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Rozdilnost tvarl Zivych organismi se dotyka celé rady aspekti biologie

Recky zaklad slova morfologie upomind na odli$nosti
vnéjsich tvart organismd.

Tvarova rozmanitost stoji z vzniku biologie.

Mechanismy urcujici stavebni plan organismd
homeoze = zména néjaké morfologické struktury v jinou.

substituce krabiho oka tykadlem
*nahrazeni tykadla hmyzu koncetinou
*objeveni se hmyziho kridla na misté nohy
*nadpocetné rameno morskych hveézdic
7. kréni obratel ¢lovéka v hrudni,

—

vice zeber, nebo dalsiho paru prsnich bradavek.




| Unknown Diversity

= New species are considered known when
they are collected and described
scientifically.

Insects
Fungi ™%
Arachnids ™%
Nematodes *

Bacteria
Plants T

All others ™
Mollusks =%

Algae ™
Protozoans ™
Crustaceans ™
Vertebrates ™

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 8,000
Number of species (in thousands)

s Total known
Additional estimated




VYZNAM STRUNATCU — pro¢ zasluhuiji tolik pozornosti...

o o CHORDATA: cca 75 000 druh
— 4. nejvetsi (druhové nejbohatsi) kmen

kmen( (v tisicich druh):

g j ; g E % 1 i i é iz Druhova diverzita jednotlivych



VODNI -
RYBY — PLOUTVOVCI

cca 38 000 spp.
SUCHOZEMSTI -

CTVERNOZCI

cca 38 000 spp.




OBRATLOVCI: EXTREMNI ROZPETI VELIKOSTI TELA

Suncus etruscus —40 mm, 1,8 g
(Savi, 1822)

Paedophryne amauensis — 7,7 mm

Rittmeyer et al. 2012
Papua Nova Guinea Balaenoptera musculus — 30 000 mm,

pres 200 000 000 g
(Linnaeus, 1758)




POCET BUNECNYCH MOREOTYRPU

skupina

Acanthocephala 12
Annelida 37
Arthropoda 42-90
Brachiopoda 34
Bryozoa 25
Chaetognatha 21
Chordata 38-215
Cnidaria 10
Ctenophera 17
Cycliophora 15
Echinodermata 41
Echiura 21
Entoprocta 13
Gastrotricha 23
Gnathostomulida 16
Hemichordata 25
Kinorhincha 17
Loricifera 18

Mollusca
Myxozoa
Nematoda
Nematomorpha
Nemertea
Onychophora
Orthonecta
Phoronida
Placozoa
Plathyhelminthes
Pogonophora
Porifera
Priapulida
Rhombozoa
Rotifra
Sipuncula
Tartigrada
Urochordata
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Pozice bazalnich strunatcu

Cephalochordata
Urochordata
Vertebrata



Embryondini determinace a vyvojova flexibilita

embryonalni znaky, pribuzenské vztahy na principech Evolution-
Development , EVO-DEVO

+ indukéni — epigenetické procesy v ontogenezi

Hox komplex — linedrné usporadané geny podél vsech chromozédmu ridici
predozadni usporadani téla = vznik anterior-posterioralni osy téla

Homeotické (Hox) geny = shloucené do homeoboxu
od 1982, krucialni vyznam pri embryogenezi, sekvence 180 par( bazi
kddujicich 60 proteinll = homeodoména



Zména struktury, zména shlukovani Hox gent

Zasadni vliv na homeodoménu a tedy i na homeozi

Type of Hox cluster
Organized 0 B i e e
(vertebrates) Nnannonnmn
Disorganized D - -— S - I - ——
(sea urchin) N 0 000 anno m 0 ann
(Drosophila) B0 O00 0 00 B B8
Atomized et . e - e
(Oikopleura) - — s il 0 nn

O Hox gene B Hox gene  — Transcriptional orientation

Figure 8.7 The structure of Hox gene complexes differs among various metazoan clades.
Not all Hox genes are tightly clustered, and although it is not evident in this figure, the
scale of the genes and the number of intervening genes differ considerably. The figure

notes the structure of the genes based on the analysis of Duboule (2007): A, atomized;
D, disorganized; O, organized; S, split.
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Tunicates and not cephalochordates are the closest
living relatives of vertebrates

fraderc Delzsuc's Hemner Brinkmann', Daniel Chourmut’ & Hered Palipo e’

Delsuc F. et al. : Nature 439/23 (2006), 965-968

Journal of Zoology

Journal of Zoology. Print |SSN 0952-B36¢

SPECIALLY COMMISSIONED FEATURE

Chordate phylogeny and evolution: a not so simple
three-taxon problem

T. Stach

Fakulitét fir Biologis, Zodkogie — Systamatk und Evalution dar Teara, Frae Univarsitit Barlin, Barkin, Garmarny

Stach T. : Journal of Zoology 276 (2008), 117-141



Systém

Urochordata

Atriozoa

Chordata

Cephalochordata

Vertebrata

Chordata

Urochordata

Notochordata

Cephalochordata

Vertebrata

Chordata

Cephalochordata

Urochordata

Olfactores

Vertebrata




Co znamenad ,;zména shlukovani Hox genu“

Subphylum Cephalochordates Urochordates Vertebrates

Class Ascidians Larvaceans
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Ztrata metabolizace retinové kys. (RA)
Ztrata schopnosti methylace.

