
cartilaginoue  stage) Neurocranlum  (U’Nih%WJ’l  endocranium,*
&??I  orimary  braincaee)  ~dd?~%f~~  c r a n i a l  skeleton  44 (9) tiBdf%--



Otic  capwle

Splonchnocranium

Fig.  g- l .  Sku l l  o f  the shark  Squolus  oconrhror  I ,  I I ,  and V I I ,  S k e l e t o n  o f  first,  second,  and
s e v e n t h  ‘pharyngeol  arches.  The sp~rocle hes  b e t w e e n  t h e  quodrate  and hyomandlbulo.
Labml  cortlloges,  glll  r a k e r s ,  and g i l l  rays  o re  ometed.

/

Olfactory capsule

Prechordal  cartilage

/ ’
Notwhord \

\ Otic  capsule ’

Porochordol
A cariiloge B

NEUROCRANIUM
Morphogencsis

Ethmoid
p l a t e

i

/
Basal plate

C

F ig.  0-2.  lmtinl  s tages  in  deve lopment  o f  a car t i lag inous  neurocranium,  d~agrommot~cal,
ventral  vww.  In  C o cartllaglnous  f loor  under ly ing the bratn has  been completed.  The noto-
chord is incorporated into the basal plate.



.  I

AMMOCOETE Otic NECTURVS

FROG MAN

NEUROCRANIUMS

Fig. 6-3. Cortilogmous  neurocraniums  from selected embryonic, larval, or immature ver-

tebrates. Dorsal wew  of ommocoate  and Necturus;  loterpl  wew  of frog and man.
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A. NEUROCRANIUM
Pig

Ethmoid-

O r b i t o s p h e n o i d  :

Prerphenoid  <

Alisphenoid

Borisphenoid-

Otic

Basioccipitol

Exoccipital

Supraoccipitol/
8.  OSSIFICATION CENTERS

Pig

Fig. 8-4.  A, C80rtiloginous neurocronium  of fetal pig. The structure is complete os shown,
there being no cartilage above the brain. 6, Ossification centers in typical mammolion
cartilaginous ntruroc(onium, based on fetal pug.  The otic centers ore multiple centers in the
otic capsule. The ethmoid centers are interspersed among  the olfactory foramens. The
olispheno/d  center is in the pterygoquadrote cartilage.



h1&~?wC4nl~~hl%fl~  f oramen  magnum
Y

?:af’Iq  exoccipital bones CI
i I
0l.l ltd0  foremen 1:;; supraoccipital bone ln*dU ?uLilii*“4g”
* I

lnterparietal Zygomatic

Exoccipital

auditory meatus
A OCCIPITAL 8. TEMPORAL

OSSIFICATION CENTERS

Fig. 8-5. Endochondrai osstflcotlon  centers [dots) ond Iptromembronous  osslficotlon  centers
(block networks) superlmposed  on the occlpltol  and right temporal bones of on adylt  cot.

A ,  Caudal  wew.  6,  MedIal  wew.  The bulla  arises  f rom new car t i lage  not  osroaoted  w i t h
the earher  neurocron~um.  The mastold  portion  IS on outgrowth of the petrous portion.

Olfactory forammo  m
+-,/’ cr,hr,form plote

Ethmoid a-

Sphenaid
7 of sohenoid

--f-

Foromen wale

. \ Foromen lacerum

Jugular foramen
Hypoglosrol  foron

NEUROCRANtUh4
Man

,en

F ig .  8-6.  Bony  neurocron~um  of human skul l .  The calvorwm  (dermatocranlol  r o o f )  has  been
s o w e d  o f f  o n d  wew  i s  lookmg  down  t n t o s ku l l  f rom above .  Moto r  endochondrol  ossifica-
bon  center s  o re  labe led ot l e f t  lmmedlntely  in f ront  o f  the  lugulor  foromen  i s  t h e  Internal
oudltory  meotus  (blockj,  which  tl-ansmtt>  the  seventh  and eighth  cranial  n e r v e s
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Fig. 8-7. Osr~cler  of the sclerotic coot of the eye.
A, Owl’s eye, rhowmg  sclerohc plates in place.

B, Scierol  rmg  o f  owlsopping  ~ssxles  di:;rected
from’ a Iaard’r  eye (after  Gugg”).

