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Homology Mapplng of  the Pr in l t ive ArchosaurLan
Reptt  le PaLate on the Palate of  BLrds*

Sam McDowel l . ,  Department of  ZooLogy and PhysLoLogy,
Rutgers UnlversLty,  Newark,  New Jersey, 07LOz.

ABsrRAcr: rhe bone T:ii:T 9;t""1;iru"t'+n1t" birds, along with the bone
calLed f fpterygoidt t ,  together represent the homologue of  the rep-
$f1ian pterygoid.  The rept i l l .an pterygoid has become dlv lded by
a hlnge in blrds as part  of  increased kinesis,  just  as the nasal
bone has been dlv lded into two bones by a hlnge ln many blrds,  as
part  of  th is salne kl .nesi ,s.  In some birds (ptraslanl  ,  Anseres )  there
ls a s lngle dLvls l .on of  the pterygoLd, associated with Pfannenst ie l -
k l ,nesl ,s (pr lmari ly t ransverse rotat ion of  the quadrate to broaden
the tape )  r  but  most birds fo l lorg th ls dlv ls ion of  the pterygold
wlth a second dtv ls l ,on af ter  the nestt lng stage, th is second di-
vLsion bel ,ng associated with Versluys-161pesl .s (pr lmarl ly Longi tud-
lnal  rotat lon of  the quadrate,  I " l f t lng the upper jaw when the lower
jarr  Ls depressed).  The true homologue of  the pal .at lne ln blrds is
the frmari l ]e-palat inetr  of  r rmaxl l lary bonetr .  Modern blrds have pro-
babLy Lost the t rue maxl ,L lary bone in the process of  losing teeth.
The parasphenol .daL process cal led r f  basl .pterygold processtt  in modern
blrds ls not the homologue of  the rept lL ian baslpterygoid process
{formed from the basl t rabecuLar process rel th a ventral  investment
of  parasphenold);  the t rue basl .pterygoj .d process is present Ln
blrds,  however,  as a vert l ,cal  Lamlna between the orbl , taL and tym-
panl ,c cavl t les,  usualLy formlng the lateraL waLl of  a presphenol .d
aLr s lnus.  Elecause the dermal pterygold of  b l rds has become almost
ent l , re ly.  f ree of  (and ventral  to )  the endochondral  paLato-quadrate
arcade ( f torbl ta l  process of  the quadraterr) ,  the t ru i  baslpterygoid
process does not approach the pterygoid,  but  may (e.g.  Sphenl .scidae)
make a gl .anclng contact  wl . th the orbl , ta l  process of  the quadrate.
The pl la antot l .ca spur l .a ls a morphol .oglcal ly extracranlaL support-
lng strut  for  the part  of  the cranlal  wal l  g ivtng or lg ln to the
levator pterygoldeus muscte and is only one of  severaL extracranlal
struts ln th ls region that support  the levator or ig in and defLne
foraml.na for the oculomotor,  abducens, t rochlear,  and var ious t r l -
gemlnal  nerves that do not correspond to the prLmary (dural)  for-
amlna for these nerves. I t  ts possible that  the pattern and coD-
tents of  these foramlna couLd be of  taxonomLc vaLue in blrds.
**| | r t*r t*{ .**r l r l t *****r f*r}*** | l *** l . r t*********f r t**r t r l ** , t* f ,* ,1{ .* , t t** , t*****

*This communl.cat ion ls part  of  an unsoLlct ted,  handwrLtten let ter
I  recelved from Sam McDowel l  l .n November L976, r+Lth l -nstruct lons
to use any of  the ideas contained therein as I  sar* f l . t .  Havlng
subsequent ly been impressed wlth the fact  that  much of  systemat lc
ornl thology ls based on unsubstant l .ated tradi t ions,  I  real ized.
McDowel l rs t rypothesls,  that  the avian homologues of  the elements of
the rept l . l lan paLate ner€ misident i f ied,  to have a better than
average chance of  being correct .  I  have therefore sutrnLtted the
pert inent portLons of  the text  of  McDowel-1r s Letter as recelved,,
wl th l l lustratLons suppJ. led later by McDowe11, l .n the expectat l .on
that l f  nothtng eLse, avian anatomists wi l l  be forced to produce a
more r lgorous just l f icat ion for  the nomenclature now in use for the
avlan paLate than presentLy exLsts,

Storrs L.  O1son, Sml. thsonlan Inst i tut lon,  Washington, DC ZO55O

Evolutionary Theory 4: 81-94 (December, 1978)
The edi tors thank R. Carrol l  and M. Jol l ie for  help in evaluat ing th is paper.

O 1978, the author



82 S. McDOWELL

At the t l ,me when Huxley, Kl.tchen Parker, Pycraft gg g!. were
forml.ng the t radl t l .ons for  1abel l tng parts of  the blrd skul l r
l . l t t le was known of  the detal ls of  skul l  structure of  fossl l  Archo-
saur l ,a or even of  Crocodl , t ia;  the relat lonships of  skel .etal  e lements,
bony protruberenoes, foramlna and cavl . t ies to sof t  structures was
largely unknown; and no at tempt was made to cataLogue rrhich pol ,nts
on an archosaur l ,an skul l  must enlarge, which must be reducedr and
whl,ch remaLn the same ln a graduaL transformat ion into the skul l
of  a blrd.  The nalnes of  var ious structures of  the blrd sku1L (e,
g.  baslpterygold procsss,  palat lne bone, maxiLlopaLatLne process)
ref lect  th is per lod of  Lmprecls lon. .

As more knowledge of  the devel .opment of  the vertebrate skul1
and of  the skuLl .  structure of  ear l ier  archosaurs accumulated, no
attempt was made to brLng the naml.ng of  b l rd skulL structures Lnto
conformlty wl th that  of  rept l les.  Thls has no ser lous consequences
for most comparl ,sons of  bLrds wl th other bl . rdsr but i t  does oonfuse
comparl ,son of  b l rds wl th rept l . les and thus makes dl f f lcul t  the
determl.natLon of  what characters in bLrds are pr lmlt ive ( i .e. ,
retent l .ons of  rept l l lan features) and what characters are spec-
iaLlsat lons.

