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seventh pharyngeal arches. The spiracle lies between the quodrate and hyomandibula.
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Fig. 8-2.Initial stages in development of o cartilaginous neurocranium, diagrommoticd,
ventral view, In C a cartilaginous floor underlying the brain has been completed. The noto-
chord is incorporated into the basal plate.
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Table 8-1. Skeletal derivatives of pharyngeal arches in sharks and approxirnafe homoiogues in selected bony vertebrates

ARCH SHARK TELEOST NECTURUS FROG REPTILE AND BIRD MAMMAL
Meckel's cartilage Articular® Articular Articular Articular Malleus
Mentomeckeliant
1 Pterygoquadrate Quadrate Quadrate Quadrate Quadrate Incus
Epipterygoid Palatal catilage pipterygoid Alisphenoid
Metapterygoid
Apnulus tympanicus (7}
N Hyomandibula Hyomandibula Rudimentary Columella (stapes)
Symplectic
Interhyal Styloid process in mammals
I Ceratohyal Epihyal Ceratohyal Anterior horn of hyoid
Ceratohyal
Hypohyal
Basihyal Basihya Hypohyals Body of hyoid
Entoglossus in reptiles and birds
Pharyngobranchial Pharyngobranchial
i Epibranchial Epibranchial Epibranchial 2nd horn of hyoid
Ceratobranchia Ceratobranchial Ceratobranchial
Hypobranchial Hypobranchial Body of hyoid
v Branchial skeleton Last horn and body of hyoid Thyroid
Laryngeal cartilages (?) cartilages
v Branchial skeleton Branchial  skeleton Layngeal cartilages {?)
(precise  homologies  unknown)
VI Branchial  skeleton
Not present
Vil Branchia  skeleton

*Sometimes pat of derm-articular,

1Of intramembranous origin in some species

602
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A. CROSSOPTERYGIAN B. LABYRINTHODONT

Fig. E-20. Early dermal bone patterns from which tetrapod dermatocraniums have evolved.
A, skull of the rhipidistian crossopterygian fish Eusrhe‘nopferon. Note midline bones and
small, scalelike bones in the rostral region. The location of the parietal foromen 1s n dis-
pute. 8, Skull of @ Carboniferous labyrinthodont, representing the primitive tetropod con.
dition. Broken lines indicate deleted operculqr bones. DO, Dermoccipitol; F, frontal; 1,
infraorbital; IT, intertemporal; J, jugal; Lag, lacrimal; M, maxila; N, nasal; OP, operculor;
P, parietal; PF, prefrontal; PO, postorbital; PoF, postrontal; Pre, premaxitia; Sq, squamo-
sal; ST, supratemporal; Qj, quadretojugal; Tab, tabular. (Modified from numerous sources.)

Frontal fontanel

Parietal
Frontal

Neurocranium Supraoccipital

Annulus Exoccipital

Fig. E-21. Two stages in the development of the human skull. A, Intramembranous ossi-
fication s under way. The neurocronium (gray) is incomplete lateral to and above the
brain. 8, Intramembranous ossification has progressed, but “soft spots” {fontanels) remain
where there 1sng cartilage or bone. The exoccipital, supracccipitol, and alisphenoid (block)
ore of endochondral origin,
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Yomer
internal naris

CROSSOPTERGIAN LABYRINTHODONT

Fig. E-23. Primary palates of o crossopferygian and g lobyrinthodont. Note similarity of
structure. The basisphenoid and quudrqte ore not part of the palate.

res

P ill
remaxi O:WG%

SEYMOURIA AMIA

Premaxilla

Premaxilla fﬁm"*ﬁ

RANA NECTURUS
PRIMARY PALATES

Fig. 8-24. Primary palates of o primitive reptile (Seymouria), g bony fish {Amig), and twg
amphibians (Rana and Necturus). Cartilage is indicated by diagonal lines; internal pagres are
black, and palatal bones are stippled. 1, Vomer; 2, palatine (in Necturus, palatopterygoid);
3, ectopterygdid; 4, endopterygoid; 5, parosphenoid; 9, epipterygoid (of endochondral
origin). Oc, Cartilaginous portion of ofic capsule; Opis, opisthotic; Pro, prootic; Qd, quad-
rate; Qj, guadratojugal; sq, squamosal,
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Fig. 8-25. Sagiftal section, cot skull, showing bony port of secondary palate in block. C,
Canine tooth; E, mesethmoid {perpendiculor piate of ethmoid); F, frontal sinusinfrontal
bone: M, middle cranial fossa housing cerebral hemispheres; N, nasal passageway; P,
posterior cranial fossa housing cerebellum; $, sphenoidal sinus in presphencid bone. Light
gray designates ethmoid, sphenoid, and occipital components of the neurocranium.
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Frontonasal process

