Biotické krize a globalni ekosystémy v historii Zemé — Cast VIIL.

Jura-krida

Rostislav Brzobohaty Vybérovka 15



JURA (200 - 142 Ma) - KRIDA (142 - 65 Ma)
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JURA

- Tethys se rozevira
kZ

- vznik Atlantik
propojeni Tethys a
Pacifiku

- tfiSténi Gondwany
pokracuje

- nastup alpinské
orogeneze

- klima teplé, cykasy
az 60 st. ss.

~ Eurasia
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Late Jurassic 152 Ma
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Ve svrchni jufe byl Alantik Gzkym oceanem oddélujicim Afriku od Severni Ameriky. V. ¢ast
Gondwany se oddéluje od z. ¢asti.



KRIDA
-blok Antarktida,
Indie a Australie se

separuje od Afriky

- alpinska orogeneze
sili
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Late Cretaceous 94 Ma

~ Caribbean

Puncient Landmass ‘

Mlodem Landmass (i:'

Subduetion Zone [Cramles point in the /
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Béhem kiidy se otevrel Jizni Atlantik, Indie oddélila od Madagaskaru a Svenkovala k SV k
Eurasii, Severni Amerika byla jesté spojena s Eurasii a Australie s Antarktidou. Deskova

tektonika = > otevieni Severniho ledového oceanu a Indiku, pocatek orogeneze alpinské v
oblasti Tethys a andské v oblasti styku pacifickych a americkych desek.




Klima v jufe a kiidé

Jura - teplejSi nez dnes, teplomilné cykasy az k 60 st. sev. Sirky,
teplomilna flora téZ v Gondwané a Sibiri.

Krida — tepla a vlhka, subtropicka vegetace az k 70 st. sev. Sirky.
Konec kridy — prudké ochlazeni — viz dale.

Mid-Cretaceous
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http://www.clas.ufl.edu/users/emartin/GLY3074F01/lecturenotes/Pz-Mzclimate.htm

ZIVOT v jufe a kiidé
Mofte:

- rozvoj planktonu: fytoplankton — rozsivky, bi¢ikovci, vapnity nanoplankton - Chrysophyta;
zooplankton — foraminifera, radiolarie (<Spumelaria), kalpionely

- bentos — rozvoj nepravidelnych jeZovek a rozlehlych porostu lilijic, v Gtesech pak kiemitych hub (spongolity)
od svrchni jury Sesticetnych korall (uz mélka mote, symbidza s fasami), mlzi — rudisti a dalsi mlzi s
masivnimi schrankami, mechovek kruhoustych a oruznatych)

- nekton - explosivni rozvoj amonitli (amonitovy typ Svu, gigantické 1 heteromorfni formy), belemnit,
Teleostei se stavaji dominantni skupinou ryb a tento trend trvd dodnes, Zraloci se jiz systematicky podobaji
dneSnim, krokodyli (vétSinou motské dobtfe adaptovane formy, znacné velikosti), Zelvy se adaptuji na
motské prosttedi (+ obrovité formy), plesiosaufi, ichtyosauti, mosasauridi (viz dale)

Souse:

- rozvoj hmyzu od svrchni kiidy — vazba na rozriiznéni krytosemennych rostlin, nové véely, mravenci,
komati

- obrovské rozriznéni dinosauril z hlediska Zivotnich strategii, ? teplokrevnost, pé€e o potomstvo

- rozriznéni pterosaurt - ? teplokrevnost, osrsténi

- nastup ptakl (Archaeopteryx ? a dalsi, opositni ptaci, moderni ptaci)

- od spodni kiidy placentalové a vacnatci



Typicka vegetace spodni jury

gingkovite

Baiera Hirmeriella Weltrichia Podozamites

Phlebopteris



Krajina v kridé ve Stredni Evropé

borovice Williamsonia (benetity, cykasim podobn¢)
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Mantonodium (kapradiny)  Cycadeoides
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Ginkgoites sp. - krida b
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Ginkgo biloba - recent
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jehli¢nany spodni kiida




Nejstarsi dolozena kvetouci rostlina

Okvétni platky ne pIné vyvinuty, semeno se zacina uzavirat do
plodolistii, kerovita, baze kridy

Archaefructus liaoningensis

*140-million-year-old fossil from
northeast China. The leafy, seed-
containing pods (carpels) are the
defining characteristic of
angiosperms (“‘seeds in vessels™).

*Petals are apparently absent, but
leaf-like structures subtending
each fruiting axis define them as
flowers.

Enlarged view of the carpels (each i1s about 1 mm long) showing
seeds 1 carpel (Sun, Dilcher, Zheng & Zhou. 1998. Science 282:1692).



Smm

Figura 4 - a) Archaefructus liaoningensis, a mais antiga angiosperma conhecida, identificada
no nordeste da Chinall; b) Reconstrucdo de Archaefructus liaoningensis;

c) Flor fossil do Cretaceo inferior da Inglaterra, com sé€palas e pétalas muito reduzidas13;

d) Nymphaeacea fossil do Cretaceo de Portugal12.

