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Generalidades sobre o esqueleto

-esqueleto interno e articulado dos vertebrados: unico no reino animal

-conservativo, o que permite inferéncias filogenéticas, pois homologias
séo facilmente reconhecidos no esqueleto (de um modo geral, n&o varia tanto
a nivel de espécie)

-a fossilizacdo do esqueleto permite inferéncias temporais

-importante papel funcional: revela posturas, adaptagdes locomotoras,
adaptacdes sensoriais (desenvolvimento relativo das diferentes partes
do encéfalo), etc.

-08s0s podem revelar detalhes de outros sistemas:
I) cicatrizes nos 0ssos podem indicar origem e insercao de musculos
i) forames cranianos indicam arranjo de nervos cranianos, etc.



Anatomia comparada: Esqueleto

objetivos: realizar comparagées entre os grandes grupos
e elucidar tendéncias evolutivas amplas
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Osteichthyes

Esqueleto dérmico

Endoesqueleto

- ossificagao endocondral




Skeleton

,//\

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

/\ Bony Cartilaginous Notochord
endoskeleton endoskeleton
Keratinized Bony
exoskeleton exoskeleton
(from epidermis) (from dermis)

A)

Skeleton

Cranial skeleton Postcranial

Axial Appendicular
skeleton skeleton

Vertebral Notochord Limbs Girdle
Chondrocranium\column
Splanchnocranium Dermatocranium

B)

ORGANIZACAO DOS TECIDOS ESQUELETICOS

A- como sistema de protec¢ao e suporte com origens comuns

B- como conjuntos estruturais com fungdes associadas




Tetrapods

Bony fish

Ostracoderms (armored fish)

Reduc¢ao do Exo-esqueleto
no tronco

Lampreys
Endo-esqueleto mineralizado

Exo-esqueleto =
~ Origem do esqueleto mineralizado

Endo-esqueleto nao mineralizado
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Divisao do esqueleto

craniano e pos-craniano

craniano pos-craniano

Acanthostega

basal elements of
1 fins; I, dermal

fin; BB, basibranc

rays of fin; EB, epibranchi I )

NC, nasal capsule: O, orbit; P, ’B. pharyngobranchial; PG, pelvic girdle; PQ, palatoquad-
rate; R, radial elements of fin; R’, G, pectoral girdle: V, pelvic (ventral) fin. (From Dean.)

Esqueleto de um tério
(o gambé Didelphis)

Clavicula

Processo
olecrano
da ulna

Elevagao do calcaneo



Divis&o do esqueleto

craniano e pos-craniano

Craniano
1) Neurocranio
2) Esplancnocranio (arcos maxilares, hidideos e branquiais)

Pds-craniano
1) Axial (coluna, notocorda, costelas, esterno, nadadeiras impares)
2) Apendicular (cinturas e membros peitorais e pélvicos)

craniano pos-craniano

Acanthostega

chial; PG, pelvic girdle; PQ, palatoc
| girdle: V, pelvic (ventral) fin. (From Dean.)




Tecidos esqueléticos

-Cartilagem: hialina, elastica, fibrosa, calcificada

-Osso: endocondral (de substituigado), dérmico

-sdo exemplos de tecidos conjuntivos: aqueles em que
predominam componentes extra-celulares (agua, proteinas,
etc.), com uma quantidade relativamente menor de células

Fibrous

Connective
tissues

Myeloid/
lymphoid

Plasma/
formed elements




Tecidos esqueléticos: Cartilagem

-tipos de cartilagem variam de acordo com a composigao relativa dos principais
ingredientes da matriz (tipos e quantidade de colageno, elastina, proteinas
de preenchimento)

-hialina: mais comum, transparente; ocorre nas pontas dos 0ssos longos,
parte ventral do esterno, laringe e traquéia.

-elastica: rede de fibras de elastina mais densa que na hialina; orelha, epiglote.

-fibrosa: muitas fibras de colageno, quase um tendao; discos intervertebrais
cintura pélvica.

-calcificada: deposicéo superficial de hidroxiapatita; Chondrichthyes
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@ e fibers &
(a) Hyalme cartilage (b) Fibrocartilage (c) Elastic cartilage

matriz: fibras de colageno,
fibras de elastina e
substancia de preenchimento
(proteinas)




Cartilagem calcificada
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Tecidos esqueléticos: Osso

-tipos:

0ssos podem se formar diretamente em tecido conjuntivo superficial (1)
ou dentro e entorno de cartilagem (2):

1) osso dérmico
2) osso endocondral (de substituicdo)

-diferem principalmente quanto ao posicionamento no corpo
quando se formam, e se séo pré-formados em cartilagem;

-histologicamente muito semelhantes; nos adultos, uma vez
formados, sao indistinguiveis.