-



., ”

Endolymphetic fossa

Endolymphotic foromen

Perilymphatic foromen

Fig. 8-8.  Neurocranium of Squolus  oconthios,  dorsal view.



Pterygoquadrote

I I
Meckel’.,  ccdoge

Borihyal
Cerotohyal

III
I V

V
V I

V I I

Hypobronchial-

1 st  Barlbmchial-

2nd Basibronchiol  -

Fig. g-9. Visceral skeleton of a dogflsh  shark, ventral wew.  Ill  to VII, Cerotobronchia!
cartilages of the third to seventh phoryngeal  arches.
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Y I II

* ! ;Ll  d-9)tir:nounm visceral cartilages d p: @3  q 9zat;lu

visceral arch u&:&  ~noL~&‘Ywi~urn  fk~f~~dqrmf~~  median carti-

lages (basihyal, basibranchials) ~u~R%IO(I~(  fd 1-6) Visceral
I ,

cartilages L pib:1l&wiiu~n uvm:&rlr:noun9u  d klnutio&Z  (77n

IJU&‘N)  pharyngobranchial, epibranchial, ceratobranchial, un:

hypobranchial (f,ll  &SO  ,A3 Hypobranchials %tf%  baeibranchi-

als M?JS1”111;174 Visceral cartilages f%!  b (hyoid cartilages)

Jrrnou~?o  hyomandibular cartilages M?~~JU  URZ ceratohyal car-

& Pharyngobronchial

Epibronchial

C. MANDIBULAR CARTILAGES

Fig. g-10. Skeletal components of (1  typical bronchial arch, A, and modifications in the
hyoid and mandibular arches of Squolus  ocanthios,  B and C. Midventral elements in the
phcryngedl  floor are shown in white on black.
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t ilages &&I&~~ Ceratohyals  hfii  basihyal cartilage trhu



7
Hyomandibuia  -

/
Inierhyol

Symplactic

Epihyol - 1

:Cerofohyol  - -

Basihyol  ’ II III  IV v VI VII

BRANCHIAL  SKELETON
Salmon

Fig. 8-l  1. ‘Arcerol  skeleton of 0 salmon,  upper
and  lower jaws removed. l-tyotd  cart~lo~es  ore
m block. The barlhyal  is unpaired.  1 to 4, Hy
pobronchnl,  ceratobronchlcl,  eplbronchrol, and
pharyngobronchml  elements of the thtrd arch.





Anterior dorsal cartilage

Posterior dorsal cartilage

Posterior lateral cartilage

Lateral distal
mandibular

NEUROCRANIUM cmd  VISCERAL SKELETON
l.CWilpR?~

Fig. E-92.  Neurocronium  and vweral  skeleton of o  lamprey. Black skeletal elements may
represent vestiges of jaws. Olfactory capsule IS  CJ  midline structure; otlc capsules ore paired.
The lmguol  cartilage is also named basal plate cartilage.
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, Bosihyal

Fig. 8-l 3. Metamorphosis  of wsceral  skeleton of c1  frog, laws  omltted.  A, Bran&al  skeleton
of  larva.  8,  Co&bon  III  la te  metamorphos i s .  C ,  Hyold  of  o young f rog.  Coarse and fine
stipple  and c r o s s  hotchlng  lndvzote  h o m o l o g o u s  oreos.  x ,  Cortlloge  a d d e d  a t  metomor-
phosis  I I  to  V I ,  S ke le ton  o f  second th rough  sixth  pharyngeal  nrches

Quadrate  I
\ , Epibranchial 111

Iii I’ Epibronchiol  V

Cerotobrmrchial IV

I’
I C~ratobranchiol III

Cerotohvol  II

Hypohyal II

Lower iaw I

VISCERAL SKELETON

Nectuw

F ig .  8-14.  Skul l  and v:scertll s ke le ton  o f  Net-

furus  I  to  V  a r e  rkeietal  eiements  o f  ihe  fwe
phoryngeal  arches.  S o m e  denvotlves  o f  t h e  pter-
ygoquudrote  cartlluqe  ore  1’1  the  pa la te .