Dutra & Stranz (2002)



Archaefructus sinensis,
Liaoning, ~125 Ma, apt, voda




Ve svrchni kiidé€ jiz dominance krytosemennych — nastup kenofytika (prevladaji magnolie,
myrty, platany, fikusy, palmy tj. dneSni subtropicka a tropicka vegetace, objevuji se
v palynospektrech i travy — rozsahlé porosty trav vsak jesSté ve svrchni kiidé chybéji)
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Fytoplankton

Kokolitky, hnédé rasy

Alga gymnodinium
catenatum

Bacillariophyceae (rozsivky)

Dinophyta, obrnénky, bicikaté rasy


http://www.ucmp.berkeley.edu/chromista/diatoms/centriclive.jpg
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Zooplankton

Globotruncana sp., Foraminifera, sv. kfida, Alicante,
Spanélsko

Radiolaria — expanse v
jure (Spumellaria).



www.fisheries.go.th/cf-chan

Codonellopsis, recent Favella, recent

kalpionely (Tintinnida, nalevnici)

Remaniella sp.

Calpionella alpina

»kalpionelovy* vapenec



Hexacoralla (Scleractinia), Sesticetni korali,
od svrchni jury mélkovodni + uiéast na stavbé rifi

Hippurites, silnosténni mlzi,
stavba imituje

solitérni koraly,

kridové utesy

trs

Siphonia, houba, krida, éechy

as
detail

cheilostomatni
mechovky




Biostroma mlza (rudistq) Vaccinites vesiculosus (Woodward, 1855); sv. kiida, Oman (from
Schumann & Steuber 1997) — mlzi docasné zatlacili pri stavbé utesi koraly (urgonska facie)



http://www.ruhr-uni-bochum.de/sediment/rudinet/r2898.htm

Hexacoralla

Aulosmilia archiaci, svrchni krida, Santa Maria, Spanélsko




Gryphaea arcuata, sp.jura,

Bivalvia

Trigonia elongata, stf. jura,
Westfalsko

Diceras, jura, Ernstbrunn



Stratigraficky vyznamna bivalvia kiidova

L: 37 mm

Inoceramus concentricus,
sp. kiida, Francie Inoceramus sp.



Gastropoda

Pleurotomaria constricta,
jura, Heimbach, Némecko Nerinea bruntrutana, jura, Svycarsko

ar




Belemniti, hlavonozci, vnitfni schranka
(rostrum, CaCQO3,), rozvoj jura-kiida

rostra
belemnitu




Amoniti — jura, Francie

hum -D [Ep : 15/6.5 mm




Ammoniti — ¢asté jsou obrovité formy

Lewesiceras peramplum
~ 1m, kFida (u nas napr.
Cizovky u Boskovic)




R

Parapuzosia seppenradensis (vpravo) — nejvétsi znamy amonit (prumér 1,8 m),
krida, Némecko



Douwvilleiceras mammilatum Scaphites sp., svrchni krida
spodni krida, Troyes, Francie Fall River, J. Dakota, USA



Amoniti — ¢asté aberantni formy v kiidé

Ancyloceras, sp. krida,
Uljanovsk, Rusko



Pohled na dno kridového more v Severni Dakoté (USA)

amoniti %
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Obr. Smithsonian Inst.




Brachiopoda

Spiriferina rostrata, jura, jeden z poslednich zastupcu spiriferid,
N.-S.-Sepulcre, Francie



Brachiopoda — od triasu ustupuji, zistavaji rynchonelidi a terebratulidi

/ AN

/ N

Cenoz

- 20 genera

Pentamerida  Rhychonellida Spiriferida Terebratulida



Echinodermata

Phymosoma,
sv. kFida, Francie

Pygurus blumenbachi,
sv. jura, Francie,
Charente maritime

Pentasteria longispina, jura, Weissenstein, Svycarsko

Galerites, sv. kiida, Némecko



Nahloucdeni hvézdic Pentasteria longispinna, svrchni jura, Solothurn, Némecko,
priklad rychlého pohrbeni sedimentem



Chelicerata — Merostomata
- 10ZVO0j] V jufe, + stopy

Mesolimulus walchi, sv. jura,
Solnhofen



Crustacea —
rozvoj rakovcu

Aeger spinipes, sv. jura, Solnhofen



Rybovity nekton

Squalicorax pristodontus

Hybodus, 7raloci, kiida
sv. kiida, Maastricht, Nizozemsko Y ’ ’




Macropoma levesiensis, 1alokoploutva ryba, plice + zZabry,
krida, Evropa



Semionotus,
paprskoploutvé ryby
Sp. jura



Pachycormus bollensis, Neopterygii, ,,mnohokostni,
sp. jura (lias), Némecko, dravci




Aspidorhynchus acutirostris, ,mnohokostni, sv. jura, Blumenberg



Gyrodus sp., Neopterygii, ,,mnohokostni*, sv. jura, Solnhofen 4

T e




Xiphactinus audax (Teleostei). Celokostné ryby ryby béhem kridy diverzifikuji, nahrazuji
»mnohokostné*, vedle amoniti a Zraloki predstavuji vyznamné moiské predatory.

