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Od povrchu k opérné soustavé a skeletu:
osovy a apendikularni skelet
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Figure 7.1 Organization of skeletal tissues in vertebrates.
Components of the skeletal system funcrion together as a unit
but, as a convenience, they can be divided into manageable parts
for closer analysis. (a) As a protective and supportive system, the
keleton can be divided into structures on the outside
(exoskeleton) and inside (endoskeleton) of the body. (b) On the
basis of position, the skeleton can be treated as two separate
components, the cranial skeleton (skull) and the postcranial
skeleton. The postcranial skeleton includes the axial and
appendicular skeletons.

Obecné deéleni skeletu

obratlovcu

« exoskeleton vs. endoskeleton:

kranialni vs. postkranialni skelet

Axialni (osovy) skelet:
- chorda
- pater (obratle)
- neparové medialni ploutve
- Zzebra
- hrudni kost a hrudnik
Apendikularni skelet:

- koncetiny

- pletence koncetin



Chorda: nejstarsi opérny systém Chordata
Haikouella sp. : srv. bauplan obratlovcu/strunatcu
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Chorda

chorda dorsalis (struna hrbetni); notochord:
synapomorfie strunatcu; vznik z chorda-mesodermu

Presumptive

1
Archentecon

A. Blastula of amphioxus B. Invaginating blastula C. Early gastnda D. Later gastrula
Prospective Neurad  Netochord Mesodermal
mesoderm  plale ruckmant Emerocoesc segment Neural Noto-

pouch (wt'me) Coslom Coslom tube choed

Archenteron
TR
Endoderm Epicermis
E. Section of late gastrula F. Entecocoelic pouches G. Somite formation H. Neundason

Trubicovity Utvar, vznika podélnym odskrcenim z dorsalni stény prvostreva



Chorda kopinatce:

« vysoce specializovany (!) hydrostaticky opérny organ obsahujici
kontraktilni svalové bunky (pouze kopinatec!), okolo je silny vazivovy
obal;

* Ve spojeni s nervovou soustavou;
« chorda dosahuje az do nejprednéjsi casti hlavy.
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Chorda - nejstarSi opérny systém:

plasténci

5
Pharynx win sins

Plasténci (Tunicata, Urochordata): strunu hrbetni ma jen aktivné se pohybujici
larva; zanika béhem metamorfézy (ale pozot vrSenky - Larvacea!)



Chorda: generovani pohybu - myotomy
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Chorda: generovani pohybu - myotomy
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Chorda: biomechanicka, primarni strukturni osa tél strunatcu; u
obratlovcu zatlacovana obratly

J e ¢j n ¢covb mo mifchd [ch sv ha pkv zky g

PODELNY REZ MHULJ

Chorda: srv. pozici anteriorniho konce struny hrbetni u mihule a kopinatce !



Patef - osova vyztuha skladajici se z obratlu
(srv. metamerni segmentace)
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Patef - osova vyztuha skladajici se z obratlu
(srv. metamerni segmentace)

Chorda: srv. Chordata

Obratlovci (srv. obratle; také Vertebrata
vs. Craniata)

zacina se objevovat nova skeletalni tkan,
prstence kolem chordy (lepsi mechanicka
opora vs. ukladani mineralnich latek?)
postupné zaskrceni chordy

prstence » obratlova centra » az uplné
zaskrceni chordy do podoby diski mezi
obratly
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Obe. 131 PHEny fez phteli jesctera. Vievo v piedni a stfedni Cast

nitefe, pravo v ocasni &asti, Podle Grodzinského a kol, (1976)
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Figure 3.2 Basic vertebrate. Vertebrae replace the notochord
as the predominant means of body support in advanced fishes and
tetrapods. A typical vertebra usually consists of a single centrum,
with a neural arch and a neural spine dorsally and a hemal arch
and a hemal spine venrrally. The notochord becomes enclosed in
the centrum. Intervertebral bodies are cartilaginous or fibrous
pads that separate vertebrae. In adult mammals, these bodies are
called intervertebral disks, which retain gellike cores that are
remnants of the embryonic notochord.