Compact bone

Spongy bone 7
¥ 11




Periosteum —(
Marrow cavity

Osteocyte — i

PASSOS NO CRESCIMENTO DE OSSO LONGO ENDOCONDRAL
E SUBSTITUIGAO DO PRIMORDIO CARTILAGINOSO

a) Cartilagem hialina

b) Colar osseo aparece (osso pericondral), cartilagem profunda é
absorvida

c) Calcificagéo da cartilagem na diafise seguida por invasdo de vasos
sanguineos

d) Detalhe da area de ossificagdo na (metéfise)
e,f) Aparecem novos centros de ossificacéo nas epifises

g) Cartilagem se reduz a regiao de contato entre ossos, formando
superficie de articulagéo

Zone of hyaline cartilage

o
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Zone of hypertrophy

Zone of proliferation . i X
Calcified cartilage matrix

>

Zone of calcification Blood vessels invade

Bone matrix

. Osteoblast
Blood vessel L / (on surface)

. _Osteocyte

(in bone matrix)
i Osteoclast
37" (multinucleate)
Calcified cartitage matrix

Zone of ossification




Tecidos esqueléticos: Osso dérmico

células de mesénquima - osteoblastos > deposicdo de matriz extra-celular (ostedide)
—> calcificagdo do ostedide: frabéculas - trabéculas coalescem formando ‘emaranhados’
- deposicao de hidroxiapatita continua nos emaranhados formando osso

nao passa por estagio
cartilaginoso

Mesenchymal B.

cell

Subperiosteal bone Marrow space
lamellae

C. Periosteum Bone trabecula

FIGURE 5-10
Stages in the formation of membrane or dermal bone. A, Osteoblasts, which are lined up on
a group of collagen fibers, are producing more bone matrix and mineralizing it to form a

bony trabecula. As the trabecula forms, osteoblasts become trapped as osteocytes in the
matrix.B, Trabeculae coalesce. C, Layers, or lamellae, of bone develop around the periphery
of a network of trabeculae to form a flat bone. (After Corliss.)




Tipos de esqueleto

Cartilagem prismatica
Chondrichthyes

Cartilagem Osso pericondral . -
Myxiniformes alguns ‘ostracodermes’ [ ] Ossificagdo endocondral
Petromyzontiformes Placodermi Osteichthyes

Acanthodi



O CRANIO

Composto por 3 partes distintas com origens
filogeneticas separadas

1- mais antigo = sustenta as fendas faringeais

nos protocordados, formado por cartilagem

2- = sustenta e empareda o cerebro,
formado porcartilagem ou osso endocondral

3- = forma a caixa craniana mais externa,
formado por ossos dérmicos

= se refere ao e as
adjacentes (capsulas nasais, 6pticas e oticas)
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CONTRIBUICOES

Esplancnocranio
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CONDROCRANIO ou NEUROCRANIO

-formacédo do neurocranio: a partir de células provenientes

neurulagao da crista neural: ectomesénquima

Neural groove Neural fold Neural crest cells Central canal Neural tube

Notochord

Neural keel Neural crest cells Central canal Neural tube

7 Notochord

FIGURE 4-19

Formation of neural tube in the trunk via neural folds or cavitation. A, Neural folds meet and fuse in
the midline, pinching off the hollow neural tube. B, A solid neural keel forms; cavities form within it
and fuse to form the hollow neural tube. The scheme shown in A occurs in sharks, basal osteichthyan

fishes, and tetrapods. The scheme shown in B occurs in lampreys and teleosts as well as in portions of
the neural tube in some other groups.




Neurocranio

_Level of section
1

/\ Somite
/\ Intermediate
mesoderm

Lateral plate
mesoderm

Trunk neural crest <4FIGURE 4-24

Cranial neural crest Otic vesicle g 5
Neural crest migration in the head of a

development, in which the
crest (ectomesenchyme
dorsally. B, A later stage of head
Trunk mesoderm, development, when neural crest cells are
Cranial mesoderm, partially divided into somites migrating actively around the eye and
divided into somitomeres down into the maxillary and mandibular
branchiomeres. The stream of hyoid
crest migrates anterior to the ear;
lossopharyngeal and vagal crest migrates
- Migrating streams of  bosterior to the ear. The relationships
Ofic vesicle frunk neural crest etween the streams of neural crest cells
nd the mesodermal somitomeres in the
ead region and the somites in the body
Iso are indicated. (Based on Noden.)

Optic vesicle
A. Early stage of head development in an amniote

Crest for glossopharyngeal
Hyoid and vagal branchiomeres
Mandibular ~ crest
crest
Maxillary
crest
Optic vesicle

B. Later stage of head development in an amniote

Future location of
one spinal ganglion  Neural crest fated
to form sympathetic
Neural crest fated ganglia
to form spinal ganglia

Neural crest fated Epidermis
to form pigment cells
/

Neural crest fated to form
sympathetic ganglia and ~~_

Fig U l'e 9 . 3 adrenal medulla
Neural tube and somites. Scanning elec- § s

Dermatome plus

tron micrograph showing well-formed § m
somites and paraxial mesoderm (bottom
right) that has not yet separated into
distinct somites. A rounding of the

paraxial mesoderm into a somitomere 8 R

can be seen at the lower left, and neural B ficuee 425 »

- . Routes of migration of neural crest cells in the trunk of nglia or the adrenal medulla. Cells follo
Crest Ceus can be seen mlgratlng Ventral- amniotes. This stereodiagram shows an idealized view of the betwe g dermatome
of neural crest cells relative to the somites. In relation and will form portions of the sympathetic chain ganglia. Cells
fated to form portions of following Path 3 will form spinal (dorsal root) ganglia and

].y from the roof Of the neural tube. seripheral nervous systern follow one of three paths. Path  sensory nerves for the skin and other somatic structures of

he cells deep between adjacent somites or through  the trunk. Pigment cells (short arrows) migrate out along the

(Courtesy Of K. W. TOSﬂeY.) the rostral half of each somite to form sympathetic chain entire length of the rieural tube. (Based on Le Douarin.)