Redukce genomu

Rozpad shlukld Hox genu
Ztrata koncové kolinearity
Nezavislost na RA

Figure 3 | Genome contraction and morphology. Stem urochordates adopted a determinative mode of development,
reduced the size of their genomes, lost temporal collinearity of Hox-gene expression, broke up their Hox-gene cluster
and lost the need to use retinoic acid (RA) for anteroposterior axial patterning associated with the reorganization of
their CNS. Larvaceans lack the classic genetic machinery to synthesize, degrade and detect RA, and they also lack a
NATURE REVIEWS | GENETICS complete genetic system for DNA methylation (carried out by DNA methyltransferases (Dnmts), but nevertheless build
VOLUME 8 | DECEMBER 2007 @ complete chordate body plan that is retained throughout life. Mouse image courtesy of Getty Images.




embryo mouchy
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Drosophila
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Zakladni evolucni novinka CHORDATA
(D
Vyvoj obratlovéiho typu koncetiny, kdy
klicovymi homeoboxovymi geny pfi formovani
koncetinového pupenu jsou
Hox A9-13 — predni noha Hox geny z posteriorniho (= zadniho) Useku
Hox D9-13 - zadni noha predozadni osy a to i u prednich koncetin .

Kolinearita, geny - lokusy serazené v poradi v jakém se exprimuiji



bezobratli jednu sadu HOX (HOM) genui na chromozomu

obratlovci multiplikace Hox genu,
kopirovanim puvodné jediného genu pfri crossing-overech
nejcastéji 2nasobnd duplikace — tetraploidizace — 4 sady Hox genu

3x duplikace — 6-7 sad (Teleostei)

Drosophila T — i — T — T — i —
kopinatec Hox —{HHHH— T

HoxA —{}{+{+{+H—E—8B—8T——=
. HxB D D DD EENDIDRM®N ]
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Richard Owen — jednotna stavba obratlovéi konéetiny, stejny zaklad, stejna regulace vzniku
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kontrola homeotickymi geny a lokalné specifickou diferenciaci mezenchymatickych
bunék mezodermu
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epitelu): 72D > 13D
aktivuje stejny morfogen —
Sonic hedgehog (Shh)

Coevolutionary patterning of teeth and taste buds

Ryan F. Bloomquist™™", Nicholas F. Parnell®, Kristine A. Phillips®, Teresa E. Fowler®, Tian Y. Yu®, Paul T. Sharpe®,
and J. Todd Streelman®’
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*schaool of Biology and lrstiute for Bicengineering and Biosdente, Georgia Institine of Technology, Atlarta, GA 30332; *College of Dental r'.:1e|:|i:ine,
Georgia Regents University, Augusta GA 30912: and “Department of Craniofacial Development and 5tem Cell Biology. Dertal Institute. King s College
Londorn, London WE2E 215, United Kinadaom




EVO-DEVO a vznik celisti

Kuratani S.,2012: stejné morfogenetické moduly u Agnatha i Gnathostomata

ale funguji heterotopicky tzn. zapindni a vypinani jednotlivych modulll na rdznych mistech

(A) Heterotopy Hypothesis

Lamprey (Le. japonicum) Gnathostome (dogfish) (B) Co-option Hypothesis

Lamprey (P. mannus)
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e Archipterygiova teorie (Gegenbauer)
diferenciaci homologonU zabernich obloukU

*EVO-DEVO: — exprese Hox 9 resp. 13
(maximalni v ocasnim segmentu embrya a pak v

koncetinovych zakladech)

*Typy koncetin
Biserialni archipterygium

Uniserialni archipterygium
Actinopterygium (basalia, radialia, ceratotrichia)

Koncetina tetrapodu (basipodium, stylopodium, zygopodium,
- metapodium, autopodium)



zpét k pozici bazalnich strunatct

kopinatci a obratlovci — dfive jako
Notochordata (Euchordata)

podle télni segmentace -
metamery, somity

segmentovana svalovina trupu a
uzavrena cévni soustava

plasténci ztratili mnoho Hox genu,
zbytek roztrousen — vysoce
odvozena a druhotné
zjednodusena skupina!