Axialni skelet (i svaly) vznikaji embryonalné z paraxialniho
mesodermu; somitu - konkrétné z materialu sklerotomu
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Jednotlivé obratle vznikaji ze dvou sousednich somitu tzv.
re-segmentaci sklerotomu

Neural tube
] Incipient spinal nerve
£ }Sclcmmmc

VO ‘—— Myotome
|

/Rostrnl segment

—— \ )
. Caudal segment
|

l

Vertebra Nerve Muscle

s |

Princip resegmentace: myotom zUstava v puvodni pozici, sklerotom se déli na dvé
casti a opacné casti spolu splyvaji - obratel (derivat sklerotomu) tedy zaujima nové
intersegmentalni pozici, ktera je nezbytna pro Gpon svalll na sousedni obratle,
umoznujici vzajemny pohyb!




Jednotlivé obratle vznikaji ze dvou sousednich somitu tzv.
re-segmentaci sklerotomu

neuralni
trubice

sclerotom
myotom
A

Obr. 134 Schematické znazoméni resegmentace mesenchymu b&hem

vzniku obratlového centra amniot. Nahofe schema ¢lenéni somitu,

vpravo postup resegmentace. Pozomost zasluhuje stabilni pozice

intersegmentalnich sept (= myosept) a myotomu (a jeho derivati),

Podle Romera (1970), z Rocka (1985). B




Pater - osova vyztuha skladajici se z obratlu
(srv. metamerni segmentace)

Positions of myosepta
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Spinal cord
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Pleurocentrum - i Centrum
(a) Rhachitomous (b) Lepospondyl
vertebra vertebra

(aspidospondyl) (holospondyl)

Obratle: oblouky vs. centra (téla)
Téla obratli vznikaji raznymi zpUsoby:

arkocentralni obratle maji zaklad tél ve
vybéZzcich (vétSina kostnatych celistnatcl)
autocentralni obratle maji vlastni
osifikaCni centra.

Center osifikace muze byt nékolik/mnoho,
ruzné potlaceni center osifikace az splyvani
u rtznych linii.

Dle poctu center: mono-, diplo-,
polyspondylni obratle

Neural spine

Monospondylous

vertebra Diplospondylous

Hemal spine —

C. Amia \

Postcentrum
> Precentrum




Patefr - osova vyztuha skladajici se z obratlu
(srv. metamerni segmentace)

- Neural
_canal

.- Notochord

Nucleus
(a) Acoelous pulposus  (b) Amphicoelous

Attached
intervertebral
body

sed. X
A
\. Al

(c) Procoelous (d) Opisthocoelous

(e) Heterocoelous

Typy obratlu:
kranialni (hlavovy) smér »»

acélni
amficélni
procélni
opistocélni
heterocélni

Typ obratld ma zasadni vliv na
pohyblivost/ohebnost patere!

srv. vodni “ploutvovci”: AMFI-
tetrapoda: vSechny jen ne AMFI-



Typy obratlu, artikulace, pohyblivost

Neural
canal

Notochord A
obr. nize:
e i A: acélni+amficélni: ohyb pfes hranu, ohybani neur. trubice
R (srv. otevirani dveri)
intervertebral , . . . , s , 7 e s
~—, body B: procélni+opistocélni: centralni kloubovy ohyb, konkavni
s j a konvexni plochy do sebe dobre zapadaji, nehrozi ohyb

pres hranu » umoznuje extensivni pohyb

C: ventralni pohled na heterocélni obratle pStrosa umoznujici
skvély pohyb, ne vSak krouceni
(zelvy, kréni centra ptaku)

(e) Heterocoelous

Nerve cord

(a) Point of

rotation

Dorsoventral rotation

(b) (c)




Osovy skelet mihule:
prvni stopy obratll - chrupavcité neurapofyzy (arcualia)

Otic capsule Arcualia Notochord Branchial

Nasohypophyseal
opening

Annular
cartilage

Pistgn Branchial Pericardial
cartilage openings cartilage

A. Petromyzon, lateral view of cranial skeleton

Notochord

Fibrous sheath Elastic sheath Gill opening

Branchial Branchial
arch Gills arch

B. Petromyzon, frontal section through pharynx




Osovy skelet zraloka

Dorsal fins

Fin spine

Neural spine Interneural Nerve
arch foramen

Hypochordal : g Scapulocoracoid

lobe Neural

(a) Cladoselache ¢ Pectoral arch Neural Neural
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(c) Hybodus