4~&~u&  (poster ior  horn) .  MY

r&uuk%.~ q 9: i n"niu?u  splanch-
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A. NECTURUS

Entoglorrur

C. LIZARD

E. CHICKEN

G. CAT

i”
5$

B
2

4
6.  FROG

,I?2 B
3

4%
4

b. TURTLE

3

H. MAN

Fig. 8-17. Skeletal derivatives of the second through fifth phoryngeal  arches in selected
tetropods. 2 to 5, Derivatives of arches 2 through 5. 8, Body of hyoid. The projections
from the body m B to H constitute the horns, or cornea,  of the hyoid. The arytenoid car-
tilage lies dorsal to the thyroid and is not shown. The Drecise  homologies of laryngeal COT-
tilages  in mammals are not known.
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tla: sty lo id  procears  WMU

: , Alirphenold

Fig. S-18. Vtrceral skeleton of man. IA, Broken
line connects derlvahves  of pterygoquadrote  car-
Wage;  16,  broken lme connects vestiges  and de.
rivotives  o f  Meckel’s  ca r t i lage ,  Ii,  b roken lme
connects skeletal derivolives  of hyold arch  corn
menang  d o r s a l l y  at the rtaper  a n d  termmatIng
ventrally  at the lesser horn of the hyo,d  The oar
tion  between ihe rty lotd  process and !esrer  horn
i s  t h e  stylohyoid  l igament .  111  lo V ,  derlvotlves
of thard.  fourth, and fifth pharyngeol  archer. Ill,
Greater (posterior) horn of hyoid bone (lllushoted
rho i n  F i g .  12.10).

ns:?ntiu cricoid ua: thyroid 05



Table 8-l. Skeletal derivatives of pharyngeal arches in sharks and approximofe  homologues  in selected bony vertebrates

I

-___
.

II

-___

I11

T-T-
I
c

~__-
IV

V

___-
VI

VII

SN.4RK

Meckel’s  cartdage

Pterygcquadrate

Hyomandibula

Ceratohyal

Basihyal

Pharyngobranchial
Epibranchul
Ceratobranchial
Hypohranchial

BranchuJ  skeleton

Branchiai  skeleton

Branchial skeleton

Branchial skeleton

Articular

Quadrate
Epipterygoid
Metapterygoid

Hyomandibula Rudimentary

Symplectic
Interbyal
Epihyal
Ceratohyal

Wpo’d

Ceratollyal

Basihyal Hypohyals

Pharyngobranchial
Epibranchial
Ceratobranchlal
Hypabranchial

NECTLIRUS

Articular

Qdr&2
Palatal  cartilage

Epibranchial
Ceratobranchial

Branchial skeleton

FROC

Articular
Mentomeckeliant
Quadrate

HErnILE  AND BUlD

.l--tz--
E p i p t e r y g o i d1

Columella  @tapes)

Annulus  tympanicus  (1)

Styloid process in mammals
Anterior horn of hyoid

MAMMAL

M&US

Body of hyoid
Entoglossus  in reptiles and birds

2nd horn of hymd

Body of hyoid

Last horn  and body of hymd
Laryngeal cartilages (P)

Laryngeal cartilages (?)
(precise homolo~es  unknown)

Thyrmd
cartdage3

Not present

^Sometimes  part of derm-articular.
/Of intramembranws  origin in home  spewzs





Dermatoymium Cartilaginous neurocranium
,

F i g .  8 - 1 9 .  S k u l l  o f  Amn, do& VEW  Dermal
b o n e s  are r e m o v e d  on  t h e  right  side to  reveoi
underly,ng  cu;tlluginous  neurocranium  I:,  F r o n t a l
bones, N, nasal;  OP,  operculum,  P, parletol;  PO,
postorbItal;  POT,  postremporul,  P T ,  pttxotlc;  T,
tabular .  The bones ontericr  t o  t h e  n~1sc1Is  are
ethmwds. Premoxillos  nre n o t  vtirbie  in this view

supratempora l ,  tabu lar ,  uar

t a l ~hlllaft?a~ bregmatic bo-

ne ~:~hd?unJmm4ftu Para-
X’

celsus  Lhnf:?nu37 OSBi.CUlUlYi



A. CROSSOPTERYGIAN 8.  LABYRINTHODONT

Fig. E-20. Early dermal  bone patterns from which  tetrapod dermotocroniums  have evolved.
A, Skull of the rhlpldlstion crossopterygton  fish Eusfhenopteron.  Note midline bones and
small, scolellke  bones in the rostra1  regun.  The locotlon  of the par&al  foromen  I S in dw
pute.  8, Skull of a Carboniferous labyrinthodont, representing the primitwe  tetropod con.
dltion.  Broken lines indicate deleted operculor bones. DO, Dermoccipitol; F, frontal; I ,
infraorbltal;  IT, intertemporal;  J, jugal;  Lac, lacrimal; M, maxilla; N, nosol;  OP, opercular;
P, porietol;  PF, prefrontal; PO, postorbital; PoF,  p&frontal;  Pm,  premoxilla;  Sq, squamo-
sal; ST, supratemporal;  Qi,  quodratolugol;  Tab, tabular. (Modified from numerous sources.)

