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Craniata:

Korunové skupiny dnesnich obratlovcd,
jejich fylogenetické vztahy a prislusna

panmonofyla

! )
Tetrapoda 5 :
Amoiota S ©

-

Bezcelistni Agnatha

Craniata: T e
Myxini/Vertebrata E A

e TI Vertebrata:

Cyclostomata/Gnathostomata

Celistnatci Gnathostomata

Celisti (vyvojové: 1.Zaberni oblouk)
Parové koncetiny

Septum horisontale (organisaéni
rozdéleni svalstva) ... Atd.

T

Vyvojové vztahy
basalnich
recentnich
skupin tradi¢né
nejasné

LAgnatha

Vodni formy s kruhovym priirezem tsla, bez prostorné
t&lni dutiny, bez parovych ploutvi, bez elisti, bez
Supin, bez dermalnich kosti a mineralisovanych tkani,
jen chrupavzity endoskelet: pololebka +
neurapophysy (chybi u sliznatek), neparova nozdra a
nasohypofysarni kanal, chorda mohutna, nezaskrcena
(axialni pohyb)

berni vazky

Zabra: endodermaln
Fada autpesiomorfii (monomericky hemoglobin
apod.), specifické adaptace u mihuli (parasitismus).

Kruhousti - Cyclostomata

¢ uméla skupina (?), spolecné znaky -
plesiomorfie:

vyluéné vodni, bez parovych ploutvi a Celisti,
bez kosti, bez Supin, ocas protocerkni,
monomericky hemoglobin, neparova nozdra a
nasohypofysarni kanal, chybi Zaludek a
prostorna télni dutina, endodermalni zaberni
vacky, velum




Vi

Agnatha: nepérova nozdra + nasohypofysarni kanal

nasélni + yp p vs.

Sliznatky — nasohypofysarni kanal prechazi do stfeva
Mihule — nasohypofysarni kanal slepy, dorsovenrtralni rozdéleni hltanu — spodni
&ast — dychani, slepa

Gnathostomata: nosni dutina parova: cichova plakoda vs. stomodeum-
L iad| g
ypofysarni p hitan j; y

L. [{:;” S

Mihule — Petromyzones 40 spp.

Seven pairs of
glll apertures Eye  Single nostril

dolni Labe
e Nejvétsi forma
posledni CR: 1902 skupiny:
Mihule mofska
- ). -
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Mihulovci -Petromyzones, 6‘5/ ”7

Petromyzontiformes,
Hyperoartii

* primarné sladkovodni, bipoldrni rozsiteni,

* larvélni vyvoj, larva (minoha-Ammocoetes)
mikrofagni (rozsivky), dospélci parasiticti

* 40 spp., 10 rod 3 Celedi: Petromyzontidae (NAm,
EuAs), Geotridae (Au,NZ - 4 spp.), Mordaceidae
(sAm, Au - 3 spp.)

* druhové okruhy: zakladni vs. satelitni druhy,
diadromni migrace

Petromyzontidae: Petromyzon marinus Mihule mofska

Mihule mofrska
(Petromyzon marinus)
jako ekol.katastrofa

jezero Ontario 1835
kanal Ontario-Erie 1919:
1921 Erie, 1936 Michigan, 1937 Huron, 1946
Horni

nyni hojnd ve viech jezerech

extinkce 3 spp. lososovitych ryb,
plvodné: roéni vylov lososovitych 3000 tun,
nyni ca 5-10 tun




Mihule Ficni
Lampetra fluviatilis

PARASITICKA, DIADROMNI,
VELKA

Mihule potoéni
Lampetra planeri
NEPARASITICKA, stala, mala

fakticky: fenotypové (ekotypové)
varianty jediného druhu (L.fluviatilis):

iberska skupina vs. Eu skupina I, Il - ve
vech fluviatilis + lokalni “planeri”

Vb on / \ '
Kora weINs Naserieq i Lo

2egrapen

Prisavny ters, pistovity jazyk s mohutnymi retraktory
(n. V — ne XII jako Gnathostomata) — homologon
elisti ?

...ale: oporné struktury jazyka — apomorfie
(mukochrupavky)

* Mohutna nezaskrcena
chorda

* neurapophysy

* Tésna utrobni dutina

* Svalovy sloupec bez
septum horisotale
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Mihule -
dospélci 1

hrbetni ploutev, dobfe vyvinuté odi, neparova nozdra
(slepy nasohypofysarni vak), 7 parQ zab. vacka
(ektoderm)

kruhovy ustni otvor, pfisavny ter¢ s rohov.zoubky
(druhové specifické)

pistovity jazyk s retraktorem

hltan rozdélen na spodni a svrchni Usek, plachetka
(vellum), dychaci svaly (,tidalni ventilace®)
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\
Branchial Piston caniage
cantlage oPON0  basket of tangue

* chrupavcita kostra: masivni chorda, neuraini oblouky (ne
hemalni, ne téla) - paprsky ploutvového lemu