Hemal canal Basapophysis
Rib

Hemal spine

Cross section of Trunk vertebrae
caudal vertebra

(d) Squalus

Primitivni zraloci: prominentni chorda + chrupavcité neuralni a hemalni oblouky;
zadna centra obratlt; u modernich druhu chorda potlacena a chrupavcité elementy
dominuji




Osovy skelet jesetera

Neural spine

Ligament

Neural
arch

Interneural Notochord

Rib

Ventral arch

(a) Sturgeon vertebrae
(lateral)

Ryby chrupacité (Chondrostei) (fidkokostni!); jeseter, veslonos: pater neosifikuje
(pouze sekundarné), pritomno nékolik elementu; aspondylni obratle (bez tél)
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Figure 8.19 Function of amphicoelous vertebrae in a teleost.
(a,b) Swimming involves development of lateral flexion of the
vertebral column induced by contractions of the body
musculature. (¢) Chain of vertebrae shown under axial loads.
Even during maximum bursts of speed, the ossified vertebrae are
strong enough to withstand maximum compressive loads.

(d) When flexed, the chain of vertebrae might buckle and fail.
(e) Firm intervertebral ligaments that resist buckling return

stiffness to the vertebral column.

PIné osifikovana centra nahrazuji chordu, pater je hlavni mechanickou oporou téla.
Neuradlni oblouky a zebra velice vyvinuté; stejné tak jako osifikované elementy ploutvi
pomahajici stabilizaci




Osovy skelet ryb lalokoploutvych (Crossopterygii)

Main support of Main support of
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Rozsahla chorda, osa zpevnéna velkymi tély obratlt s nékolika kosténymi centry
spojenymi fibrézni tkani. Parova pleurocentra dorso-lateralné, vétsi intercentra
ventro-lateralné; neni jesté kompaktni télo obratle, vyplnéno chrupavkou




Ocasni ploutev - hlavni generator pohybu ploutvovcl
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Rozlisovani
(tagmatisace)
patere

Ploutvovci:

e obratle télni a ocasni

CtyFnozci: tagmatisace patefe:

e kréni (cervikalni)
e hrudni (thorakalni)
e bederni (lumbalni)
o krizové (sakralni)
e ocasni (kaudalni)

7(23L.r_}a. ‘ Trunk

Sacral Cervical

Thoracolumbar

(c) Heptile

Sac "J Lumbar , Thorax 1 Cervical

L Caudal

(d) Therapsid

Figure 8.39 Regionalization of the vertebral column.
(a) Fish. (b) Amphibian. (c) Reptile. (d) Therapsid.




Rozlisovani
(tagmatisace)

) SPe N ArOuAN
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Tetrapoda - tagmatisace patere:

kréni (cervikalni), hrudni (thorakalni), bederni (lumbalni), kfizové (sakralni), ocasni
(kaudalni)

s Sacrals Lumbars Thoracic venebrae Cervicals
qa\s . ,

.

ﬁ Gastralia Thoracw ribs

TABLE 8-1 Regional Differentiation of the Vertebral Column*
Vertebrate Group Vertebral Region

(14-30 combined)

Mammals Cervical (7) Thoracic Lumbuas Sacral (3) Caudal
Birds Cervical (11.25) Thoracic (3-19) Lumbar + Sacral (10-23) Caudal (6-7 + pypostyle)
Reptiles Cervical (6-10) Frunk {10-22) Sacral {(2-3) Caudal
Amphibians Cervical (1) Trunk (8-22) Sacral (1) Caudal
Frshes Trunk — Caudal

*The number of vertebrae indicated represent a typscal number or range; exceplions occur.