External naris
Lateral nasal fold Premaxilla

Median palatal
process

A EMBRYOGENESIS

HUMAN  INFANT YOUNG CAT

SECONDARY PALATES

Fig. 8-26. A to C, Formation of secondary palate inman. D, secondary palate of g young

cat for comparison. Arrows indicate nosal passageway. 8, palatine process of premaxilia;
7, palatine process of mOxiHO; 8, palatine process of the pmlotine bone in A (fetus ap
proximately 18 weeks old) the palatine processes of the maxilla are growing toward the
midiine, forming gsecondary roof [stipp|ed)m the oral cavity Dark grays the primary
roof containing Rathke’s pouch, R. In B the palatine processes of the moxillas hove me’
anteriorly. Failure of complete closure willresult 1na cleft palate. In C the palate Is com-
plete.
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Table 8-2. Dermal bones investing Meckel’s cartilage

FISHES TETRAPODS
PRIMITIVE MODERN
Crossop- Labyrintho- Reptiles and
Primitive terygians Modern donis birds Ampbhibians | Mammals
Dentary Dentary Dentaryt Dentary Dentary Dentary Dentary
Angular Angular Angular| Angular Angular Angular{
Surangular Surangular Surangular Surangular
Infradentary® Splenial Splenial Splenial Splenialf
Infradentary Coronoid Coronoid Coronoid
Infradentary Prearticular Derm-articular§y  Prearticular
Infradentary Intercoronoid
Infradentary Precoronoid
Infradentary Postsplenial

Primitive forms had a greater number of bones than modern ones. Reptiles have retained more of the primitive ele-
ments than other modern tetrapods.

Variable number.

Dentary incorporates mentomeckelian of endochondral origin in some teieosts.

May be shsent. Sometimes named surangular.

May include articular of cartilage origin.

Sometimes incorporated in an angulosplenial.
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Fig. 8-27‘. skull of modern fish (carpy and of more ancient fish (gor} for contrast Note
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bones In the Carp the dark stipple represents unossified cartloge
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8. ALLIGATOR SNAPPER @ . SEA TURILE
Fig. $-32, Species differences in the secondory polate {groy} of turtles. A, Cheiydra serpen-
tina. B, Macroclemys temminckii C, Lepidochelys olivacea Ridley, the posterior part of the

quadrate and the squomosal and supraoccipita! regions omitted. In A only the maxifla, 7,
participates In formotion of the secondary palate. in B the premaxilics, 8, clso parhaipate,
and the polatines make a small contribution, 8. In C all three bones make contributions,
gs does the vomer also. 1, Vomer; 2, polatine bone of primary palate; 4, pterygoid; 6,

palatine process of premaxilla; 7, palatine process of moxilla; 8, palating process of pala-
tine bone. Arrows indicate position of internal nares. You may wish to color homologous
bones with the same colors.
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Fig. g-33. Kinetism in the skulls of asnake, A
L and B, and of abird, C. Arrows indicate direc-
P‘f"fi‘%’ B hion of movement as the mouth opens.
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EARLY TETRAPODS

MODERAN REPTILES

MODFERN AMPHIBIANS

Neurocranium

Primary palate

Secondary palate
Dermal roofing bones
Parietul foramen
Marginal boner
Bones ensheathing
Meckel's cartilage

Well ossified

ON€Econdyle
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of dermal bones
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Internal ngres lateral
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Mostly cartilage

Two condyles
Platybasic

Reduced complement

Large in urodeles
Large in anurans
Lateral

None

Extensive reduction
Confined to larvas
Reduced in number
Reduced in number




230

» [l Y o < w
Viepne)  duseitlugunnsasunnilunzlvaniunlae  nszpn frontal

» s L 4 1 4

ug: parietallmiatzlumaliniumiuznetesduss Parietal foramen

L]
vnuhl ua:m:g‘m lacrimal gnumn:tﬂnu nasolacrimal duct TeIzuau9EN

4
L 12710228 NN L 37 ylusasrun (nasal cavity)

L 4 v ¢ : > »

- ¢ x . o~ L)
aN3iauy annItu Uy ﬂ:'.T nanepIdndl amgnmuu’mm ﬁnm%nwn

c 2 - A v -
synapeid 184dn7L doumay Temporal fossa fUiMyLUIzl zygomatic

] > ¥ L

[ L) Y )
arch Agremume w1 arch w-mm:nﬂué‘mun:uu:i’mnuuummwun,eden-

| 4

« X - o a
tates ua-é’mtamanmumumumau 9. U occipital condyles w Ut
mumnmwnﬂ’mtaﬂunmumn synapsid, uaz secondary palate ﬂuurm ne