Nasal

Maxi l la

Jugal I
Supraoccipitol

Exoccipital

Fig. E-21. Two  stages in the development of the human skull. A, lntramembronous  ossi-
fication 1s under way.  The neurocrc~n~um  (gray) is incomplete  lotcral  to and  above the
brain. 8, Intromembranous  owficotion has progressed, but “soft spots” (fontonels)  remain
where there IS no cartilage or bone. The exoccipitol,  suproocclpttol,  and olisphenad  (block)
ore of endochondrol  origin.



YOUNG PIGEON

Fig.  8-22. Fontonsl  in D young pigeon and

bregmotic  bone” in Lynx.
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CROSSOPTERGIAN LABYRINTHODONT

Fig. E-23. Primary palates of o  crossopterygaan  and a lobyrlnthodont.  Note similarity  of
structure. The basisphenoid and quodrote  ore not part of the palate.

Maxill

AMIA

Q i
sq
Q d

Q d

sq Pro

OC

O p i s

RANA
PRIMARY PALATES

NECTURUS

,

Fig. 8-24. Pr~mory  palates of a primitive reptile (Seymourioj,  CI  bony fish (Amio),  and t w o
amphibians (Rono  and Nectorusj.  Cartilage is indicated by diagonal lines; internal “ares are
black, and  palotal  bones ore stippled. 1, Vomer;  2, palatine (in Necturus,  polatopterygoidh
3, ectopterygdid; 4, endopterygoid;  5, parosphenoid; 9, epipterygoid (of endochondrol
origin). Oc,~Cartiloginous  portion of otic capsule; Opis, opisthotic; Pro, prootic; Qd, quad-
rate; Oi,  quodratojugal;  Sq, squamosol.
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Olfactory foromina  in

Sello  turcica  i n Internal auditory  meatva
bowphenoid in petrous portion

Tentorium
cerebelli

I Borioccipitol I
Premoxillo Supraoccipital

Secondary Maxilla
p a l a t e

Palatine

F ig .  8 -25 .  Sagrttal  sectaon,  c o t  s k u l l ,  showing  bony  por t  o f  secondary  pa late  m b lock.  C,
Camne  t o o t h ;  E ,  mesethmold  (perpendicular  pie  o f  ethmold);  F ,  f r o n t a l  sjnus  m f r o n t a l
bone;  M,  mlddle  cramal  fosso  hous ing cerebral  hemispheres ;  N,  nasal  pas sageway ;  P ,
posterior  cranial  fossa  hous ing cerebel lum; S, sphenoldal  sinus  I”  presphenotd  bone.  Light
gray deslgnotes  ethmad,  sphenold,  and occipital components of the neurocromum.
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Frontonosol  process

External naris
1 Lateral ~nasal  fold Premaxillo

A EMBRYOGENES IS

I
C D

HUMAN INFANT YOUNG CAT

SECONDARY PALATES

F ig .  8 -26 .  A  to  C,  Formatnn  o f  secondary  pa late  in man.  D. Secondary  palate  o f  o young
c a t  f o r  c o m p a r i s o n .  A r r o w s  indlcah? nasal  passogewoy. 6, palatine  p roces s  o f  premax,lla;
7 ,  pa lat ine  p rocess  o f  moxIIIa1;  0,  pa lat ine  p rocess  o f  the  palatine  bone In A  ( f e t u s  op
proximately  16 w e e k s  o l d )  t h e  p&tme  proces ses  o f  the  maxIlIa  are  growing  towurd  the
midlane, formmg  13 s e c o n d a r y  r o o f  [shppled)  m t h e  o r a l  covlty  D a r k  gray  IS t h e  pr~mory
roof  contolmng  Rathke’s  pouch,  R .  In  6  the  polatlne  p roces ses  o f  the  mox~llos  hove me’
ontertorly.  Failure  o f  complete  c losu re  WIII  r e s u l t  m o c l e f t  palate.  In  C the pa late  I S  com-
d&e.
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T,,ble  8-2. Dermal  bones investing Meckel’s  cartilage