* lebka=paleocranium (pololebka) - kon¢i u n.X: basalni
chr. ploténka (parachordalia, trabeculae) - uprostied
otvor (hypofysa), capsula auditiva, olfactoria, podoc¢ni
oblouk, Ustni chrupavka (cartilago annularis),
podjazycna chr. (c.glossa)

Otic capsule

A pamiAY A —___ Nasal capsule
P e = = ‘ “"z p— N Annular
= F ~ cartlage

C < i

\ (S W T
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Branchial Piston cartlage

Precarginl Gings
cartlago ORS00 baskel of tongue

* branchidlni skelet: 9 svislych nepravidelnych
obloukd(1.a 2.pfed 1.5térbinou), vzajemné
spojky, posledni spojen s cardiobranchiale
(podptirna sténa perikardu)

* branchidlni skelet: neni homolog. s Zaber.
koSem Gnathostomata (vné Zab.aparatu, bez
artikulace, vice typ( chrupavky)

phisavka (phd’:i Wbom‘blkw‘ o hypobranchiales
sval) .

Pohyb axidlni (chorda), bocni sval (myomery,

myosepta, chybi s.horisontale), hladka svalovina

stény stfeva a cév
Ale pouze 1 typ aktinu (Gnath. 2)

Cévni systém: srdce (4 odd., bulbus arteriosus),
nepar. Cuvierova Zila, vice druht hemoglobinu, vice
granulocytd

Tamprey (arva)

Tamprey (acut)

Dospélec

* Mozek: 5-dilny, v roving, typ | - laminérni, velké komory
(1. a 2. nerozdéleny), velké bulbi olfactorii (parové
¢ich.nervy vs. nepdrovy Cich.organ), diencephalon:
gangl.habenulae s parapinedlnim a pinealnim orgdnem
(oko), jinak dors.struktury malo differencovany,
neurony centralné, $eda /bila hmota nerozliseny

* Micha: zplostéla, dors. a ventralni kofeny
parasegmentalné, nespojuji se, micha bez interneuront




* Chybi Zaludek, hltan s vodorovnou pfepazkou
(dors. ¢. travici, ventr. dychaci -slepa), jicen,
stfevo rovné - typhlosolis, anus. Jatra (hepar) - 2
laloky (V€. slinivky)

* Mesonefros, parovd Wolffova chodba -
urogenitalni sinus (s abdominalnimi pory) -
papila v analni jamce.

* Gonady neparové, vaj. (meso-) telolecitalni

Lampetra fluviatilis - tfeni

Larva mihule: horni ret s &lenitymi filtraznimi ciry,
kruhové velum, nerozdgleny jicin, hitan se sterbinami,
endostyl — pri metamorfose se rozdsluje do parové
thyreoidy, mozek nedifer. — o&ni skvrna bez dif.
jednotlivych struktur, zaklady otického vagku, Po
vykuleni — jednovrstevna pokozka s mikrovilli

1%‘”‘\?%5’3?? ~~~~~ *’\A =
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Mihule - Zivotni cyklus

* Tfeni - jaro, trdlisté - horni tok fek, 12-18 °C
stércik, uprava hnizda,

* Pafeni monogamni territorialni

(Petromyzon) nebo skupinové (Lampetra) -

feromony

velké druhy 10000-300 000 vajicek, malé ca

1000-3000, vajicka oligolecitalni

* po spareni dospélci hynou

Mihule - Zivotni cyklus

Mihule - litofilni, psamofilni (zahrabavaji jikry do
pisku), lihnuti za 14 dn( (5-7 mm)

* Larva - minoha (“Ammocoetes branchialis
Linné), endostyl, hltan nerozdélen, velum jako
filtr.organ, oci nevyvinuty, mikrofagni, vyvoj
1-10 (3-6) let, metamorféza (koncem léta - 4-5
tydn(): zkraceni téla, Ustni terc, zuby, odi,
pigmentace, ploutve,




Mihule - Zivotni cyklus

« A) Parasitické druhy: diadromni = kata- i anadromni
(Petromyzon, Lampetra fluviatilis, Geotria) i trvale
sladkovodni (Eudontomyzon danfordi, E.mariae),
nékteré mrchozZravé (Caspiomyzon), velké — parasiticky
Zivoti 18-30 mésicl

* B) Neparasmcke druhy po metamgrt9§e neprulman
(Lampetra planeri, Eudontomyzon grac:lls E.vladykovi,
aj.)
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Mihule - pFehled taxont %‘Y ’7

\4,\

Ve V-I

* Petromyzontidae: Petromyzon marinus - ,
m.mor'ska

* Lampetridae: Lampetra fluviatilis - m.Fiéni
L.planeri - m. poto¢ni, Eudontomyzon danfordi
— m.karpatska (drava), E.mariae m.ukrajinska
(neparasitickd), Caspiomyzon

* Geotridae — mihulicoviti (Au-NZ- JAm)

* Mordaciidae — mihulkoviti (Z JAm)

mihulice Geotria australis (Geotridae: E-Australie)

Geotria australis: hrdelni
vak samcl (kaménky pfi
tieni ?)

Mihule — Petromyzones 40 spp.

