develbpmental  comp1.* (C-Pf)  of  lor is ids and lemurids.
NeverthelLss,  these homologies seem warranted-because: 1) the integrat ion
oi  t f ' .  dentai  t r iad persis is f rom development through ggmpJeted erupt ion in
iars ius,  lor js ines,  galagines and cheirogaleines; and 2) the previous' ly -
Al f f ibd premolar developmenta' l  data also indicate that  the "canine" of
Tars ' ius is 'homologous w' i th the "P2" of  other pr imates.  The morpholog' ies
oTTf ie- teeth in qlest ion also support  th js interpretat ion:  the upper canine
of lor is ' ids and I 'emurids and the upper anter ior  " incisor"  of  lq lq ius are
demonstrably the most robust and cihini form teeth of_the respETTr, i ldental
i ; i ;a;  (cf  . -Clark,  

. |962; 
Gregory,  '1922; Hi l l  '  

. l955'  . |958; 
James, 

. ]960;

i i *ons, l96la,  tgOib;  Ti t ter ia l l -and Schwartz,  1974).  "Therefore,  I  suggest
that the upper anter ior  " incisor"  of  Tars ' ius should be jndent j f ied as a
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Figure 4:  Scanning electron stereomicrograph and drawing ( f rom Gazin,
Tg-fe[oT lef t  mandiUte of  a juveni le Absarot iug noct ivagus (USNM_.I9198;
upp"o*.  Xl2) showing alveol i  for  the canTne-m d-Pl ;Fe rogls ql  dP3 (Rar-
t i i t ty  out l ined) and the crowns of  P,  and P6 (part ja l ly  out ' l ined).  The
teeth are ident i f ied according to diScussiof i  in the text .



Homologies of  Retained Deciduous Teeth.--
teeth^of Tars ' ius to cons' ider:  i .e.  ,  the smal I
and PZ anE:tF'ETmall anteriormost lower tooth
ta ' ined deciduous teeth.  .A

SCIII^IARTZ

canine. In the lower jaw, the counterpart  of
been " Iost .  "

/4

P2-
- {pt-

the upper canini form tooth has

This leaves but two antemolar
tooth between the upper canine

(Fjgs.  I  and 5);  both are re-

F' iqure 5:  Upper hal f  and lower hal f  of  dental  arcades of  Tarsius spectrum
witil reVi sed dental homol osi es ; the deci duous premoi ars arillffiTnea;-
unreplaced teeth as i l lustrated in Fig.  1 (Redrawn from Clark,1962).
**:k**** ******rk*********************** ***:k*************)rc********:k***************

S ince comparison of  dental  development in pr imates jndicates that the
upper anter ior  " incisor"  and the upper lnd lower "canine" of  Tarsius should
be ident i f ied as the upper canine and P$, respect ively,  the obvious conclusion
is that  the deciduous teeth here-discus5ed are the upper and lower dPl.
Morphological ' ly ,  these teeth would be descr ibed qs premolar i form. Retent ion
of a deciduous premolar between the canine and Pf has also been reported by
Adapis (Stefr l in,  l9 l2)  and Notharctus (Gregory,1920).  Analysis of  pat terns
oFTrupt ion in these adapids. fnZTcaFes that their  deciduqus premolar is homo-
logqy! wi th the suggested dPf of  Tarsius and that the dPj locus has been
inhibi ted.  '  n ^ .  ^  r  r

The dental  formula of  rars ius is thus:  c dP,1 p? apl  p* p2 Nl u? Nl
(Fjgs.  I  and 5) .  The premolarslF ceboids,  lor is iAsf  lefrurTds? a*chSeoJ
lemurines, parapi thecids,  as wel l  as the three permanent premolars of
adap' ids and the unerupted teeth of  Absarokius noct ivagus (USNM .I9. l98) 

are
P2, P4 and P5 (see Fjgs.  2,  3 and 4f .  -

Dental  Homoloqies in Var ious Plesiadapi forms and Tarsi i forms.--  Correla-
t i o n oTTETaTI v e 

.Fwl-t 
h rTro rFIo I o gJmTfr e p rem ol a r s- oFralTiG p e rm i t s

descript ion of the posterior two as semi-molari form, with P4lofrewhat less
so than P5. dPl and dP3 are rudimentary and bound lhe larger,  premolar i form
P2. In the upper jaw, these teeth are bounded by Mr poster ior ly and the
canine anter ior iy.  In the ' lower jaw, the anter ior  canini form tooth is
absent but would have been present pr imit iveiy.  Thus, the pr imit ive ante-
molar dental  state f rqm wbich that,of-Tarsius would have been der ived can
be reconstructed as cl dPj P5. Pl efi  n!.
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With remarkable concordance, th is antemolar dental  state,  in number of
teeth as wel l  as relat ive s ' ize and morpho' logy,  app' l ies to the upper,  lower
or both jaws of  var ious ples' iadapoids,  microsyopids,  anaptomorphines, and
omomyines (e.9.  Bown, 1974; Bown and Ginger ich,  

. |972; 
Gazin,  

. l952, . |958,

1962; Ginger ich,  
. |975a, . I975b, 

1976; Kay and Cartmi l l ,  
. I975; McKenna,

1966; Robinson, 1967; Simons, l96lb;  Simpson, 
. |940; 

Szalay,  
. l969a, 

1972a,
1973, 1976; l . l i  I  son and Szal  ay ,  1972) (  Fi  gs .  6 ,  7B-D) .

*****.:b********rf****************************************************************

F iqure 6:  Lef t  mand' ib le of  ?Tetonoides (=Tetonius*-
to revised dental  homologies;  the bar represents 1
1967).

homuncul  us )  w' i th reference
mm. IFA'rawn from Rob'i nson ,

Nannopithex, (B) 0momys, (C) Palenochthq and
the dental  homologies suggested in the text .
bar represents 1 cm. )  .

P4

I

f dpl
P2

I upr P5
P4
I

Fi qure 7:  Lower dent ' i t ' ions of  (A)
aDI Plesiolestes,  wi th reference to
(Redrawn Tff iEnger ich,  

. l975a; 
the
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The most str ik ing s imi lar i t ies wi th Tarsius are seen in the lower dent i t ion of
gre omomvine 0moilys and the paromomyT?-T-lesiolestes. The on'ly difference be-
tweenthelat ter f i l -oanaTarsiusis- thaT@d.! . lesiolestesa1sopossess
; i;;d ;an.iniform tooth.-ThTs tooth antEFT6?Ty bouiI3T6'6Fof antemolar
ieethl  as does the upper canine of  Tars ' ius.  The lower iaw of  both 0momvs
and plesiotestes 

' i r ru! 'pot i . i r  
t ive Ff f i -o lTr lo i i  which i re bounded anFrior ly

bt  a-A*ne. - fonsider ing, the.degree of  congrui ty,  tooth for  tooth,  between
O*glyf l  p i . i io i ; r te l  and"Tarsius]  i  suggest that  the lower dental  formula of
TireTormer-trv-olffi-ales iiT@ P2 dP3 P+ P5 tult YZ M3. , Furthermore, from
*fr i t  is  known of  t f re rpp.r  dent ' i t i5n,  in coniuni t ion wi th Szalay's ( . l973)

reconstruct ion,  I  suggbst that  the upper dent ' i t ion of  Plesiolestes contains
the same teeth as does the lower.  This ident i f icat jon may aTsoJ6ld t rue
for the upper Oent i t ' ion of  Omomys (cf .  Gazin,  l9-58; SzaldY,. |976). .

The lbndjtion jn 0momyif,T?--Plesio!9g!99--five premolar loci bounded
antepior' ly by u iu"ge caffi- iform tooTfi:: ls-aTso noted, for example, in
pronothodictbs,  p i l iecnthqn, !g_1-gnqqb!!-g_, Tetonjus,  Chlorofhys' is, .AnemPrhys' !s,
i Mecrotars'i us- and-Tbsaroki us abbotti

T.fiffi' t#4 ; Tor^in' an-dTi n-gerffig i2 ; Gazj n;1F2, I 9m;196I; Gi nflrl ctr'
igZSu; RoUjnson, lg i l ;  Simonsl  l96lb;  Simpson,_. l940) (Fi9:  7q-D).  In most
of  these pr imates,  th;  teeth in the Pl  and P3 loc ' i  are relat ' ive1y smal l ,  as
itr.V J". \n tarsius, Qmorny: and !1-q!-i-q]9!te:' and are here identif ied as
dec1duousteetE-TF|gS.f ,6,ze-D-[- ]n@.(Fi9: .6) , the. toothinthe
p3 tocus is incredi6iv diminut ive'and shdi lTd-be- ideni i f ied as dP3. Al though
tfre iootn at  the Fl  locus of  Tetonius is not as smal l  as that ,  for  example,
i i i -O-r iv l  or  ptesiotesies,  i tJTlG;6 tentat ively jdent i f ied as dPl .  For the

lowerjawoftneff i6 ' i 'ugg.st that thed-ental formulaisCdR1P2,dP3
pn pc Mr Mz M:.  

-Al though 
I  have- ieservat ions about the upper jaw assigned to

bi l ru i iu ' fsfroi i ,  l96lu) l  t  suggest that  th is pr imate possessed a canine at  the

f f i 'n?-ot  the premaxi l la-and f ive.premolar loci .  .Jydglng^from,th.e known upper
aeni i t ion of  Ansarot ius ab!or! . l t ' ! -  (Bown and Ginger ich,  1972) and ,Hemiacodon and
r#;;i;;; ie.Zirffif,ffiuji-ioour at tie P3 jocus shoula-Ser tieo
i f f iuoui toothas- in0momysandPlesjolestes. I fweextrapolatefrom
iiriiri, in wh j.r. '-ir. '. uppern-FfTeveloFE-aiffi i lFTs jn concert with the lower
6fr f f i 'wouf J .*p.ct  thb'same to apply to these pr imates as wel l .  Simi lar ly,
ut  i t  seen in mi l io ivopias (McKenna' ,  igoo; Szalay,  i969a,.1969b) and as
l l i t t f ,** (  l  gl5 ) reconitructed for Teton' ius ,  one woul d qlpect that-an upper
;;;i;; oiposea tfre t ower anteri or-GninTForm tooth . Therefore, I ,:Yggttl.thut
i6.  upp. i  dental  formula for  these paromomyids and omomyids js C dPr P4 dPJ
p4 P5'Nl  NZ t ' , t3.