Dentary
An&U
Surangh
Splenial
Coronoid
Prearticular

Dentaryt Dentary Dentary Dentary Dentaly
AnylUt Anguhm AIlgIdX Angul~

SUWlgId~ SUWlg,Ul~
Splenial Splenial Splenialq
Coronoid Coronoid

Derm-articular$ Prearticular
lntercoronoid
PI‘XOUXU3d
Postsplenial



Parietol

Dentary

Portorbitalr
A. GAR

Preoperculcr

B C A R P

F i g .  8-27.  S k u l l  o f  m o d e r n  fish  ( c a r p )  and o f  more onclent  fish  (gar) f o r  contrast  N o t e
t h e  scolel,ke nature o f  m a n y  o t  t h e  dermnl  b o n e s  ,n  t h e  gor  ,>nd  !he serves  o f  maxillary

bones  In  the COT,,  the  dark  stipple  rep resent s  unossifled  catlloge



1  , ,,A,  , ,’ 1,  +Frontali

iabular

GAR

Fig. 8-28. Skull  of QW, dorsal  vlew.
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i.jnl?udiMCU  o l factory  capsule G o c c i p i t a l  condyle  &L&I?  (nr::

tncentrum  &r&nunui?)  ~klL)~u  b a s i o c c i p i t a l  uf&IilhU?Jdnu

exocc ip i ta l  bones  io dt s7wnwlwrnzfj  primary palate uR:L  8QY ‘I
‘anb;?kJ  palatal  vacuities’,::uunnf::tn  endopterygo id  uez  parasphe-

noid  bonea o8n??r&
I I I

n?r~~4&UUu~aJM*uUU’il’u1Ln~ululr7~~u?~ii9lol7n  crossopteryg ians

n?sanaq%rmaa  intramembranous ossification ?unzluan¶o4ru?n

fw ~Suual;,n’nn?,M?rrl~3oJnr~~n  prefrontal , lacr imal ,  post frontal ,

postorbital , supratemporal ,  tubular ,  ua:  postparietal ua:7t:

Iou?,‘lfnrqn  endochondral prootic ma4  otic capsule 1 iimwl4

h.muaalrl  ( ;L1  Waldo) Palatal  vacul.ties  ~Lww&  uaznrzyl  ecto-

pteryqoid  ~nM?U~If!uWX.!nl:r Palatine anmmm  rh transverse
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~~~~&.I$uPo~  dentarg ?u  synapaids, nVf1;‘N  mandibular vacuities

?u  precursors 2*49r:k;; un:f~lfd~l~nfz~n  turbinal llJIkI;;n. New-

ocranium n8wu~tiIuuw  tropibasic  u& fontanele  nwnuuu Au

A  ANAPSID  l~tem  reotils)

8. SYNAPSID  Imammal rtakl

tal , aquamosal, uaz jugal.
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A L L I G A T O R

BASIC PATTERN

Qi

B U L L F R O G

TURTLE

Ex te rna l  narir

ROOFING BONES

Fig. B-30.  Roofing area  and associated bones in selected tetropods, dorsal views. The
basic pattern represents o  labyrinthodont. The turtle is an alligator snapping turtle, Macro-
clemys  temminckii.  F, Frontal; LAC. lacrimal; N, nasal; P,  par&al;  PF,  prefrontal ;  PoF,
postf rontal ;  Pre,  premaxillo;  Sq, squamorol;  ST,  supratemporal  fossa; Qi,  quadratoojugal;
Ad, adlacrimal; FP, frontoparietal; MT,  infratemporol  fosso; IP, interporietol; J, jugal;
MAX, maxilla; PRO, prootic; 0,  quadrate. As a study aId  you may  wish to color homol-
ogous bones on the different skulls with the same  colors.
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Super ior  temporal  arch  ~lI%lnnr~~n  postorbita l  LLB::  squamosal
t