Seven pairs of
gill apertures Eye  Single nostril

Sliznatky: Myxini (Hyperotreti)

* vyluéné mofsti (41 spp. 6 rodl), benti¢ti (do 1000
m), chladné vody

* nékteré socidlni, prostorovd aktivita, avsak ne
migrace

 Zivi se mrtvymi rybami a zejm. mnohostétinatci a
korysi

« gonochoristé (transitivni hermafroditismus), vyvoj
pfimy, K-stratégové
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Sliznatky

Slime glands ’
w B

o

Sliznatky

* do 1 m, silna klzZe a slizové Zlazy

oCi zakrnélé, prekryty kizi, chybi ocni svaly (i n.Ill a

V1) e s e

* Usta - 6 masitych tykadel, uvnitf 2 Ustni desticky - ;_‘
keratin (inervace n.V - vztahy k Celistem AT
Gnathostoma, ne k jazyku) -" g

o

* traveni pfes mukosni obal

Myzxini: Myxine glutinosa  sliznatka

Myxini: Eptatretus cirrhatus

Sliz sliznatky:

(a) proteinova “vieténka” + (b) mucinové
méchyiky = ve vodé praskaji a podél
proteinovych vietének vytvareji docasny
slizovy agregat

Efektivni zalepeni Zaber Celistnatcu ! —
dokonald obrana

Fidge et al. 2005
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Sliznatky

Slime glands \

PerinaséIni makadla
Nosni otvor

Keratinosni zuby

Ustni makadla

Zub sliznatky — ramcové
keratinisovana odontoda, ale velmi
vyznamné strukturni odli$nosti,

Homologisace s odontodou
nejasnd (chybi téz jakakoliv
embryologicka informace)

"
ey b

= B —i, ARy g — )
V< — = AW, & WP B> g, i o )

jedina neparova nozdra, spojend s hltanem
(nasohypofysarni kandl), neuro- a
adenohypofyza oddéleny

nejednotny pocet Zabernich otvor( (1-16) a
b entoderm.vackl (5-15), ¢asto se spol.
kanalkem usticim kaudalné vacka

g ! Mgl Py chybi obratle, funkéni pronefros, absence
=S| tubulll a isoosmoticka regulace

stat.orgdn - 2(1) polokruzné chodby

dmm, ‘The Keratinised Teeth of Mysine
glutinosa. A Histological, Histochemical,

Nasohypofysalni kanal otevieny do hitanu, ale nasohypofarné-
faryngealni septum = velum

Spole¢né vyusténi
Zab.vackd

Isolované chrup.

Truncus arteriosus elementy

Haghsh (adult)

Pronefros

Pericard
PortdlIni srdce s vena
portae hepatica

Sinus venosus

Srdce (vetralni)
Spojeni pericardu a

Neurohypofyza a adenohypofyza oddéleny coelomu
Zaberni skelet — jen 2 oblouky — bez névaznosti na zabra
Lebka: bez stropu neurocrania (=hemicranium)




Zaberni vacky — separatni Gtvary vné hitanu se spole¢nym
vyvodnim kanalem

.. velmi odlisné od pomérd u mihuli ¢i Celistnatch
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mkompositni (koroborovany)
5-dilny mozek, micha a
m.nervy jako u
Gnathostomata

uO¢i velmi drobné, chybi ot
okohybné svaly i nervy!
uChybi pinedlni organ
uChybi elektrorecepce a
postranni ¢ara

uChybi n. hypoglossus
(inervace jazyka)

ulLebka (neurocranium)
vazivova = hemicranium
wZadné chrupavky v axidlni
oblasti

nv!

Specifické povrchové
(mechano?)receptory v kiZi — inervace

Ductus endolymphaticus —

A

Myxini Petromyzones Chodrichthyes Teleostei

Agnatha — pouze 2 chodby v rovnovazném ustroji, u
sliznatek bez morfologicky vymezenych maculae a crist
- extrémni autplesiomorfie ?

Fig. 2 The hagfish and its retina, @ The New Zealnd hagfish,
Eptatresus cirrhatus. b The head region of the same species. In & and
b, the prominent pale paich is the transhocent skan boneath which the
hagfish “cye” is buried. ¢ The retima of the hagfish, Eptatrenes stouti,
wiewed using light microscopy; OF outer segments; RC receptor cells
OFL ouxr fiber layer (=outer plexiform layer); AC macr cclls (retinal
ganglion cells);, /FL inner fiber layer; ¥ viecous. The images are

with jon as follows: a Dr Paddy Ryan CRyan

Oko sliznatky:

*Absence ¢ocky
*Absence okohybnych
svaldl

*Dvouvrstevna retina bez
vicevrstevné polohy
integraénich neurond

*Ektodermalni plakoda —
ne &ocka, pouze
nepigmentova skvrna na
kazi

Extrémni
autplesiomorfie !!




