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Skeleton

Exoskeleton Endoskeleton
(within the integument) (deep, within the body)

/\ Bohy Cartilaginous Notochord
endoskeleton endoskeleton

Keratinized Bony
exoskeleton exoskeleton
(from epidermis) (from dermis)

(a)

Skgleton

/' \‘—-
Cranial gkeleton

Appe;‘ndicular

skeleton skeleton
/
//\ _~ \-\_

- ~—

Vertebral Notochord Limbs Girdle
Chondrocranium'\column

Splanchnocranium Dermatocranium

(b)




Oticooccipital unit Ethmosphenoid unit
A A

——

Suprabranchialis

N Basipterygoid Nasal
Quadrate — process opening

Ceratohyal = )
(b) Chondrocranium

Mandible

Articular— & _3 -
] aumun Ceratohyal
Prearticular anterior
Angular p
(a) Splanchnocranium
Hyomandibula
Opercular S
\ = @._Ag_,.j
Subopercular (& : : "Dentary
N i
e
. \Infrademary
Ceratohyal
<4 Supratemporal
[ Postorbital
Postparietal , ‘I' Ingz:’:gtrgr)oral
Spiracle / || | Postfrontal
Extrascapular ./ / Prefrontal _ Frontal
. [ )

Sac _Nasal

) ) Lacrimal
Subopercular ‘K.H,.d—-’ Squa r#gg;'
|\ Quadratojugal

| Surangular
Submandibular
branchiostegal
plate

(c) Dermatocranium




TABLE 7.1

Endochondral
Structure

Occipital bones

Mesethmoid bone

Ethmoid region

Sphenoid bones
Sphenethmoid
Orbitosphenoid
Basisphenoid
Pleurosphenoid

Laterosphenoid

Otic capsule
Periotic

|

Fishes
(Teleost)

Supraoccipital
Exoccipital
Basioccipital

Mesethmoid®
(internasal)

Ossified

Sphenethmoid

Orbitosphenoid
[Basisphenoid]®
Pleurosphenoid

Prootic
Epiotic
Sphenotic

Amphibians

Supraoccipital
Exoccipital
Basioccipital

Absent
Unossified

Sphenethmoid
Orbitosphenoid
Basisphenoid

?

Prootic

Opisthotic

Endochondral Contributions to the Chondrocranium

Reptiles/Birds

Supraoccipital
Exoccipital
Basioccipital

Absent

Unossified

Sphenethmoid
Orbitosphenoid
Basisphenoid
Pleurosphenoid
(crocodilians,
amphisbaenians)

Laterosphenoid
(snakes)

Prootic }
Opisthotic
Epiotic

(absent in birds)

Mammals

Supraoccipital
Exoccipital

Occipital bone
Basioccipital

Mesethmoid
(absent in primitive
mammals, ungulates) Ethmoid

Turbinals
(ethmo-, naso-, maxillo-)

Presphenoid

Orbitosphenoid } Sphenoid®
Basisphenoid

Absent

Absent

Petrosal with
mastoid process




Hyomandibula
| Palatoquadrate

Pharyngeal shts ;' '.’I ‘Meckel's
— -L-.._r/_’_gartilage
Pharyngobranchial ———

Epibranchial —
Ceratobranchial —_| |
Hypobranchial ~—————=>

Basibranchial ~ - . — o,
Branchial arches  Hyoid Mandibular
arch arch

GiII slit
Branchial arch k_

_.—\—

W . Contributions to

Otic shelf Neurocramum

Branchial Hyoid Mandibular Branchial Hy0|d “Mandibular

arches arch

(a) Serial theory

arch arches arch arch

(b) Composite theory




TABLE 7.2 Derivatives of Branchial Arches in Sharks, Teleosts, and Tetrapods
Arch Sharks
|

Vi
Vil

Meckel’s cartilage

Palatoquadrate

Hyomandibula

Ceratohyal

Basihyal

Pharyngobranchial
Epibranchial
Ceratobranchial
Hypobranchial

Branchial arch

Branchial arch
Branchial arch

Branchial arch

Teleosts
Articular®

Quadrate
Epipterygoid
Hyomandibula
Symplectic
Interhyal

Ceratohyal
Hypohyal

Basihyal

Pharyngobranchial

Epibranchial
Ceratobranchial
Hypobranchial

Branchial arch
Branchial arch

Branchial arch

}

{

Amphibians
Articular

Quadrate
Epipterygoid

Stapes
Extracolumella

Ceratohyal
Hypohyal

Body of hyoid

Last horn and body of hyoid
Laryngeal cartilages (?)