The bral .ncase and palate of  ear ly archosaurs was remarkably
siml lar  in detal ls to that  of  L l"zards,  except for  the lack of  a
Squamatan pecul lar l ty (separat l .on of  the vomer f rom the pterygold
by the paLat lne ) ,  and the contents of  the craniaL foramLna, canals,
and grooves can be Lnferred from those of  L izards wl th at  least
as muoh oonf l {oner as the contents of  the cranial .  foraml,na of  a
dog skul l  can be inferred from dlssect l .on of  the head of  a cat .
T?rfs is Lmportaf i t ,  because the only Llv lng (and dlssectable )
archosaur l ,an reptLles,  the Crocodl . l la,  have departed more from
the pr lmlt lve archosaur l .an pattern ln at tachment of  the palate
to the bral .ncase than have blrds r  and Less Ls known about develop-
ment of  the crocodLt l ,an head, Sphaenodon [J.8.  Grayrs onl .gLnaL
spel l lng]  f "  even better for  tnTeipr6@ tne skuLl  of  ear ly fossl l
archosaurs,  but  adds yery l l t t le that  cannot be learned from LLzards.

the usual  narnl ,ng of  bones ln t t re palate of  b l rds suggests a
nost remarkabLe transformat lon f rom the rept l les:  the pterygotd
f lange and most of  the muscles or lg lnat lng on the pterygold of
rept l les have been transferred to the palat l .ne bone. I  belLeve
thefrpalat inet 'of  btrds Ls merely the anter lor  port lon of  the
rept l l lan pterygold,  separated from the poster lor  part  of  the
pterygoid by a new Jolnt  that  has deveLoped ln the wal .st  of  the
pterygolds ,  jus t  behlnd the pterygot d f  Langes (  X' lgure l  ) .  The
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F igure L ( to r lght) .  I lomologies here proposed for palataL struc-
tures between (on Left)  the pr lml, t lve thecodont archosaur Protero-
suchus (af ter  Crul .ckshank) and (on r ight)  a modern blrd,  D:[6f f i i lA.
Abbieclat ions:  bpp, t rue basipterygold process, formed from basl--
t rabecul .ar  process of  chondrocranium wl. th parasphenold addl t l .on;
eptr  ectopterygBfa ( t tos Lachrymopalat inumrr-or t tes uncl .natumrr of
l lggggg);  lml ,  Lntermuscular Laml.na of  pterygold (pre-pterygoid)
of  b l rds,  wl thout homologue in Proterosuchusi  iof ,  infraorbl . taL
fenestra; tpthl lntra-pt-rygo1dff i thomo1oguelnrep-
t l ,Les;  Jug, jugal  bone ( fused to adjacent bones in birds ) ;  lpf ,
lateral  end of  pterygol ,d f lange; m, maxiLla ( tost  in modern blrds);
npfr  medial  end of  pterygold f l .angei  opf ,  orbLtaL process of  quad_
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ratG bone ;  pal  ,  palat ine bone (  I tmaxl  L lopal .at l .ne I t  o f  btrds )  ;
ntddle pterygoid tooth row of  Proterosuchusr represented in
medea by the edge of  the nasopff i f f i i  oplntng; 9J,  qu
: iET bone ( fused to jugal  ln blrds);  qrpt ,  quadrate ramus o
pterygol .d bone (post-pterygold of  b i rds,  t tpterygol .d bone" of  b l rds
accordln6 to other authors);  vom, vomer (separate ln Sroterosughus,
but partLal l .y fused to l ts fe l low Ln bLrds and most a.rchosaurs);
v1l t ,  vomerlne process of  pterygoid;  zppr zygomatic process of
palat l .ne,  forming lateraL border of  l ,nfraorbl taL fenestra ln
Proterosuchus, fused to Jugal  ln bLrds,

pt t r ,
Dlo-
adrato-
f
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trpalat lngtr-pterygold jo lnt  of  b i rds 1s funct lonal ly l lnked to the

Versl .uys-tctnesf i  [ t  sha11 explain th ls term bel"ow] of  the skul l '

that  e ievates the upper beak when the lower end of  the quadrate

and palate s1lde foruards in opening the mouth.  The other major

Join-t  involved Ln Versluys-kinesls ls across tEe n?sal  !939:.  In

most bLrds,  the nasal  h lnge Lnvolves only an hLstological  change

Ln the bone, a t ransverse zone of  f lbrous and elast ic bone across

the nasaLs; but ln parrots,  boobles,  and some other blrds r  the

nasal  bone becomes completeLy div lded lnto anter lor  and poster lor

parts by Jolnt  capsule.  I  suggest that  the rept iL lan pterygold

h"s been sLmllarLy dlv ided into anter lor  and poster ior  port lons

by a jo lnt  capsule ln bl"rds ( t t re fusion of  r rpalat ineir  and ptery-
gl fa i r ,  

"o*.  
t t ras,  such as the hawfinch, is probably secondary).

Even convent lonal  orni thology accepts th ls for  the major l ty

of  b l rds.  Pycraf t  showed (most succLnctLy in Journal  of  the Llnnean
Soclety,  London, Zoology, Yol .  28!  pP. 3l$-357, p1' . .  3L,  321 that

the def ln l  t lve tpalat i .ns t t -pter) 'gold jo lnt  of  mos t  r rNeognathaerr  1 les

ent l re ly wi th ln the pterygold of  the nest l l .ng and the anter lor  end

of the nestLtng pterygoid ls thus cut of f  as a i lhemipterygoldrr to

fuse wlth the palat tne.  In A,nat l .dae and (accordl"ng to Pycraf t )
Phasl .anl  th is does not occur,  and Pycraf t  lnterpreted the t tpaleo-

gnathoustt  or  r fdromeognathoustt  palate as a consequence of  e i ther
iusl .on of  the hemipterygoid wl th the vomer (a later lnterpretat ion)
or fa iLure of  the pterygold to segment tnto hemipterygotd and de-

f ln i t lve pterygo|d.  JolLle (L957, Journal  of  Morphology, vo1.

1OO, pp. 389-V5 )  showed that ln Phasianl  (at  Least Gal lus )  tne

condt t l .on 1s no t  as In Anat idae ;  rather ,  the rrpterygoldfr  has I  ts

anter lor  ( t rhemipterygoidrr)  port ion separated of f  at  the lncept ion
of ossl fLcat |on f rom the rest  of  the pterygold and ls fused from
the begtnnlng to the rrpalat lnerr .