Sliznatky

* autonomni pulsace srdce (aneuralni!), additivni srdce v
ocasni ¢asti, v krvi erythrocyty, ale pouze heterofilni
granulocyty unikatniho typu (3 typy u mihuli a
Gnathost.),

« Aditivni srdce

* Perikard otevieny do coelomu

« chybi adrenergni a cholinergni reakce a (?) ANS
 kozni kolagen unikatni (serin, treonin)

* Nenislezina
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Sliznatky

transitivni hermafroditismus, polylecitalni vajicka,
rohov.obaly se tvofi v ovariu! — gondda bez vyvodu !
Gamety uvolriovany do coelomu a genit. pérem do kloaky,
samice:samci=100:1

vyvoj pfimy, embryologie nejasna (posledni oplozend
vajicka nalezena v 19.stol!)

hlubsi use“k Selfu, kolonie ca 100 ex. s individualnimi
ykrtinami”,

ekonom. lov - ,, Ghoti kGize®, misty vyhubeny, misty dosud
velmi hojni (az 500 000 /km?)

infomace prekvapivé kusé

Myxinidae 4 g 23 spp. -jen 1 vnéjsi
Zab. otvor

Myxine

Eptatretidae 2 g
otvort, Pacifik

Eptatretus, Paramyxine

Sliznatky
vs.
Mihule

Rada odli$nosti,
velum neni
homologické apod.

adenohypofyza + faryngedlni septum - endodermalni
Problém: chybi data o embryogenesi sliznatky, posledni tidaje 1910, 1960 -

craniate cyclostome
hypothesis hypothesis
Stomodeal
invagination

B Ectoderm M Brain

l Notochord massnchyme

Fig. 5 The main mode of primary mouth formation n gnathastomes (hark) compared with mouth fommation n lmpreys and hagfishes. The
sagital plane is shown, antescr 1o the left, The shark Hlustrates mouth formation va stomodeal invagnation and pedoraton of the oral
membrane. In ampreys, Sl MOEAOGRESS QS INCASNG Ceeply INBYNated Stomodeum, but the forming cral membrane is Made CMpiex
by the vedum, which represents a part of the secondary mouth. This haids true for hagfishes a5 well ere, however, the primary mouth fommation
arguatiy appears entirely in the endoderm domain, with ectoderm reaching s aea rather fate va e subcephali deft. The forming oral
membrane later perforates o open the separate orcphanyngeal and nasopharyngeal cavities. I, lower §p; rpe, nasophanymgeal caviy. nps,
nascpharynel septum; opc: Gmphanngeal cavit. u, upper I ¥, wilum

[0 endoderm

Soukup et al. 2012

10



18) Frdodemal rasophanyngesd septum
16) Daskayes porustance of orsl memirane, n somodess

+ Haghshes

1c) Orad
retrare

(39) Sptt of naso-dypostipsent
Pt acsnoRypOCHIRE
pcode a4 & pan of siseodeun

Soukup et al. 2012
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Qisi et al. 2013:

Prvni embrya
sliznatek po 60
letech — detailni
evo-devo
analyza

Prvni embrya
sliznatek po 60  f4& >
letech — detailni -
evo-devo
analyza

Sliznatka a mihule
—shodna
organisace
embryondlnich
domén nervus
trigeminus

Oisi et al. 2013:

Prvni embrya

sliznatek po 60 Yl

letech — detailni — =
evo-devo L ‘/;
analyza o

QOisi et al. 2013:

Prvni embrya
sliznatek po 60
letech — detailni
evo-devo
analyza

11
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Oisi et al. 2013:

Sliznatky a mihule: Pfes
~ odli$nosti (autapomorfie),

zakladni kroky
embryogenese shodné

—robustni podpora

hypotézy
w i Cyclostomata (Myxini
o ,’+Petromyzontiformes) VS.
Vertebrata

s the trabecula (tr) and vpper and Jowes jaws (w3
' gnathensomes. ph. pharyna. See Fig. 1.2 and 4 for other

Craniata:  Wynods 5

Korunové skupiny dnesnich obratlovcd, Ng -~
jejich fylogenetické vztahy a prislusna
panmonofyla 5 -

]

| Dorssitn
PNorve cons

[

— b +

Gnathostomata
¢ | I

1 Celisti, pdrové konetiny
2 artikulované Zaberni oblouky bezprostfedné integrované s
2b ektodermadlnim Zabernim aparatem

Hypobranchialni svalstvo

spirakulum (red.zaberni $térbina Eelistniho oblouku)

3 polokruhové chodby v polohovém organu

Conus arteriosus

Septum horisontale

Téla obratl(i a Zebra

w

ORI NS

Agnatha (Zab.vacky: entod.)  Gnathostomata (filament- Zabra)

o)
Mandibular
arch_ 4

\
Operculum Gl sl

Gnathostomata - apomorfie %

Kompositni lebka (neurocranium + viscerocranium),
rozvoj a diferenciace branchialniho skeletu, celisti +
zuby, kompositni obratle a pater

Nové struktury neurokrania: occipitale, postorbitalni
vybéZzek (orbita vs. pfipojeni Celisti)

Oc¢ni svaly

Ektodermalni lamelarni Zabra, vné Zab.oblokd
Diferencovany integument (Supiny apod.)