Sclerotome:



Neurocranio

cartilagens orbitotemporais cap. ética
Developing cap. nasal
pituitary gland

cartilagem

. arcos arcordal
Esquematico visceraisp

Sphenethmoid Prootic Opisthotic Supraoccipital

Ethmoid cartilage . .
Supraoccipital Exoccipital

i )

LSp N

-

Occipital Foramen

Exoccipital
magnum

R

Nasal septum Trabecula & arch

Parachordal Notochord

Nasal Basioccipital

capsule Basisphenoid Basioccipital Occipital condyle
Basitrabecular Fenestra ovalis
process for stapes

A. tPalaeoherpeton braincase, lateral view B. 1 Palaeoherpeton braincase, posterior view

B. Braincase in an early embryo of Lacerta

Orbital cartilages FIGURE 7-2

Structure of the adult chondrocranium based on that of an early tetrapod, TPalacoherpeton.

Nasal A, Lateral view. B, Posterior view. (Modified after Romer and Parsons.)

capsule

ossificacdo do neurocranio

Occipital
Paifaasa] Ethmoid plate arch
cartilage Basal plate
Notochord
C. Braincase in an older embryo of Lacerta

FIGURE 7-1 Formacao do neurocranio em um lagarto

Lateral view of three stages in the embryonic development
of the chondrocranium of a lizard. (After DeBeer.)




cartilagens orbitotemporais cap. ética

cap. nasal vV

— i
S cartilagem
arcos  parcordal
viscerais

“*

lagartos”

Tropidurus sp.

:
=
-

e
Helicops sp.
“lagartos” apodos serpentes
| 4 R
Regiao orbitotemporal de Acontias meleagris (Scincidae) Regiao orbitotemporal de Psammophis sibilans (Colubridae)

Fontes: Fuentes (2004), Bellairs & Kamal (1981)



orbitonasal lamina
orbital cartilage
pila antotica  ofic capsule orbital cartilage
parachordal

| " internal carotid
polar cartilage

trabecula hyomandibula(epihyal)

Meckel'’s cartilage

occipitospinal nerve foramina

\nofochord

prootic incisure

notochord
polar cartilage

orbitonasal lamina

metotic fissure

pharyngobranchial

procartilaginous supraorbital cartilage otic branch of VII

bital cartilage ic inci 2

orbital g prootic !nclsure(Vcn.d Vin) snrasiidiomsiie palatine branch of VI
spiracular cartilage - n

supraorbital cartilage hyomandibular

non branch Vil

occipital arch

afferent pseudobranchial artery

Meckel’s cartilage A s
pituitary vein

Vi

Figure 5-17. Development of head skeleton of Squalus. A, lateral view of 37-mm embryo; B, C,
D, ventral, lateral, and dorsal views of 39-mm embryo; E, lateral view of 45-mm embryo; F, lateral
view of 64-mm embryo. (After El-Toubi, 1949)

ontogenia do neurocrénio
de tubaréo
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Meckel's Cartilage
Palatoquadrate

Rostrum

Labial Cartilage

Basihyal Cartilage
Ceratohyal Cartilage
Hyomandibular Cartilage
Ceratobranchial Cartilage
Basibranchial Cartilage

. Hypobranchial Cartilage
. A.Mandibular Arch

. B. Hyoid Arch

. C. Branchial Arch

Figure 2. Articulated chondrocranium and
splanchnocranium




tubarao adulto

Neurocranio

Antorbital
process

Basal ___ v
articulation

process

Otic — g i .
capsule P Endolymphatic

Occiput

Anterior vertebrae

Antorbital process
0 I ¥

capsule - il Hyomandibular

Basal articulation urhculahon'
3 Endolymphatic fossa

Occipital nerves

Notochord

Internal {pit jitary + vein

carotid

Fig. 116. The braincase of the shark Chlamydoselache; A4, dorsal, B, ventral and C, lateral views, and
D, sagittal section. Nerve exits in Roman numerals. (After Allis.)




Neurocranio

nasal capsule . X otic capsule
nasal tentacles subnasal cartilage palatine cartilage planum viscerale (internal hyoid)

nasal tube cartilage:
A

internal branchial |

oronal cartilage posterior lingual cartilage
c

labial tentacle
cornual process hypophyseal cartilage
palatine commissure medial lingual cartilage
ethmoid denticle dentigerous cartilage

anterior lingual cartilage

external hyoid and first branchial arch

Cépsula nasal . Petromyzon
Cartilagens tectais Cartilagem orbital Arco neural

Cépsula ética Notocorda

Cartilagem anular Cartilagem em
pistao da
“lingua”
Esqueleto visceral Cartilagem pericérdica

FIGURA 8-7 ESQUELETO CEFALICO DE UM CICLOSTOMADO representado pelo da lampreia,
Petromyzon, em vista lateral esquerda.