Laryngeal cartilages (?)

Not present

Reptiles/Birds
Articular

Quadrate
Epipterygoid

Stapes
Extracolumella

Ceratohyal

Body of hyoid

Second horn of hyoid

Last horn and body of hyoid
Laryngeal cartilages (?)

Laryngeal cartilages (?)

Not present

Mammals
Malleus®

Incus®

Alisphenoid

Stapes®

Anterior horn hyoid

Body of hyoid

Second horn of hyoid
Thyroid cartilages (?)

Laryngeal cartilages

Not present




Modified hyostyly Craniostyly
(teleosts) (mammals)

Metautostyly
(most amphibians,

Hyostyly reptiles, and birds)
(some fish)

Amphistyly
(primitive fish)

Hyomandibula =~

Euautostyly
(placoderms,
acanthodians)

Palatoquadrate _

Meckel's cartilage —

Paleostyly
(agnathans)




TABLE 7.3 Major Dermal Bones of the Skull
BRAINCASE

Facial Series Orbital Series Temporal Series

Premaxilla Lacrimal Intertemporal
Maxilla Prefrontal Supratemporal

Nasals Postfrontal Tabular
(septomaxilla) Postorbital

Jugal Squamosal
Quadratojugal

Vault Series
Frontal
Parietal

Postparietal

Palatal Series
Vomer
Palatine

Ectopterygoid

Pterygoid
Parasphenoid

(unpaired)

MANDIBLE
Mandibular Series
Lateral bones:

Dentary (teeth)
Splenials (2)

Angular

Surangular

Medial bones:
Prearticular
Coronoids




Dorsal Facial series Palatal

Orbital series // o

Palatal

series
Medial
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Otic capsule
‘Op«'sthmic Prootic
A==t
Venebrae

s v 4N SN
Basi-Ex- % / o~ T

Supraoccipitals / Orbrtosph-nond Prespheno«d Mesethmoid,

Basisphenoid Sphen-:thmotd
(lower tetrapods)

Hyomandibula ( }

3d-5th™

arches Hyoid P'“"kuls cartilage _Palatoquadrate ,

arch
Mandibular arch

T *
=t

1"\

Ly

Columella (stapes) -1,

Quadrate llncus Articular E;qpter‘.good
of mammals)  olays of

mammals)

Vault series <427 i > § Facial
Orbital senes — Y . { sernes
Temporal series™ i
Palatal senes

Hyoid P— Mf;pdlbular
apparatus .

Neurocranium

Opercular _—§

Pectoral /
girdle A \A |
{ \ 5 h \
\ Suspensorium %.J o _—— Maxilla
) 23— Mandible

\ T
c{('\ *" i -

- "
S

f—— L
Kinesis Hyoyj
(bony fish)

Akinesis
(mammal)




Articular
jaw joint

Early mammal

o ——————

Postdentary
bones

Primary palate

(S
Nasopharynx L«
N LA

by e

:(,0_ .

™ Epiglottis
N\
Larynx

palate palate

-~

Secondary palate

(b) Mammals




Stapes [ Incus | Malleus 1 o Most mammals

N -y —>—~._ ,Paiatoquadrate
Epiglottis V1§ hye X s \ cartilage
Arytenoid VILON g )
Cricold Vii - Meckel's
Tracheaal rings VI cartilage
Tyrold Iv-v=—"_ / ol
" Anterior comu .
e Primitive
Thyrohyold Il  Basihyas Of yold roptile
Stapes ‘Quadrate
— = — A
Arytenoid ;- 1 A , Palatoquadrate
ca‘tl_ege | ol - ~./ cartilaga
Cricold cartiage I
o - Meckal's
Tracheal rings < g cartiiage
Cricala =" by
77 Aticular I
Glossal skeleton Primitive
Stapes Quadrate tetrapod
Arytanold cartliage - : _ Palatoquadrate
h /" cartilage
Cricoid cartiage
. Meckel's
Trached rings = cartiage
- Gl”fsafclka{; n * Articular Derived
DS SKaNeL0!
Glisis Hyomandbua gnathostome
{ —J _  Spiacie
T ,Palatoquadrate
/7 N\, \\ cartilage
Labial
cartliages
~ Meckal's
cartilage
Primitive
gnathostome
- , Palatoquadrate
, \/ cartilage
—— Labial
cartiiages
T Meckel's
cartiiage
Hyobranchium Agnathus vertebrate