DENTAL TRANSMUTATION

Debates on the Dent' i t ion of the ! ' l iqq!-h-9e-I lnes.-- The dental formula of
g,e mfrffirii.itr'rffimlf,-r'riiIo'.8**t , XEnffii th.I and !:gudol ori s ) i s
genera1 ry accepiua'ffi l0-T7-T1e'sffiF, T96Ta, I9Z)--6ETTi-gerich
[ ig7+.)  f ias r . l .n i fv argued. l l fq l  i t  is '2.T.3.3/1 .1.3.3,  the same as is commonlv
i i tea- io" iu"s iu i .  "s im6ns ( l96la) concluded that the enlarged, robust lower
anter ior  tooth-G-s a can' ine,  and that the jncisors had been lost ,  because
some specimens of  Miqlg!-h-qgM er inaceus possessed what he jdent i f ied as

al  veol  i  tor  t*ui  I  lncTsors ,  TFereatThe maior i  ty of  m' icrochoer i  nes di  d not

Ji tp iay th. is feature.  Ginger ich ( , l974a),  on the other hand, comments that  a

mental  foramen iomet ' imes i i  present jn Tarsius in the posi t ion of  what Sjmons
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ident ' i f ied as the alveolus jn some Microchoerus,  and, thus,  the "alveolus" is
rea' l1y a " foramen." I t  must be po" inGd'-  ouf lMwever,  as did Ginger ich,  that
the presence of  such an extremeiy anter ior ' ly  s i tuated mental  foramen is qui te
var iable in Tq!! l t€,  and i ts presence is but a few specimens of  Tarsjus ' is
therefore' insuTTr-Tent evidence to total ly discount Simons'  interpreTat ion.

With regard to the large lower anter ior  tooth,  G' inger ich ( . l974a) iden-
t i f ies i t  as an incisor for  the unjust i f ied reason that " . . . the lef t  and
r ight  lower can' ine do not contact  in any mammal" (p.  277-278).  In addi t ion,
Ginger ich ident i f jes the smal l ,  rud' imentary tooth s j tuated immediately pos-
ter ior  to the enlarged lower anter ior  tooth as the canine and not a premolar
because he feels that  " . . . the probabi i ' i ty  is  smal l  that  there were ever more
than three lower premolars ' in th is subfami ly"  (p.  278).

I  contend that the reason the lower anter ior  teeth of  Tars ' ius appear as
"very di f ferent ly special jzed" is because they are di f ferenE:tGTh-.  To cal l
the large lower anter ior  tooth of  microchoer ines an incisor because r ight
and lef t  canines are not supposed to contact  each other is not only c ' i rcular
reasoning, but total ly el lmTif f i  the possibi l i ty  of  recogniz ing such a
special izat ' ion.  Sjmi lar ly,  to jdent i fy the rudimentary tooth immediately
poster ior  to the large lower anter ior  tooth as a canine because of  a fee' l ' ing
that microchoer ines probably did not have more than three premolars is hard' ly
the type of  evidence upon which to revise the very dental  homologies which
are then used in the reconstruct ion of  phy' logenies.

HoTol oqi es of !hg, LgrgF , 9ani ni form Anterior Tooth, d.Vg!-q!.s Pri mates . --
Abovel-T-ffia-rgued-thaT-TFe h-of-Ta@ as weTi-
as the lange lower teeth of  anaptomorphines, omomyines and vaTlous p ' lesiadapo' ids
are canines and not incisors,  as they are common' ly ident i f ied.  I  would extend
this to jnclude al l  Paleocene and Eocene pr imates which, regardless of  the
number of  premolars,  d jsplay upper and/or lower canini form teeth at  the f ront
of  the jaw.

I t  is  commonly accepted that,  regardless of  morphology, upper incisors
are def ined as those teeth contained' in the premaxi l la and the upper canine
is that  tooth immediate ' ly  behind the premaxi ' l1ary-maxi l lary suture (e.9.
Bown and Ginger ich,  

. l972; 
Gazin,  

. l958; 
Ginger ich,  

. ]974a; 
Gregory,  19?2;

Peyer,  
. I968; 

Tomes, 
. l914).  

Ident ' i f icat ion of  the lower canine ' is  based on
occlusion with the upper dent ' i t ion,  i .e.  the lower canine is that  tooth which
occludes in f ront  of  the upper canfne ( jb id.) .  Lower incisors,  then, are
those teeth anter ior  to the lower can' ine ahd the premolars would be bounded
anter ior ly by the canine and poster ior ly by M1. This may have been the way
the teeth of  pr imit ive mamma' ls di f ferent ' iated ( ' i  .e.  wi th ' large, dist inct
upper and lower canines which bounded the smal ler .  more graci le,  somewhat
sbatulate incjsors poster ior ly and the less t renchant premolars anter ior ly) ;
many taxa, fossi l  and extant,  (a lbei t  w' i th reduct ion in number of  teeth of
var jous tooth sets)  have retajned this basjc mammal ian pattern of  dental
di f ferent iat ion and posi t ion.  However,  whi le th is may have been the pr imi-
t ive marnmal ian condi t jon,  j t  must,  as such, be recognized as a general
substrate f rom which obvious as wel l  as unexpected var iat ions may be de-
r jved. Recal l ,  once more, the secondar i ly  der ived condi t ion of  the
cetacean dent i t ion.

With regard to the lower anter ior  tooth of  p lesiadapoids,  anaptomor-
phines, omomyines and microchoer jnes, j t  is  a large, robust,  var iably t ren-
chant tooth,  which may be f lared lateral iy and whose empiacement may be
orthal  or  var iably procumbent (Figs.6,7,8).  Var ious authors (e.9.
Ginger ich,  

. l974a,1974b, '1975a; Simons, l96lb;  SzaldY, 
. ]972a) 

have made
a point  of  the s imi lar  morphology of  the large lower anter ior  tooth of
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var ious paleocene and Eocene pr imates in support  of  the interpretat ion that

in.r .  i . . th are homologous. As ' i l ' lustrated jn Figs.  .6,  7.and 8,  th ' is  con-
clusion does not ieem inreasonable.  However,  accept ing these. lower anter ior
i . . i r . ,  as incisors ' introduces the probleryr of  exp' la in ing how and why they have

u. io*. .n ' larged and' ,canjni form" is wel l  as how and why the use-cond incisor"

i ; ; ; ; . ; ;n i )" ina-the "canine" are smalI  and "premolar i form" (cf .  Bown, 1974:.
io*n'unA-Olngert .h,  I  972; Gaztn,  

, l952, 19!q;  Ginger ich,  1974a, 
. l974b, . |975a;

-noOi 
nion ,  1967; Simons ,  i96l  b;  Szal  aY, I  9,72a,. .1973) .  As reasoned above,

lo*pa" ison of  ievetopment and erupt ibn,  funct ional  assoc' iat ions,  as wel l  as
ro.bfrofogy, strongty ' indicates tnht t f re teeth poster ior  to the 1arge. lower

unt i r ior- iooth ar6 -Uest interpreted as premol.ars,  some of  which may.be 19-.

i i tnea deciduous i . t i l ' .  l , . l ' i th ' th is understand' ing,  j t  js  not  surpr is ing that
i t ,a to-aul Ied "second' incjsor"  and/or the "canine" (depending on_di f ferent
i . i . rpr . iat ionsj  can be smal l - to-rudimentary and var iably "premolar i form."
n. iogni i . ing tnei . - t ! . l r r  i i  premotars also obviates the need to of fer  explana-
i ioni  as t6 t row iheir  funct ion radical ly changed and why a tooth,  such as the

iunine, would be great ly remodel led f rom a ] .utgg trenchant structure to one
*r, i ' . r , - is  smal l  and iomewnat "premolar i form." The explanat ' ion' is s imply that

thev are Premolars.-"- '  
Sln ' iTu. ' f  V,  the robust lower anter ior  tooth of  p ' lesiadapoids,  anaptomor-

phinei ,  o*omvinei  ina-m' icrochoer ines is not an' incisor but a canine: j t ' is

f io"pf . 'o iosicai ty i f re most "canini form" tooth in the jaw and js in- f ront of  the

anter. iormost premolal i form tooth (dP1).  _Posi t ' ional ly and morphol ,og' ica11y'
ih; ; ,  i r , .  to*b" unt.r ior  toot !  nr isents features which would be developmental ly
i r , i i i . t . r i  s t . ic  o i  i  can j  ne.  Thb on' ly s ' i  gni  f i  cant d ' i  f ference ,  therefore ,  be-

i* . .n the lower dent i t ' ion of  a microchoer ine and that of ,  for  instance, a
; i ; ; ; -p;motaredi- iJui io i i  i lut  the canine of  the lat ter  is  bounded anter ior lv
uv-r lc lgni iuore ini i ibts.  In fact,  in both "f9u1;q1et?1i: :d;-131pi1:, :1{ "- ,microcfr6er ines,  the four teeth between the canini form tooth (=the canlneJ ano

Mr are three aet in i te premolars whjch are preceded by a smal l  rudimentary tooth.
' i j r .n-Lut- i r i i i  

,  rudimentary teeth can be interpreted as retained deciduous
i . . i r ,  and ev. idenie,- is * i th i ' four-premolared" adapids,  supports_the interpreta-

t ion that these dei . iduous teeth are premolars,_the obv' ious conclusion is that

in.  fower Oentar- iormui i  of  Microchobr inae js C dP1 P?P+,Ps-Mt.M2 M3 (Fig '

tAi .  Furthermo.. , - re iogni t ' ion of  the lower anter ior  tooth of  microchoer ines
ai 'wet1 as p ' lesiadapoidi ,  anaptomorphines, and.omomy' ines.as-a canine and not

in inciso" buviui . i ' tne need to hypbthesize extreme remodel l ing and enlarg-
ing of  what ' i r  o i [ . r " i i .  ( . .g.  in"br imit i .ve.mammals,  adapids,  Anthropoidea)
a imal l ,  non-trenchant,  somewhat spatulate tooth '