Pycraf t  interpreted the nest l ing rrpalat lnsrr-pterygoid art lc-
ulat l ,on as the homologue of  the reptLl lan palat ine-Pterygold coD-
tact .  Thls presents dt f f lcul t les.  The palat lne of  rept l les |s
cLosely assocLated wl, th the ctroanal  region of  the ol factory cap-
sule and develops ln the region of  the pr imary choana; ln the
embryo crocodi l ian (de Beer,  L937 

'  Ih9.  development of  the verte-

brate skul l ,  Oxford,  Clarendon Press) the palat ine starts devslop-

tEi f i far  anter ior  to the developlng pterygold and the two bones
subsequent ly grow towards each other.  In blrds,  the npalat lnef f

Ls |n contact  wl th therrpterygoidrr f rom the beginnlng but l les
ent l , re ly behlnd the cart iLagl .nous ol factory capsule and pr imary
choanae ( f , ' lgures 2,  3 l l  i t  forms the lateraL margLns of  a medlan
* * * * * * t| * rt * rt !t * * * * 1. * * * * * t * * rt * * tr * * t {. * * {. * t * * tl * * * * i !i * * * tt tt * * tt tt tt t i 'r * * *

F igure 2 ( to r ight)  LateraL vlew of  the palatal  region of  a modern
blrd,  I lggj193; upper f lgure showing some associated soft  struc-
tures;-T6Tff i igure showlng ossl" f lcat ions.  Abbreviat lons :  acat
adi tus conchae avl ,um, the concavi ty on the outer surface of  the
nasal  capsule corresponding to a convexl ty wi th in the capsule
(probably not homologous to the concha of  squamatan and testud-
Lnate rept i les);  bpp, t rue basipterygoid process'  formed from
basi t rabecular process of  chondrocranlum wlth addi t ion of  para-
sphenoid wlng, dorsaL to palat ine r€rmus of  faclal  nervei  cnct
cart i laglnous nasal  capsule;  eam, externa. l  audi tory rneatus i  ePtr
ectopterygoLd (  t tos lachrymopalat inum, f r  t tos uncinatusrt)  ;  I 'T,  opt ic
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nerve (upper f lgure) or foramen for opt lc nerve ( l -ower f tgure);
I I I ,  oculomotor nerve; I I I ,  W, foramen for ocul .omotor and ab-
ducens n6rvesi  tml,  lntermuscular Laml,na of  pre-pterygoid ( t tpaLa-
t lne" of  other authors);  inh,  LntranasaL (cranio-facial . )  h inge;
lpthr lntra-pterygold hlnge; IV,  t rochLear nerv6; IV,  Vl ,  foramen
for t rochLear and profundus nerves; iug,  jugal  bone; la i l ,  lachrymal
duct;  lng,  lateral  nasal  g land; lpfr  lateraL end of  pterygoid
fLangei  lpm, levator pterygoideus muscl-e;  mpf ,  medl"aL end of  ptery-
gold f lange; opq, orbl ta l  process of  quadrate bone; pal ,  palat ine
bone ( t rmaxLl lopatat lnei l  of  other authors ) ;  Pas r  p lLa antot ica
spur la;  pml,  l igament f rom postorbLtal  process to mandiblei  Ptmr
pterygoideus muscle,  g j ,  quadratojugal  bone; qml,  quadrato-man-
dibular l lganrent i  qrptr  post-pterygold,  homologous to the guad-
rate r4mus of  the pterygold of  rept l les ( t tpterygoLd bonerr  of  other
authors);  sor ost lum of orbl torostraL al"r  s inus;  V'  profundus
(ethmol,dal  or  ophthalmlc) ramus of  t r lgeminal  nerv6i  Y2.3.  for-
anen for marl . l . lary and mandibuLar rami of  t r l .gemlnal  nervSi Ve'
mandlbul .ar  ranus of  t rLgeml"nal  nerve; FI ,  abducens nerve i  VLI-
pal ,  palat lne (V1dtan) ramus of  facl"al  nerve; vom, vomeri  zPPr
zygomatlc process of  palatLne ( t rzygomatic process of  maxlLlarr  of
other authors ) ,

85
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fossa, lnto whlch the prLmary choanae open, but wl . thout any sup-
port ing cart l lages of  the oLfactory capsuLe; th ls median fossa
seems cl .ear ly homoLogous to the lnterpterygoid vacul ty of  L izards
and lp lggg5|gg and the embryo of  crocodl l ians,  but has become coD-
verted lnto a ductus Dasopharyngeus by fo lds of  oral  mucosa that
grow medial l "y beneath 1t  ( the ductus nasopharyngeus of  crocodl l ians
develops ln proclsely th ls way, ercept that  the fo lds of  oral  mu-
cosa contain shelves of  the pterygold bones that meet and form a
suture beneath the interpterygold vacul ty,  wi th the vomer complet-
lng the roof) .  In rept l les,  the palatLne Is normaLLy free of
muscle at tachments (snakes have developed an at tachment to the
levator pterygoldeus or Constr ictor I  dorsal ls compl.er through
modlf l ,cat lon of  the levator bulbi  muscle lnto a retractor pala-
t lnt  et  pterygoldeus);  ln blrdsr rnost of  the pterygoldeus com-
ponent of  the adductor mandlbulae or ig lnates f rom the LateraL edge
of the rrpalatLne , t f  yet  the f lbres of  the musc le do not seem dl f -
ferent 1n orLentat ion to the pterygoideus f lbres or lg lnat lng on
the lateral edge of the pterygoid ln l l .zards and Ep!ggg5!gg. In
pr lmltLve rept l les,  f rom Captorhlnomorpha to Llzards,  the pharyn-
geal  surface of  the pterygotd (  that  is ,  the surface of  the ptery-
gold lmmedLately deep to the oral  mucosa) Ls expanded Just anter l .or
to the basipterygold artLculat lon to form a pterygoid f langer pr lm-
I t lvely bear lng a t ransverse row of  smal l  paLataL teeth.  So con-
stant ls th ls pterygold f lange that Romer has used Lt  as a key
character for  d lst l ,ngulshl ,ng Permo-Carboni ferous reptt l .es f rom
contemporary amphibians. I t  ls  even retained ln most mammals,
as the hamular process of  the pterygold,  and may be large and
heavy (e.9.  iphEg. lgggg and Crocodi l ta)  or  reduced to a smaLL tu-
bercle (e,9.  snak€s, where I t  may be lost) .  The one thtng that
bas not been observed Ln any reptt le is the t ransfer of  th ls pro-
cess-Ti  the palatLne bone. In most blrds there is a t rpostersl
lateral  procass of  the palat lnetr  that  agrees wel l  wl th the ptery-
goid f lange of  rept l .Les but,  fo l lowing standard homologies of  the
bones, seems to be on the wrong bone. I t  should be noted that tn
many birds (Ctraradr i i formes, Procel larLLformes are consplcuous
examples )  ,  there are two pos terolateral  angLes of  the rrpalat lne.  t l
The outer process Ls enveloped on both l ts dorsolateraL and von-
tromedLal surfaces by the pterygoldeus muscl-e and seems to be
purely an t t lntermuscular crest t t ;  but  the inner posterolateral
process (general ly or iented almost vert lcal . ly ,  to form a spout-
l lke or l f l "ce for  the poster ior  openlng of  the ductus nasopharyngeus )
rl****** t r f* f l r** t**r t r f** t******r t**************r f r t r t ! t** t*r t**r l*** , t : t , t**