Pharyngeal siits « Branchial arches
AT E22 Branchial basket







Rhinoptera bonasus

C.
F

Megalops atlanticus
G

Varanus albigula

K

Meleag opavo.

J

Aram y Varanus salvadoni









Zygomatic arch

rostrum I

sagittal crest

169200
o

premaxilla

WEEEL

maxillary

lacrimal parietal

jugal squamosal

frontal

postorbital process



_ mandibular fossa
eustachian tube

e foramen magnum
incisive foramen

occipital
”n ".“‘:\ condyle
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premaxilla

maxilla . : D
basioccipital

palatine bulla

Jugal
; ' squamosal
basisphenoid



jugal
parietal

external auditory
meatus

frontal
LA Y ‘
d:.'- ‘.?’“._

infraorbital foramen

nasal

pterygoid

' alisphenoid
maxillary P squamosal

remaxilla ;
P palatine



Otic capsule
‘Opisthotic Prootic'

Vertebrae r"U\““\\_\
A N

DO
Basi-Ex- ) ) _ .
Supraoccipitals pfbltosphenmd f’resphenad Mesethmoid,
Basisphenoid Sphenethmoid
(lower tetrapods)

———
~——
-
-
-,
-
—~—
-
-

‘——::D

Meckel's cartilage  Palatoquadrate
Mandibular arch
/""“-
3
HOD %:(“’D
Columella (stapes)
'-'.‘:_'_-+— —:::D
Quadrate (incus Articular Ep|pterygo|d
of mammals) (malleus of
mammals)

Vault series
Orbital series

—- —— Palatal series

Hyocd &D— Mandibular

apparatus series

Dematocranium

Primitive amniote Therapsid

(a) (b) (c)

Postpanetal
Supraoccipital Parietal
Petrosal Vi Omltosphenmd
Exoccipital bo iil, IV, Cribriform plate
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X1 Stapes o i
IX, X, XI—=5 lnwsg? ) Nasal
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Tympanic ring——hw . '
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: | Microchroptera
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Macaca *
Atelas *

limico

Anthropoldaa
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Lagomorpha
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Dermoptera **
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Monotremata el

Marsupialia \

— Scandentia ' e

Xenarthra 4
—— Insectivora .=

Rodentia 4
Lagomorpha d
Macroscelidea 4.

Primates ‘\
Dermoptera ‘

Chiroptera

Pholidota
Carnivora

Tubulidentata )ﬁ

Cetacea
Artiodactyla
Perissodactyla

Hyracoidea <y

I—Probosmdea z‘
L sirenia y

Anagalida

Archonta

(b)

_E

=

[

Monotremata =gl

Marsupialia \

Afrosoricida #W%
Macroscelidea “4®._
Tubulidentata )”

Proboscidea Z‘

Hyracoidea <

Sirenia -
Xenarthra

Dermoptera ‘

Scandentia (~
Primates A

Lagomorpha a
Rodentia 4R

Eulipotyphla

Afrotheria

Xenarthra

Euarchontoglires

Carnivora
Pholidota

Perissodactyla

Laurasiatheria

Cetartiodactyla
Chiroptera
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Nao THERIA

-Molar primitivo, perdido
na fase adulta

-oviparo

-sem pavilhdo
-musculo detrahens
-mamilos nao estao
presentes

-articulacdo mesotarsal
astragalo ao lado do
calcaneo

sem projecao
-elementos ventrais da
cintura escapular

bem desenvolvidos:
coracoOide

anterior, interclavicula
-espinha reduzida, s/
acromio

THERIA

-molar tribosfénico
-viviparo

-c6clea com 2 Y2 voltas
-pavilhdo auditivo externo
-abertura da boca, musculo
digastrico