Ale!?

kopinatec — segmentace celého
téla

obratlovec — hlavova ¢ast neni
Seg me ntOVé na ja kO YA byte k tru p u 81. Schéma segmentace kopinatct (Cephalochordata) a dvé alternativni interpretace segmentace

obratlovci (Craniata) — horni predpoklddd, Ze segmentace trupu, hlavy a Zaberniho aparétu jedno
jsou, dolni (mnohem vérohodng&jsi) ukazuje, Ze segmentace obratlovcii je nejméné dvoji. (Podle
Kurataniho.)

Craniata

Urochordata
Chordata Cephalochordata
Motochordata { Vertebrata

Craniata {
Myxinoidea
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Cra Cep Tun %,

Metamerizace télesné stavby

Hatchekova jamka (budouci adenohypofyza)
Infundibularni organ (budouci neurohypofyza)
Parové misni nervy

Jaterni zlaza

Organizace cévni soustavy

Atrium

Ale...



Cra Tun Cep
Ale rada podobnosti (nové nalezenych)

s plasténci, které chybi u kopinatct...
Vakovité srdce -

Expanze a apomorfni diferenciace ektodermu,
potlaceni metamerie - extraindividudlni plast

Mozkovy ganglion, CNS, oko, statocysta

Dorzoventralni polarizace NS a navic shodna
exprese nékterych genl (HNF, Pax3, Shh, Gli, Hh..)

Cupularni organ, neuromasty
(podobnost inervace mezi Pleurogona a Craniata)

Exprese genl neuralni listy v plasti Ciona
(chromocyty, melanocyty)

1 a 3 ektodermalni smyslové plakody
(koexprese genu Eya, Pax, Dach, COE)
podobné jako u embrya Craniata, kde aktivuji
optickou a otickou ¢ast mozku




Je-li klicovym znakem Craniata neuralni lista a tedy celkovostni regulace

Urochordata — extraindividualni plast volné pohyblivych bunék = neurdlni lista

Cephalochordata
Chordata ~|: — Urochordata

Olfactores — Vertehrata
___ Craniata ~|:
Myxinoidea

* alternativou je skupina OLFACTORES
* blizka pribuznost plasténcu a obratlovcu




Genealogické vztahy strunatcu

Rhizopus
Biastocladiella
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Chordata - apomorfie — zaklad télnich plan(

| Notochord (chorda dorsalis)

| Trubicova nervova soustava

| Faryngotremie (redukce, obzaberni prostor=
duplikatura ektodermu)

| Zlaznaty Usek na ventralni strané hltanu
(endostyl=hypobranchialni ryha = thyreoidea)
| Ventralni pozice pulsujiciho centra krevniho
obéhu

| Metamerizace télni stavby a dorsoventralni
polarizace mesodermu

Zakladni modifikace télniho planu

| Cephalochordata - metamerizace celého télesného planu
| Urochordata - omezeni metamerizace, redukce
mesodermalnich struktur, emancipace neuroektodermu

| Craniata - kombinace obou strategii, majorizace
celkovostni regulace v hlavové ¢asti a v povrchu téla

(NS etc.), slozité modulované metamerni diferenciace

pohybového systému.

Craniata

Modifikace embryogeneze
Neuradlni lista

zdroj celkovostni regulace
a tkanové verzatility

Funkéni a strukturni nadstavba
metamerniho planu
= multiplikace Hox genu



Nejstarsi fosilni zaznamy



(ne)zahrnuti vyhynulych skupin

Extant groups Extant and
extinct groups

Testudines

Crocodyla
Avesg | Testudines |

Procolophonia
Lepidosauna
Crocodylia |

{a) Mammalka Phytosauria

Pleraauna
Stegosauria
Ankylosauna
Crrrathopoda
Sauvropodomarpha
Ceralosauria
Camosauria
Ormithoramidas

| A 5'

lehivyosauria
Plesiosaurnia
Placodontia
Champsosavndae

| LE|‘JIITF\'.:IE.EL.'TIEI._|

o) Caplorhinidae
Sphenacadantid
Dinacephalia
Anomodonbia
Theriodontia
Dicynodontia
Therocephala
Tritylodantia
Morganucadon
Triconodontia
Mulituberculata
Symmetrodonta

Mammalia



hynulych
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Problematick



DEUTEROSTOMIA

ECHINODERMATA

pd

HEMICHORDATA

AMBULACRARIA
CHORDATA
CEPHALOCHORDATA
OLFACTORES
UROCHORDATA
wANIATA
MYXINOIDEA

\/ERTEBRATA

PETROMYZONTIDA

WATH OSTOMATA
CHONDRICHTHYES

XSTEOG NATHOSTOMATA
ACTINOPTERYGII
SARCOPTERYGI
ACTINISTIA
\ZHOANATA
DIPNOI
\I’ETRAPODA
AMPHIBIA
&MNIOTA
SYNAPSIDA
SAUROP? SPHENODONTIA
7~ LEPIDOSAURIA SQUAMATA
CHELONIA
\ARCHOSAURIA