X ' igure 3 ( to r tght)  Ventral  v lew of  the palate of  a modern blrd,
Dlomedea; f igure on lef t  showing some soft  structures ( t t re oral
mucosa removed on the readerrs r ight) ;  f lgure on r lght  showlng
ossl f lcat lons,  Abbreviat ionst  bpp, t rue basipterygold process,
formed from basi t rabecuLar process of  chondrocranium, wi th para-
sphenoid addl t lon;  cmf corner of  mouth;  cnc,  cart i laginous nasal
capsule;  ept ,  ectopterygoid ( t tos uncLnatumrrt  t tos LachrymopalatJ.numtt) ;
Eut,  Eustachian tube; fpt f ,  fo ld of  pharyngeal  mucosa at  reglon
of pterygoid fLange; lm1, intermuscuLar lamLna of  prepterygoLd
( ' rpalatLneff  of  o ther authors )  ;  ipth ,  lntra-pterygoid hlnge ;  jug r
jugal  bone; lateral  end of  pterygoid fLange; mpf,  medial  end of
pterygol .d f lange; onpd, or i f t .ce of  nasopharyngeal  duct;  opq, or-
bl taL process of  quadrate;  pal ,  pal .at lne bone (r tmaxi l lopalat inert
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of other authors);  ptm, pterygoideus muscLei  g j r  quadratojugal
bone; qrptr  postpterygold (rrpterygold bonett  of  other authors ) ,
homologous to the quadrate ramus of  the pterygold of  rept i les;
sor ost ium of orbl torostral  aLr s inus;  WI,  foramen for facLal
nerve; vomf vomer,
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has oraL mucosa on Lts ventromediaL surface and pterygoldeus
musculature on l ts dorsolateral  surface, thus agreel ,ng wi th the
rept i l ian pterygold f lange, AL1 of  these di f f lcul t les disappear
i f  we i .nterpret  therrpalat inet tbone of  b l rds as the anter ior  por-
t lon of  the rept l . l lan pterygold.  Tt tus,  the f tpaLat ingtr-pter) tg lo ld

art lculat lon of  even nest l lng blrds would be a ner i r  structure,
rather than a rept i l lan her l tage. takjer (L925, *g9lgg t lber dle
Tl igemlnus-v€rsorgte Kaumuskulatur der Sauropsldenl  Copenhagen,
#- 

-+-C,A. Rei tzeL) has f lgured and descr l .bed the pterygoideus muscl-es
of a number of  b l rds,  lncludlng Crypturus (Tl .namidae) whi ,ch does
not dl f fer  f rom the trneognathst f  ln tE[s respect.

I f  both the natal .  and def in i t ive lntra-pterygold jo lnts are
new structures,  wh;r  shouLd a nest l lng bird form the neomorphic
hlnge twLceT T beLleve that each klnd of  tn61a-pterygold hinge
ls useful  to a k ind of  craniaL kinesis,  but  that  many nest l ings
change the kind of  cranl .a l  k inesls ln the t ransi t l .on f rom broad-
mouthed, short-biLled nest l lng to r taFFor.rr-mouthedr,  1on$-biLled
adul t .  In most adul t  b i rds,  the major cranial  k inesis Ls of  the
type Lntensively studied and reported on by VersLuys, lnvoLvlng
rotat lon of  e lements ln the sagi t ta l  and parasagl t ta l  p lanes.
The main resul t  of  th ls,  which I  cal l  Versluys-kinesls r  is  for-
ward movement of  the palate when the mouth opens, pivot ing the
premaxlLlary reglon upward (rotat lon around cranlo-facLal  h lnge
withln the nasaLs )  and plvot lng the pre-pterygoid (whtch moves
wlth the premaxl l la)  upward relat lve to the post-pterygold.  The
otherkl .nd of  k lnesls invoLves outward rotat ion of  the quadrato-
artLcular Jolnts,  broadening the gape. l t t l .s  k lnd of  k inesis,
wl th rotatLon of  e lements in t ransverse planes, was ably descr ibed
for anthracosaurs by Max Pfannenst le l  and I  cal l  l t  Pfannenst ie l -
k lnesis;  Lt  may invoLve rotat ion (""  seen from direct ly tn f ront
or behind) of  the postpterygold f rom a downward-and-outward slant
to a near ly hor izontal  posl , t ionr artd a longi tudlnaLly or iented,
rather than a t ransv€rseLy ortented, lntrapterygold hlnge 1s
necessary.  In at  least  some btrds that  retal"n Pfannenst le l -
k l .nesls throughou t  1 i  fe (  Anat ldae ,  Anht midae ,  TLnamLdae ,  f thea )
the anter lor  ( f rhemLpterygoidrr)  end of  the post-pterygold f f i
cy l indr lcal .  peg rest ing on a near ly f lat  dorsal  surface of  the
pre-pterygoLdr ih art l ,cuLat ion that wouLd seem to al1ow enough
rol l ing actLon to al low adjustment of  the angle of  the post-
pterygoLd. However ln f inamidae, Rheldae, Casuar i idae and Dro-
maeidae the main hlnge l lne for  th is act ion is probabl"y the
longl tudl ,nal  vomer-pterygold contact ,  and ln Anat ldae rotatLon
of the pre-pterygolds around a medl.an axis seems important.