;U~r*~~z*27+  super ior  ufir  infer ior  fossae . External auditory
8 I I Y r; I

meatus  (no~~?uu8n)o7u~~‘~n  super ior  arch  ‘ItifiUf$  tympanic  membr-
I I

ane n’n;nw?u  inferior temporal fossa unyumqrt  FhrwdGriau

R’23wrm diapsid. Sphenodon ?r:~a’ uttrun fiiwhz~unnMnI  diapsid
t

I chthyosaurs  ~a:: p les iosaurs  $ temporal  fossa  9 Q\

SNAKE

Jugal

Quadrate

ALL IGATOR

SECONDARY PALATES

Fig, 8-31. Secondary palates [gray) of two reptIles.  Compare locotton  of internal  nares
(arrows) t n alligator w i th  position in snake (Nofrix)  and turtles (Fig. 8.32). 1, Vomer; 3,
ectopterygold;  4,  pterygoid; 6, palatine process of premaxillo;  7, palatme  process of
maxilla; 8, p&tine process of polotine.
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F ig.  S-32,  Species  hf’ferences  m  the  secondary  polote (gwy)  o f  tul&s.  A, Che;ydra  serpen-
tino. 6,  Mocroclemys  temmtnckl~  C ,  Lepldochelys  ol~vocea  Rldley, th? p o s t e r i o r  p a r t  o f  t h e
quodrote  and the  rquomosal  and supraocclpltal  regions  o m i t t e d .  I n  A on ly  the  maxllla,  7 ,
pa r t ic ipates  in formotIon  o f  the  secondary  palate. I n  B the  premoxillas,  4.  ciso  partlclpate,
and t h e  polotInes  mOre CI  s m a l l  contrlbiltlon,  8 . In  C all th ree bones  mnke co:ltrlbutlons,
OS  does  the  vomer  also.  1 ,  Vomer ;  2 ,  polattne  bone of  primary  pa late;  4 ,  pterygold;  6 ,
paluttne  process  of  premax~llo;  7 ,  polotlne  p roces s  o f  moxIIIa,  8 ,  polotlne  p roces s  o f  palo-
tine  b o n e .  A r r o w s  lncluzte  positron  of  lnternol  nores.  You may w i sh  to  co lo r  homologous
bones w i t h  the  same tolors.

M o v a b l e
Ptervaoid

F ig.  g-33.  Klnetlsm  in the  sku l l s  o f  C I  snake,  A
and 6,  and of a  b,rd,  C .  A r r o w s  lndlcote dlrec-
tton  of movement 05  the mouth opens.



A. LABYRINTHODONT

B. PRIMITIVE MAMMAL.LIKE  REPTILE I E.  ALLIGATOR

C. ADVANCED MAMMAL-LIKE REPTILE \ F. BIRD

D.  MODERN MAMMAL G. FROG

Fig. S-34. Theorehcol  evolutton  of the mondtble A to D, Probable wcce~we  stages of
ewht~on  o i  t h e  l o w e r  tow  of mammals.  The dentory  [obllqur  i~nes)  iecome  increoimgly
larger, snd  other elements we:e  reduced and fmally  lost. E to  G. Lower ,ows  of omphtbmn,
reptlle. and young bird for comporwn  with baste  pattern. In the modern rephle the pot-tern
has been modified  lar  than in the  f rog  A l l  e lements  o re  dermal  b o n e r  e x c e p t  t h o s e  i n
dotted  outhne.  which  WC  denvativer  o f  Meckel  I corhloge.  an,  Al,gular,.  art,  orhcular)
asp,  ongulorplen;ol;  co,, coronoid:  m m ,  mentumeckelian;  ps,  portspleniol;  ,a, rurongulor,
rp, rplemal.



Table 8-3. Skulls of early  tetropods  corrtrosted  with those of modern omphlbions  ond rep&
wrth  reference to a few selected cl.wxterl,ttcs

Ptimary palate

Shondaq  palate
Germal  roofing bona
Paietui  foramen
Marqnal  boner
Lkms ensheathing

Meckel’s  cwtdagr--~___-

one cmdyir
P1etyh.w
Comple!e  complement

of drrmal txxres
Paraphenold  small
Vdculty  smdl
lllremal “Plrn hkd
Non.2
Complete mmplrmmt
Present
Comple;e  complement
NlUWKRlS

