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Systematika a taxonomie

 systematika, paleontologie — historie evolucnich zmen

* systematika = studium vztahu mezi organismy
» taxonomie = teorie a praxe klasifikace

- kategorie: tfida, rad, Celed, druh, ...

 taxon: Mammalia, Primates, Hominidae, Homo sapiens, ...



Systematika a taxonomie

1. Predlinnéovska

 vCela medonosna = Apis pubescens, thorace subgriseo,
abdomine fusco, pedibus posticis glabris utrinque margine ciliatis

» Acaciae quodammodo accedens, Myrobalano chebulo Veslingii similis
arbor Americana spinosa, foliis ceratoniae in pediculo geminatis, siliqua
bivalvi compressa corniculata seu cochlearum vel arietinorum cornuum
in modum incurvata, sive Unguis cati

[americky trnity strom ponekud pripominajici akat, podobny Veslingovu vrcholaku
Myrobalanus chebula, s parovymi listy ronovniku Ceratonia na fapiku, stlacenou
Sesuli o dvou chlopnich, zahnutou jako tykadla hlemyzdé nebo rohy berana nebo
jako koCicCi drapy]



Systematika a taxonomie

1. Predlinnéovska

 zubr = buffle, urus, bubalus, catoblepas,
theur, the bubalus of Belon, Scottish bison
... Aristoteles: bonasus — totéz?

2. Karl Linné: 1735 Systema Naturae

* binominalni nomenklatura: rod + druh
* hierarchicka klasifikace:
fiSe, kmen, tfida, rad, celed, rod, druh

Carolus Linnaeus



3. Darwin:
 kladogeneze (vétveni) a anageneze (zména znaku)
* systém by mél odrazet realnou fylogenezi — otazka Jak?

Evolucni systematika

 pred 1950: spoleCny predek + adaptivni divergence
» diskuse, zda vhodngjSi adaptivni, nebo neadaptivni znaky
« subjektivni a nejasna kritéria vybéru a vazeni znaku = krize
taxonomie (= samotné slovo taxonomie nahrazeno pojmem ,systematika®)
 kontroverze mezi ,rozdeélovaci® (splitters) a
,2hromadici® (lumpers)




Numericka taxonomie (fenetika)

* 1957: Charles Michener, Robert Sokal, P.H.A. Sneath

 taxonomie by neméla byt zalozena na malém poctu ,dulezitych® znakd,
ale na celkové podobnosti

* = CO hejvétsi pocet znaku

« numerické metody: morfologické a genetické distance, ordinacni a
shlukova analyza

 fenogramy

 problémy: homoplazie (konvergence, paralelismus, reverze), sdilené
primitivni znaky, nestejna rychlost evoluce



Fylogeneticka systematika (kladistika)

» 1950, 1966: Willi Hennig: Phylogenetic Systematics
 pouze reflexe genealogie, nikoli adaptivni divergence

« striktni monofylie

» monofyleticka skupina = klad (clade)

monofylie polyfylie _ >

| XY=
\_ ) & /.e




“‘Reptilia”

Copyright © Pearsen Education, Inc., publishing as Benjamin Cummings.



“Pongidae”

Gorilla Chimpanzea
48 chromosomes 48 chromosomes 48 chromosomes 48 chromosomes
(24 pairs) (24 pairs) (24 pairs) (24 pairs)

Human
45 chromosomes

(23 pairs)

SERSE Extinct common
ancostor of
chimparzes and
bonobo

-

3 millien years ago

& million years ago

8 million years ago chi nd hu
mpanzess, & man

Extinct common llm‘hwnfnrlngutln,
gorilla, chimpanzess, and human




Fylogeneticka systematika (kladistika)

 znaky plesiomorfni (symplesiomorfni),
apomorfni (synapomorfni, autapomorfni)

« definovani kladu pouze na zakladé synapomorfii

synapomorfie

symplesiomorfie autapomorfie /
\/ /

mutace

mutace




Fylogeneticka systematika (kladistika)
* princip parsimonie: Occamova bfitva

(William of Ockham, 14, stol.)
 kladogramy

* PhyloCode (International Code of Phylogenetic
Nomenclature) — dosud ponékud kontroverzni a
malo prakticky

 problémy: homoplazie, rychla evoluce

Apgeanfs

]

Remove target Loch Ness monster,
bigfoot, Jesus, ivory-billed woodpecker,
Elvis, God or other mythological or
illogical construct from the game.