I f  the [palatLnesfrof  b l rds are reaLLy part  of  the ptery-
Boids,  where are the homologues of  the rept iL l .an paLat l .nes !
The bones that best f t t  the posi t lonaL reLat ions of  rept iL ian
palatLnes are the t tmaxi l . lopalat inest t  of  b l rdsI  they l ie along
the lateral  borders of  the pr lmary choanae and are lnt imateLy
as soclated wl. th the car t i  lages of  the choanaL reglon (  X' lgure 2l  .
I  am not sure whether th is homology lmpl les that  the maxl . l la of
bl . rds is compoundr ot  that  b i rds lost  the maxl l la (probably ln
the process of  LosLng teeth* )  and the trmaxl l tarr  of  b i rds ls the
**t l .*r t** f r l r l ****r f***{ . r f l . ***** tFrt*{ . r i ******r f r f**{rr t*** , t****r t**r f***** ' f**

* I t r is  becomes an at lur ing proposl t lon when' i t  Ls real ized that
r '@glgthemaxl,11awasfreeandwastheon1yboneint t re
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palat l ,no.  Tt le f rmaxi l .Lo-paLattnetr  ls  bulLt  around an air-s lnus
that occupies the anteroventral  part  of  the robl t  and the ant-
orbi ta l .  rogion. I t  1s at t ract lve to bel leve the character l .st lc
antorbl ta l  fenestra of  ear ly archosaurs was for th ls s lnus (a
dlvertLculum of the ol factory capsule),  but  thts ls untestabLe
because the archosaur lans wl. th an antorbl ta l  fenestra are al"L
ert lnct ,  Just  as l t  l .s  d l f f lcul t  to prove the homology of  the
slnus of  b l rds wl th the poster lor  d lvertLculum of the ol factory
capsule of  the 11vl ,ng Al l lgator ldae [htntere Laterale Nebenhdhle ' l
of  Etertau 1L935, bLtsohr.  Anat,  Entwlckl .  r  yol- .  101r,  pp.  L68-2o21.

( f t  shouLd be noted that comparl .sons withln the Aves would
be more to the potnt  l f  the parts of  thel tmaxl . l lo-palat inerr  were
dlst inguished, I t  &gg and T5,namldaer the palat lne bone ls r€-
presented almost ent i reLy by the lamlna forml.ng the ventrolateral
f loor lng of  the s lnus and ly lng al .ong the ventrolateral  surface
of the pterygotd [ - f rpalat tnert ]1 cor lc@aLLng the anter lor  end of
the pterygoid f rom ventral  v lew; in Phasianlr  onl .y the lamlnae
dorsomedlal  to the s lnus are developedr and the entLre length of
the pterygoid ls erposed ventral lyo I t  Hgglgg'  both lamlnae
are wel l  developed and the ventrolateral  lamlna, et tendl .ng along
the Lateral .  margl ,n of  the pterygol ,d and also along the iugal .  arch 

'wl th a suborbl ta l  fenestra (c losed by membrane) between these two
branches; the poster lor  margl .n of  the suborbi ta l  fenestra !s con-
pleted by a t ransverse rod of  bone ( t tos unctnatumrr ort tos lachrymo-
palat lnumtr)  that  L l ,es at  the anter l ,or  extreml, ty of  the or lg in of
the pterygol ,deus and seems to have a few pterygol .deus f lbres on
Its medlaL end ( .Digures 2,  3 l  i  these posl t l "onal .  re lat lons suggest
that the t ros unclnatumrr Ls the homologue of  the ectqpterygold of
such a thecodont as Prote:qosuchus (see CruLckshank, pp. 89-119
in Studles ln verteuff i ,  K.A, Joysey and b:s.  Kemp,
f f is .  ,  1972. l { lnchester Press,  New York);  the enormous orbl t  of
blrds would erplaln the apparent forward dl ,splacement of  the ecto-
pterygold.  )

(A further astder The pal .ate of  Proterosuchus Ls of  consld-
erabLe Lnterest  because this ls one of  the few archosaur l .ans to
have retained palataL teeth,  ln the form of rows of  dent lc les too
smal l  to have had any cutt l ,ng act lon,  but presumably aldlng fr lc-
t lonal  hold on the prey.  Just  r+hat happened to the palatal .  teeth
l ,n archosaurs is a mystery,  but  a posslbl l t ty worth expLor l .ng ls
that they were replaced by cornl f ied papl lLae of  the oral  Eucossr
such as are present Ln many blrds.  I  go far  beyond my evldence
Ln thl ,s,  but  Lf  we accept homology between pap11La-rows of  some
blrds and the dent l .c le rows of  Pro_telosuglnggr some interest lng
s1ml ' l .ar1t l ,esofpatternemerge,f f iowofdent l .c1esof
Proterosushus, running along the vomers and pterygol .ds border lng
G

th 'e l iTerptefygotd vacui ty,  Ls probabJ.y absent ln blrds,  s lnce
l , t  would l le Ln the ductus nasopharyngeus. In lqgterosuchus there
1sarnldd1ed.ent ic1erohI, formingara1sed'cres@tero-
lateraL corner of  the ohoana backward to the medial  corner of  the
pterygoid fLange. Ttre regl .on between the two niddle dent l -c le rows
of Proterosuchus rould correspond closeLy to the ductus nasopharyngeus
***********r t*{ . r f***r f r l **r f r t*** , }*r l .+*****t t*+*, t , t i !F{ . r1.*r f**r f t f r r********r f*