Fig. 4. Skeletons of Mesozoic aquatic reptiles. (A) Skeleton of nothosaur, Packyplewrosaurus, Redrawn from Carroll and
Gaskill ('85). (B) Skeleton of the plesiossuroid Cryploclidus. Redrawn from Andrews ("10). (C) Skeleton of elasmosaurid
Hydrothecrosaurus. Redrawn from de Saint-Seine ('55). (D) Skeleton of Tanystropheus. Redrawn from Wild ('73). Note that the

number of cervical vertebrae increased with neck elongation in the first three species. In Tenystropheus, however, the length of




Notochord Spiral bands in
(a) notochordal sheath

} Intercentrum /

(b) Pleurocentrum

(c) Intercentrum Pleurocentrum
Eryops

Figure 8.26 Geodesic model of the axial skeleton of an early
u'lmpu\l. (a) Bands of connective tissue \\'nnl'.J In opposite
directions, each at 45° to the long axis of the notochord, form a
geodetic framework that resists both flexion and torque. (b) A
thachitomous vertebral column has much the same pattern,
shown by dashed cutline and overlaid on the geodetic framework.
(¢) Vertebral column of Eryops wherein the spaces of the geodetic
framework are occupied by nigid bone around the notochord,

permitnng controlled flexion thar resists torque.

Osova vyztuha:

chorda vs. pater

y ' Vertebral

column

o

T T 1

(a) Fishes (b) Dinosaurs

Figure 8.33 Body support. (a) In fishes, the surrounding
water (arrows) supports and buoys the weight of the body. (b) In
tetrapods, the limbs support and the vertebral column suspends
the weight of the body.




Zebra (costae) pouze u &elistnatcl

Daveloping vertebra Location of myotome

D:nr;il skg;c;:z‘ A (muscle has been removed) - Skin
Qenous Sepium - H : 3

K
Horizomal
A skaletogencus
septum

Spinal cord -

Notochord
~

Dorsal aorta .

Honzontal skele- '
1ogenous seplum ——. A
Postenor !
cardinal veoins

: Lateral line
SRR~ pore

“r— Lateral line

canal
Dorsal

mesentery = |

Coolom — (1

Lateral skale-
togenous saptum

—~
Ventral skele- ~ \
fogenous septum Intermuscular rid Subpertoneal rid Myosepta

FIGURE 8-3
A stercodiagram of the vertebral axis, skeletogenous septa, and ribs of a jawed fish. (After Goodrich.)

Tycovité skeletalni elementy, prfitomny pouze u Celistnatct (navic chybi u chimér, latimerie)

U vodnich celistnatct v kazdém segmentu, vyztuzuji célom a umoznuji tpon svall: Zebra
intersegmentalné » Gpon segmentalnich svall » » mozZnost ohybu téla

Vznikaji na myoseptech (tzv. sklerotogenni septa)|kondenzaci sklerotomu:

- dorsalni Zebra (na septum horisontale) = u bichirt a Tetrapoda

- ventralni zebra (na ventr. skelet. septu; vnitfni vrstvé myomer) = ploutvovci, larvy
obojzivelnikl, homologické s ocasni extenzi hemapofyz.

Nékteri Teleostei maji oba typy, po prechodu na sous zanik téch ventralnich (Tetrapoda)



Zebra a pfipojeni na obratle

~ Prezygapophysis
Postzygapophys|s
L )8 Ve @, Diapophysis
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Sternum

processus
spinosus
processus transvenus

- postzygapotyza

" prexygapolyca

" neuralni oblouk

centrum ohratie

Obr. 135 Hlavni ¢asti obratle pfi pohledu na jeho pfedni
stranu (na pfikladu zadniho trupového obratle krokodyla).
HypapofVza je rudiment hemalnich oblouktl. Podle

zebro muze byt kloubeno na

dvou mistech:

« Diapofyza (pricny vybézek,
proc. transversus): kloubeni
proximalni hlavice zebra

« Parapofyza: kloubni spojeni
Zebra s centrem obratle.

Zittela, Z Grodzinského a kol. (1976).

Zygapofyzy = parova pridatna kloubni
spojeni obratlud, vznikla az po prechodu na
sous » vyrazné zvétSeni pohyblivosti
obratlu/patere

« Praezygapofyza: sméruji dopredu a
kloubni spojeni je na dorsalni strané

« Postzygapofyza: sméruji dozadu




Hrudnik a kost hrudni (sternum)

Hrudni kost (sternum) vznika nezavisle na zebrech enchondralni
osifikaci, pfedstavuje misto vzniku a Uponu hrudnich svald.

« U raznych skupin ¢tyfnozcu zfejmé sternum vzniklo nezavisle, mize
byt tvoreno 1-vice elementy.