Entia nion sunt nudtiphicanda praeter
necessitatent

e e
“inz 2 o




Evolucni systematika - reakce

« fylogenetické vztahy + rozsah divergence = kombinace fenetického a
kladistickeho pristupu

* reflexe kladu i gradu

* grad = skupina charakterizovana dobre integrovanym adaptivnim
komplexem (spolecné adaptace — napfr. ptaci)
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2 Ma: first huma 4550 M Vznik Zemé rmation of the Moon

230 - 65 Ma: Dinosaurs

ca. 380 Ma: First verte-
brate land animals

ra 530 Ma® Cambrian "‘4000 M koneC

750-635 M Zemé 6 Gz bombardovani
2x zalednéna

ca. 3500 Ma: photo-

synthesis starts
-——-___'

mnohobenédni

Legend

Humans
Mammals
Land plants
Animals
Multicellular life

Eukaryotes ~2300 M atmosféra bohata na
Piokatyoles kyslik, Zemé zalednéna
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Fanerozoikum
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Tommotianska fauna
(Tommotian) ~530 M
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(Burgess Shale) ~520 M




Kambricka exploze

Burgessova bfidlice (Burgess Shale)

e Canadian Rockies

kontinent




Charles Doolittle Walcott (1909)
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Pikaia gracilens

Anomalocaris
nathorsti

Hallucigenia

A. canadensis



Odaraia

Wiwaxia

Leachoilia

Opabinia

Nectocaris



Hallucigenia

Pikaia gracilens (Chordata)




diverzita a disparita:

* interpretace burgesskych nalezu

» Stephen Jay Gould vs. Simon Conway Morris

» diverzita = pocet druhu

« disparita = poCet stavebnich planu (morfologicka rozmanitost)

Time

(©) (d)

= Disparity —

\ tradicni Gould Conway Morris



Fanerozoikum

moderni fauna

rast diverzity s

kambricka fauna
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Paleozoikum

‘% Kambrium:
1 jediny superkontinent Rodinia (Proterozoikum) —
Gondwana, Laurentia, Baltica, Angara (Siberia), Avalonia

Ordovik:
rust diverzity (morské o.)
na konci 1. masova extinkce

Silur:

celistnatci

prvni suchozemske o.
(rostliny, stifi)

Laurentia+Baltica = Laurasia



Devon:
radiace ryb, prvni zraloci, lalokoploutvi, ObOjZIve|nICI
na konci 2. masova extinkce

Karbon: . —
preslicky, hmyz, prvni plazi 9 £ "-53'}
\ . P "
w
= .l"'
Archaeothyris M
(Synapsida) - gasst

Edaphosaurus

Pelycosauria
Perm: (Pely )

Pangea
Therapsida (— savci)
na konci 3. masova extinkce




Mesozoikum

Trias:

motyli, dvojkridli
radiace plazu (Zelvy, ichthyosaufi, plesiosaufi,
pterosaufri, archosaufi)

konec triasu: dinosaufi, savci, 4. extinkce

synapsidni plaz
Pelycosauria
(Palaeohatteria)

<~

Therapsida

cynodont
(Cynognathus)

pterosaufi

primitivni savec (Castorocauda)



Mesozoikum

Jura:
kostnaté ryby
evoluce ptaku

— din0Sauli === QOrnithischia

Saurischia

SAURISCHIA

Sa

Brachiosaurus __ Sauopodomorpha
5 )

Eoraptor Eusaurischia
Elongated Meck; Manual Digit || longest
in the manus

Herrerasauria

Ornithischia

Special Articulations {hyposphene-hypantrum) in dorsal vertebrae;
Hollow Chambers in Yertebrae

Dinosauria

Allosaurus



Mesozoikum

Jura:
kostnaté ryby
evoluce ptaku

theropodni dinosaufi

‘ T— tyrannosaufi

Maniraptora (krida)

ptaci

-

Microraptor gui

rchaeopteryx lithographica

ANCESTORS OF BIRDS

Gliders not flyers |

A new study suggest 125-
million-year-old dinosaur
from China might have
glided from tree to tree with W
legs in a forward position.