ESPLANCNOCRANIO

Dermal roofing bones
Orbit

Dermal lower
jaw bones

A. Dermatocranium in lateral view

Orbit
Chondrocranium

~
Palatoquadrate
cartilage

7/
Mandibular
cartilage Ceratohyal

Dermal
opercular bones

Dermal roof

Quadrate Dermal palate —__ /S0

Subtemporal
fenestra

Articular Space for
jaw muscles

/ 1
Parasphenoid

Branchiostegals Dermal roof

B. Ventral view of skull with dermatocranium
removed from right side

Hyomandibula
/ Visceral arch 3
/ Quadrate .
W

. Hyoid arch
Articular D

Visceral arch 7

Other visceral arches

Dermal bones

C. Chondrocranium and splanchnocranium in lateral view

FIGURE 7-4

Diagrams of the components of the cranial skeleton of a generalized early bony fish, loosely

based on Amia. A, A lateral view to

w the dermatocranial bones that cover most of the

other components. B, A ventral view of the skull with dermatocranial bones remaved from
the right side of the drawing to expose other components. C, A lateral view after the removal

of the dermatocranium, leaving the chondro

m and splanchnocranium.




Origem dos componentes do Esplancnocranio

-migracgao
ventral de
células da

Cranial Somites Postotic lateral
line placodes

neural crest /
Otic o~ . )
placode \\ Otic vesicle
; Preotic
crista neural lateral line
placodes
Eye \CD

A. Stage 25 B. Stage 26-27

Supraorbital Otic vesicle Trunk lateral line

line
s s s oA,
C_\

Neural crest
migrating into
C. Stage 30 branchiomeres D. Stage 35

FIGURE 4-29

Simplified diagrams of neural crest and neurogenic placodes in lateral views of salamander embryos
and larvae (Ambystoma) at different stages of development. The preotic lateral line placodes
(indicated on the figure as a group to facilitate presentation at this scale) are anterodorsal lateral line
placode, anteroventral lateral line placode, and otic lateral line placode (Table 4-3). The postotic
lateral line placodes (indicated on the figure as a group to facilitate presentation at this scale) are the
middle lateral line placode, supratemporal lateral line placode, and trunk lateral line placode (Table
4-3). The profundal and epibranchial placodes are not indicated. A, Stage 25. B, Stage 26-27.

C, Stage 30. D, Stage 35. (Redrawn and modified from Stone; for more detailed descriptions of

the neural crest and neurogenic placodes of Ambystoma, see Northcutt and Bréandle, 1995.)




Divisao do esqueleto craniano

neurocranio e esplancnocranio

Chondrocranium  Spiracle Otic capsule neurOC['é n| O
Nasal capsule Qroit
Hyomandibula Gill pouches
Pharyngobranchial
series

Epibranchial
series

7— Ceratobranchial
series

Mandible == Hypobranchial series

{Meckel's cartilage) " ' ;
Basihyal Hypohyal Ceratohyal Basibranchial series

Visceral arch numbers 1 2 3 4
S

Mandibular arch  Hyoid arch Branchial arches 1-5

b — ] = esplancnocranio
(arcos viscerais)

FIGURE 7-3
Lateral view of the structure of the splanchnocranium of an idealized early gnathostome.

Loosely based on a shark ta show terminology for the jaws, hyoid arch, and branchial
arches. The chondrocranium is also included. Gill pouches are numbered g1 to g5. (The
complete color coding that will be used throughout this chapter is shown in Figure 7-4.)




|Esplancnocrénio I




Osteichthyes — maxilas séo ossos dérmicos
aos quais os dentes estao associados

Chondrichthyes — maxilas sdo elementos do
endoesqueleto cartilaginoso aos quais os
dentes estdo associados




Evolugcao dos arcos viscerais

First pharyngeal pouch
Chondrocranium

Jawless
mouth

Mandibular Hyoid
arch (I) arch (1)

Branchial arches 1-5
(visceral arches IlI-VII)

A. Hypothetical jawless condition

Occipital arch +

otic capsule Columella

Epipterygoid

Quadrate

Articular
Hyobranchial
apparatus (I1,111,1V,V)

Lateral laryngeal
cartilage (VI)

C. Hypothetical early tetrapod

mamifero

Alisphenoid Stapes

Styloid process
(humans)

Stylohyoid ligament
or chain of ossicles

Body and lesser
horn (1) Cricoid cartilage (VI)

o}
o
>

=

i il \
Greater horn (l11) Atyisnoid cartilage: (V1)

Thyroid cartilage (VI + V)
E. Placental mammal

tetrapode

Otic capsule of pelxe

chondrocranium  Hyomandibula
Palatoguadrate
cartilage

Mandibular
cartilage,

Spiracle Hyoid

arch (1) 4th Branchial arch
(visceral arch VI)

B. Gnathostome

Occipital arch +

Epipterygoid otic capsule

Orbital plate

Nasal
capsule

Quadrate
Articular

AR
Hyobranchial Cricoid cartilage
apparatus (ILILIV)  of larynx (IV + V)