< CROCODYLIA

AVES



ECHINODERMATA

pd
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AMPHIBIA
yMNIOTA
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Bilateria
a

Protostomia Deuterostomia

& @ Xenoturbellida
Chordata +

Acoelomorpha

XENACOELOMORPHA

Zahavci
Acoela

—

ostnokozZci

polostrunatci
plasténci
kopinatci
obratlovci
hlistice
hlavatci
drapkovci
¢lenovci
plosténci
meékkysi

al

druhousti

b Bilateria

Protostomia Deuterostomia

NN aNe

krouzkovci

ARTICLE

Crideria  Ecdysozon Lophotrochozon  Ambiismen torbelida | A pha Chodata  Received 24 Jul 2012 | Accepted 28 Jan 2013 | Published 26 Feb 2013 DOI: 10.1038/ncomms2556 OPEN

Xenoturbella bocki exhibits direct development
with similarities to Acoelomorpha

Hiroaki Nakanom, Kennet Lundin3, Sarah J. Bourlatm, Maximilian J. Telford®, Peter Funch6, Jens R. Nyer
Matthias Obst! & Michael C. Thorndyke'8

Bilateria

Protostomia Deuterostomia

Xenoturbella bocki, a marine animal with a simple body plan, has recently been suggested to

be sister group to the Acoelomorpha, together forming the new phylum Xenacoelomorpha.

i u\‘x,/ AN 7. NG B The phylogenetic position of the phylum is still under debate, either as an early branching
Cnicaila  Eoysazod LophotiochozoarAmbuiacdia Acoelomorpha Chordata  hyilaterian or as a sister group to the Ambulacraria (hemichordates and echinoderms) within

the deuterostomes. Although development has been described for several species of

Acoelomorpha, little is known about the life cycle of Xenoturbella. Here we report the
embryonic stages of Xenoturbella, and show that it is a direct developer without a feeding
larval stage. This mode of development is similar to that of the acoelomorphs, supporting the
newly proposed phylum Xenacoelomorpha and suggesting that the last common ancestor of

the phylum might have been a direct developer.
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PALEOZOIKUM MESOZOIKUM KENOZOIKgggN

KAMBRIUM ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGEIL\IE| |
4600 — 541 Ma PREKAMBRIUM

HADAIKUM (4600-4000 Ma) — vznik zemské kliry a ocean(

ARCHAIKUM (prahory; 4000-2500 Ma) — atmosféra, hydrosféra, jddra kontinentl a
nejstarsi horniny s mikrofosiliemi PROKARYOT, fotosyntéza

PROTEROZOIKUM (starohory; 2500-541 Ma) — stromatolity

Late Proterozoic 650 Ma

-

PANAFRICANs &
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PALEOZOIKUM MESOZOIKUM KENOZOIKUI\7IJ

SILUR DEVON KARBON PERM TRIAS JURA KRIDA PALEOGEN | |

KAMBRIUM | ORDOVIK

Méduse ?

EDIAKARSKA FAUNA (cca 600-542 Ma)
pohofi Ediacara v jizni Australii
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PALEOZOIKUM MESOZOIKUM KENOZOIKgggN

KAMBRIUM | ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGElll\lE| |
600 - 542 Ma EDIAKARSKA FAUNA




PALEOZOIKUM MESOZOIKUM KENOZOIKUI\7I"

KAMBRIUM ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGEN | |
541 — 485 Ma KAMBRIUM 56 M — 10%

rozpad Pannotie = Gondwana + Laurentia (S.Am.) + Baltika (S.Ev.) + Siberia

oceany Panthalassa a lapetus

melka tepla more

tropické podnebi, 50-60°C, vysoky obsah CO, (az 15x vice nez dnes)
geochemické zmény: [EEIGCKOZ=1agleldt-lsNERSN M\ F-!
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PALEOZOIKUM MESOZOIKUM KENOZOIKgIC\ZgN

KAMBRIUM ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGEIL\IE| |
541 — 485 Ma KAMBRIUM 56 M — 10%

divergence habitatl (rozpad Pannotie Ci refugia v dobé zalednéni)

vznik vnéjsich a vnitrnich schranek, kolagenu
interspecifické interakce (zejm. predace)
=> KAMBRIJSKA EXPLOZE (b&hem 10 mil. let)
- adaptivni radiace patrné jiz utvorenych skryté divergujicich linii
2 hlavni nalezisté:

* nalezisté s Burgesskymi bridlicemi v Kanadé objevil roku 1909 americky
paleontolog Charles Walcott; u nékterych z tisic zkamenélin morské fauny
stfredniho kambria (505 Ma) se dochovaly dokonce otisky mékkych ¢asti tél

xxxxxxxxxx

nnnnnnnn

* Ccheng-tiang (provincie Y(in-nan), 1984
530-520 Ma e
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KAMBRIUM ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGEl{l\lE| |
541 — 485 Ma KAMBRIUM 56 M — 10%