X
Tunmﬂu:ﬂnumnmmmm cerebrel hemispheres 'lmmuﬂﬂn n’:muqunt:

1 v ) > v

gn frontal ua: parietal 'vﬂmu.a:uum‘mqmm’mmumwmauﬂq ﬁlﬁu

v

tﬁna’nuuﬂuﬁ'n'flgmanmu&mnﬁﬁﬂm:r'mn'immnr zon articular ua: quadrate
'lmma;ﬂ»mmunaw m‘lud’emauqan;rwmuuum SN @ mmﬂ malleus (arti-
cular), incus (quadrate),us: stapes (columella Wit hyomandi-
bula) parwnlleee quadrate uaz articular lunamrrlntuaznng

U UBRNY8I dentary Tuszmneddennaiese synapeid tiuueln dentary on
fﬁlﬂ’)u squamosal 'aﬂqnt:;m temporal

DERMATOCRANIDM nr-nnnaqm (mmu)wnn? Luaﬂﬂtﬂu derm-

» v

atocranium ﬁmﬂmf aumnmumuu‘lnunm zpn nasal, lacrimal, frontal,
parletal interparietal, uas squamosal qrvm lacrimal naeith
ﬁ’]u'ﬂﬂquuq u;qm;qum:'r;wumm nasolacrimal canal mll. nrzpn squa-
mosal m%:tﬂum:;maa: vnu'lun: smuy u?ﬂﬂ'm-nmmmamwﬂqm xpn tem-
poral v luniua s

Interparietal ﬁﬂqd'mlauuﬂmuu'\uu (Tmnﬂﬂ'ﬁa) Lnnmﬂnﬁuu

ﬁ:‘wm nmnﬂuhua.'lu homologous nn mterparletal mm‘nﬂaunnwm

Homo erectus® interparietal 3y ua:uu?:ﬂmnatu'luu'luﬂrzmmmme




231

Fig. 8-35. inca bone n a humaon skull from the
Aleutian lslands P,
[Courtesy William s. Laughlir, Madison, Wis.)

porietal; 0, suprooccipital.

naugay Mongolians BRI

v v o e
1ngnu1:u1u1uﬁuamurn'lu Tnea
3
Indians fﬁﬁqgm?imﬂ Inca bone

(XY

(11 emo&)  IUBIANUTINGOYMIUAIIN
1 [

ﬁzp‘luﬁr:mmmmqwmuﬂg(Peru)

i »

nrzan frontal ﬁﬁ?n}u

] [] ’

-~

%04 (8inusg) nEMNF DY (311 aey)

A v v A & ' a4

Tuuns ua s Un R L BIMITUNL L KD L LIRS

- I ! . ) 4
ﬁﬂqm’fmnug( {peudw)uu  frontal

T Dentary e

Fig. 8-36. Chief endochondral (dark) and dermatocranial {white} components in ¢ mam
malian skull. The vomer, pelatine, and pterygoid gre parts of the primary palate. The
premuxi”o and maxilla .confribute horizontal processes to the secondary palate. The den'fory

15 @ membrane bone of the visceral skeleton. The
in some mammals, gt least.

As, Pleurosphencid (glisphenoid)
Bo, Basioccipital
Bs, Basisphenoid

N, Nasal

I, Interparietal

Os, Orbitosphenoid

alisphenoid is said to be dermatacranial

PM, Premaxilla
Ps, Presphenoid
Pt. Pterygoid

c, Cribriform plate o f ethmoid Ot, Otic [petrous) so. Supraoccipital
E, Ethmoid, perpendicular plate P, Parietal Sq, Squamosal
Ex, Exoccipital Pa, Palatine Vo, Vomer

F, Frontal



1 v 1 4 »
sinus vriut ol luien ummmuuqum-nn frontal  MyIzTunmuil
mum 3y o lusredalie unznatd sinus (nmnmﬂqm?umu‘lumﬂunr 2N
uwaﬂwu)?-wﬂnnaunun'nunnnunnnuﬂan'lllmau'aﬂnumen: rm'nﬂqn:T uan“lugn 1z
andunay
¥ ‘l 3 v ]