D. Hypothetical advanced therapsid

FIGURE 7-31

Diagrams in laleral view of the evolution of the
splanchnocranium and its relationship to the
chondrocranium. A, Hypothetical ancestral jawless
vertebrate. B, Jawed fish, based on a shark. C, /
early terrestrial vertebrale based on an early
tetrapod and a contemporary amphibian. D, An
advanced therapsid in which the articular and
quadrate hones are becoming quite small but still
bear the jaw joint. £, A placental mammal.

reducéo dos arcos,
aproximagao ao cranio




Esplancnocranio

Coronoid process
of dentary Alisphenoid ~ Temporal Interparietal
B Parietal
Condyloid
process
Nuchal
crest
Occipital

Dentary

Angular

Articular region of
mandibular cartilage

Incisive
(premaxilla)

Hyoid arch

Zygomatic

Canine
Incisor Ceratohyal
Basih|

)

1st branchial arch
2nd branchial arch
3rd branchial arch

Lateral laryngeal cartilage vy Q

Dentary Premolars Molar
PIgIoNC Thyroid Tracheal
. X A. Lateral view of the skull of a cat (Fefis) cartilage Thyrohyal cartijage rings
B. Lower jaw and hyobranchial apparatus of Necturus

FIGURE 7-26
Composition of the
mammalian cranial skeleton as
seen in a cal. See Figure 7-4
for color coding. A, A lateral
view of the skull, lower jaw,
hyoid apparatus, and larynx.
B, A palatal view of the skull.
The part of the tympanic
bulla colored orange is a new
cartilage-replacement bone

without a homologue in
reptiles. (After Walker and
Homberger.)

-tetrapodes: os arcos branquiais remanscentes perderam a fung¢ao
respiratoria;

-permaneceram cartilaginosos

-associados a faringe (aparelho hidide -- sustentacéo da lingua) e
laringe (protege a traquéia)




arco maxilar

Esplancnocranio

Dentary

Surangular

Splenial bones Angular

A. Choanate fish, lateral view

Surangular

Splenial bones Angular
C. Basal tetrapod, lateral view

FIGURE 7-14

Dermal roofing bones Dermal
Orbit opercular bones
N Y T

Quadrate

Articular

Dermal lower

jaw bones N
! Branchiostegals

A. Dermatocranium in lateral view

Coronoid bones

Articular

Prearticular
Angular Splenial bones
B. Choanate fish, medial view

Articular  Prearticular Prearticular fossa

Coronoid bones

Splenial bones
D. Basal tetrapod, medial view

The lower jaw of a choanate fish (A and B) and early tetrapod (C and D) as seen in lateral
view (A and ) and medial view (B and D). (After Romer and Parsons.)




Esplancnocranio: suspensao das maxilas

Chondrocranium

Hyomandibula

~Niy Spim\k

< Palatoquadrate
\ cartilage

Mandibular cartilage

A.| Primitive autostylic $uspension i
(idealization based on some acanthodians, and early

placoderms) bony fishes)

Orbital

and bony fishes)

Csuspension
mos i hondrichthyans : .
e dioliondrienity DJ Secondary autostylic fuspensio

(holocephalans, dipnoans, and
tetrapods)




DERMATOCRANIO

Remnant of Presumptive Dorsal lip of
Blastocoele blastocoele notochord ~~ _ blastopore Notochord
T3 e\ A rudiment Blastopore

formacao do mesoderma

Presumptive Archenteron

endoderm Archenteron

Ventral lip of
blastopore

A. Blastula of amphioxus B. Invaginating blastula C. Early gastrula D. Later gastrula

Anterior

Prospective  Neural ~ Notochord Mesodermal
mesoderm  plate rudiment Enterocoelic segment Neural Noto-
\ (somite) ) Coelom Coelom tube chord

células mesodérmicas
separam-se da endoderme,
formando dois tubos
longitudinais

Endoderm Epidermis

E. Section of late gastrula F. Enterocoelic pouches G. Somite formation H. Neurulation

FIGURE 4-12

Gastrulation, mesoderm formation, and neurulation in amphioxus. A-D, Sagittal sections of the
formation of the gastrula. £=H, Transverse sections through late gastrulas and neurula to show the
formation of the mesoderm, notochord, and neural tube. Ectoderm is shown in blue, endoderm

in yellow, presumptive notochord in green, and mesoderm in red. (A-D, After Conklin; E-H, after
Hatschek.)

_Level of section
1

Somite

/\/Imermediate
mesoderm
Lateral plate
mesoderm




Prospective  Neural  Notochord
mesoderm  plate  rudim

Endoderm

E. Section of late gastrula

Formacao do cranio: esqueleto dérmico

Mesodermal

segment Neural Noto-

(somite) Coelom  Coelom tube  chord
\ | \ ;

Enterocoelic

\ \

Epidermis

F. Enterocoelic pouches G. Somite formation H. Neurulation

-tubo longitudinal
mesodérmico subdivide-se
em epimero, mesdémero

e hipébmero;