Rather than remoO6tt ing an incisor not only to look' l ' ike,  but  to func-

t . ional iy ut i i ize the robust ic i ty and trenchantness of  a canine, i t  appears

io U. s impl.r .nd biologica' l1y more conservat jve to retajn the canjne and
inr, io i l  ( I ior . ; )  the in i ' isors.  For,  a l though_sutures and other anatomical
landmarks may appear to be post-nat i11y cor ie lated with tooth pos' i t ion,  both

tooirr-roci  u i ra i in i . l  morprrbtogy are dbtermined fetal ' ly  wel l  in advance of

the di f ferent ia i ion of  thbse ui i imately surrounding features.  (Kol lar  and Baird '

ig i r ;  Ni i ler  ,  wl l ;  Tonge, l97l  ) .  0steogenesis then proceeds gouna these
dormant dental  s i tes which ur.  u i t ivated"by the much iater develop- ing hormonal

ivr l . r - t f5g: j .  Thus, the post-natal  assot iat ion of  teeth and bony landmarks

i"s actuiTiFaccidentai ,  and should not be taken as an ' immutable constant
u*ong diverse grorpi-oi  minrmats.  Therefore,  i f  select ion was operat ing for

i . ;g; ,  robusi  i . in ln i form" teeth to funct ion at  the f ront of  the iaw'  i t

would seem more reasonable to repress inc ' isor_development and-the incisor
' ; i l . fO;- i i t .  gut ler ,  '1939, .1963; Patterson, 

.1956; Van Valen, 
.1970) and
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' in i t ' iate canine development anter jor ly,  than to genet ical ly revise the con-
st ' i tut ion of  the var ious morphogenet ic f ie lds.  In other words,  why remodel
an incisor to look and funct ' ion l jke a canine, as wel l  as remodel an incisor
and the canine to look and funct ion l ike premolars,  i f  the pos' i t ion of  in i t ia-
t ion of  the proper canine and premolars can be shi f ted forward with l i t t le
more disturbance than simply " los ' ing" the incisors? With regard to plesiada-
poids,  anaptomorphfnes, omomyines and mjcrochoer ines, the reasonable conclu-
sion js that  the lower anter ior  tooth js a canine behind which l ie the pre-
molars.  Furthermore, s ' ince the lower anter ior  tooth of  Tarsius is a retained
deci duous tooth and ' is nei ther l arge and "can'ini form" noFmilFs i form, " i t
would appear that  th is pr imate has " lost"  the ent i re complement of  anter ior
teeth ( i .e.  ' incisor and canine) dur ing i ts evolut ion.

The same argument app' l ies to the interpretat ion of  the homologies of
the anter ior  teeth of  the upper jaw. For,  a l though the upper jaw is ul t i -
mately composed of  two bones ( the premaxi l la and the maxi l la) ,  tooth posi t ion
and morpho' logy are determined much ear l ier  than the dj f ferent ' iat ion and in i t ia l
oss' i f icat ion of  these features.  The ma' in di f ference, then, between the upper
and lower jaws is that ,  in the former,  there is a suture.  Howevero th is
sutureo regardless of  i ts  funct ional  and developmental  s ign' i f icance, is nei ther
in whole or in part  responsible for  the in i t iat ion nor morphological  determina-
t ' ion of  the neighbor ing dent i t ion.  Therefore,  i t  need not be true' in every
case that the teeth contained' in the premaxi l la are incisors and that the
tooth immediately poster ior  to the premaxi l ' lary-maxi l lary suture' is the can' ine.

Consider the upper anter ior  tooth ( i f  i t  has been preserved) of  var ious
plesiadapoidsn m' icrochoer ines and Tarsius.  I t  is ,  to paraphrase Simons
(. l961a: 58),  iarger,  longer,  and morelrob-ust  than the commonly presumed
upper canine (see also Bown and Ginger ich, '1972; Ginger ich,  

. l974a,. l974b;

Russel l ,  
. l964; 

Simons, 
. |96' lb;  

Simpson, 
. |935, . l940, . l955; 

Szaldy,  
. l968, . ]972a).

In short ,  the upper anter ior  tooth is certajnly more "canjnj form" than is the
presumed canine (Figs.5,8),  and, as argued for the large lower anter ior
tooth,  shou' ld be ident i f ied as a canine behind which are some number of  pre-
molars.  l ' l j th regard to microchoer ines, the large upper anter ior  tooth is a
canine with,  proceeding poster ior ly,  the rudimentary tooth being a deciduous
premolar,  the presumed canine a premo' lar ,  the reduced so-cal led Pz a decjduous
premolar,  and the two poster ior  preryro ' lars As sucf i .  ,Thgs,^the upper dental
formula of  microchoer ines is:  c dPl p2 ap3 p4 p5 y1 y2 143.

The upper anter ior  tooth oT piesiadapoids,  a l though i t  may be adorned
with f inger-1ike project ions as in Plesjadapis t r icuspidens (cf .  Ginger ich,
1974a, 

. |974b,1976; 
Simpson, 

. |935, . l955),  js  nonetheless large, long and
markedly the most robust antemolar tooth.

Therefore,  in accordance with the arguments above, the upper anter ior
tooth of  p les ' iadapoids should be ident i f ied as a canine and, i f  present,  the
supposed second jncisor and the canine are premolars.

Morphocl  i  ne Pol  ar i  ty and the Pl  es ' i  adapoi  d Anter i  or  Tooth .  - -G' inger i  ch
( I 9 7aaJ-fr as s u g seiled-Th-at tE-eTvoffi[oTd-u p per a n te r i o r
tooth proceeded from a fully tricuspid morphology (as seen jn Pfql44bgqe$eq) .
From this state further adornments were added. However, accordJn!-E--
Ginger ich's (1974a) scheme, much i f  not  a l l  cuspidate elaborat ion was then
" lost"  in the evolut ion of  the supposed " terminal"  p les ' iadapids,  i .e.
Nannodectes gidleyi ,  Chiromyoides maiof  and C. camppnigus, and, mos!,notab1y,
pn-tvEFae"ropi-IaL.6Fei TSITI.Z \'ZW . ThTs rnorffiTi ne,, especi al ly I n
IT!-FT of=tFe preceAlng uE-cussion, seems unnecessar i ly  complex.  For,  s ince
i t  appears most f ikely that  the upper anter ior  tooth is not an' incisor but
a canine, one would expect that  j ts pr imit ive state would be character ized
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by l j t t le,  i f  any,  e laborat ion of  the basic ' large, robust,  t renchant canine
mirphology as t .6n,  for  example jn P' latychaerops, Chiromvoides, Plesjolestes,
;;;;;;y;;i ai- t.. g. 'uiiroivop! 

I un;eTiusfT-McKennafig6-6-L as weTTTTTFoF
io"ri ipi^imate uno non-pffiiTel-if 'miffi the canine 'is s'ituated in its
; ;* feci [o;  poi i i ion ( i . ; .  behind_the premaxi l lary-maxi l lary suture).  There-
fore,  I  sugbest that ' the morphocl ine of  p les ' iadapid upper_canine.mo-rphology
is not f ror i -compiex-to-more-complex-to-markedly-1ess-comp1 ex,  but f rom
s i mpl e-to-comP'l ex .

plesiadapi formes.--  The preceding discussion has deal t  wi th:  l )  mecha-

nisms-;r6Th'"-JGi l"  2)  locj  (dP] and dP3) at  whjch tooth " loss" f rom a-,

t l is-premoiared state has occurred jn var ious Paleocene and Eocene pr imates

. t ' . , r . i i -a i  ia is lu i ,  and_3) the homologlgs of  the 1arge, robust upper and
lower anter ior  te?n. Reluct ' ion f rom-f ive to four piemolars dur i .ng the evolu-

t ion oi  the adapids and microchoer ines, al though paral le l .and independent--
events,  is  best ' i . .n ui  the " loss" of  dP3 with-the retent ion of  dPl ,  P2, P4

;; ;  t5.  Sor.  aOipias possess only three premol.ars,  the der ivat ' ion of  which
iouf o occur uv l rb , ' loss" of  dPl  . -  Al though-reduct ' ion f rom four to three pre-

*oiu.r  appear i  to-have occurred' independel t tv in streps' i r ! ' r i l9: .versus Anthro-
ooidea. reduct ion f rom f jve to tour-bremolar i  by totai  jnhibj t ionlT-the

lFg- io i r r -*6uia appear to have character ized the common ancestor of  these
i*o g"o;pt .  With ' i -egard to proper three-premolared pr imates--as.are most
; ; .p; i ;h in.s,  the piatymhines'  and parapi thecids--retent ion of  the pr imit ive

i .qu.n. . i  ot  r i remot i r  d ivelopmqlt  anb erupt ion ind' icates that  the locus of
oFr '  r raa been in i r iu i iea.  tn iaai t ' ion,  reduct ' ion_to three premolars may have

occurrea more than once in the strepsirhines. For, . j f  the adapids are not
, ,basal , ,  or  near lh.- ln i . r t ry of  lemurs and lor ises (g.g.-ht l t : l l '  

. l975; Clark,
:J l6r ;  gregory,  tgtS, lgZO; 

" f '4art in,  1972; Simons,. l96lb,  1972) bu! form a

i i i t . " :g"6up" 6ntv wiur *re der jved Hapglemur-LFPj lgmur-Y9!?luigqi , t .  sroup
ii.6"urir-, \g14^", 1975b; Schwartz and-Tailtersal' l  ,-Tn pressl 

'  
reduction to

i r . , " . . -pr .molars must have occurred independent ' ly . in the other strepsirhi .nes.
ni1116rgr,-r .au. t ion t ro* f ive to three prq[9lars in the strepsirhines and
nni f r"opoidea i r  i f ' , .  resul t  of  " loss" oi  dPl  and dP3, var ious plesiadapoids

inj  ur iptomorprr ines have decreased the number of  premolars at  d i f ferent loci

wh' i le retain ' ing dP3.'  -As-einge" icn ( jgZqu,1976, but on di f ferent cr i ter ia)  has pointed out,
there is a i ichotomy between the ples' iadapoidp and tarsi i forms, on the one
h;;d;  and Anth"opoi l .a and Strepsirhjni ,  on the other.  Wjthin the realm of
a.r i i f  homolog' ies-presented here,  the lat ter  group ( i .q. ,Anthropoidea and
;; ;$; i ;h; ; i i ' . in be character ized by t le preience (and thus retent ion) of
inci iors and canin. i  in their  "expecied" posi t ions wi th reduct ion f rom f ive
to-t6r.e piemotars occurr ing at  t i re dPl and dP3 loci ;  the plesiadapo' ids and
tarsi i forms rrave inhibi ted i t re inc ' isors,  developed the can' ine at  the f ront of
i r . , . - iu*- i i lur .a ae" ivea iharacter complexes) , ( l lg l .ygi- ! l l i ! : ,11:^b: : l -^ ] : : t "
in-r i r t i ; ; i - ; ; ; ,* in runy cases, have i^etained.the pr imit ive pr imate premolar

'eg1on,-a-pl 
Fz opg P4 P-5. Howevel, wi|r re931d-i9^!i919]l l  l l : : : : :^l l t^*^,,^

pi i r iuaupoiO-iarsi i form group d' i f f6rs f rom the strepsirhine-anthropoid group.