Marrella, 2cm, Kanada

fossil reconstruction

Opabinia,
Hallucigenia, 2,5 cm, Kandada, Cina 6,5cm Kanada

Wiwaxia, 4 cm, Kanada




Anomalocaris (pres 1 m) —
vrcholovy predator a
nejvetsi zivocich kambria


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

Burgesské bridlice v Kanadé

| TII

(T
Higuy =
W



KAMBRIUM

MESOZOIKUM KENOZOIKUI\7I"

JURA KRIDA PALEOGEN | |

PALEOZOIKUM
SILUR DEVON

ORDOVIK

KARBON

530 — 520 Ma PRVNI STRUNATC|

nedavné nalezy ze spodniho kambria

HAIKOUELLA

jihoCinské lokality Ccheng-tiang

Zil v obdobi kambrijské exploze
filtrovani drobné potravy
ustni aparat podobny kruhoustym,

lllllflm

obZaberni prostor, Zaberni Stérbiny e 11»;5::.;,,,,__“__,.
opatrené svaly, srdce, nervova trubice notochord \unpma@
s pomérné velkym tridilnym mozkem a o gut ventral fins

hlavova cast téla s lateralné
umistényma o€ima

nejista prislusnost k obratlovcum anl
strunatclim, proto nékdy sa o}
vymrely kmen YUNNANOZ PO
rodem YUNNANOZOON) ~' |
deuterostomia



PALEOZOIKUM

SILUR DEVON KARBON

KAMBRIUM

ORDOVIK

PERM

MESOZOIKUM KENOZOIKUI\7[l
OGEN

.. , NE
TRIAS | JURA | KRIDA PALEOGEN | |

530 - 505 Ma

spodniho kambrium jihocinskeé lokality
Ccheng-tiang

CATHAYMYRUS

zil v obdobi kambrijské exploze

- dlouhé segmentované télo

- nerozliSena hlava

- svalové segmenty podobné recentnim
kopinatcum

- struktura pfipominajici notochord
- pribuzny s kanadskym rodem Pikaia

4

liver pharynx

myomere anus  gut

branchial

oesophagus bars
notochord

heart?

PRVNI BEZLEBECNI

sttedni kambrium kanadskych S S
bridlic ,

PIKAIA GRACILENS

- 5cm

- par tykadel na hlavé

- hrbetni nervova trubice, notochord,
svalova segmentace tvaru V

METASPRIGGINA WALCOTTI
- az1l0cm

- notochord

- oCi nasledované nozdrami

- 7 para zabernich obloukl (mozna
chrupavcitych)

- slabé vyvinuty lebecni skelet

snad prechod mezi bezcelistnatci a
bazalnimi obratlovci

eye

mouth


https://www.youtube.com/watch?v=XjutyE8yhMc
https://www.youtube.com/watch?v=XjutyE8yhMc

PALEOZOIKUM MESOZOIKUM KENOZOIKgIggN

KAMBRIUM ORDOVIK |SILUR DEVON KARBON PERM TRIAS | JURA | KRIDA PALEOGEIL\IE| |
530 — 520 Ma PRVNI OBRATLOVCI

nedavne nalezy ze spodniho kambria
jihocinské lokality Ccheng-tiang

: ,\
MYLLOKUNMINGIA, HAIKOUICHTHYS, v ,“@//;\:.“1&\»\_\‘,;; ]

ZHONGIJIANICHTHYS \%——-_’ 4

vSechny apomorfie strunatcu, ale
postradali kosti, i kdyZ patrné méli
kranialni chrupavky -
- télocca3cm

Myllokunmingia
- rozlisena hlava
- ventrolateralni ploutevni lem, hrbetni
ploutev, zaberni vacky, myomery a
srdce
- soubor téchto znak(l je hodnocen jako ‘®

pokrodilejSi nez u-dnesnich sliznatek,
proto jsou-tyto formy vétSinou fazeny -

mezi obratlovce
L Zhongjianichthys rostratus




KENOZOIKUM]
PALEOGEN

PALEOZOIKUM
SILUR DEVON

MESOZOIKUM

KAMBRIUM | ORDOVIK KARBON JURA

530 — 520 Ma PRVNI OBRATLOVC]

1 mm

. Eye (R
anterior Iye()

| plate.

antetior
plate

Haﬂcolachﬂz_)w adapted fmm Shu et al (2003)

g notochord vertebral elements dorsal fin : : dorsal B

"wertebral elements"

Eye iL)
: 2 mm
Gills  branchial arches (I-VI)




Prechod na sous
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TETRAPODOMORPHA