-mamilos

-articulacdo crurotarsal
-astragalo sobre o calcaneo
-calcaneo estendido
posteriormente

formando um projecdo
calcanear

-reducao dos elementos
ventrais da cintura
escapular

-espinha escapular, acromio
bem desenvolvido
-clavicula articulada com
acromio

-fossa supraespinosa
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Didelphis (common opossum)




Chilean rat opossum, Rhyncholestes
raphanurus

Peruvian rat opossum, Lestoros inca



above: bandicoot, /soodon obesulus

right: bandicoot, Perameles gunni




marsupial “cat” (quoll), Dasyurus maculatus

hairy-nosed wombat, Lasiorhinus latifrons




bettong, Bettongia cuniculus



Marsupiais

- torcao no dentario

- Margens do nasal em forma
de diamante

- sem bula (se pres., ndo
homologa)

- barra pos-orbital sempre
ausente

- troca apenas o ultimo
premolar

-3P/4M

- com 0ss0s epi-pubicos

Placentarios

- sem torcao no dentario

- prox. frontal, nasal com margens
paralelas retangulares

- bula auditiva

- barra poés-orbital pres. ou nao

- difiodontia total

- féormula dental: 4P/3M

- sem 0ss0s epi-pubicos
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Hystrico-
onathl

morpha

Anthropoldaa Primates

Dermoptera **
Lamuiformes
] Tarsiformes
Tupaia * Scanc

Primates

Tethytheria

Macropus *

Marsupialia







Cape golden mole, Chrysochloris asiatica  Elemiaiosgrani (ants deset goden ml)




short-eared elephant shrew,
Macroscelides proboscideus rock hyrax, Procavia capensis




skull of an African elephant, Loxodonta
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mole shrew, Anourosorex squamipes

skull of the European hedgehog, Erinaceus europaeus







skull of the walrus, Odobenus rosmarus
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skull of a right whale, Eubalaena




Arco zigomatico PR
9 Oss0s dérmicos envolvendo

2 Caixa craniana

Fossa glendide esquamosal

Bula auditiva

Condilo do dentéria

‘+ Dentdio em g Processo angular

Temporal

Digdstrica
{curvatura caudal)

Digdstrico Masseter
(turvatura rostral) Inervacdo muscular

%T//;/é Nervo craniano V

Nervo craniano Vil

dutores da mandibula
ppo da cabec¢a — processo corondide

Nervos craniano IX, X




Lower jaw —— ”’W {]gi !
Repme Pterygoid muscle
Orbit Temporalis muscle
} ,/ Coronoid process

Zygomatic arch

Lower jaw

Mammal Pterygoid muscle




Tri
rigon Lateral

Denticdo ]

Rostral

Heterodontia
Difiodontia (“dentes-de-leite”, exceto molares)
Mastigacdo (bochechas)
Oclusao triangular reversa (a) e
Molares tribosfénicos (b)
efeito de corte no inicio da oclusao (c)
efeito de esmagamento (d)