Review of  the data 6n the plesiadap' ids (Glnger ich,  . l974a) indicates that
the tooth cal led FZ (at  least  ih t f re lower iaw) is a deciduous tooth.  This
js based on the observat ion that the non-appearance of  th is tooth (especial ly
j ;  i l ; - i ; . " - j i * ) - is  qui te f requent and that,  when this tooth ' is-present '  i t

is  most of ten u i t rnt , j i ,  rudimentary tooth (Ginger ich,  . l974a,. l976).  This is
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further substant iated by part ia l  data on development and erupt ion ( ib id. :  250-
253).  Fjrst ,  i t  js  on' ly in three species of  Plesiadapis (P. rex,  i .  p" t . . t*g!
and P. insignj : )  that  the smal l  "P?" i .s consistent ly present.whereas this tooth
is only vaTi IETy present in the maior i ty (P.fodinatus,  P. .churchi l ' l i ,  P.
anceps-.  P.  walbeckensis and P. remensis)  (C- inqmT974a).  TnTEher -

F. Iesr*-adaoisf f iooEi l  p.  A[Oif f i -Tr icuspjdens and P. russel l i ) ,  as wel l  as
1 n Tfi-e pTes i idap@nA PITEychae rops da ubFei ,rqr-Ts never
present ( i bi d. ) . Conrid:ffig Eh-'e ( al6ETf pnrrrcTuEtei-')-rnor-pfrocl ine of the
ippearancEl lnToss" of  "P2" wi th in not only the plesiadapids but_each of  many
species of  Ples' iadapis,- i t  is  apparent that  th is represents a. locus of  tooth
inhibi t ion.-JTere ,  as argued in the model presented ear l  ier ,  th is tooth
("P?") js best regarded as a deciduous tooth whose permanent successor had
beefr  inhibi ted.

Thjs interpretat ion gains fur ther support  f rom ev' idence of  dental  develop-
ment as seen in the mandibular f ragment of  a iuveni le Plesiadapis rex f igyfed
by G' inger ich ( ' l974a: 252).  In th is spec' imen, Ml-2,  _ 'dPg-4" and.the so-cal led
e2 naO-tul ly erupted, the a ' lveolus for  the enlaigEO lowEr'anter jor  tooth is
pFeserved, and the crowns of  "P3" and "P4" are fa i r ' ly  wel l  develqpgd. I t  can
be noted, then, that ,  aside from being rudimentary,  the so-cal led P2 has
erupted such that i t  funct ions wi th not only the poster ior  decjduous premoiars
but also wi th the two permanent premolars which erupt much later.  Therefore,
the log' ica ' l  conclusion is that  th is "P2" ls a deciduous tooth which occurs
jn a posi t ion of  tooth inhibi t ' ion and tooth " loSS." Furthermore, j t  js
interest ing that th is decjduous premolar is in the same pos' i t ion ( three p' laces
anter ior  to M1) as is the dP1 of  Kennalestes,  Gypsonictops, Tarsius.  I
suggest, therdiore, that the'"P2"TF-pmapl?ffire lffieaild-'FFa-nd the
"P3'r  and "P4" are P4 and P5, respect ively.

Among the ples' iadap' ids,  the tendency' is to,re!a]n more upper than lower
premolars-(cf .  Ginger ich,  1974a, 1976; Szalay,  1972a).  l , l l i th lggarO to the
morphoc' l ine of  spei i f ic  tooth " loss" other than the var iable " ' loss" gI  Ol :
previously discussed, dPl ' is  genera' l1y the f j rst  lower_premolar inhibi ted
(e.q.  jn Nannodectes),  fo l lowed by PZ " ' loss" (e,9.  in Plesiadapis praecursor '
p.  inceps nd last ly by- ln iermlt tent  (e.g.  in E. dhff i iT]- i jnd--
P' .  f f iAj*naius) anT" ' ihen co*pleie r ' loss" of  dP3 (e.g.L tFicuspl@. {ubius,-Chiromyoi i -es and Platychoerops).  In the upper iaw, Pz ' is  the only premolar
qoffGir though@mayhave- ' ' lost . 'dP|aswel l ) ,but i ts ' ' loSs' '
is observed only affiThET-T dP1 and P2 and its absence noted in but a few
plesiadapids,  i - .e.  Plesjadapr ls t r jcuspigEns, P. cogkei  and perhaps Chiromyoides.
Thuso the plesiadapTG-may-seen !o " losei l  premo' lars So as to create a
semi-diastemat ic condi t ion:  i .e.  f )  the lower premolars are " lost"  antero-
poster ior ly,  thus creat ing a diastema^behind the large 1ower.  canine; 2) t f re
i^ather diminut ive dPl and-the smal l  p2,  which (relat ive to the upper canine
and dP3) are w' ide1y spaced in the upper jaw, become, wi th " loss" of  lower
anter ion premOia"s,  even more funct ibnal iy isolated; and 3) " loss" of  P2, i !
conjunct ion wi th the absence of  lower anter ior  premoiars and the demonstrable
jsolat ion of  dPl ,  ef fect ' ively creates an upper d ' iastema behind the upper
canine (Fjg.  8) .

In s i i r i lar  fashion, albei t  wi th somewhat l imi ted data (especial ly wi th
regard to the upper jaw),  the plesiadapid mode of  premolal  " loss" and sub-
sequent creat ion of  a semi-diastemat ic condi t jon also appl ies to the
carpolest ids (cf"  Clark,1962; Gazin,  1962,1971 Rose, 

. l975; 
Sjmons,1972,

1974).  In the carpolest id premOlar " loss" morphocl ine,  however,  the semi-
dr 'astemat ic condi t ion js produced by cont inual  d ' iminut ion in s ize of  the
(deciduous) premoiars anter ior  to the retained P4-5 and P5, wh' ich become
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Figure 8:  Comparison of  (A) P' lesiadapis and (B) Microsyops.(both XI)  wi th
mence to the dental  homologiEs suggested in the text .  (Redrawn from
McKenna, 

. l966) 
.

****:k*************:k****rk*******************************************************

increasingly enlarged and elaborate (especial ly seen w' i th the,plqgiaulacoid
Pq).  tn ia i i t ion,  the microsyopids (see Bown and Ginger ich,  

. l973; 
Bown and

R5se, 1976; G1nger ich,  1974a),  exhibi t  the plesiadapid type of  premolar reduc-
t ion;  th is js seen, for  example,  by comparison of  Microsyops and CYnodo[t !9[ t / l
(MeKenna, ' ]966; Szalay,  

. l969a) 
wi th Uintasorex and Niptomomys (5zalay,  l9b9b)

, r.  
^\(F19. 61 .'  -  Th; paromomyids (e.g.  Schwartz and Kr ishtalk?,  

. l977; 
Simpson, 

. |940,

1955; Szaiay,  lg iz,  1973; Wi lson and SzaldY, 
. l972),  

for  the most part ,  retajn
the fr imit iv6 f ive premolar region. However,  the plesiadapid mode of  premo_1ar
reduct ion,  to a cer la in extent,  must have been involved in the evolut ion of
Phenacolemur (Simpson, 1955).
- f f iT i formes' . - -  l^ l ' i th regard to the anaptomorphines, Jrogolemur (Gazin,
l95g;T -rc 'gg,  lg l5)  anA Pseudoteton' ius (Bown, lgT4mssess four,  rather
than f ive,  pr imolar i form teeth SeJGn]Fe]-arge lower anter ior  tooth ( i .e.
the can' ine) and M' l  ;  ( the upper dent ' i t ion of  these two taxa is not known at
i resent) .  In Pseudoietonjus,  the poster iormost.  premolar (=P5) and Mt-2 ( the
bnlyknownmo]I i3J-6f f i ra11yindist inguishab1efromthoseofTetonius,
wh. i ls t  the tooth- in i . " ior  to P5-di f fers f iom that of  the lat ter  in- f f iTt
is s ingle-,  not  double-rooted ind djst ' inct ly smal ler  in s ize;  between th ' is
smal l  iooth and the large canjne are two alveol i ,  presumably for  two more
singie-rooted diminut ive teeth (Bown ,  1974).  In TfPgo]emur ' .  thg four teeth
U. i r i . .n M1 and the canine are al l  s ingle-rooted wTTh-TIe poster ior  two teeth
ais i inct tV premolar i form and the antei ior  two demonstrably diminut ive in s ize;
[ tn.  i iz . -ot  t f 'e most anter ior  of  these four teeth js infemed from the sma] l
root which js preserved (Gazjn,  1958; Matthew, 

. l909'  
l915))-  To explain the

di f ferences between Tetonius and Pseudotetonius,  Bown ( . I974) has proposed
. rui6. i  compf icatedlEi iE-of  st f f iT nrodlT' icat ions jnvolv ing " loss" of
i f ' .  targe anter jor  tooth,  enlargement.of  (what ' is  here def ined as) dP1, 

^
reduct idn of  P2 ( the so-cal led Canine) and " loss" of  the anter ior  root of
pn ( the so-calTed Pq).  Such a ser ies of  structural  modif icat ions,  however,
r i .* t  hardly necessiry when j t  is  equa' l1y poss' ib le to inhibi t  var ious
features (e.g.  s ize,  humber of  roots)  dur ing the development of  the pre-
molars or to s imply retain smal l  deciduous teeth.  Al though a def in i te
jdent i f  icat ' ion of  i l I  dental  homologies must await  1arger sample s ' izes,  I
would suggest that  the large lower anter ior  tooth of  Pseudotetonius and
Troqolemuris the canine and the tooth immediately anG7Toff i l -Ts P5.
m@r,thetoothanter ior toP5is|+wni lethetworudimentary
anter ior  teeth are probably deciduous [remolars (dP2 and dPa?).  - Inpseudotetonius,  the three rudjmentary teeth anter ior  to P5 may al l  be re-
13lneA-Zec-Lduous premol ars ( dP2-a? ) . The di mi nuti on i n premol ar si ze from
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Doster ior  to anter ior  as wel l  as the decrease in the number of  roots of  poster ior
premolars (especial ly in Pseudotetonius) suggest:  th9!  dP1. was " lost"  and the
mechanisms of  (and funct ionaT reasons-For)  premolar " loss" are at  least  ana-
logous to those seen in piesiadapids,  microsyopids and especial ' ly  the carpoles-
t ids.