« Chybi hadim a zelvam.
« Plvodni fce: zpevnéni pletence hornich koncetin.

« Nejvétsi rozvoj - ptaci - let.



Kost hrudni (sternum) & hrudni kos

Ocasati: mala sternalni desticka u pletence h. koncetin; zaby: s. ve spojeni s pletencem, nékolik
elementu; s. stale bez spojeni se zebry; s. chybi u zelv ¢i had(;

Az u amniot vznika funkcni spojeni sterna se zebry=hrudnik=hrudni kos: vede ke zpevnéni

hrudniku s. /ato (ochrana) a pomaha ventilaci plic

Sternum

Suprascapular
cartilage

Scapulocoracoid

A. Salamander Coracoid cartilage

Suprascapula  Glenoid Anterior coracoid

fossa
Sternum

A. Ventral view of the pectoral girdle of a frog

Coracoid 1 Interclavicle

Trunk rib 1
Sternum

Costal
cartilage
of rib

Abdominal ribs
(gastralia)

B. Crocodile Ischium
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krunyr zelv:

zebra + obratle + kosténé (dermalni)
desky + povrch krunyre = rohovinové
desky (Supiny)

xiphiplastron

hypopiasiron =




Hrudnik, hrudni kos

Nejvétsi rozvoj - ptaci - let
Hreben: crista sterni - upinani m. pectoralis

=

()
\ Cervical

vertebrae

Figure 8.42 Bird vertebral column. Regions of extensive
vertebrae fusion are indicated posteriorly within the synsacrum.
The numerous heterocoelous cervical vertebrae allow for great
mobility of the head.

Humerus

Procoracoid

Furcula
Carina
Caudal
vertebrae — Sternum

Xiphisternal process

(d) Bird

Free
thoracic
vertebra

Synsacrum ﬁ

Innominate

Ischial f bone

region

Caudal -
i vertebra

Free <_ /| Pubic |
caudal region |
vertebrae

Pygostyle

Figure 8.32 Synsacrum of a pigeon, ventral view. Notice
how the synsacrum (shaded) is fused to joined elements of the

pelvis, the innominate bone.




Skeleton

_—--_—- e
_-'-'——‘_ \\_
Exoskeleton Endoskeleton
(within the integument) (deep, within the body)
\ ___,_.f’/ T \\
Bony Cartilaginous Notochord
\ endoskeleton endoskeleton
Keratinized Bony
exoskeleton exoskeleton
(from epidermis) (from dermis)
(a)
eleton
Cranial skeleton Postcranial
/| Il
/ Axial Appendicular
/ skeleton skeleton
/ 4-// -\‘\ e
/ Vertebral Notochord Limbs  Girdie

/Chondrocranium column
Splanchnocranium Dermatocranium

(b)

Figurc 7.1 Organization of skeletal tissues in vertebrates.
Components of the skeletal system funcrion together as a unit
but. as 2 convenience, they can be divided into manageable parts
for closer analysis. (a) As a protective and supportive system, the
keleton can be divided into structures on the outside
(exoskeleton) and inside (endoskeleton) of the body. (b) On the
basis of position, the skeleton can be treated as two separate
components, the cranial skeleton (skull) and the postcranial
skeleron. The postcranial skeleton includes the axial and

appendicular skeletons.

Obecné deéleni skeletu

obratlovcu

exoskeleton vs. endoskeleton:

kranialni vs. postkranialni skelet

Axialni (osovy) skelet:
- chorda
- pater (obratle)
- neparové medialni ploutve
- Zebra
- sternum (k. hrudni)
Apendikularni skelet:
- parové ploutve/koncetiny

- pletence koncetin



Evoluce parovych koncetin:

“fin-fold” vs. “gill-arch” teorie

Primary exoskeletal
shoulder graie

Gill cover

Cavdal in

. *

)
(@l Anus Ventrolateral
fin fold
Caudal 8n

-

\
\

\
b) Anal fin Pelvic fin Pectoral in

, Caudal fin
Nerve cord .~

‘ Notochord
Radial / r Myomere

muscle |k Spnal narve

Metameric
plerygial nerve ~—_ x5

muscie

(€} Pehic fin

Figure 9.5  Fin-fold theony proposed by Balfour and Thacher
for the origin of paired fins. Lateral stabilizer fins (2) become
divided into specialized pectoal and pelvic fins (b). Basals and
eadials enlarge 1o suppoet the fins (¢). The metapterygial stem is

solid black

Pectoral fin

Encloskpktal
shouider giedie
{modkhed gl arch)