upper Jar* that  bore teeth (see Gl.nger l .ch,  L976, Smlthsonian Contr l -
but lons to PaleobioLogy, nor 27, pp. 23-331. S.L.o.
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of Aves and Crocodl l l .a;  strengthenLng of  the crest  and replacement
of  the dent lc les by corni f l .ed papl lLae wouLd yet l 'd the palate of
such a bl , rd as Diomedea or Gal lus;  convert tng the dent lcuLated
crests into bonf$'I[ i6-s meeff i-on the midLLne woul.d form the
ductus nasopharyngeus of  Crocodl . l l .a.  The pterygold f lange of
Proterosuchus bears a ser ies of  teeth that  I  would homologlse
-wlTfr-?F-i l ;-C' cornlf ied paplLlae on the posterlor edge of the
tr langular f lap of  oral  mucosa border lng the ductus nasopharyngeus
of suctr  btrds is DLomedea and Gal lqg.  The Lateral .  papl l la row of
Diomedea.Ga1l.us,- f f is ,et f f i?mstoberepresentedingg'-
ff i 'usff i- ioF6T-E6?ttr Just lateraL to the middte dentl"cle
F

row on the pterYgold.
The rrbasipterygold processrf  of  b l rds most def ln i teLy does

not correspond to the major component of  the basipterygoid Pro-
cess of  l l tards and fulgglot .  In reptLles,  the maln component
of  the basipteryeofdJ' i i f f idf f is  the basi t rabecul-ar processr ar is-
ing ln cart i lagl-  lusuaf fy as a separate l tpolar cart l  Lagetr  )  and
soon fuslng to the t rabecuLar cart l .Lage at  l ts  mesiaL end whLle
i ts Lateral  end art lculates wl th the mediaL face of  the anter lor
process of  the quadrate cart l lage 

'  
approxlmately opposl te the

tase of  the ascendl .ng (eplpterygold) Process of  the quadrate
cart l .Lage i  ln rnos t  L lzards the car t i  lage connect lng tbe base of
the epl ,pterygotd wl th the quadrate disappears ear ly Ln deveLop-
ment,  se that  these tr+o endochondral  components of  the pterygold
cart iLage are connected onty by the dermaL bone (pterygotd) that
develops around the ventraL edge of  the quadrate cart l lage; the
levatoi  pterygotdeus musculature ls t ransferred ln i ts lnsert l .on
to the (dermaL) pterygold bone. Ttre paLat lne branch of  the facLal
nerve and paLat lne artery Pass ventral  to the base of  the basl-
t rabecular process and the basi t rabecular Process forms the
anter ior  r im of  the enormous Eustachl ,an tube or l . f lce in most
l lzards.

In addl t l ,on to th is endochondraL component,  the basl .pterygold
procoss of  rept i les has a dermal.  component,  formed from a LateraL
extenslon of  the parasphenotd;  s ince thls parasphenold component
deveLops Just deep to the oraL mucosar l t  L les ventral  to the
palatLne artery and palat l .ne nerve and these structures are oD-
closed between the parasphenol .d and basl t rabecular process ln a
canal  (  t rVtdlan canal t t  or  I tparabasal '  canal" f r  ) .

The embryos of  a l . l  b l rds studled, even those sald not to
have bastpterygoid procosses, have large basLtrabecular processes.
The basl t rabecuLar process of  bLrds agrees wlth that  of  CrocodLl la
(and dl f fers f rom that of  other l lv l .ng vertebrates) in havl ,ng a
posteroventraL Lobe, the infrapolar process, that  extends backwardt
lateral  and ventral  to the carot id artery and Eustachl .an tube, to
jo ln the ventral  p late of  the chondrocranlum, thus enclosing the
carot td tn a canal  and near ly or qul , te encloslng the Eustachlan
tube. Ttre basi t rabecular process of  b i rds perslsts ln the adul t t
but  l t  does not art icul .ate wi th the-pterygolrd.b?l" l  .Blrds are
pecuEail{u-uffip@y-ffirc6Frffirne d,e tails ) tn having
t11e dermal pterygoid bone dlssoclated from the quadrate cart l . lage,
except for  a short  ar t |culat lon (but Ln a few bl . rds,  such as
Clconl ldae, I  have found a rather eJ"ongate pterygoid-quadrate
contact)  and the anter ior  process of  the quadrate cart iLage, wl ' th
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whlch the basl . t rabecular process would be expected to art l .culate,
extends freely lnto the orbi t  as the orbl ta l  process of  the quad-
rate,  recelv ing the Lnsert ion of  the levator pterygoideus ntuscu-
Lature .  Tt le basl ,  t rabecular process fornrs a sharp-edged vert lcal
crest  def ln lng the mlddle ear cavi ty f rom the orbl ta l  region,
just  behlnd or just  below the foramen for the marLLlary and man-
dlbular branches of  the t r lgeminal  nerve, def lned dorsal_ly by a
notch for the passags of  tbe stapedlal  ar tery and vena capl t ls
lateraLls (or the rete mLrabl ,Le forrned by these two vessels )  be-
tween nlddLe ear and orbt t ,  and def ined ventraLLy by the canal .
(or  canals)  for  the carot id artery and Eustachlan tube. The
lateral  wal . ls  of  the carotLd and Eustachian canaLs are formed
from the Lnfrapolar process, essent la lLy an el tensl .on of  the
basl t rabecular process, and Ln some blrds (e.g.  Gal lus) t f re outer
wal l  of  the carot ld canal  may meet the metot ic p6' f f i  (charac-
ter lst lc of  Crocodl , l la and al l  b l rds except Phggghon, forml.ng a
poster lor  nal l  for  the mtddle ear cavl ty ana- i f f i6 ' iTng the poster ior
edge of  the tympanlc membrane ) ,  The palatLne branch of  the faclaL
nerve runs ventral  to th ls crest ,  general ly ln the same canal  as
thecarot ld artery (more anter lorLy,  the palat ine nerve accompanies
thepalat lne branch of  the carot ld when the cerebral  carot ld sepa-
rates to enter the pi tu l tary fossa of  the bral ,ncase).  The posLt lon
of th ls cres t  ts thus qui  te typlcal  of  a basi  t rabecul .ar  process ,
but l ts form ls not,  partLy because l t  has no art lcular surface
for the orbl ta l  wlng of  the quadrate (a1thou6h i t  may touch that
process wlthout a formed art iculat lon,  as ln Sphenlscldae ) ,  and
part ly because the process has been hol lowed out f rom behlnd by
a pneumatic divert lculum from the mlddle ear,  Thls pneumatic er-
cavat ion makes the basLtrabecular process appear to be no more
than the Lateral  rLm of the presphenold alr  s l .nus openlng.