Rooneyia,  one of  the few North American pr imates known from the 0l iogcene,
was df f iTEEd- by W' i ' lson ( .1966),  who tentat iveiy al located i t  to the fami ly
0momyidae (=0momyinae).  Pr imary characters which prompted l ,d i lson to al ign
Roonlyia wi th omomy' ines were the presence of  para- and meta-conules on the
upper motars.  nowiver,  the morphology of  the premolars and molars (especia ' l1y
t i ' rb aisposi t ' ion of  the paraconules,  metaconules and hypocone (cf .  Stehi in,
ig iOi) , ' in.  naiur.  of  t i re audi tory bul la and tubular ectotympan' ic (Szalay'
1g7S), ' t f re bony contr ibut ions to the enlarged orb' i t ,  the features of  the brain
as wei l  as genLral  craniofacial  re lat ion! ! ip:  are c ladjst ical ly microchoer ine
(cf .Sjmonsl  l96la;  Simons and Russel l , . l960) (see also Thenius,1969).
Al though the crowns themselves are not pres,elYed, Wi lson ( . l966) suggested that
the pr6maxi i lary alveol i  housed two "powelful"  teeth;  poster ior  to the prel
maxi i lary-maxi l lary suture there is a smal l ,  s ingle-rooted tooth fo l lowed by
two dist inct iy premolar i form teeth and then the molars.  Whj le indicat ing that
the d1minut iv!  tooth poster ior  to the premaxj l lar :y suture could be a premo' lar
rather than a canine, l , l ' i lson opted for the lat ter  interpretat ion.  Gjven that
the data are l imi tqd, I  suggest that  the two premaxi l lary teeth are the"canine
(anter ior ly)  and PZ (poster ior ly) ,  and the other antemolar teeth are dPJ'  Pr+
ind p5. I f  th ' is  interpretat ion is correct ,  development of  two "powerfy l"- teeth
in the premaxi l la could have been achieved by s imply inhibi t ing the dP'of  a
f jve-premolared upper dent i t ion s imi lar  to that  seen in the m' icrochoer ines,
C dpl 'pZ ap3 p4 p5'y1 M2 M3.

Catarrhini . - -  l^ l i th regard to premolar " loss" jn the evolut ion of  the
catarFh]T@Tduction to iwo premolars can be seen to have proceeded from a
oremolar reqion homoloqous wjth that  of  three-premolared Anthropoidea and
i t repsirhini  ( i .e.  P2,-P4 and P5).  Var ious interpretat ions of  such " loss"
have'previousiy been given: Gregory (1922).suggested that reduct jon of  pre-
molars occurei  antero-poster ior ly;  0sborn ( . l973) br ief ly commented that per-
hips M3 was' inhibj ted and the molar i form poster ior  deciduous Pfgqolar retained
as the f i rst  of  the three poster ior  molar i form teeth;  and I  ( . ]974c) argued that
ihe poster ior  premolar was " lost"  jn the lower iaw whl le the anter ior  premolar
*as i ' lost"  in i t re upper jaw. However,  data on so-cal led supernumerary molars
in catarrhjnes, in concert  wi th an appreciat ion of  the mechanjsms of  determina-
t ion of  tooth posi t ion and morphology' ,  is  most support ive of  0bsorn's ( . l973)
suggest i  on .""  Interest ingly,  the catarrhines are the on' ly anthropo' id group which deveiop
and erupt so-caTt ia anomalous " fourth" molars (e.g.  Bennejeant, . l936; Colyer,
1936; Schul tz,  

. l935, . l941, 1944, 
. l950; 

Delson, personal  communjcat iono for
paradol ichopj i f recus).  These " fourth" molars are commonly interpreted as
f f inentteeth,probab1y,duetolocal . izedtwjnning9rsp1i t t ing
of i  tooth bui  i 'n ear ly deve1opment. . . "  (Schul tz, . l950: 239).  An al ternat ive
interpretat ion is that  a " fourth" molar js not anomalous but s imp' ly the resul t
of  re laxat ion of  forces of  jnhjb ' i t ion on a tooth which otherwise would develop
at that  locus. A sim' i lar  phenomenon occurs in the cal l i t r ichids:  a ' l though the
third molar has been " lost ,"  in j t ja l  development of  th is tooth somet imes occurs
(f terstrkovi tz, . |970).  Thus, i f  the last  molar can be " lost"  by forces of  inhibi-
i ion c.euted, for  example,  by shortening of  the iaw and subsequent crowding
(. .g.  Hershkov' i  tzo 197b, ior-cal l i t r ichids;  Pederson, ' l949, for  Eskimos)_,  then'
whei  there js suf f ic ient  developmental  space, the tooth which had been " lost"
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may reappear (Gr{. ineberg,  1952,- . l963).  I  suggest,  therefore,  that  reduct ion in
pr lmotai . 'number dur ing-the_evolut ion of  catarrh ' ines was the resul t  of  inhibj-
t ion of  P5, retent ' ion of  dP5 as the f j rst  molar j form tooth,  and concommit tant
; fo i r"  of  t t3.  The post- incisor dental  formula of  Catarrhin ' i  is :  C PZ P4
apS-Nt NZ; ( incisor homology wi l l  not  be djscussed at  th is t ime).  From these
ionclus. ions,  i t  is  obvious- lhat  the three molars of  Catarrhini  are not homo-
logous with the three molars of  other pr i .mates.-and that reduct ion to two
roiu"s jn the cal l j t r ich ' ids was by " loss" of  M3 whereas in Homo sapiens j t  is
by " loss" of  M2.

Indr i jdae.--  Last ly,  ment ion must be made of  the indr i ines and palaeo-
propi f f&lnei l  which polsess only two premo' lars.  Reduct ion of  premolar
hu*ber jn theie two gi .oups has bben suggested to be the resul t  of  " loss" of
anier ior  premo' lars (Gregory,  192?),  :19: :"  of  the middle of  a -pr imit iveiy
ihree-premolared dent i t ion- (Fr iant ,  . l935),  or  by ' inhibi t ion of  the uppqr
anter ibr  and lower poster ior  premolars (Schwartz,  1974c).  I t  a lso could be
that reduct ion to two premo' lars occurred as in the catarrhines. Al though I
have not seen specimens nor reports of  any indr j ine or pa' laeopropi thec' ine
with, , fourth" mo' lars,  data on development and erupt ion as wel l  as comparat ive
morphology of  the premolar region of  indr i ids (Lamberton'  l938; Schwartz '
i t i [ ; ;  f i iqc,  tgTs[;-rut i . r ru i t ,  

. t973a, . l973b; Tattersal ]  and schwartz,  1974)
i i  su6g.t t ive of  the lat ter  interpretat jon.  At  th js t ime, however,  the homo-
fogigi"ot  the indr i ine and paleopiopi thecine premolar (and molar?) region
must remain in doubt.

PHYLOGENETIC RELATIONSHIPS

Dental  Complexes.--  The phy' logenet ic relat ionshjps suggested by the
precedlig-d'isff i lon of dental homologies and consequent shared derived
character states are ref lected in the accompanying cladogram (Fjg.  9) .  The
dotted l ines in the c ' ladogram ref lect  the uncertainty of  determining how
miny der ived states are shared because of  recency of  ancestry_or are ' indepen-
Oeni ly at ta ined. From the above, i t  has become gpparent 'at  least  wi th
rega"i  to modes of  premolar " loss,"  that  paral ' le l ism is more the rule than
js the pl inciple of  pars ' imony. indeed, whether or not select ion in the
plesiadapoid- iars i i form group for robust anter ior  teeth and var iable
i ' loss" of  premolars to c ieate semi-  or fu l ly-diastemat ic cond' i t ions can be
seen as the resul t  of  compet i t ion wi . th rodents and mult i tuberculates,  there is
no reason to exclude the possibi ' l ' i ty  that  these pr imates were compet ing
among themselves. Aside from some degree o_f paral le l tsm in modes of  premolar
" losi , "  the tars i i forms and p' lesiadapoi 'ds form a natural  group through shar-
ing the der ived character complexes whereby the incisors have been " lostr '
ani  the canine js deve' loped as the most anter ior  tooth in the iaw. The
microsyopids also share th is der ived character compJex,and, thus,  as is
indicaied by dental  morphology (Bown and Ginger ich,  1173; Bown and Rose, 1976'
Ginger ich,  i974a; l ' lcKenha, l966; Szalay,  l !69a, 

. l969b),  
form a s ister-group

with the plesiadapoid-tarsi i form clade- Al though retaining the pr imit ive
emolacemeht of  inb' isors and canines, the cornmon ancestor of  Anthropoidea
and Strepsirhini  has r ' ' lost"  dP3; independent r ' loss" of  dPl  in each group' is
indicated by i ts presence' in the adapids" l r . I i th negard to. the pr imates as a
whole,  the incest i^al  morphotype would have been character ized by the comp' lex
whereby, of  the retained f ive premolars,  P1 had been jnhibi ted and dPl
reta ' i  ned.

The tar Reqi 'on.--  The sis- ter-groups indicated by dental  characters are
al  so coi-s lstent wi- t f r  data on other morphol  og' ical  features .  Thi  s can be seen,
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Fiqure 9:  Tentat ' ive theory of  re lat jonsh' ips among the Pr imates;  the aster isks
d[fr .of [  ext jnct  taxa whi le distances of  d ivergence are schemat ' ic  and do not
ref lect  t ime. Since reclassi f icat ion of  the pr imates seems warranted but ' is
not deal t  wi th here,  commonly accepted referents to taxa are used in their
fami l iar  sense.
***********************************************tr******************************

for  instance, in the bony ear,  the di f ferences which exist ' in the bul la and
the djspos' i t ion of  the tympanic bone.