parové koncetiny, septum horisontale

rozvoj mozku a myelinisace

Muellerova chodba, renalni vratnicovy obéh, pancreas,
slezina

S

* Dlsledna myelinisace

* Zesilend micha s rohy Sedé hmoty

* Pdrovy olfaktoricky trakt a distinktni bulbi o.
* Cerebelum

* Postrani ¢ara, 3 polokruzné chodby

« Zaludek a spiralni fasa

12
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Vznik parovych koncetin

* Metapleurova teorie — rozpad ploutevniho
lemu

* Archipterygiova teorie (Gegenbauer) —
diferenciaci homologon( Zabernich oblouki

* EVO-DEVO: — exprese Hox 13 (maximalni v

ocasnim segmentu embrya a pak v
koncetinovych zakladech)

. 1. o A
Lebka celistnatct iwé

* Primarni neurokranium:

(parachordalia+trabecullae : ethmoidalni, orbitalni,
otickd pouzdra+ occipitale)

Branchidlni skelet (Zaberni oblouky) : primarni
Celisti : Viscerokranium

1.oblouk (Celistni): palatoquadratum+mandibulare
2.0blouk (hyoidni): hyomandibulare+hyoideum

* Dermatokranium: kryci kosti lebky

“centrélni dogma srovnavaci
morfologie obratlovcl” :

D)) Zelisti vznikaji
Yy pfeménou prvniho
Zaberniho oblouku

AGRATHOUS | MIESS) VIRTERAATE
zbytkem prvni Zaberni $térbiny
je spiraculum (stfedousni
dutina u Tetrapoda)

1. zaberni oblouk = ¢elistni :
palatoquadratum +
mandibulare
2. zaberni oblouk = jazylkovy:
hyomandibulare (= columela
auris=stapes) + hyoideum
(jazylka)

CHATHOSTOME LASRED] VERTERRATE

Viscerokranium:

chrupavdité elementy odvozené od puvodnich vyztuh Zzaberni oblasti

FIGURE 7

i, hyoidnia b alni (srv. branchie) oblouky
(= faryngealni oblouky; srv. farynx)

Dermatokranium »

Obecné déleni dermis/skara

skeletu Chondrok .
obratlovcu chrupavka

Viscerokranium=

»

visceralni - vnitini

(odvozeny od
zabernich obloukd

FIGURE 7

2A. Early pre-gnathostome 2B. Late pre-gnathostome

(ventilatory jaw)

2C. Early gnathostome
(feeding jaw)

Fig.2. Four stages n the evokition of jews, acces peociassical Mypomesa. From Malurt (1906) Notce he changes in the man
Gouiar arch (). Thawe dramings, o8 wol as Fige. 4 and 6, a7 e inset 1 115, 5. a7 repros.ced wth the parmesion of ke Pubihing,
Ot UK

13
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EVO-DEVO a vznik &elisti

Kuratani 2002: stejné
morfogenetické moduly u
Agnatha i Gnathostom., ale
heterotopie

T HETEROTOPY

restiction of e sigral
phayrges arcnes 50 mardouier Sh
e sgnaney

agraicg

e FOFE 78 BMP2(4 signall
Fee gt n e onal on -

\
pre-chordate NOUral Crost  we ol plates and fos

L_ancestor

EVO-DEVO:
vstupni pfedpoklad: vznik éelisti <— diferenciace hlavovych
proudt neuralni listy na maxilarni a mandibularni
... ale (srv. Cerny et al. 2004, 2006,2010:):
* oba proudy jsou diferencovany u mihule
*u Gnathostomata vznika horni i spodni celist

(palatoquadratum i mandibulare) —z “mandibularniho”
proudu, z “maxilarniho” vznika trabecula cranii

Gnathostomata

Agnatha

Exprese Hox /Otx gen(,
organisace hlavové
neuralni listy — shodna u
obou

Odlisnosti v expresi DIx -
“DIx kéd” Celistnatch

— LA

- — OlA

Cerny et al 2010

Kligovy moment vzniku &elisti (chybi u mihule):
a)Koordinovany exprimagni pattern DIx,
b)exprese Bapx a Gdf5 (artickulace uvnir branch skeletu)

Fig. 6. Hypothess of relationships among chordates that is primarily based on refs. 27 and 30. Evidence from molecular data supports manophyly of
cyclostomes and shows that the closest relatives of vertebrates are the tuniates, not

derived trom ref. 32 Blue dircles indicate the presence of & ingusl cartilage.

Agnatha - vyvojové vztahy & fosilni
bezcelistni,
Stitnatci - Ostracodermi

* “Ostracodermi” - Cephalaspida (“Monorhina”)
* “Ostracodermi” - Pteraspida (“Diplorhina”)

* “Thelodonta”a Anaspida (prostorna télni
dutina, zaludek)

* Placodermi (Antiarchi, Arthrodira) a
Gnathostomata

* Conodonta - konodonti
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Crown Grathostomes.

Sarcopterygh

Fig. 6. Hypothess of relationships among chordates that is primarily based on refs. 27 and 30. Evidence from melecular data supports monophyly of
yclontomes and thows that the closest relatives of vertebrates are the tuniates, not the cephalochordates (31). The relationships among euconodonts are

derived o ref, 32. Blue Gircles indicate the presence of & Ingus! canilage.