Trigonideo
Protocone

protocone-1

Talonideo
paracone-3

protoconidio-5
hipocone-4

metaconidio-7

metacone-2 paraconidio-6

Posiglio das cispldes em oclusio

hipoconidio-10

MOLAR SUPERIOR

hipoconidio-9

n idio-
entoconidio-8 FACE LINGUAL

MOLAR INFERIOR









Formula dentaria

Numeros dos diferentes tipos de dentes

Incisivos
Caninos
Pré-molares

Molares

[+C+P+M

i+ c+p+m

= numero total de dentes



Enamel
Cross section of a tooth

Gum

enamel

Dentin

crown pL.-lp
chamber

‘T\denti ne

Root canal
pU'f containing
N 4 pulp tissue

Supporting
ligament

/ Ccessory

root canal




Metacone —

Metaconule

Metaconule

Hypocone

Paracone

Paraconule

Protocone

Paracone
Paraconule

Protocone

Hypoconid (

Hypoconuld

Entoconid

Hypoconid

Entoconid

Protoconid

— Paraconid

Metaconid

—— Protoconid

Metaconid




stylar
shelf

metacone

cingulum

paraconc

protocone

parastyle

posterior
Joysjue

lingual

talomd .
s ¥
basin trigoni

hypoconulid y :
e 1a paraconid

3 entocontd |
: : hypoconid protoconid
2 g Yp

lingual

metaconid



stylar ”h‘“' S ectoloph
paracone 3 ¥
=] 5 3 o
protocone g g g g
.5 metacone protocone ] g
paracone lingual
mesostyle
metastyle parastyle
melacone
protocone
paracone labial % ' . '
5 N hypocone s il
a ] metacone o
lingual ' additional conules protocone
anterior paracone

labial



Lophodont teeth

Tapirus Chinchilla
(Tapiridae) (Chinchillidae)

Phloeomys Rattus
(Muridae) (Muridae)




bilophodont cheek teeth of a baboon

paraconc

metacone” 3 8 3 .

hypocene = = =

.. protogone . . : SN labial

anterior

COonc

protocone



Selenodont teeth of a gazelle

hypocone rotocone
metacone paracone p




4th upper
1 | premol ar
view from

Anterior —
side

Canis lupus
carnassials

metacone

paracone
/ e

o
5
= =

anterior

protocone



(a) Carnassial teeth

(b) Grinding teeth
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incisor

\

canine



canine

incisors




III Pulp cavity
|

| Bone

!Fnanwﬂ
| Dentine

g
| Cementum

Myomorphous

Superficial masseter

Hystricomorphous




Tubulidentata

zygomatic arch

Dasypodidae

premaxilla

complete
zygomatic arch

lacrimal

small, peg-like cheekteeth;
no canines and usually
no incisors




Molares

Loxodont teeth in rodents

5 et e B !‘

___Hydrochoerus




7 —9years 23 — 26 years

37 - 42 years

Dentine

Pulp Cavity




Processos corondides grandes
Dentes carniceiros Fossa temporzl grande
tasgadores
N\
Pré-molares | A
simples =

Caninos
grandcs

(suporte da a maxila inferior)

AN . .
N Articulacdo mandibular no
mesmo nivel da denticdo  (b)

.\ Angulo pequeno com a mandibula

—
" Temporal

T Arco zigomatico

—
. Abertura da orelha interna
™~

\.} Digdstrico

e Articulacac mandibular

T Masseter superficial

Area expandida para a origem

do misculn masseter Processo corondide pequenc
‘ Z

Pré-molares molarizados
Diastema,
Canino inferior
incisiforme “\_¢
™ Articulagdo mandibular acima

da denticdo

~ Angulo grande com a {d)
mandibula

Temporal

- Abertura da orelba interna

- — Porgao protunda do masseter
_-~— Masseter superficial

A‘ Digdstrico

Céndilo mandibular arredondado

Mdsculo masseter rostal

EspecializagOes
Cranio-Dentigeras

Carnivoros

Articulacdo no mesmo nivel dos dentes
Temporal grande (caninos e incisivos)
Processo coronodide grande

Crista sagital

Regido occipital bem-desenvolvida

Herbivoros

Articulagdo mais alta (oclusdo
simultanea)

Masseter grande (pré-molares e molares,
movimento lateral)

Diastema
alongamento das maxilas
selecao do alimento com a boca

Roedores
movimento para frente e para tras em oclusao
mastigacao de ambos os lados a0 mesmo
tempo




Coronoid process
Temporal fossa

Angular process
Masseteric fossa

A. Cat skull

Temporalis
moment arm

Temporalis
line of action ~~—~__ /

R

of action

V/ Condyloid
Masseter line }\ K/‘/ process
fiisn

By

;‘ <\ Masseter

moment arm

Temporalis

E. Jaw-closing muscles of a cat

Coronoid process Temporal fossa

/\ Angular
process
Masseteric fossa

B. Rabbit skull

Temporalis

Temporalis moment arm

line of action
\

Condyloid

/ process

Coronoid process

Superficial _—
masseter
line of action

\

Masseter

D. Mandible of a rabbit moment arm

Jaw articulation

Masseter

F. Jaw-closing muscles of a rabbit