The pr imit ' ive pr imate ear region has been general ly accepted as that
seen in the lemurs,  i .e.  a 1arge, inf lated petrosal  bul la wh' ich extends later-
al ly beyond the infer ior  edge of  the tympanic r ing (e.g. .Cartmi1' l ,  . l975;

Claik ,  1962; S' imons; 1972; Tattersal l  and Schwartz,  
. |974).  

However,  whi le
Anthropoidea and Strepsirh ' in i  may be character ized by a total ly petrosal
bul la (e.g.  Major, . I899; Van Kampen,1905),  recent studies of  the develop-
ment of  the bul la of  Tarsius (Schwartzo ms. a;  R. D. Mart in,  personal  commu-
nicat ion) show that tneFe-Tt a dist jnct  entotympan' ic contr ibut ion whjch fuses
with the petrosal  (Fig.  l0) .  In the adul t  tars ier ,  a l l  sutural  evidence of
such a contr ibut ion is obl i terated. I t ,  therefore,  can be appreciated that
i f  the bul lae of  Anthropoidea and Strepsjrhini  are total ly petrosal ,  th is is
a shared der ived character.  Since the bul la of  Tarsius is composed of  an
entotympan' ic contr ibut ion,  j t  would appear that  thEfaracter state was
der ived from a cond' i t ion in which the bul la was total ]y entotyrnpanic as
seen, for  example,  in nicrosyopids and lept ict ids (McKenna, . l966).  Thus,
i t  would seem that the ancestral  pr imate would have possessed an entotympanic
bul la (also suggested by Bown and Ginger igh, . I973) which may not,  however,
have been total ly ossi f ied (McKenna, 

, i966).  
1t  js  unfortunate that  evidence

of a compound bul ' la may be obl i terated in the adul t ,  for  such a contr ibut ion
may we' |1 be present in the few plesiadapo' ids and tarsioids for  which bul lae
arL known ( i ' .e.  Plesiadapis,  Phenacolemur,  Tetonius,  Necrolemur and Rooneyia);
nonetheless, ' i ts conFrmiTTon-In-Tlrslus does-TenE-suFFort E-TcKennErs 

-

b

E
g
:.t
==
cs
4=
gc

=E
\,

a
a2qr=

!a=a
=s

-E=e4
e>c

F

oEE

t

€
€
o
E
a

'? 4-
*=q

6>a

==E
=-iogEs
, i  F

I

=
e
c

-q
9=
c6

=
ra

a

a

e
I
e

o

=
g

4

e



20 SCHWARTZ

Fiqure l0:  Basjcranial  v iew of  skul l  of  juveni le Tarsius (RM c).  Right and
TEFff iuETtory bul ' lae both have a "hole" jn the medial  wal l  of  the hypotympan' ic
sinus (detai led in draw' ing) whose subtending edges show morphological  evjdence

of contact  (not unl ike the cranial  squamosal suture) wi th a dist inct  and

3

:. ' l

t/
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separate contr ibut ' ion to the bul la:  an entotympanic element (cf .  Kampen,. |905; McDowel l , . l958; McKenna,. l966);  ( for  fur ther dicussion see Schwartz,
ms.a).  Scalejs in mm. e = entotympanic,  cf  = carot id foramen.
******************************************************************************
( . l966) suggest ion that th is may be the case in Plesiadapjs.'  

Hers[kovj tz ( . I974a) and Szalay (1972b) haveTecenTl l -argued that the
pr imit ive pr imate condj t ' ion is wj th the tympanic bone external  to the bul la.
In reviewing avai lable data on the ontogeny of  the bul la,  Schwartz,
Tattersal l  and Eldredge ( . l978) concluded simi lar ly;  obviously,  dry
modif icat ion of  th is conf jgurat ion would const i tute a der ived cond' i t ion.
Interest jngly,  one der ived condi t ion,  in which there' is a tubular ectotym-
panic but the r ing f ies wj th in the bul la,  is  seen in Tarsius,  Necrolemur,
i tooneyig,  TgtoniUi , ,  Plesjadapis.and appargnl lv Phenac?leF Tft f f i -Taxa
are Tef lecTJve ot  tnerr  tess wert-known sister taxa, i t  ' is  most l ikely they
share th is der ived character because of  common ancestry.

i t  is  generai iy accepted that the ancestral  pr imate lacked the medial
branch of  the' internal  carot ' id artery and possessed a stapedial  branch which
was larger than the promontory (e.9.  Clark,1962; Gregory,  

. ]920; 
McDowel l ,

1958; McKenna, 
. I966,1975; 

Simons, l96lb,  1972; Szalay,  
. l975; 

Tattersal l
and Schwartz,  

. I974).  However,  many pr imates--p ' lesiadapo' ids (at  least
Plesiadapis (Russel l ,  ' |959) and perhaps Phenacolemur (SzaldY, . l972b)) ,

ff iITFoFms (tars jus, Necrolemur (Simonsf,i 'd-Ril33ETT, .l960) 
and perhaps

Teton' ius (Szalav, lS-Z5r) ;Tf f ihr-opoidea and a number of  strepsjrh ' ines (Saban,
TI6-3lnT wel I ai 

-microsyopi?f(MtGnlE-, . l966)--are 
characteri zed by the

promontory artery being ' larger than the stapedjal  branch. I t ,  thus,  would
appear that  th is is the pr imit ive pr imate cond' i t ion,  whereas that in which
the stapediaTTi larger than the promontory ' is  der ived. Therefore,  th is
pr imit ive condi t ion is not jndicat ive of  increased circulat jon to an
jncreasingiy sophist icated brain,  as has, for  example,  been claimed for
Apidium (Ginger ich,  , l973).  Furthermore, s ince m' icrosyopids possessed the
mETTaT-branch of  the internal  carot id artery,  th is artery must have been
present in the ancestral  pr imate.  Al though absence g!  th is artery would have
character ized the ancestor of  p ' lesiadapoids and tarsi ' i forms and the ancestor
of  strepsirhines and Anthropoidea, loss of  th is feature would have been
independent ly achieved in each case.

CONCLUS I  ONS

The phy' logenet ic relat ionships suggested by the complexes of  tooth
" loss" and subsequent dental  homolog' ies as wel I  as the states of  some non-
dental  characters support  Pocock's ( ' l9. l8)  and later Hi l l 's  ( . l953, . l955)

content ion that Tarsius should not be grouped w' i th ' lemurs and lor ises
phyl  ogenet j  cal  1y-or taxonomi ca1 1y.  However,  i  t  i  s  apparent_ that  the
tais ' ier  c lade not only is s igni f icant ly di f ferent f rom the lemur/ lor is
group ( i .e.  Strepsirhini  )  but  is  equai ly dist inct  f rom Anthropoidea. Con-
iequent ly,  the not ion of  a "Tarsjus stage" in the evolut ion of  Anthropoidea
becomes meaningless.  From tFG point  of  references, s imi lar j t ' ies between
Tarsius and Anihropo' idea in such characters as the absence of  a rhinar ium
TPi-mf,  lg lB) ,  the presence of  a postorbi ta l  bar and some,degfgg of  post-
orbi ta l -c losure (e.g.  Hershkovi tz,  

. l974b; 
Sjmons.and Russel l ,  1960),  as

wel l  as aspects of  ietal  membrane morphogenesis (Luckett ,1974) are the
resul t  of  parai ' le1 evolut ion (Schwartz,  . l978a).  That such seemingly diag-
nost ic characters of  h igher pr imates could have evolved jndependent ly in
Tarsius whi le others set  j t  d ist inct ly apart  is  parai le l led jn the composi-
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t ion of  b lood serum proteins:  whi le Tarsius resembles Ho{o sapiens in hemo-

i j .6 in unO-iJ.nvtut . 'k inase patterns r- l - tE-ese s ' imi lar lTJ-es-aTETTfset by
iarked di f ferentes jn album' ih and PGM (phosphoglucomutase)" (Barnicot  and
H.*. i i - i *et t ,  ' I974: 90. l ) .  As Barnicot  and Hewett-Emmett  fur ther po' inted
;; i ,  , , . . .  i t  would not be part icular ly surpr is ing to f ind phenotyp' ic resem-
Otances for a few proteins even jn forms that are jn fact  only d ' is tant ly
rel  ated" (  i  b ' i  d.  )  .

Another consequence of  the conclusjons reached here is that  there are
a number of  der ived complexes which c lear ly at test  to the pr imate af f in i t ies
rf  p j . i iaaapoids and mi l rosyopids.  Therefore,  no longer js there a need for
pr.bciupat ibn wi t f r  t f re not ion'of  a "wastebasket"  taxon (e.g.  Cartm' i11 ,  1972)
to deal  wi th these forms.

Some of t f re i f ra iacters,  then, which can be at t r ibuted to the ancestral
pr imaie would be: l )  f ive premolars,  of  which the f i rst  and thjrd are re-
ia jned deciduous teei t l ;  Z)  iack of  a postorbi ta l  bar;3) f issured claws;
4i ; ; -eniotympanic bul ia (ossj f ied?) wi th the tympanic r ]ng external  to i t ;
5 i  a medial-branch of  the internal  carot id artery;  and 6) smal l ,  somewhat
i iu i r iu i .  incjsors (more than_two pairs?) unl  a t renchant canine in the' i r
; !*pecieO" posi t ioni .  As' ide f rom molar morphology (cf  . -Simpson, '1935),

. ; i ' i - ; i ; ;u. ! . r  1 represents a der ived condi t ion.  Notably absent f rom this
dis iussion have been aspects of  moiar morphology and var ious special izat ions
; i - ; f f i r i ; r ; - ( . .  g.  l t tpblest ids,  anaptomorphines, cercopi thecids) .  To some
extbnt,der ived v6rsus i r imi t ' ive character states of  these morpholog' i9s were,
i t f , .n into consjderat ion jn construct ing the c ladogram. Obv' iously '  i t  wou' ld
seem in order to re-evaluate the commoniy accepted p_hylogenet ic-relat ' ionships
oi-JnO among pr imates^as we' l l  as the s ign' i f icance of  the morpholog' ies upon
which they are based. ' r

SUMMARY

Among other aspects of  morphology, Tarsjus di f fers f rom other extant pr i -

mates in that :  l )  i t  does not possess any recognizably jncis i form teeth in
ei ther the upper or lower jaw; 2) t f re most canini form YPper tooth is the one
at the f ront bt  tne jaw ( the so-cal led central  jncisor) ,  and there' is no
, i r i i i r iv  ianini iorm"iooir '  jn the lower jaw;3) the lower antemolar dent i t ion
i t .orpoied of  f ive teeth which can best be descr ibed as premolar i form, as
i i  a lsb t f 'e case with the f ive antemolar teeth behind the large, anter iormost
,pp..- iooi f r .  The quest ' ion,  then, is what are the antemolar teeth of  Tarsius--
are they premolars and transmuted canines and' incisors,  or  are they idEn---
i i i iaOtL is the teeth they morphological ly most resemble?