Conodonta

Kambrium-trias

Conodonta =
Conodontochordata

do 1995 incertae sedis

nyni

vnitfni skupina
Craniata

27.05.15

CONODONTA

Pander (1856): zuby
primitivnich obratlovci,

A2 LT 22777 7T TTTTZEL
L

BT
AEN.SSSSS

otic
capsule

conodont.

b s S
IGSE 13821 & in
Donoghue et al (2000) and Sweet & Donoghue (2001).

Microwear on conodont
elements and macrophagy

Conodonta (sesterska
skupina sliznatek?):
nejstarsi makrofagové

15



27.05.15

!?;!a%

morey hadd i protcacwd imiddie) and recaced (right) pesitcn
cpane cantilaows, Reckames aftee Hiliard o4 aL @31 (- m Propomed reat % 2nd movermants of the elements of EXisonia (8), Hibbardel
Facorcions (D) Hoisied 5, b lower rows. Color coding o1 Fig. 2C. Bght orange: bisss body. Modified respectivel, sfter Koike et o, ()
s Tokmacheva and Purnell (26). (8) M is missing

Fig 2 Fossd material and
ULowed, The aerow indicates

by Rieber (5o ref. 16) from
M elements.

W £ 01

/010,107 2prss. 1101754108 Gonaternand

Goudemand et 3l PHAS | May 24,20 | vol. 108 | ma21 | 972

Blieck et al. 2010 (Episodes)
Turner et al. 2010 (Geodiversitas)

Komplexni morfologicka a
fylogenetickd analyza Conodonta:

fada odli$nosti od Craniata,
pfedpokladané synapomorfie s
Gnathostomata (zuby, kost,
encefalisace, oko) -> homoplasie

eyes as homlogous to vertebrate anes: we could even argue fhat

(but this should be carefully check
as well).

ced all through “iavertebrates
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Tunicata
N Conodonta —
] r? s CONSHICE sesterska
skupina
Mymoue: Craniata Ok
Petromyzontida i g
et
;3
Anaspida = }V'
Thelodonti <M |-ograco
dermi”
—
.
Osteostraci x
Pruriaspida (= -
Placodermi +
Gnathos! Eugnahostomata Fig. 6. Hypothess of relationships among chordates that is primarily based on refs. 27 and 30. Evidence from molecular data supports manophyly of

cyclostomes and shows that the closest relatives of vertebrates are the tuniates, not the cephalochordates (31). The relaticnships among euconcdonts are
derived trom ref. 32. Blue circles indicate the presence of & ingusl cartilege.

Figured. § ici i of the topologi 2

analysis of chordates after Turner et al. (2010, modified). Some of the diagnosic feature:
(synapomorphies) of the main taxa are as follows: Chordata- notochord: Craniata- skull
Vertebrata- arcualia (vertebrae); Euvertebrata- mineralized tissues of the skeleton (ename,
or, id, dentis Jjavws;. . E:

include cartilaginous fishes (Chondrichthyes), fossil “spiny sharks” (Acanthodii), and bom
fishes (Osteichthyes = Actinopterygii + Sarcopterygii).

— - P e Myllokunmingia E-
/;/ = Camb. Cina
= : . jasna Craniata,
e A2 2, patrnE pFibuzni
- “ s Petromyzontiformes
Vertrolator w b 10 rwm :
PR 3. Ot s o o e et e et s B, bt i B i AT -

Ostracodermi -
o5 weh uccal e £ 1 s vk e o vadei skupina
O arterer et Aound aksockaed ath T end e sarven sairs of pharyrgesd -
::x::—:.‘; ;-m.::.- covens 7 ;:’n:"(:;u ;:’:’:‘ ™ l:;-d rear 1 posteior end of e &asného :
vl e aie Mhirteen pars of metamercaly asasgid Qo palanZOIka

Astarapis
(Pteraspidomorpha),

= =' N Am - Ordovik

Haikouella E-Cambr. Cina - pritomna v&tSina apomorfii Craniata,
organisace zhruba na Urovni gasné minohy

Agnatha - vyvojové vztahy

“Ostracodermi” - Pteraspida + Heterostraca
(“Diplorhina”)

“Ostracodermi” - Cephalaspida (“Monorhina”):
Osteostraci (Sil-Dev. EuAs, NAm), Galeaspidav(ESiI Cina),
Pituriaspida (Dev Aus), Anaspida (E Sil EuAs, Cina, NAm)
* “Thelodonta”a Anaspida (prostorna télni dutina,
zaludek)

* Placodermi (Antiarchi, Arthrodira) a
Gnathostomata

Thelodonts
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VLA
T

Euphaneros

Excesivni rozvoj
branchidlniho aparatu,
absence vnéjsiho skeletu,
hypocerkni ploutev s

paprsky

Median stain - ?cementovy it 3 Janvier P. & Arsenault M.
orgén, kruhova Usta s o e, 2007

chrupavkou - anc \ Euphanerops:

Mikrostruktura ploutevnich paprsk (A) a zabernich “oblouk@” : chs -
chondrocytes spaces, mtm - mineralized teritorial matrix, mitm -
mineralized interteritorial matrix

Janvier P. & Arsenault M.
2007

10 0 e TG Shencs Page of T FewTe Chonaooye
S G Vo 1 e

[Palacontology, Vol. 53, Par 6, 2010, pp. 1393-1409

Jamoytius, Euphanerops
?Anaspida

[Sansom et al.
Palaeontology, Vol. 53, Part
6, 2010, pp. 1393-1409]
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o PALAEONTOLOOY. VOLUME 40

PALAEONTOLOOY, YOLUME 48

X 1o
\ they ase met preserved in sy of the articulited specinen.

Sansom et al.. 1997

Ostracodermi

Pteraspida
(Silur)

o

Heterostraci nebyli predatofi - oralni aparat (jeho
drobné”zuby” jsou bez obrusu): slouzil k filtraci
Oralni zuby: podpora outside-in hypotézy

Spongy scelllac bee.

ST 1 T T o, Ty

e 0
Jih 5 A, (17 e, w0210 o
oo 1500 12300
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Fig. & Metwrcutracs (M) Schemati iustration
of e tegurmentary theleton of a genecalied
ety Dovonian teterosteacan fe g Araps o
Prevasps) The lamedier, acedubar bony pate
(acpedn) & semcurried by & layer of cancelan
Borw and crmamented ty odoniode-tke
ubercies composed of dertine Capped Wi
enarselod #1) SEM section of the upertcal

enamelnd-dertine Jurction lanow) C.0) SIM
3050 Of the Fargumertary Siekeaon of
Angnges Scale bars. B w 40 v C » 210
D«80pm

Laxaspis Nochelaspis

g7

Amphiaspidae: srast hlavovych desek,
ztrdta ogi (hrabani) Englonaspis

Cephalaspida
Drepanaspis

Clenita inervace
hlavy, okohybné
nervy, tekouci sl.
vody

27.05.15

Pteraspidomorpha
Doryaspis

Galeaspida
Heterostraci
Cephalaspida

Cephalaspis

Galeaspida:
vnitfni antomie
nasofaryngedlni oblasti
odpovida situaci u
Gnathostomata

Fossil jawless fish from China foreshadows early
jawed vertebrate anatomy
- 2011

T R e T —
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Puriaaged tom the Vo Pituriaspida

Earty Devoran of Austratia

Diferenciace

adenohypofysarni plakody i . —
astomodea —
o A v 7 Gnathostomata +
r/ N i Gna Thelodonta
p Galeaspida — jednotny typ
' ZX -—

Cyclostomata + Pteraspida

b a7
" Ll s
e g j i 2 B (?) ODLI3NE
/2 s

Figure 3| The sambypopbyseal comples in crmiates. Left, bique view:
gt saginal section. The dsasmcitinn of the naschypophyseal comples, an
" premguiite for e ox wa. happened at leust in the

L garete vt

The

condticn of astecmracans peobaly comverped with that of ampreys. ade.
adenchypopbysis br, branchial dact or 4; e oexphagus, m, oot ac
el cond; st, somschond; pha, pharyes. See Figs 1 40d 2 for edher notation

Thelodonti Thelodonti

(73 ag., Si'De) (konec kambri — ordovik)
vysokd téIni dutina, zaludek, ocasni plotev (heterocerkni), +- f
Misto kostniho pancil"e hrudni +- fitni, lebka komplexnéjsi nez u mihuli, absence

pokryv specifickych gm?ﬂ.’hﬁfﬁ;‘f'“
Supin

Bez vnitfni kostry

8 paru zaber, vysoké
télo, prostorna utrobni
dutina, Zaludek

Furcacauda heintzae

Sansom 2009

9. 8 Ctecntrac (Shuran). Schematic ilusanons (A RF) and SEM sectons IC-£.6) of
ced fayer of. medect;

ine. ared 2 S Layer of erameiond. 3] Dagean Musteatng the

Osteostraci - sesterska skupina Gnathostomata

Jirictuse of commmne-ue tau Grciuding . the rtegumentary of Tvesatisps. IC.0) Scale e emert from an
Joricectited thyestid @) 0w » oy of & Tremsataspes s

o Doy g, e
Jrom e oseostrace Adeps romsTundiee (rom an wrpsbilsted masuxpt by Tor Bnigh. Two seres of cansls are figured in bue ard s
J6) Cloewp of s n . o Scae bars: A0 150 s £ 60 pev G = 10

21



27.05.15

z 8t $ 24 sa

hBGE N EED

- - T
\ s
‘ — e
i T il gt
<
-t [
| B B 2
— s
Kambrium-Ordovik: > QY. e
b Laurasie jako rovnikové | IS R T —
archipelago
lr—>- ]
diversifikace = mae
Ostracodermi v
mélkovodnich mofich > 8 H—
rovnikové oblasti ¥ poca Outemys s