<</m4f

Metapteryga
H%m

Archipturygal
in

\( Va4 <

=
’

(a) Gl rays

Figure 9.4 Gill-arch theoey proposed by Gepenbae for the
origin of paired fins. Gill rays expand (ab) and prolerare (<),
focming a k 0 contr ol WpPpore for an exe nAll LTI .mllL; thy

wchipterygal conditson (d) found in soms present-day lunghshe




Evoluce parovych koncetin

Pectoral
SpiNg .

Spines
Peig —
Spng

Anal
spine

(e] N ———

Figure 9.6 Fin-fold theory. Indlirect evidence pointing to the
fin-fold theary can be seen from the position of rows of ventral
spinves in acanthodians (c), presumably remnants of the lost fin
fold in pregnachostome ancestors (a,b). Ventral views (a-<) can
be compared with the ventral view of a bony fish (d). Further

Inermedate

.ﬂmw' \‘;u mv

“'\ 'l l\
l..

\I

evidence can be drawn from shark embeyology (), m which the
discrete paired fins develop from a continuous thickening along
the bateral body wall of the shark, a developmental event taken to
be reminiscent of phylogenetic events




Parové "koncetiny": apomorfie Celistnatcli (Gnathostomata)

Obecné déleni ploutvi:

archipterygium- symetricka centralni osa ploutve (lalokoploutvi+bahnici)

metapterygium - asymetricka osa vychylena posteriorné, vétSina vétveni miri preaxialné

Postaxial

Postaxial

Preaxial

(b) Archipterygial fin Metapterygial fin




Parové "koncetiny": apomorfie Celistnatcli (Gnathostomata)

Ichtyopterygium (ploutve ryb):

tzv. tribasalni ploutev

(vétSina ryb)

Girdle

Basal
Radial Pterygiophores

Dermal fin rays

Actinotrichia
Bowfin Lepidotrichia
Figure 9.1 Dermal fin rays. (a) Ceratotrichia are keratinized
rods that radiate out like vanes in a fan to internally support the
fins of chondrichthyan fishes. (b) Lepidotrichia are cartilaginous
or ossified supports within fins of bony fishes.

Basalia + radialia + ceratotrichia/lepidotrichia

(srv. pterygium = ploutev, kridlo)




Parové "koncetiny": apomorfie Celistnatcli (Gnathostomata)

Archipterygium (nozdrati - Choanichthyes):

tzv. monobasicka ploutev
(Sarcopterygii):
« biserialni (Neoceratodus)

« uniserialni (Eusthenopteron)

Pectoral girdle

Pectoral
- \ girdle
Humerus - \ J
Anterior \ Radial Y (S s
margin - 1 ERERT ) @& ) T
Y \ pterygiophores / ~ _ i Humerus
Radial i ' ./ ) __—
pterygiophores </ |
‘ v‘l
Central (l l
pterygiophore Anterior y |~ Pterygiophore
axis margin __ / axis on posterior

margin of fin
Lepidotrichia "\

Cutedge” \ ‘
of dissection \ '

Lepidofrifch'a

A. Fin of Neoceratodus

B. Fin of TEusthenopteron




Preaxial radials in
postaxial position

Cleithrum

Anocleithrum

~— Postaxial radials in

E:éll;:?i;ims preaxial position
Clavicle
::gt :i)rr‘al airdio Pelvic Postaxial radials

girdle Femur  / \
G227

Ball-and-

(a) Neoceratodus Preaxial

socket joints radials

Pelvic girdle and fin

Supracleithrum

Cleithrum

Scapulocoracoid // 7
: T

Extracleithrum

Pelvic

Pelvic girdle
and fin

Pectoral girdle
and fin

(b) Latimeria




Parové "koncetiny": apomorfie Celistnatcli (Gnathostomata)

Chiropterygium c¢tyrnozcu (cheir=ruka):
basipodium (pletenec);
stylo-, zeugo-, autopodium