To test  th is- two-taj ied hypothesis,  aspects of  dental  development and
erupt ion in ISius and other Lxtant pr imates wi th.  presumably s jmi lar  den-
tal '  formut ae-r^rere compared. I t  was found that:  I  )  i  n post-nata1 tars ' iers ,
a l l  of  the antemolar feeth do not replace predecessors or are themselves
replaced, as typi f ies other pr imates-- thus,  the "adul t"  dent i t ion of .Ta]^sius
di f fers f rom that of  other extant pr imates in reta ' in ' ing what appear to be
deciduous teeth along with proper permanent teeth;  2)  thosg tegl l  which are
****** **************I**********rt**i**:k***rr************Jr**rk*Jr:k)kjr******:k**)k****:k
3Sjn. .  th is paper was wri t ten,  Kr ishtalka and Schwartz ( in press) have pur-

sued further the relat ionships ampng plesiadapi form-tars ' i  j form pr imates

iuggested here.-  Oi  i f re hypotheses,[resented, in Fjg.  9,  we have corrobated
in6"rugg.st ion gr i t  i l re microsyopids ( in part)  are the most pr imit ive members

oi  t f , . " i taae, noonevia is c ladist ical ly a m' icrochoer ine, and the relat ionship
of T. . r ius l iea-nested'wi th in the c lade; the reader is referred to th is
refEGnFfor detai led morphological  d iscussion'
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retained and unrep]aced in post-natal  tars iers are the upper " lateral  incisor,"
and,the upper and lotnler "P2";  3)  of  the permanent teeth of  rars ius,  the so-
cal led canine, P3 and P4 are not only morphological ly most fe l f f i -b le to the
"P2,"  "P3" and "P4" of  other extant pr imates,  but these teeth develop and
erupt in the order in which the three premo' lars of  other pr imates are f re-
quent ' ly  seen torappear ("P2" + "P4" + "P3");  and 4) the upper "central
incisor"  and "PLr" of  Tarsius develop and erupt as an integrated un. i t ,  as do
the upper caninE and f foTmost strepsirhines--and thes6 teeth,  re ipect ively,
are al  so morphol  ogi  ca1 ' l !  comparabl  e.

From these correlat ions,  j t  js  concluded that:  l )  the remarkable s jm' i lar-
i ty in relat ive t imes of  development and erupt ion of  the "canjne,"  "p3, 'and
"P4" of  rars ' ius and the "P2,"  "P3" and "P4" of  other extant pr imates,  as wel l
as the comparaE-te morphoiogy of  the teeth ' involved, jndicates that these
teeth,  respect ively,  are homologous; 2) the coordinated development and
erupt ion of  the upper "central  incisor"  and "P(" of  Tarsius is s imi lar  to
t ! 'g integrated appearance of  the morphological ly s imTlal l f i -per canine and
')?f"  of  strepsirhines because these teeth,  respect ively,  are homologous;
3)- the unreplaced antemolar teeth of  Tarsjus are retajned deciduous pre-
molars_End^the.anfemplar dental  formuTaff iars ius js thus best reprbsented
as C dPl P6 dPl Pf i  P?; and 4) the other extarTff i imates to which Tarsius is
compared pbsseSs P2, 'P4 and P5, as a resul t  of  the Pl  and P3 loci l -avlng
been comp' letely inhibi ted.  The correlat ion of  dental  morphology with
commonly observed patterns of  dental  development and erupt ion i i ,  therefore,
taken to be more ref lect ive of  homology than tooth pos' i t ion and occlusion.
I t  js  fur ther suggested that our current knowledqe of  oclontogenesis-- tooth
posi t ion and morphoiogy are establ ished wel l  before the di f f6rent iat ion of
bony landmarks-- is compatable wi th the interpretat ion that the canine can
be the f i rst  tooth in the jaw. fhuso dental  t ransmutat ion,  at  least  in the
case of  Tarsius,  need not be invoked to explain divergences from the dental
pi  cture of- i  ncfs ' i  form, cani  n i  form and premol ar i  form t6eth bej  ng i  n the j  r
expected posi  t ions.

A juveni le specimen of  Absarok' ius noct jvagus- (USNM , |9. |98) 
lends i tsel f

io tl ' is typg of analys'is. ITffin'd-$'aTl6e appearance oi ttr is primate's
"canj [€," .  "P3" and "P4" is s imi lar  to the sequence in which "p2" (=p2),
"P3'r  (=P4) and "P4" (=P5) of  many extant pr imates develop and erupt;  and
i t  is  suggested that these teeth,  respect ' ive1y, are homologous. The most
canini form tooth of  Absarokius is the one at  the f ront of  the jaw (at  least
as ' is  known for the lo-werTent i t ion),  and this tooth js taken io be the
canineo not a t ransmuted incisor.

Developmental  data for  other fossi l  pr imates (especial ly plesiadap' i form
and tarsi i form pr imates,  which have tradi t ional ' ly  been interpreted as having
transmuted incisors and canines) are rare and not as complete.  However,  one
can character ize pr imates as having ei ther a relat iveiy 1arge, robust tooth
or a set  of  recognizably incis i form teeth at  the f ront of  the jaw. Those
which display the former condi t ion are interpreted as having a canine at
the f ront of  the jaw behind which are f jve or fewer premo' lars,  as seen in the
.uPper iaw of  fgts ius and the lower of  Absarokius;  some of the premoiars may
be retained ddci-ff is teeth, as in TarsJGlTfi6-se which share'this derivei
conf igurat ion are the plesiadapi form-l Id- fars i i form pr imates.  Strepsirhjnes
and anthropoids,  for  the most part ,  have retained the pr imit ive coni i t ion
in which the incisors,  can' ines and premolars are in their  expected posi t ions.
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PART I I

/ -Since this paper was f i rst  presented and manuscr ipt  copy circulated
some y 'ears ago, and var ious authors have discussed the text  in pr int ,  I  have
ed' i te i  th is vers ' ion to maintain as much semblance to the or ig inal  as can be
expected. Major al terat ions are presented as footnotes.  In th is br ief
sect ion,  I  wi l l  d iscuss further some aspects of  my argument and address a
few recent contr ibut ions.  /- . '  

in-part  I ,  I  have di-scussed (admit tedly,  somewhat labor iously)  how one
might apbroach determin' ing dental  homolog' ies_when there is rather acute
di ipar i ty between the actual  morphology and ' ident i f icat jon of  a tooth.
In io ing so, I  have played down the role and magn' i tude of  dental  t rans-
mutat ion in phylogeny, at ' least  pr imate phylogeny. I  do not suggest that
morphological  modif icat ' ion of  teeth does not,  or  has not,  occurred.
Rather,  I  quest ion how frequent ' ly  j t  has happened'  anq urge that as many
avenuei  of  analysis--pa' leontological  and neonto' logical--be_ pursued pr ior  to
f i rm decis ions bt  f romology versus modif icat ion.  However,  lest  I  be accused
of rul ing out al together- the occurrence of  dental  t ransmutat ion,  I  shal l
d iscuss iome instances wherein th js can be elucidated by the approach
detai led in part  I .

Phaner,  an extant Malagasy pr imate,  is  descr ibed as having,_ jn contrast
to othf f i iepsirh ' ines,  a r i t f rer  canini form anter ior  upper.  premolar (e.9.
Tattersal l  and Schwartz,  1974, and references therein).  Th' is tooth is not
the most canini form tooth in the upper jaw. The tooth which is,  is  s i tuated
in the expected pos' i t ion of  a canine and anter jor  to ' i t  are two teeth which
can reasonab' ly be seen as jncisors.  The "canini form premolar"  and the two
demonstrably i l remolar i form teeth poster ior  to_i t -develop and erupt jn the
Seqren.e upin '1 rrP4tr  .N ' rP3rr  (See Schwarlz '  

, I975b),  
the Sequence COmmOnly

sedn in other three-premolared pr imates.  The "canini form premolar"  a lso
develops and erupts in concert  wi th the most canini form lPper tooth and the
anter ior  lower premolar (see Schwartz,1974a);-a!d th is js s imi lar  to the
O.u.t  opmenta' l /e iupt ional  dental  t r i  ad of  !  -Pf  of  the major i ty of  strep-s ' i r -
f ,1 in.s. '  Thus: 1) 'on the basis of  re lat ive moFphology, the-Tos! canini form
iooth can be isoiated and suggested to be the canjne; and 2) wi th the addi-
t ion of  developmenta' l /erupt jonal  data,  th ' is  ident i f jcat jon is fur ther suPl_
por ieA and the other (but less) -canini form, lg?th. js 

seen to correspond we11.
io t f ,e unquest ionably premolar i form tooth (Pz) of  other pr imates,  wi th which
. i t  can be'homologized. The conclusion is that  the upper anter iormost pre-
molar of  Phaner 6as been somewhat morpholog' ica11y a' l tered. (This may have
Jppeared o[vfr-us f rom the beginning, pr imari ly because the teeth of  Phaner
i l .b in their  expected posi t i6ns.  f roweve",  ' i t  should also be obv' iousJFE' i l
th i  s exampl e has broader impi i  cat i  ons .  )

A second, but more compl icated, example l jes ' in the ident i f icat ion of
the teeth of  strepsirh ' ine toothcombs.