-epimero (=somito) se subdivide em
dermatomo, miétomo
e esclerotomo

A. Neurula Presumptive neural tube

Notochord

Neural fold

Migrating neural crest cells
Somitocoel

Dorsal aorta

. Somite

Posterior
Intermediate| Three divisions
mesoderm | of mesoderm
Lateral plate
mesoderm

ectoderm

Archenteron

_Level of section
I

Somite

Intermediate

mesoderm
Lateral plate
mesoderm

B. Later stage Migrating neural
crest cells
Notochord Sclerotome
Three subdivisions
Myotome of somite
Dorsal aorta

dermatomo

) Dermatome
Posterior
cardinal vein Genital rid
enital ridge | Two subdivisions

Kidney of intermediate mesoderm

tubule /B LF 4 g "N Nephric ridge

Pronephric
duct

Splanchnic portion of

Dorsal lateral plate mesoderm

IS
mesentery

Gut
lining

Two subdivisions

Somatic portion of of lateral plate mesoderm

lateral plate mesoderm
Liver

diverticulum Somatopleure

Ventral mesentery Splanchnopleure

[ Ectoderm [l Notochord [] Endoderm (gut lining)
. Neural tube . Mesoderm I:\ Endoderm (yolk)
. Neural crest

FIGURE 4-16

Differentiation of trunk mesoderm in an idealized amphibian embryo. A, Early neurula. The

inset shows a lateral view and the plane of section for the figure in A. It also diagrams the basic
organization of the three divisions of trunk mesoderm. In amphibian embryos (and other vertebrates
with mesolecithal eggs) the moderate amount of yolk is incorporated into yolk-laden cells in the floor
of the archenteron. B, Later neurula, showing the structures that develop from each somite and each
germ layer. Note that each of the three divisions of trunk mesoderm diagrammed in A in turn gives
rise to subdivisions. See text for additional descriptions.




Trunk neural crest

Cranial neural crest Otic vesicle

Trunk mesoderm,
divided into somites

Cranial mesoderm, partially
divided into somitomeres

X
Optic vesicle
A. Early stage of head development in an amniote

Migrating streams of
trunk neural crest

Otic vesicle

<FIGURE 4-24
Neural crest migration in the head of a
generalized amniote (chick, Gallus) as seen
in lateral view. A, An early stage of head
development, in which the cranial neural
crest (ectomesenchyme) still is located
dorsally. B, A later stage of head
development, when neural crest cells are
migrating actively around the eye and
down into the maxillary and mandibular
branchiomeres. The stream of hyoid
crest migrates anterior to the ear;
glossopharyngeal and vagal crest migrates
posterior to the ear. The relationships
between the streams of neural crest cells
and the mesodermal somitomeres in the
head region and the somites in the body
also are indicated. (Based on Noden.)

Crest for glossopharyngeal

Hyoi
Mandibular  crest
crest

Maxillary
2 crest

Optic vesicle
B. Later stage of head development in an amniote

Future location of
one spinal ganglion

Neural crest fated

and vagal branchiomeres

dermatomo

Epidermis

to form sympathetic

Neural crest fated ganglia

to form spinal ganglia

Neural crest fated to form
sympathetic ganglia and
adrenal medulla

Spinal cord

Dermatome plus
myotome

Dorsal aorta

A

FIGURE 4-25

Routes of migration of neural crest cells in the trunk of
amniotes. This stereodiagram shows an idealized view of the
routes of neural crest cells relative to the somites. In relation
to a single somite, neural crest cells fated to form portions of
the peripheral nervous system follow one of three paths. Path
1 carries the cells deep between adjacent somites or through
the rostral half of each somite to form sympathetic chain

“=——_ Future location of

sympathetic chain ganglia

ganglia or the adrenal medulla. Cells following Path 2
migrate between the sclerotome and overlying dermatome
and will form portions of the sympathetic chain ganglia. Cells
following Path 3 will form spinal (dorsal root) ganglia and
sensory nerves for the skin and other somatic structures of
the trunk. Pigment cells (short arrows) migrate out along the
entire length of the neural tube. (Based on Le Douarin.)

Tipos de 0ssos

1) esqueleto dérmico: superficial,
dermatomo (somito) e crista neural (?)

2) esqueleto endocondral: profundo,

crista neural, escleréfomo

(somito - vértebras) e mesoderma

de placa lateral (hipédmero)

-um tipo de 0sso nao

se transforma em outro




Osteichthyes: esqueleto dérmico

- 0ssos dérmicos recobrindo cabega

Hyomandibula

Opercular

Subopercular Dermal roofing bones Dermal
: Orbit e opercular bones

Infradentary
Ceratohyal

Quadrate
Supratemporal

Postparietal
Spiracle
Extrascapular

Articular

Dermal lower

jaw bones 3
Branchiostegals

Subopercilar 5 . Jugal A. Dermatocranium in lateral view
quamosal
Quadratojugal
Surangular
Submandibular
branchiostegal
plate

varias séries de ossos dérmicos primitivamente recobrem o neurocranio :
1) teto craniano

2) série do palato

3) paraesfendide (assoalho ventral do neurocranio)

4) série mandibular

5) série opercular

6) série gular

7) série orbital




Divisao do esqueleto: Cranio

Premaxilla

Maxilla
Vomer

Palatine
Sphenethmoid
Orbit
Frontoparietal
Squamosal
Pterygoid
Quadratojugal

Foramen
Quadrate Exoccipital magnum

A. Dorsal view of the skull of Rana

Maxilla
Choana

Sphenethmoid
Parasphenoid

Orbit
Frontoparietal

Pterygoid

Quadratojugal

Quadrate

Naris

-anfibio: cranio reduzido, érbitas
grandes; girinos com cranio
cartilaginoso

Prootic

Prootic ~ Occipital ~ Exoccipital  gquamosal
condyle

B. Palatal view of the skull of Rana

FIGURE 7-16

Dorsal and palatal views of the skull of a bullfrog, Rana.