A. Terms for pact

FIGURE 9.7
DO 0 Note that the limb axi

Koncetiny: proximatni pletence a distalni volné elementy
Koncetinovy zdklad: chrupavcity endoskelet; pletenec hrudni koncetiny fixovdn do dermatokrania (hrudni pletenec
soucasti dermatokrania: clavicula, cleithrum, posttemporale + endoskelet); pletenec pdnevni - os coxae volné ve

svaloviné




Pletenec a ploutve paryb
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Zralok: tribasalni ploutev; pfipojeni prsni ploutve pomoci chrupavéitého skapulokorakoidu » z toho
se odvozuje jak lopatka (scapula; ryby-savci), tak krkavci kosti (procoracoid; coracoid: Synapsida)



Pletenec a ploutve rybovitych obratlovcl(

Postcleithrum

Posttemporél Basal ptery-

giophores N Postemporal

Supracleithrum

Cleithrum —__4
4 Clavicle

Clavicle

g

L
Lepidotrichia Interclavicle

C. Pectoral girdle and fin of 1 Eusthenopteron
B. Pectoral girdle and fin of Polypterus

Nejdllezitéjsi dermalni kosti pletence predni ,,koncetiny“ ryb je kleitrum (cleithrum) - u ryb
nékolik; pak kli¢ni kost (clavicula) - vétsi rozvoj u tetrapod



Evoluce
pletence
predni
koncetiny

l'lgurc 9.18 Summary of pectoral girdle evolution. Notice
thar dermal elensents of che gisdle terd to be lost and
> endochondral elements tend to asume a grearer role. [n primizive

therapsads, a thisd endochondral bone appears, the posterior

Enchondralni vznik!

coracoid, to join with the phylogenetically older scapula and

.
5 N\~ Clavicle

—

Procoracoki -

Procoracokd

Interclavicie
Modern amphitians Modem repliles Mammals
and birds
Postarior ’
Scapula COracoid
(coracod} Clavicle
/
: A Anterior
Anterior coracokd
COracoxt
{procoracoid)
Primstive repties Therapsids and
mMonolremes
Cleithrum
Clavicke
Imarciavicie
Early amphibians
Posttemporal

Postcleithra - - Supracieitheum

Scapulocoracod

Early osteichihyes

procomcald) persist.

Endesmalni (dermalni) vznik

Plvod v operkuldrni's
_cwaew  pokryvnych kosti

anterior coracokl bores, The three persist into primsirive
mammals. In massupials and placental mammals, only the scapals
aned posterior comacoad (called just coeacoad) persise, In modem
repeides and bands, the sapula and anterior coracoid (oe




Ornithischia

EV Ol uce Early reptiles
pletence _ thum
Zaan' Ischium \@—- Pubis
kO n éeti n y Early amphibian

\

Crossopterygians

Figure 9.20 Summary of pelvic girdle evolution. Three
endochondral elements—ilium, ischium, pubis—characterize the
pelvic girdle in early tetrapods. This basic pattern persists into

later retrapods.




Lalokoploutva ryba Eusthenopteron sp.
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Eusthenopteron

Cleithrum

Ulna \

Radius  Scapulocoracoid

(a) Pelvic girdle and fin (b) Pectoral girdle and fin




primitivni obojzivelnik Ichthyostega
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Morfologické transformace béhem prechodu na sous:
ryba-ctyrnozec




Morfologicke transformace predni koncetiny, kupr....

Flagelbildung.




Anatomie skeletu... alespon zaklady ©

Pleurapoplyss
Lumbar vartabra 6

Thotacic vartebra 13

IGURE B-18
Asteral view of the skeleton of a rat. (After Hebel and Stromberg.)

ClHEE B 14



Anatomie skeletu... alespon zaklady ©

FIGURE 817

The skeleton of recent birds. A, A lateral
view of the skebeton of a pigeon, B, A
ventral view of the synsacrum and pelvic

Aular diga (W} Carpomatacangus

- 2 AT g =2 girdle of a chicken. (A, After Pettingill;
& Xt/ 8. partly atter Welty and Baphista.J
Radws ‘ o5
Uina Pnalanges ( )

Semal e —

Koel of
stemum

A, Pigeon
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