Gigantosaurus

TV

Artist's conception
4 of the Microraptor
gui and the
pozsible position /
of the hindlimis &
during flight ;Z/

2
W lpamze.

Long and
asymmefric
feathers
facing down.

Modemn birds y ~= Biplane
#—-

Feathers on both limbs would create an
aerodynamic [ift similar to the biplane but different from birds.




Mesozoikum

Krida:

krytosemenné rostliny

moderni zraloci a rejnoci, mosasaurfi, prvni hadi, ptaci
savci: divergence vacnatcu a placentall

Hesperornis

Ichthyornis

na konci kridy: 5. extinkce, 65 M

— otazka priciny

mosasauri




Extinkce na K/T hranici:

» 1980 Louis Alvarez a kol.: katastroficka hypotéza
« iridium na K/T rozhrani
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krater Chicxulub (Mexiko)

Chicxulub Crater

@ 2000 by Jake Bailey
Adapted from "Atlas of Mesozoic and Cenozoic Coastlines” (Smith et al. 1994)
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Paleontologicka vs. molekularni data
otazka vzniku zivocisnych kmenu a savcich a ptacich radu

Kambricka exploze?

» molekularni data (Wray et al. 1996):
- Protostomia-Deuterostomia ~ 1200 M
- Chordata-Echinodermata ~ 1000 M

« fylogeneticka pojistka“?

« dnesni molekularni odhady blizsi kambricke explozi:
- Metazoa ~ 650 M (Peterson et al. 2004)
- Protostomia-Deuterostomia ~ 582 M

(Aris-Brosou and Yang 2003)
Echinod t
Homiehordas.
Annelida
s : _Bivalvia

Platyhelminthes

25e @ Anthozoa
Hydrozoa

Demospongia
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. i rders
Cryogenian ? Terminal Ean miL] B
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Neoproterozoic Cambrian
L L 1 L Ll 1
650 600 555 543 520 510 500 490 Ma
] o =}
Doushantuo Formation Oldest bilaterian Chengjiang Burgess
Oldest metazoans macrofossils Fauna  Shale

Oldest poriferans (?)
Oldest cnidarians (?)
Oldest bilaterian microfossils (?)



Paleontologicka vs. molekularni data
otazka vzniku zivocisnych kmenu a savcich a ptacich radu

Kambricka exploze?
- fauna z Chengjiang (Cina) ~ 525 M

Yunnanozoon lividum

Myllokunmingia

Haikouella lanceolata
. cnuon ooe Haikouichthys
- =aa((iltdy lligoy ercaicunensis

S ———— ==

BRANCHIAL INTESTINE
/ ARCHES HEART

BUCCAL
CAVITY

- formace Doushantuo (J Cina),
prekambrium: ¢asna
embryologicka stadia?

Pieces of skull GiII skeleton
cartilage




Paleontologicka vs. molekularni data
otazka vzniku zivocisnych kmenu a savcich a ptacich fadu

recentni skupiny savcu a ptaku a K/T hranice

« evoluce kytovcu: mesonychidi — prechod do vody — kytovci

Andrewsarchus
mongolicus

Spinosaurus

Tyrannosaurus

Mesonyx

Allosaurus

Gigantosaurus \
ledni medvéd F‘F

Andrewsarchus




evoluce kytovcu Pakicetus 56-34 M

Dorudon 41-33 M

Rodhocetus 47 M

Basilosaurus 40-34 M Cetotherium 15 M
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Obecné zakonitosti

- diverzita: analogie s burzou
« extinkce: model pésaka v poli
« delka zivota linii: model bankrotu hazardniho hrace

Hra é. 1 Hra é. 2

» David Raup, Jack Sepkoski:
periodicita? (26 M)

Hrdcova hotovost
Hracova hotovost

Cas Cas

Hra é. 3

Hracova hotovost

0 40 80 120 160

Cas (pocet her)