Smithson (1982):
Batrachomorpha (Temnospondyli e Lepospondyli)
Reptiliomorpha (Anthracosauria, Seymouriamorha, Diadectomorpha)

GREERERPETON

BATRACHOMORPHA REPTILIOMORPHA

Opistoéticos proeminentes conectados ao dermatocranio

Panchen e Smithson (1988 Laurin e Reisz (1997

f— temnospondyis

Temnospondyls+ =— & :
Lissamphibia S L colosteids
_E Microsaurs % ELGO G anthracosaurs
Colos}e:ds § e Gephyrostegus
Nectridea .§_ e seymouriamorphs
Ichth 9 basioccipital
chthyostega — 7] = lissamphibians
‘Loxommatids’ = oy :’; —
Crassigyrinus g ki vl
Anthracosaurs S e
Seymouriamorphs 3 — Westiothiana
Diadectomorphs = diadectomorphs
Amniotes b ! ' | .
batrachomorphs' 'reptiliomorphs’ amniotes 4
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“Anfibios batracomorfas

Lepospondilios, Temnospondilios que sao
Tetrapodes do Carbonifero e Permiano
Lissamphibia que aparecem na base

do Jurassico

“Anfibios reptiliomorfas”

Anthracossauros, Seymouriamorfas,
Todos com origem no Carbonifero Superior

Diadectomorfas e Amniota
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Cranio dos Amniota: aberturas temporais

-aberturas permitiram maior unido entre a musculatura adutora mandibular e o cranio:
aumento de volume e eficiéncia na mastigacéo

barra temporal inferior: Parietal foramen

jugal e quadradojugal

Diencephalon
(brain)

_ Adductor
Postorbital \ N2 mandibulae

Parietal

E.Modified diapsid (snake) .
ygomatic
arch
Epipterygoid Basisphenoid and
parasphenoid
Pterygoid
process Mandible

A. Anapsid condition

barra temporal superior:
pos-orbital e esquamosal

Dermal skull roof

G. Early synapsid Extension from roof

uma abertura

Mandible

B. Synapsid condition

Postorbital

Squamosal
Cerebral

hemisphere

FIGURE 7-18

sem aberturas temporais =l = A-1, The evolution of temporal
A. Anapsid condition fenestration in reptilomorphs.

Alisphenoid Pineal gland

2Zygomatic arch

process L Coronoid process
! of mandible

muscle 7)™~ Masseter muscle

Digastric
muscle
C. Mammalian condition




OS 4 TIPOS BASICOS DE FENESTRACAO DO CRANIO NOS AMNIOTA

» Hylonomus [lyelli ¢ um anapsida.
* Os taxons anapsidas deveriam ser os primitivos?

Antorbital (h)

foramen
Mandibula

foramen
Upper temporal
(e) bar
D

Lower
' temporal

Temporalis
) muscle

@
temporal &\ ¥
arcade

(zygomatic Masseter
arch) Lower jaw  myscle




monimostilia: quadrado
firmemente articulado

Postort tal

ANAPSIDO Orbit

Preorbital Parietal

Supraoccipital

Squamosal

Notch for
X i tympanic
Jugal 77 membrane

Dentary Quadrate
Articular

Coronoid

Surangular  Angular

(ossificacdo intensa)

Quadratojugal

C. Lateral view of Caretta

DIAPSIDO MODIFICADO

Sclerotic
bones

(ossos leves, T
) Parietal
sem dentes) Lacrimal >
: = 4 Squamosal

Orbitosphenoid

Supraoccipital

Exoccipital

Hyobranchial Ofic
apparatus

Quaaite

Hyobranchia:

Dentary waxila  Vomer Palatine  Jugal
apparatus

Surangular Quadratojugal  Angular Articular

FIGURE 7-22
A lateral view of the skull and lower jaw of a gosling, Anser ferus. Most of the bones of the

braincase are fused together in an adult goose. (After Heilman.)

barra temporal superior

Lower temporal fenestr Upper temporal fenestra

DIAPSIDO

Nasal

Supraciliary ~ Orbit Postorbital

Prefrontal

Squamosal

Parietals
(fused)

Supraoccipital

Premaxilla

Lacrimal
Frontals (fused)
A. Dorsal view of skull of Alligator Jugal Quadratojugal

Pterygoid
Supraciliary Choana
Maxilla

Incisive
foramen

Basisphenoid

Basioccipital

Premaxilla

Quadrate

Palatine
Ectopterygoid Jugal

Lower tefnporal fenestra  Quadratojugal

B. Palatal view of skull of Alligator (seen frfim below)

FIGURE 7-20
Dorsal (A) and palatal (B) views of the skull of an alligator. barra temporal inferior

estreptostilia: quadrado mais solto
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Evolucao do ouvido medio

@%?}ﬁi
J Timpanico

\

MAMIFEROS REPTIL SEMELHANTE A MAMIFERO

Esquamosal

Hiomandibular
External

% SEpES I enestRicsaon?