One condyle
Tropd>aric
Relatwely cumplete

SIIMII
Small
Mdial
partial  or complete
Some reduction
Present in some
Usually complete
Numerous



riG?u  squamosal rmo+nr:bn  temporal

DERMATOCRANIDM nf:nnU~~l  (L~n7U)~~nn7::LR~B~~Uderm-
d%  “‘: YY

atocranium fl04akt  auJ~nn~uu7u~~nunnr:?n  nasal, lacrimal, frontal,

parietal, interparietal, uaz squamosal. nrzfn lacrimal na7ulSu

t;x~ao4tlfi  ~;?n&n4M~~4~~~a4  nasolacrimal  canal 84.
I , ,

nr:tn  equa-

moeal  mw~dunf:r$af:  t7iu?unr:9nu  lrloo177rnaiUl~fi’)u~OJnf-?n  t em-

poral ~~u~uwua:~u

Interparietal mdit~~Lf-Afnl?uu  t1;1naiti%  ithrm~ui

a;?wif:t$b$f)aEl;I~~  homologous 6%  interparietal ,iU?~O4Ullll&ni

Homo erectus?  interparietal T & ufi:iiu7~~l?ng~U’la;u~,~~,n~oeJU1~
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Fig. 8-35. Inca  bone in a h,uman skull from lhe
Aleutnn  Mends  P ,  por,etal;  0 ,  suproocc~p~tal.
[ C o u r t e s y  Willlam  S .  Laughhn,  Madison,  WIS.)

Fig. 8-36. Chef  endochondrol  (dark)  and dermatocramol  (white)  components  in  Q  mam
mallon  s k u l l .  T h e  vomer,  polotme,  and pterygad  are p a r t s  o f  t h e  prrnary  p a l a t e .  T h e
premoxllla  and max~llo  .contrlbute lhormmtal  processes to the secondary palate. The dentory
I S  o membrane bone of  the wcerol  ske leton.  The allsphenold  I S  sad  t o  b e  dermotocramoi
4n  mm5  mammals.  at  l e a s t .

As, Pleurosphenoid  (ollsphenold)
Bo, Bwocap~tal
Bs, Baslsphemxd
C ,  Cnbrlform  piote  o f  ethmotd
E, Ethmotd,  perpendicular  plate
E x ,  fxocclpltol
F, Frontal

I ,  lntetparietal PM, Premaxllla
N ,  Nasa l Ps, Presphenold
O S ,  Orbitosphenold Pt. Pterygold
ot,  o t t c  [petrous) s o .  Supraocclpltol
P, Pareto\ Sq, Squomosal
Pa, Palotlne Vo, Vomer
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f’ierygoid  forra Primary palota
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fossa ( I”  d--M) Parasphenoid  ~hYH7Ulu  I!%  (?) T7llfi  vomer.

Ectoptarygo ids  ~k~u~J

Secondary palate Ilr:no&u  b &u
1

a7u  “hard”  a%

bony palate IjTznO&u  palatine processes BEl.4  premaxilla,  max-

Y I

ccipitals  u% orbi tosphenoids  ln”n+u  (nr:nn  al isphenoid  61  ossi-

sphenoid &wnQ?1?:f?u~t~u  sphenoid bone &;ih7  uaznrzpocci-

pita1  hwna?w::rmnirih  occ ip i ta l  bone  &,&‘I

Olfactory capsules t??qr?hnr:~nudu  ethmoid hh:ljfI:

nou&tl  cr ibr i form plate  $,&I; 1 ‘Inu foraminaaia~~~uluzlr:n?n  o l -

Perpendicular plate (mesethmoid)

( ;II  d-&j uazmr  ykw  7 90.1 t urbin-

TEMPORAL COMPLEX nr:~nuau temporal ( 12’ r-4)  r)r:nou
11  I # I Y
fi?ua?utiofj  1 U?nu700DJnf~?n~Ln'n~~ns;a4  intramembranous uwendochon-
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Rg. a-38. Skull  of modern man. The stylold procesr  rind squamous and mastoid portlons
are parts of the temporal bone.

\

Fig. 8-39. S hc emotlc representahon  o f  the  multlple  nature of  :he tempora l  bone of  mom-
mds  Note  reduction in number  o f  separate  e lements  f rom the condltlon  I”  rep&s  ( o u t e r  ’
ClrClej  10  mQmdS  /other c~rcks)  T h e  t w o  dermol  e l e m e n t s  hove  asterisks.  T h e  mostold
portion  ond tympamc bullo  o r e  mammollan  ~nnovot~on~.