Lemurids and lor is ids possess six lower procumbent anter ior  teeth be-
hind which l ie three premolar i form teeth;  there is no lower tooth which
compares in canini formity wi th the upper canine- The lateral  teeth of
the toothcomb are dist jnct  f rom the four central  teeth jn that  they are
more rObust,  more convex buccal ly,  lateral ly f lared, and have marked
*i"go. i i i i iat  (e inger ich,  . l977; I4art in,  1972; Schwartz,  1974b, 

.1978b);

the central  teeth i re s lenderer and more straight-s ided. Extant jndr j ids

and the subfossi l  indr i id Archaeolqmqr aiso possess a toothcomb behind
*f , i .h are two ( in the formF)- i rTf iT6e ( in the lat ter)  premolar i form
teeth;  in contrast  to the lemur/ lor is toothcomb, that  of  indr i ids is
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composed of  only four teeth.  However,  s lmi lar  to the toothcombs of  lemurs
and lor ises,  the laterai  teeth of  the indr i id toothcomb are morpho' logical ly
dist inct  f rom the central  set  of  teetho and they are dist inguished from
the central  pa' i r  by the same cr i ter ia whjch separate the lateral  f rom the
central  teeth of  the Iemur/ lor is toothcomb ( ib jd.) .  Thus, so]e1y on the
basis of  morphology, ' i t  seems reasonable to conclude that the lateral  teeth
of al1 strepsirhine toothcombs are homologous, as would also appear to be
true of  the central  teeth (al though i t  is  not  certain which of  the two
pairs of  central  teeth of  the lemur/ lor is toothcomb is the homologue of  the
central  teeth of  the ' indr i id toothcomb).

To pursue further the study of  the homologies of  the strepsirhine
toothcomb, Schwartz ( . l974b, . l978b) 

analyzed features of  development and
erupt ion of  the teeth concerned. i t  was found that,  regardless of  the
number,  the central  teeth appeared markedly jn advance of  the lateral  teeth;
the lateral  teeth of  a l l  toothcombs are developmental ' ly  and erupt ional ly
dist inct  f rom the central  set  of  teeth.  The congruence of  morphologic
and ontogenet ic data,  thus,  adds considerable weight to the conclus' ion
that the lateral  teeth of  a l1 strepsjrhine toothcombs are homologous, as
would also be the case for the central  teeth (al though, again,  j t  is  not
possible to homoloqize the central  set  of  teeth of  the indr i id toothcomb
with one of  the pai is of  central  teeth of  the lemur/ lor is toothcomb).
And j t  would also seem that the toothcombed state,  wi th i ts morpholog' ic
and ontogenet ic pecul jar i t ies,  was inher i ted f rom the common strepsirhine
anceston, but the quest ion st i l l  remajns:  what are these teeth?

0n the bas' is of  tooth posj t ion and occ' lusion, I  or ig inal ly conc' luded
that the lateral  teeth are canines and the central  set  jncisors (Schwartz,. l974b),  

Since I  no longer bel ieve that these cr i ter ia alone are suf f ic jent
for  such ident i f icat ions,  i  retreat in part  f rom thjs posi t ion,  but maintajn
that i  f  the ]ateral  tooth of  any toothcomb ' is  a cani  ne,  then a1 1 are can' ines ;
s imi lar ly,  i f  the central  teeth of  any strepsirhine toothcomb are' incisors,
then al l  are incisors.  That th is js most probably the case is strongly
suggested by overa' l  I  dental  s imj I  ar i  t i  es wi  th anthropoi  ds and adapi  ds ,  ' i  n
contrast  to plesiadap' i form and tarsi  j form pr imates.  More speci f ical  1y,  the
impl icat ' ion of  the phylogenet ic relat ionship of  the adapids to the strep-
sirhines (whether i t  is  basal  in some way (e.9.  Clark,1962; Ginger ich,
1975b; Gregory,  1920; Simons ,  197?-)  or  restr icted to a few taxa (Schwartz
and Tattersal l ,  in press)) ,  and the relat ionship of ,  for  examp' le,
Hadrop' i thecus to extant indr i ids, ' is  that  lower canlnes and incisors were
retajned by the extant members of  th is c lade. Further support  of  th is
interpretai ion der ives f rom Stehl in 's ( . l9. I2)  analysis of  brupt ' ion patterns
in juveni le Adapis:  the lower anter ior  dent i t ion appears sequent ia l ly
uninterrupted by the erupt ' ion of  other teeth,  but  the erupt ion of  the
canines is dist inct ly retarded relat ive to the empiacement of  the incjsors.
And this pattern of  erupt ion character izes the lower anter jor  dent i t ion
of al l  extant toothcombed pr imates.

Recent ly,  Ginger ich (1977) has argued that only the lemur/ lor is tooth-
comb possesses canines and incisors,  whereas the lateral  teeth of  the
indr i id toothcomb are incisors which have come to look l ike the canine of
the lemur/ lor is toothcomb because of  s imj lar  funct ion.  In l ight  of  the
above, of  whjch Ginger ich was aware, the logic of  th is escapes me. I t
js  the case, however,  that  Ginger ich's conclusions were based rather
heavi ly on his erroneous analys ' is  of  a juveni le specimen of  Avahi  (see
Schwartz,  l97Bb).  l^ lhat  js  fur ther d ' is turbing ' is  that  Ginger ich total ' ly
ignores the developmental /erupt ional  data:  " . . .  ontogenet ic development
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cannot be used in any determinist ic way to red' iscover phyiogenet ic history"
(0.  389).  Yet,  ' in direct  contradict ion to th is rather dogmatic statement,
ginger i i t r  (p.  390) proceeds to invoke Osborn's ( . l973) work on the development
of  iooth buds to support  h is model of  incisor loss and, therefore,  which
incisors remain in var ious taxa.

I t  is  obvious that Ginger ich's approach to homology is f raught wi th
ser ious problems--which basical ly stem from a lack of  appreciat io_n of  onto-
genet ic studies in phyiogenet ic studies and a seeming disregard - for  or  use
6t Oata as i t  serves h ' is-purposes. Since i t  is  upon our ident ' i f icat ion of
structures (as homologous or otherwise) that  we base our phylogenet ic
hypotheses, i t  is  of  faramount importance _thl t  we take advantage of  and
pursue as many avenues of  analysjs as poss' ib le.
'  The apprbach to interpret ing dental  homolog' ies and the subsequent re-
vis ions presented here no doubt wi l l  fa l l  on few immediately sympathet ic
evolut ionary biologists.  This seems inevi table when a long-standi lg t rad' i -
t jon js quei t ' ioned. 0f  course, j t  would be the best of  a l l  poss" ib le wor lds
j f  we could also fo l low Ginger ich's (1977: 389) suggest ion that " to prove
that a given tooth in a specjal ized mammal is homologous with the canine
tooth i i  a general ized mammal requires that  the tooth be traced-phylet ica' l1y
back to the'canine in a generaf ized mammal";  ( I  bel ieve one could subst i tute
incisor,  premolar,  etc.  for  "canine") .  However,  i t  is  of ten not the case
that th is ' is  possiUte.  And i t  is  a lso not uncornrnon that we are confronted
with a group bf  mammals which are dental ' ly  "special ized" at  even the
ear l  iest  record of  them.

I t  might be argued that,  s ince other mammals have ' 'spec' ia1jzed" their
anter ior  d6nt ' i t ' ion (e.g.  phalangero' id marsupials,  sor ic jd and solenodont id
. insect ivores),  th ' is  js-also t rue for plesiadapi form and tars ' i j form pr imates.
However,  th is is certainly c ' i rcular reasoning an{ inval  id as fa l  s ' i f icat ion--
few hav6 quest ' ioned, much- less tested, the ident i f icat ion of  the teeth of
these taxa. I  fur ther suggest that  other groups of  mammals are s imj lar  to
pr imates jn that  some sub- i lades retained the pr imit ' ive topography of  teeth
i i . . .  unless lost ,  incisors,  can' ines,  etc. ,  in their  expected pos' i t ions),
in contrast  to other but rejated sub-clades which lost  incisors ( in one or
both jaws) and developed the canine at  the f ront of  the iaw. In the lat ter
jnstaice,  as wi th plesiadapi form-tarsi ' i form pr imates,  the commonly-thought-
of  occluial  re lat ionsh' ip of  the upper and lower canine is disrupted; the
teeth whjch develop in the expected pos' i t ions of  canines occlude as canines
would because i t  js  a character ist ic of  cheek teeth (regardless of  which
teeth they are or how we ident ' i fy  them) that a lower tooth occludes anter ior iy
with i ts upper counterPart .

I t  mibht atso be t la jmed (as one anonymous reviewer wrote) t f rat  there
is no prooi  that  teeth other than incisors wi l l  or  can develop in the pre-
maxi l la.  Cartmi l l  and Kay ( . I978) pursued this disagreement by suggest ing
that,  s i  nce there are separate premax' i  ' l  ' lary and maxi ' l  l  ary dental  I  ami nae,
those teeth which appear in the premaxi l la are the same, i .e.  incisors '
However,  i t  must be pointed out that ,  whi le the dental  lamina may be
f leet ingly associated with tooth bud format ion,  i ts ro le js merely one of
provi  d ing- the necessary ce' l  I  u l  ar  envi  ronment and j  nteract i  on for  th ' i  s  process ;
ind th is-phase of  ontogeny must not be confused wjth the much ear l ier  stage
at whi  ch tooth pos' i t ' ion and morphol  ogy are dete,rmi ned (see part  I  ,  c i  tat ' ions
io Kol lar  and gi i rO, Mi l ler ,  and Tonge, and references therein).  The role
of the dental  lamina is even more dramat ical ly elucidated by exper iments
wherejn:  l )  a suspected tooth locus is ext i rpated from a very young embryo
(usual ly a iaboratory rodent) ;2)  i !  ls  ptaced' in a mesodermal environment
iuch as"the back of  i  develop' ing chjck or f rog;  and 3) i f  a tooth locus had
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been successful ly t ransplanted, a recogn' izable tooth eventual ' ly  develops
( jb id.) .  Therefore,  i f  a tooth (e.g.a rodent molar or " incisor")  can
successful ly grow in such a foreign iocat ' ion as the back of  a f rog,  where
there is no dental  lamina, premaxi l la,  or  maxi l la,  i t  would appear that ,  i f
need be, the canine could develop at  the f ront of  the jaw. The evidence
for th is having happened, in var ious pr imates at  least ,  comes from the
ear l ier  d iscussed correlat ion of  dental  morphology and developmental /
erupt ional  pat terns.  And i t  is  th is body of  data,  espec' ia l1y the develop-
mental  jnformat ion,  and the jnterpretat ' ion thereof,  which must be deal t
wi th in at tempts to ei ther fa ls i fy or corroborate the conclusions reached
here.
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