Turmaunszanfieunueueey  dermatocranium UM (9W1z qua-
L4 [} 3 [ §
B 4 - < (%
dratojugal (wnummuld  unewelinnay yen premaxillas NIINAL ma-
o ot ¢ X v v < '
xilla. Jugals ( LTunnudn malars 'lud’mxnmgnmuu'mu)'-r:MmummJ::
noUeed zygomatic arch (311 dwmb LA d—od)
L} v
Tuvwounszen primary palatal Harumemnaandaiidaumamnid
x + L] N}
nszan vomer (noulluiiumazoyfyuses nasal septum usy palatines
1 - v ¥ ﬂ' - ! A ~ < ! 4
a:ﬂg'luuuqmumwm nasopharynx 44 (Juunayniids zneuidudaiueseiunn
Pterygolds amu’-]naqlﬂuﬁ’maunﬂ’mﬂn‘nu"mlan ﬁnﬂgn‘ﬁm:gnuﬁu sphenoid

' v »

» ) [ ] 1 4 »
Fat duunaaniig 1198919800 19989 nesopharynx Mennluges pterygoid

Ptarygoid fosso Primary palate

Fom'nen ovale

e Tympanic hulig

Busnoccnpulcl

J:"‘" Stylcid process
Iﬂ"

\ /

Qccipitol condyles

Fig. B-37. Hamster skuil, coudal part, ventrul view. §, Secondary palote. The pmmary
palate is the roof of the nusepharyny



233

fossa ( ZL‘ &=t Parasphenoid 1mauly wia (2) 1000 vomer.
Ectoptarygoids 1awuly

w ' )
Secondary palate urznoumiy w @U g9y "hard” uig
bony palate uj:znaumu palatine processes ga4 premamlla max-

illa uar palatine bones (7l c—wz UBs c—eb) m\mawmmwtﬂum—

LI 4

¥ ] ]
- . - -~
nnuaefe soft palate ﬁ?:%mimulmw:w‘luﬁnr:gmﬁn%u (1) whos)
] »
NEUROCRANIUM hli‘J neurocranium 1 Andul WiaANDY luANn:
‘ | 4 » v
ﬁﬂqﬁ'ﬂﬁt%quﬂmuu‘mu (311 2~¢) m:;m bagioccipital, basisphenoid,

v v

uar presphenoid i ossify ﬂg‘lv‘;ﬂum %uuﬁw%mumwﬂwma 1l exo-
ccipitals uar orbitosphenoids Lﬁﬂ%{l (n1zan alisphenoid ’n‘q ossi-
fy ﬂémqéﬂu‘;ﬁq‘nﬂ\:au’ﬂqfutﬂuéauuddgﬁi:gnéﬂu pterygoquadrate) nIzen
sphenoid VaMuNe 199 £ 300 Ty sphenoid bone éutﬁm waznrzen occi-
pital RaNUNDIYY 2 TAUALL T occipital bone éulﬁm

Olfactory capsules n?qtﬂunr:gnuﬂn ethmoid '?lzuﬁ'n?:ur:
nﬂn;’w cribriform plate élﬂuz 7 Tny foraminaa"mﬁngu‘luur:a'm ol-
factory (51} @=b WAy <-md) Perpendicular plate (mesethmoid)
U1z nﬂmﬂuéw‘lmﬁm nasal septum (51) &—we) ua:n::gm'mu 1983 t urbin-~
al ﬂnnafm‘nu (nJ sw—we, conchas)

Otic capsules vnq;t?]uﬁuumwm nNNANHUM mr'mnutﬂum:a

784 petrosal (periotic, petromastoid). Capsules ( nmummmw

» v
PLEINTBANENANAZ) Y219 TQININYLRINZNTTINIUEBY cerebral hemispheres
A
?uﬂﬂﬂﬂﬂu‘lumu ventrolateral wlemmms (1l ¢~ ,B)  ArdH petro-
aal1ﬂauuanuu1nﬂuaﬂ4ﬁﬂqn Iwaﬂ Myztaunl mastoid region (ﬁJ d-cnd)'ﬂ\l
v | 4 '

o mm:'luﬁ‘hvt ) 9nmuu"1ummuu
TEMPORAL COMPLEX n::gnuau temporal {( iﬂ <—wé) UTznoy

v ' [

“ = .ft - R
gAMLty N mnmmam:gnmnmﬂnun intramembranous Wazendochon-



234

Squamous
portion

process

Fig. 8-38. Skull of modern man. The sfy|oid process and squamous and mastoid portions

are parts of the temporal bone.

TEMPORAL
BONE

Fig. 8-39. Schematic representation of the multiple nature of the temporal bone of mam-
mals Note reduction In number of separate elements from the condition 1n reptiles (outer
arcle] to mammals {other circles) The two dermal elements have asterisks. The mostoid

portion and tympanic bullao r e  mammalian innovations.
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