Total-group tetrapods (Tetrapodomarpha)

spodni devon (409 Ma) — recent 3 Eotetrapodiformes
'“é P . _E'EPistostegalia
panmonofylum zahrnujici korunova Tetrapoda : g 5
a bazalni sesterské postupné se oddélujici 5 e g i A
. . . .y 203 A :
linie svaloploutvych ryb blizsich wou |8 §
tetrapoddm neZ bahnikim (=pfechodné woomel |2 B
formy, ,fishapods”, kmenova tetrapoda) stivel § &
318 Ma| 3_ — g 2 & %
tyto kmenové rybovité formy drive shlukovany  ..|S (2 gl s 2 § g2 & el
do ,,Osteolepiformes” sensu lato sovel |1 . =1l338.%8% §. BEEsilagmn™
33 BEE5ESETD TExZ282<E 2100 Y
. . s ’ ” 359 Ma -8 T o ggég% :5?‘“‘2\:
charakteristické konvexni zakloubeni humeru | |, 558 c3scslggs cad | Mo
a 3 8 S\.\é 5/100 E a_ﬁl ,i% & 2;1001/332/92
385 Ma _ ? J 0 3;2‘1’334”00 [
391 Ma 'g g WEL . o 299
SRS ‘>) 307 va| & f— * 3/100| = : — 7100 3100
yboviti Sarcopterygl '(\‘/\ & Z \ — g S T 1
- 9 m‘ ‘é é Ichthyostega . 411 Ma) d
\ﬁﬁ r% . ncm'raru ja ) p— - T

Figure 4. Interrelationships among Devonian and select Carboniferous tetrapodomorphs including new data from Tinirau clackae.
Analysis includes 46 taxa and 204 characters. Tree length =454, consistency index =0.5572, retention index = 0.8481; consistency index excluding the
four autapomorphic (uninformative) characters =0.5532, retention index =0.8481. Numbers corresponding to respective nodes represent Bremer
(kost pazni) decay value/Bayesian posterior probability. Ghost ranges are calibrated after the early Middle Devonian (Eifelian) Zachetmie tracks ([15] and “scenario
/1" from Friedman and Brazeau (2011). Tetrapodomorphs include all taxa that are not total-group lungfishes. Rhizodonts are in green, canowindrids
are in yellow, megalichthyiforms are in blue, tristichopterids are in purple, Devonian elpistostegalians are in red, and Carboniferous elpistostegalians
are in orange. The character list and data matrix are available as supplementary information.

— -1 = S =

stylopadium |

zeugopodium ‘

autopodium :- distalni elem

Kostra prsni ploutve u rodii Eusthenopteron, Pan-
derichthys, Tiktaalik a predni konéetiny tetrapod( Acan-
thostega, Ichthyostega a Tulerpeton. \/sechny kosti prani

ych (Sarcoplerygil) jsou homo:

s Swartz 2012, PLOS ONE
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541 485 443 419
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KARBON

TETRAPODOMORPHA

spodni devon (409 Ma) Ciny
Nejstarsi kmenovy tetrapod Tungsenia paradoxa

Lu et al. 2012, Nature comm., vyplnéna mezera mezi
Dipnomorpha a Tetrapodomorpha

posouva spodni hranici prvnich Tetrapodomorpha o 10 mil. let
sdili hodné primitivnich znak( s kmenovymi dvojdySnymi

Finned tetrapods

' P

m A § g 2 9 2 § g
g 2 S28E5 2 8§ 5 8 £
c 2 @ g E 2 g S &3 = @
oo 2 2 > S8 E © § = R1E
2l 2@ 2 2 585835 8§ E 518
o & © S < e < E E 3 g 8 Q @

© e 2 38 (§ S §_ 2 2
=~ ) 8 Q:.‘) S& 38 =

Q =
Slo ? ¢ Q t-—? ?9Qaf 'sg-‘ o &
glg Q 8 21§
=
o | 8 3 &
<
3 §~ p & B
‘|2 (5 S §' [ S
813|518 g & =
13 g 3 21
B . B &
) =
2| |8 § 5
A& 2| 88 % @ Lungfish lineage £
E % & 2 3 @ Tetrapod lineage 1=
e | 8 ?7 @ Rhizodontidae 24
2 3 S ) (@) 'Osteolepididae’ g
2 (® Tristichopteridae’ =4
= Elo ® Elpistostegalia o=
S (@ Limbed tetrapods g
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EUSTHENOPTERON

maxilla
elements pterygoid ectopterygoid

http://www.animalplanet.com/tv-
shows/other/videos/animal-armageddon-
eusthenopteron.htm

pénewvni ploutev prsni ploutev

k%) Kosti prsni a panevni ploutve u rodu Eusthenop-  pfedstavitelem skupiny rybovitych Tetrapodomorpha ni-
teron. Jsou homologické s kosimi kon&etin tetrapody  koliv &tvernozed (Tetrapoda). Vpravo vylitek kostry preni
{chiropteryai), s vyjimkou lepidotrichii, které nejsou ho-  ploutve (ilustrace podle Carl Buell, olduvai-gecrge.com;
mologické s prsty (viz obr. 11). Eusthenopteron je tedy fotc: Sebastien Steyer).