Placodermi

=Dominantni skupina v devonu,
masivni endoskelet, kostsny
panci¥, hlavové desky, gelisti —
endoskelet (svaly zevnit¥), bez
zubti, bentigti, litoralni,
Placodermi je parafylum

* Vesloploutvi —
Antiarchi

Drobni, veslovité prsni
ploutve — archipterygia

*Kloubnatci —
Arthrodira (=kloubo-
krk)

Velkd hlava-kloub-prsni
pnci¥, sex-dimorf.,
vztahy k chiméram

s

 GEMUENOUNA Rrvarss
ot M, 171,y pov
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Placodermi: Antiarchi - masivni krunyr, dlouhé prsni
ploutve (archipterygium) - drobni 10-40 cm

Exoskelettales
Kopf-Rumpfgelenk

LETTER

Development of teeth and jaws in the earliest jawed
vertebrates

Martin Rocklin', Philip C. J. Donoghue', Zerina Johanson’, Kate Trinajstic™*, Federica M:

410.1038/nature11555

& Marco Stampanont**

b

1L4pti) Figure 1 Evalutionary relationchips of principal groups of vertebrates.
4.5, Phylogeneti reltioeah principl groups of sem and
=

- derm * () versus the
more recent hypothesis of placoderm paraphyly’ (b).

Figare 1 | Evolutionary relatiomships of principal groups of vertchrates
a b, Phylogenetic redationships among the principal groups of stem and aown
gnathostomes. The traditional view of placoderm monophyly™** (a) versus the
more recent bypothesis of placoderm parapinly* (b).

Figure 3| Vietual devdapment of a Compagy
Late od, A Label
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svichni gelist (C. croucheri) 2x spodni &elist

D: "tubecles”,
margindlni
dermlni deska
(C. croucher)

E: *marginal
cusps®, hieben
prsni ploutve

F.G: "tooth-like
cusps”,
postbranchidlni
lamina

TV T

Pig. 9 Macoserm (A) schemate Batrancr
0f 8 sec1i0n of D tegumentary shekeion
from & greeesiced arttvodiean, Thi tvae

Devoniant. Section demonstrating bone
rerrodekeg Scale bars A w 300 e
8w 360 pm

Fig. 90 Chondrchatyes. Schematc
Stiatons (A-0.0 and section (Clof
OOt integumestary elements

LA) imegumentary Sieseton from the earest
Known chomdhichthyme, Morgoles inacy
Shranl compsed of muliple wpermpoied
loyers of ccortoden. () Chgentciope (arly
Shrian) adorende comparatie 10 Pose of

Ordovician Hardeg Sanditone (Sarmeen ot &
1996). (D) Generakaed extart chondrichyan
dorde demcrstating e relatonbis wih
the snderiyng soft tsues of the rtagument

Scae toes: Aw 250 o B = 420

€ »1005m, D » 500

§ Osteichthyes Sarcopterygii
;ﬁ Teleostomi Actinopterygii
5 Acanthodii 4+
40 Chondrichthyes|

Placodermi +

f st bep

fistaly termindlnf posicl, 3 otolity ve vmitFnim nehn

asdimf kapsuls vienéna do leblky, Eelistnf svaly no v strand Eelfise

Dal3i vyvoj:

letni redukce dermalniho skeletu

Specialisace odontodové dynamiky na produkci zubu

Morfologicka a funkéni speciali: der
skeletu (partim. redukce)

Operculum, trny u Acanthodi

Dermatokranium, lepidotrichia, integument.derivaty
u Osteichthyes

Gnathostomata — zakladni
divergence

« Celistnatci bez dermalniho skeletu i bez
endochondralni kosti, maji plakoidni Supiny,
rostrum a spodni posici Ust
Paryby (Chondrichtyes): Zraloci, rejnoci, chiméry
Acanthodi+,

Celistnatci s dermalnim skeletem, $upiny
jiného typu, Usta v terminalni posici (dermalni
kosti Celisti) - Osteognathostomata

Ryby (Osteichtyes): Actinopterygii,

Sarcopterygii (v¢.Tetrapoda)
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Kuze vodnich rybovitych obratlovet a redukce odontody:
trend od tvrdého kryti k elasti¢nosti a pohybu

Acanthoda - trnoploutvi

(silur-perm)

Ploutve vyztuZeny trny, vétsi pocet
parovych ploutvi, 3 polkr. Chodby
velké otolity, spiraculum a 2.oblouk
- branchialni dermatokranium

Lametas tere

€. Hary soncetayon Ctovncrncos SR
kosmoidni: hodn dentinu-cosmine; plakoidni: 7 1 zub; ganoidni: hodng ganoinu (cnamel)
rybi (ktenoidni, cykloidni): (Teleostei) » tenké upiny z acelulimi kosti 2 !
partim,dravci
Mesodentine

Acellular
booe

g, 11 Acarrmceti Sehemic iatiations of scartboden scakes
©

{iary Devarsart £ach scae grows by ccrecon, wth auccestive tapes of

a0h o ovameii o et Scale bars A w 150 e, § = 200 pev
Ca300pm
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Chondrichthyes
Paryby
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