The tubercles or facets on the parasphenoid of  var ious birds,
caLLed baslpterygoid processes ln the taxonomic Ll terature,  are
ventral  to the palat l .ne branch of  the faclal  nerve and have no
homoLogy wtth the basLtrabecuLar process of  rept i les,  as real1sed
by Kesteven (L942, Proceed!,ngs of  the Ll .nnean Society of  New South
hlaLes , vol ,  57 r pp . 2L3-237 | ,  Perhaps they are homologous rvl. th
the parasphenoid component of  the rept i l . lan baslpterygoid process,
but dlssoclated from the basl t rabecular process ( just  as the dermal
pterygold has become dLssoclated from the anter ior  process of  the
quadrate cart l , lage ) .  l lowev€r,  I  know nothing that couLd be ci ted.
as evidence for even this rept i l l .an homology and i t  is  qui te pos-
slble that  r rbaslpterygoid processestr  have or ig lnated several  t imes
wlthin Aves. t t le presence of  a cart l laglnous core ln the t rbasi-
pterygoid processrr  of  some blrds,  such as DrgTnaeus (Kesteven, gp.
gl!.  ) that cannot be matched in posit lon 1n-TEftT-ondrocrantum-6f
rept l , les suggests that  the avl .an structure ls a neomorph, at  Least
Ln some avl ,an groups.

The pecul iar i t les of  the bird palate have funct ional  cohse-
quences Ln the format l ,on of  the braincase. The area of  or lg in of
the levator pterygoideus l les on the anterolateraL surface of  the
bral .ncase, near the root of  the hor izonta1 frpostorbl taLt t  or  , ,zygo-
mat l .ct t  process, apparentLy formed partLy by the pro-ot lc and pai t ly
by the LaterosphenoLd bones. The ent i re stress and strain of  sku1l
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kinesls must come to bear on this reglonr and the area of  or lg ln
of  the levator pterygoideus complex i -s braced by a vert ical  strut
that  extends downward behind the profundus (  Vr )  branch of  the t r l -
gemlnal  and anter ior  to the maxi l lary (VZl nefve; thts strut ,  the
pl la antot ica spur ia,  does not l ie in the same plane as the pr lm-
ary bralncase waI l  (def ined by the dura mater) ,  but  d ist inct ly
more lateral ly,  so that  in the embryo the cranial  wa1l  may be
dupl icated in th ls region, I f  I  have interpreted a dr led sku11
correct ly,  at  least  5uLa has the cranial  walL dupl icated in the
aduLt,  * i t t r  a t rue piG-antot lca,  p lerced by the abducens (as
usuaL in rept l les )  and deep to the Gasser ian gangl ion space, as
weLl as the pi la antot lca spur ia.  Kesteven (op. c i t . )  reports
a t rue pl la antot ica in the embryo of  l lgfgglggglgl ,  undoubtedly
a relat lve of  !g lg.

I  suspect that  the pi la antot lca spur la,  as a superf ic ia l
dupl icat lon of  the cranlal  waLl  to braco the levator pterygoldeus
or lgLnr hay be more extenslve,  at  least  Ln some birds,  than has
been suspected by others.  Bland Sutton argued (and was ul t lmately
proven r lght  by paLeontology and embryology) t t rat  the al isphenoid
regl .on of  the mammal ian skul l  could not be part  of  the pr imary
bral ,ncase wal l "  because the nerves do not emerge from l t  ln the
same sequence in which they pierce the dura mater.  A s iml l -ar
argument could be made for rear wal l  of  the orbi t  of  Diomed_ea.
X'or lJ,  immutabl l is  f  f lnd the fo lLowing foramlna, wtt f r l f f i iFcon-
tent3r iT-f i -? i l8?lor (midorbi taL) foramen for the opt ic nerve;
2l  a foramen just  behind and sLight ly ventraL to the opt ic fora-
men, contal .n ing the ocul"omotor and abducens nerves; and 3) a
foramen just  behLnd and dorsal  to the last ,  containl ,ng the t roch-
lear and profundus (Vf)  nerves. Not only is th ls grouping of  the
extr lnsic eye muscle nerves out of  sequence wlth emergence from
the bral ,n,  but  1t  is  a lso unl ike the grouping. for  lph"niscus
embryo (Crompton L953, Sjg Zoolosica, vol. 3t+, pp]-71-Tt-6JT
Galt ls i r i t . i t " r ,  Parker,-378@ ar i tanniga, 9th Ed.,
Edlnburgh, Adam and CharLes Black,  voL. l ,  pp.699-728i  ;  persr
obs. ), Anas embryo (de Beer and Barrlngton L934, &lfgj j .p!I331
Tbansaql lons of  the RoyaL Societv of  Londgn, ser.  B,  vol .  223,
;il1tiT:837| ;F ffi| iT7aFdTffi.-r-a;Tt guarantee anythlns,
but I  suspect that  a study of  the orbl ta l  craniaL foramina, wi th
contents determlned by dissect l .onr would y ie ld usefuL taxonomic
data.

Cr l , t ical  to th is argument is the nature of  the palate in
the ( foss11) toothed birds.  Unfortunately,  the palate of  these
fossl ls ls lnsuff ic ientLy knor,*n to be used ei ther in support  or
in refutat lon of  the argument presented here.

Glnger ich ( in a_prel iminary note Ln L973, Nature,  vol .  243,
pp.7o-73, and 1n 1976, S. L.  o lson (Ed. ) ,  Smithso{r fan Contr lbu-
t ions to PaleobloLogy, to. 27 t pp. 23-33t E'ff iTG;pEea:ffi;:
Er;ff ir l iEt-Tfi;Tffi f segrergints from dissoclated bones,
mainly of  l larsh I  s (Yate t reaboi ly-Ti lseum ) skele ton.  ' Ihe r€cor-
struct ion presents a bLrd qui te unl lke any l iv lng form, and whi le
Lt  provides a number of  points that  could be used for support lng
my oun interpretat ion,  i t  would be best to awalt  d lscovery of
an Hesperornis wi th the palate ln natural  ar t iculat ion.  Glnger lch
f tn l ls- th 