385 Ma, Québec, 1,2 m
symetricka ocasni ploutev
dvé dorzalni ploutve
uniseridlni archipterygium
striktné akvaticky


http://www.animalplanet.com/tv-shows/other/videos/animal-armageddon-eusthenopteron.htm
http://www.animalplanet.com/tv-shows/other/videos/animal-armageddon-eusthenopteron.htm
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LPISTOSTEGALIA (PANDERICHTHYIDA)

Icmhyostega ’ §
2y

Panderichthys i
(AR 68 @ g — W

Tetrapedomorpha
E@ ‘P’ by ké vztahy mezi rody Pan-  zmizely opercularni kosti (fialové) a kosti postparietalni (zelend)
vs, Tiktaalik, a Na  jsou redukovany. Tiktaailk mé z rybich znakd jen ploutve.
lebce rody Tiktaalik, stejné jako na lebkéch prvnich tefrapodd,  V soutasnosti je nejblizsim znamym pribuznym tetrapodd.

Eusthenopteron Acanthostega

ebeCn i | lice D patro . mandibula

Srovnani kostry lebky a prsnich pletenc( u rod Eus-
thenopteron, Panderichthys, Tiktaalik a Acanthos-
tega. Relativni velikost Eenichu maji rody Panderichthys 38 gfu\qa

Tiktaalik 62 % a Acanthostega 55 % v poméru k rodu Eu fik!

thenopteron. Prodiouzeni éenichu jiZ neni vy

0 u rodu Tiktaalik, ktery je pred
pha. Tiktaalik a Acantho
zenym nez Tiktaa:
dnesni aligatofi. Podle

nym znaken !)y nis C

korunovy klad Tetrapodomorpha smérujici k Tetrapoda
zahrnuje nejblizsi bazalni sesterské taxony k tetrapod(im:
Panderichthys, Tiktaalik, Elpistostege, atp., a Tetrapoda

Late Devanian lobe-finned fish and amphibious tetrapodsi.

land Tiktaalik Ichthgostega

rivers, : : :
2:;:23,55 i Panderichthys z ‘ / Acantéhostega

sea rmlllons of ears ago
385 380 375

Eusthenopteron: zastupce rybovitych trojlalodna

mala panev. ocasni ploutev
nespojena s patefi

kratky Cenich siozeny ————
z potetnych kosti

operkularni série kosti
kryjicich Zabry a krk

Acanthostega: devonsky tetrapod

dlouhy éenich slozeny ————
zmensiho mnozstvi kosti

lebka spojena
s pranimi pletencs ploutve

s kosténymi paprsky

mandibula s velkymi Vétsi panev
postrannimi a malymi spojena s patefi
ynitrnimi zuby

kosténe operculum Kryjict
Zabry neni pritomno

v chiropterygia se 7 nebo 8 prsty
lebka oddélena protocerkni ocasni

od prsnich pletenca ploutev rozitepena

FX] Srovnani mezi zastupcem rybomych Tetrapodo— tetrapod zGstavaji: typ chrupu, velka panev spojend s pétef
ha (Eusthenop 7) a jednim z nej i 4 arovnéz chiropterygia (Cervené). Naopak, znaky vyznacené

(Acanthostega) Diky naleziim nowych fosilii se specif leD atre  modfe, | kdyZ u rodu Eusthenopteron chybi, byly pozorovany
buty tetrapod( rozplynuly jake snih na slunci. Vyluénymi znaky  u jinych predstavitells skupiny rybovitych Tetrapodomorpha

KENOZOIKg

l.u
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PANDERICHTHYS

385 Ma, Lotyssko, Rusko, 1,3 m

bahnité mélciny

schopny ,,chlize” v mélké vodé, opirani se
velkd hlava podobnd ranym tetrapodim
plocha trojuhelnikovita lebka

ocCnice v dorzalni poloze

dlouhy, robustni humerus

lepidotrichia

bez dorzalnich a analni ploutve
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TIKTAALIK

lal .
. maléoénice ’
silng prodlouzeny | nictans dorzalng  krk pletenec !opalkovy
¢enich a blizko sebe oddéleny od krku

bl

Tiktaalik (375 miliont let): a) fosilie velmi dobfe vy-
preparovana z okolniho sedimentu (pfedni ¢ast téla); b) re-
Konstrukce skeletu. Tiktaalik, zavérecny maly zbytek skupiny
Tetrapodomorpha, v ramci které lame v8echny rekordy: Je

https://www.yo

Zebra plocha
a prekryvajici se

nejlépe zachovany, bezpochyby vice suchozemsky ne? os-
tatni {viz obr. 18) a je také nejblizsim znamym pibuznym te-
trapodi)! Foto s laskavym svolenim Ted Daeschler (Aca-

demy of Natural Sciences, Philadelphie, USA).