Fenestra
cochlea

Helicotrema

Scala vestibuli
Cochlear duct |-Cochlea

f / Scala tympani

Auditory tube

acoustic meatus ~ Tympanic cavity

A. Human ear in schematic section

Quadrado

— Articulagio da mandibula » articular > martelo
Artioutar guadrado - bigorna

Angulz//

hiomandibula = columela

CROSSOPTERIGIOS ANFIBIOS E A MAIORIA DOS REPTEIS

(tetrapodes)
- estribo
(mamiferos)

FIGURA 8-13 FILOGENIA DA ARTICULAGAO DA MANDIBULA EESTRUTURAS ASSOCIADAS.




articular - martelo
_____ /" Incus = Quadrate

Evolucao do ouvido médio nos guadrado > bigorna Mallous = Articular ___.--

. s . hiomandibula = columela \
SlnapS|daS (tetrépOdeS) Goniale = Prearticular I/

> estribo V!

(mamiferos)

— Stapes

Manubrium of
malleus

Ecotympanic = Angular

E. Detail of area shownin D

Kayentatherium Diarthrognathus ~ NJAMMALIA
©
2 "
] 49': - 5
85
S NS4 @
-5 -3 . g
34 Tritheledontidae 2 £ 1
(Ictidasauria) g g
3 @
o Chiniquodon - E
@ Probainagnathus §
= . 5 == =
: &7 D=y
2 L) .
b=
= cmniqmmmidaWprobaimnamidae r—
- Cynognathus
Diademodon \ TesS—
ey W
3 ( P
8 Cynognathidae
Z H
< Diademodontidae Thrinaxodon &
ui (S
@
=
&
e
@
[S
Procynosuchidae
CYNODONTIA
c
= c
E &
5 E
a Lycosuchus o

Kingoria Therocephalia

Tapinocephalia
s

1
Dinocephalia Anomodontia Theriodontia

Eo!ifanosuch
Ty

=Y

RN 1 —

i
Eofitanosuchia T HERAPSIDA

Pelycosaurs

Primitive synapsid

PELYCOSAURS

Carboniferous

Carboniferous



Cranio mamifero

crista sagital

Coronoid process

of dentary
Ethmoid |

Lacrimaly 23
Maxilla |
Nasal
Incisive
(premaxilla)

Zygomatic
(jugal)

Ve

Canine /
Incisor’

Dentary Premolars Molar

A. Lateral view of the skull of a cat (Fefis)
Incisive (premaxilla)
N

Maxilla

Infraorbital canal

Zygomatic ~_
(jugal)

Presphenoid

Foramen
rotundum

Basisphenoid

Foramen magnum

Palatal view of the skull of a cat (Felis)

Alisphenoid  Temfforal

P

" crest

= Tympanic bulla

>~ Tympanohyal
Stylohyal

i
:::%‘g:; P ’dﬁ“
Ceratohyal ~~ x
Basihyal
Epiglottic

Palatine fissure

Choana

Pterygoid
process

Alisphenoid

Basioccipital

Tympanic bulla

Occipital condyle

Interparietal
Parietal
Condyloid

Arytenoid cartilage
Epinyal _ / Cricoid cartilage

L/
Thyroid Tracheal
cartilage Thyrohyal caznlage fings

FIGURE 7-26
Composition of the
mammalian cranial skeleton as
seen in a cat. See Figure 7-4
for color coding. A, A lateral
view of the skull, lower jaw,
hyoid apparatus, and larynx.
B, A palatal view of the skull.
The part of the tympanic
bulla colored orange is a new
cartilage-replacement bone
without a homologue in
reptiles. (After Walker and
Homberger.)

SINAPSIDO MODIFICADO

process
Nuchal

Occipital

Mastoid
process

alisfendide = epipterigbide primitivo

Figura 183. Corte sagital mediano do cranio de cdo. Cores como na Figura 166. As linhas paralelas
diagonais indicam ossos seccionados. Ver-se-i que a maior parte dos 0ssos que formam as paredes da cavi-
dade encefalica derivou de elementos dérmicos (f, p, sq), e ainda, parte do occipital é embriologicamente
de origem dérmica. Abreviagdes: as, alisfendide; bs, basisfendide; f, frontal; m, maxila; me, mesetmoéide;
n, nasal; occ, occipital; p, parietal; per, peri6tico; pl. palatino; pm, pré-maxila; prs, presfendide; pr, pteri-
gbide; sq, esquamosal; v, vomer.

-0ss0s turbinados na cavidade nasal expandida;
-narinas fundidas;

-palato secundario desenvolvido, coanas posteriores;
-mandibula: apenas o 0sso dentario.
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Sphencdontia

Sphenodontia

e —
o Marmoretta

X Kuehreosauiidae Marmoretta Gephyrosaurus lguana

e Perda do tabular
* frontais fusionados

* parietais fusionados
» sutura fronto-parietal reta
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Aumento da Kinese craniana (streptostilia



https://www.youtube.com/watch?v=DQw5G51tHzU