-nptErygold" (by my interpretat ion,  the post-pterygold)
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to be a short  and essent la lLy vert ical  LamLna wlth a very Long
contact  wl th near l .y the ent i re orbi ta l  process of  the quadrate.
No l lv lng blrd ( lncludlng t lnamous and rrrat i tesrr)  has such an
extensive contact  of  the dermal pterygoid wl th the chondrocranl 'a l
pterygol .d process (1. .e.  ,  the orbl ta l  process of  the quadrate )  ,
and Hesperornis would seem to be rept l l ian Ln this feature---
Uut If f iTff ie remembered that the pterygold and quadrate wero
not found in art lculat lon,

The bone ldentt f led as the palat ine by Ginger lch Ls a long
lamina w|thout proJect lng f langes of  any k lnd and totaLly unl tke
the paLat lne of  any rept lLe or the "paLat|nen (my pre-pterygold)
of  any blrd.  Al though unusual l .y Long and wLthout medlal  fuslon'
I t  Ls much more l lke the vomer of  some modern bl , rds (Marshrs
or lg lnal  ! .nterpretatLon of  I lgS.PggI l : . ) ;  1t  could al-so be lnter-
preted as a hyold element,  6uf ,  Gfnger lch f lnds a peculLar S-
shaped facet at  the rear of  th ls bone that can be matched by a
facet on the anter l .or  edge of  therrpterygoldt t ,  making 1t  l tkeLy
that the eLement cal led paLat l .ne by Glnger lch was 1n art iculat lon
wl th the [pterygoldtr .

t t re bone ident l f ied as the (palred and unfused) vomer by
Glnger lch is pecul lar  ln st lape, wLth three LaminaeI and unl l ,ke
the vomer of  any blrd or rept l le known to me, By Gtnger lchts
restoratJ.on, 1t  would be qul te f ree at  i ts  poster lor  end from
both the palat lne and pterygoid (as l t  $Igthlo only among l lv tng
blrds,  but  the yomers of  Struthlo are fused and quLte unl l ,ke the
elemcnt of  Hesperornl .s fn-Tf f iT l -  Glnger lch restores th ls element
as c lose toGTl l? l l i lne,  In the be]. lef  l t  ls  a vomer,  but  bel leves
tt  could not be cLosely bound to t ts fe l low without Lnterfer lng
yt th jaw kt  nesls (  tnts bone Ls not known l .n I ts natural  posl t l .onr
but the Yale specimen lndlcates l t  was contact  wtth the maxi l ,La
and In the generaL regl .on of  the nasals ) .  I f  the t fvomertr  of
Ol,nger lch were restored Ln a more Lateral  posi t lon,  i t  would not
be dlssimi lar  to the t rmaxl .LLopalat inerf  ( i ,e.  r  mY palat l .ne )  of
many modern blrds.  The maxi lLa of  HesperornLsr oi l  the other hand,
has no resembl.ance to the rrmaxl" l lopalaf tnC'r  of  any Llv lng blrd;
1t  1s a longl . tudlnal  tooth-bear ing el .ement that  appears adapted
to sJ. ld lng fore-and-af t .

I f  my own Lnterpretat ion ls fo l lowedr I {q lperornis had aL-
ready dlv lded the pterygoLd into pre-pterygold and post-pterygold '
but  the pre-pterygoid wouLd be unknown at  present;  the palat lne
of GLnger lch would be the vomer and the vomer of  Glnger ich wouLd
be the true palat l .ne ( l .e,  r rmaxl lLopaLat lnert)  .

l&rat l t t t le ls known about the paLate of $I$gggEEIXI is
surunar ised by Ostrom (L976, Biological  . Iournal .  of  the l lnnean
Socl.ety [of 

-London], 
vol. 8,-p-iT@62Tffifs-Eaffii ffiEi:CTy

f i - f f i f  may be observed of  the Etchstet t  speclmen in an obl ique
dorsolateral  vf .ew through the orbl t  (where not obscured by the
scLerot l .c r l .ng) and antorbl ta l  fenestra.  There ls an element
(r tmaxi l lopalat lnerf  )  on the paLatal  surface medial-  to the toothed
maxl l la and separated from that bone, but whether by a suture or
a f racture cannot be determlned. The quadrate does not appear
to have a narrord and elongated orbi ta l  process l ike that  of  other
bLrds,  but there is a vert l ,cal ly deep rectangulotd wl-ng on the
anter lor  edge of  the quadrate,  as in Thecodont ia,  Saur l -schia,
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and Ornl , th lschl .a.  Anter lor  to th ls there ls a rather broad and
Lrregular Lanlna of  bone ( labeLl .ed g9 by idelLnhofer,  whose l l lus-
trat1on ls reproduced wlthout commenE by Ostrom);  th ls nlght wel l
be the pterygotd f lange regLon of  the pterygol .dr  and Lf  so,  a
narrow tongLtudinal  bar of  bone extendlng back to the mlddLe of
the anter l ,or  wing of  the quadrate,  to be conttnued on that wLng
by a r ldge sloplng upward and backward, ml,ght wel l  represent the
poster ior  ta l l  of  the pterygold,  A11 that can be said ls that
nothlng Ls known of the palate of Archaegplglg,I that cannot be
erp1a1nedreadi1ybythehypothesi@re,butat1east
a doz€n other hyTotheses could be f l . t ted as wel l  to these obser-
vat lons.

In the LlLustrat lon (X' lgure 1) showing the homologles here
suggested between archosaurs and blrds,  I  have chosen the rrery
priml,t lve thecodont Elgjggg:g:hg1 to i l l .ustrate an archosaur'
most ly because l t  ts on€ of  the few earLy archosaurs for  which
the paLate Ls wel l  knownr aDd part ly because thls seems a pr lm-
I t lve palate probably not dl .sslmlLar to that  of  the archosaur l .an
group ancestral  to blrds,  whatever that  group may have beenr aL-
though the backward sweep of  the lor+er end of  the quadrate ln
Prqterg uchgq ls less blrd- l lke than ls the correspondlng region
of mo5t other archosaurs except for  CrocodlLla.

I  have been unable to compare the palate of  b i rds wl th that
of ,  for  example,  earLy coelurosaur lan Saur lschta.  UnfortunateLy,
Ln a tLme r+hen some students cLaLm knowledge of  the physlology
and metabol . l .sm of dl .nosaurs,  1t  Ls st tL l -  tmposslbLe to get ln-
format lon on dlnosaur ian os teology.
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