Y

utube.com/watch ?v=KSGED(:"I'f - h‘t‘tps://www.voutu be.com/watch?v=05Z4mPQBjgA

375 Ma, Nunavut - kanadska Arktida v
roce 2004, az 2 m

prodlouzena Cichova oblast
prsni pletenec oddélen od lebky
uz jakoby rany tetrapod s lepidotrichii

vystupoval na sous, mélké vody chudé
na kyslik

neni operculum, redukce
postparietalnich kosti

Radials

Ulnare
Intermedium

Ulna

Radius » \
Humerus ———— /

Tulerpeton



https://www.youtube.com/watch?v=o5Z4mPQBjqA
https://www.youtube.com/watch?v=o5Z4mPQBjqA
https://www.youtube.com/watch?v=zK8XGEDcTfo
https://www.youtube.com/watch?v=zK8XGEDcTfo
https://www.youtube.com/watch?v=zK8XGEDcTfo
https://www.youtube.com/watch?v=o5Z4mPQBjqA

A ‘Missing Link’ Is Found

With the discovery of fossils of the Tiktaalik, or "large
shallow water fish,” scientists have found a missing
connection between fishes and walking land
creatures.

lchthyostega

The Missing Link
Tiktaalik

385 million years ago 375 million 365 million

Transitional Hind limb

footlike structure

Pectoral fin

Sources;! "Boow of Life,” edited by Staphan Jay Gould: Nalure The Mew York Times; illustrations by Graham Roberts
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TETRAPODA

jestérka Zaba ptak

stylopod [D humerus

svrchni devon — recent

[ radius
)4 H zeugopod =
CHIROPTERYGIUM — koncetiny s prty e »
autopod I: . distéIni elementy
/ / ) v . netopyr Elovek kocka velryba
Mod
Maodern Fish TmpiuT:hh Modern Lungfish Salamander
Modern Fishes A Modern Amphibians
‘#‘ts"
Widy
Pavadenchiiys \
Euhenophenan

EN Predni konéetina nékterych tetrapodi (&tvernozcu). Jedna se
o chiropterygium, to jest koncetinu, jejiz nejdistaingjai (tj. od t8la nejvzda-
len&ji) segment (autopod) je opatfen prsty. Tato struktura je charakte-
risticka pro tetrapody: At chodi, béhaji, plavou nebo skadou, viichni sdi-
leji tento znak zdédény po jediném spoleéném predkovi. Chiropterygium
je sloZeno ze tfi segmenti: stylopodu (humerus &ili kost pazni pro predni
kongetiny, femur neboli kost stehenni pro zadni kon&etiny), zeugopodu (ra-
dius a ulna, neboli kosti vietenni a loketni pro predni kondetiny; tibia a fi-
bula, neboli kosti holenni a Iytkova pro zadni kenéetiny) a autopodu (kosti
Devonian Fishes zépésti &i kotniku a prsty)




Vznik chiropterygii Tetrapoda z ichtyopterygia Sarcopterygii

zadni A~
9 101 1 i
5
‘v
>
:>‘>\
] s—4 1 6
§ 13 B 1
= %.éé 15
0%@'5@%}22
w VU
11
g a93®
Q0 Qv
19 l U 0 o
21 1 2 q
v
D E
10 13 20

Qbr, 25 Vznik chiropterygia z ichtyopterygia: srovnani kostry koncetin svaloplcutvych ze skupiny Rhi-
pidistia a primitivniho fosilnfho EtvernoZce (Ichthyostegalia) a schéma volné predni konc&etiny ¢tver-
nozce. A—prsni a B — bfisni ploutev svaloploutvych, C — pfedni a D — zadni noha &tvernoZce, E — hypo-
loticky pavodni stav chiropterygia. 1 — supracleithrum, 2 — cleithrum, 3 — scapula, 4 — clavicula,
b~ humerus, 6 — ulna, 7 — elementy homologické nékterym zapéstnim kistkam, 8 — radius, 9 — basipte-
rygium, 10 = femur, 11 - fibula, 12 — elementy homologické nékterym zanartnim kistkam, 13 — tibia,
14~ interclavicula, 15 — carpalia, 16 — metacarpalia + phalanges, 17 — ilium, 18 — ischium, 19 — pubis,
20 < farsalia, 21 ~ metatarsalia « phalanges, 22 —~ metacarpalia; 0, 1, 11, 111, 1V, V = nulty prst (tzv. prae-
pollex), prvnl, druhy, tretl, ctvrty a paty prat

stylopodium
zeugopodium
autopodium

z uniserialniho
nespecializovaného
archipterygia,
Rhipidistia
(Sarcopterygii)