X. audax oznacovana téz jako "Bulldog Fish", Zila v oceanech pozdni kiidy a dosahovala délky az
6 m.



Euryapsidni morsti plazi

Blosaurus

Elasmosaurus
Cretaceous - ekl (i) %0% Plesiosaufi
-gbrovsti az,15 m ‘%,, : o .
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Elasmosaurus (Plesiosauria) a Zralok Cretoxyrhina mantelli (k¥ida). Zralo&i zuby jsou nachéazeny v kostech
mosasauru a plesiosauri.
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Plesiosaurus brachypterygius, spodni jura, Holzmaden, Némecko




Ichthyosauria

Maximalni expanse

ve spodni juie (Holzmaden),
Stenopterygius — Casty,

11m Letopterygius,

v kiidé vzacni a

vymiraji ke konci.

Stenopterygius, jura, Holzmaden
? Zivorody

-

|

lch hatte ziemlich
grofe Augen, damit
ich maine Beute
besser sehen
konnte!



http:///

Ichthyosauria se jizZ béhem triasu silné€ rozriznila. Objevilo se nékolik strategii tvaru téla ve spodnim a stFednim
triasu. Dolni obrazek vSak zi‘etelné ukazuje tendenci od jeStérovitého tvaru ve spodnim triasu az k vyslovené

rybovitému tvaru ve svrchni jure.
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Priklad potravnich vztahu v kiidé: obrovity Kronosaurus (Plesiosauria) lovi juvenilniho
mosasaura.




Souse

Protosuchus, krokodyli, jura



Krokodyli zili piivodné po odstépeni od tekodontii na suché zemi. V jufe prechazeji do vody a
nékteré jejich skupiny se vyborné adaptovaly na moiské vodni prostiedi. Podobné jako
ichthyosaufi i tento Geosaurus mél rybovité télo a byl vybornym plavcem.

Dan Varner



Morganucodon, spodni jura (Cina, Wales),
hmyzozravy savec, trikonodontni




A4 A4

Chelonia — Zelvy jsou puvodné suchozemské, v nejvyssi juie prechazeji do more.

V kridé€ dosahly obrovskych rozméri — Archelon — 4 m.

Archelon ischyros 7 YPM-3000

From F-Lucas, 1929




DINOSAURIA - skupiny

» 2 velkeé skupiny podle razu panve

. . Saurischian hip
— Saurischia (plazopanvi) ischium
 sauropoda (Brontosaurus, etc.)
* theropoda (bipédni dravci)

* ztéto linie vzesli 1 ptaci

— Ornithischia (ptakopanvi)
* vSichni jsou bylozravi
— ankylosaufi
— stegosaufii
— hadrosauii

— iguanodonti

— ceratopsidi Ornithischian hip
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SAURISCHIA
THEROPODA

» Zahrnuji vSechny
masoZzrave formy
dinosauru a jen
néktere bylozravce s
primitivnimi znaky
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Velociraptor (Jurassic Park)



Troodon

no¢ni dravec — potrava savci ?, nejvétsi mozek v pomeéru k télu u dinosaurii,
opéieny ??, blizky ,,ptaci linii — viz dale



Allosaurus



Tyranosaurus rex, Pozn.: T. rex mél 1.9 miliard zakladnich pari v DNA a

Deinonychus 1.58 miliard pari. To podporuje odstépeni ptakii od dinosaur,
ptaci maji nap¥. Emu — 1.5 mld. vrana — 1. 2 mld.) — viz dale. Velké genomy maji

ZivoCichové s velkymi kostnimi bunikami — ¢lovék ma 3.5 mld. parii)



Tymnosaurus rex



Kosti T. rex jsou vSestranné studovany, viz nasledujici
snimky

Fig. 1. Demineralized fragments of endosteally
derived tissues lining the marrow

cavity of the T. rex femur. (A) The
demineralized fragment is flexible and
resilient and, when stretched (arrow),

returns to its original shape. (B) Demineralized
bone in (A) after air drying.

The overall structural and functional
characteristics remain after dehydration.

(C) Regions of demineralized bone show
fibrous character (arrows). Scale bars,

0.5 mm.




A,B,C E,G,F I=T.rex
D, H, J = pStros



Fig. 3. SEM images of
aldehyde-fixed vessels.

(A) Isolated vessel from

T. rex. (B) Vessel isolated
from extant ostrich after
demineralization

and collagenase digestion
(3). (C) Vessel from

T. rex, showing internal
contents and hollow
character. (D) Exploded

T. rex vessel showing

small round microstructures
partially embedded

in internal vessel

walls. (E) Highermagnification
of a portion of T.

rex vessel wall, showing
hypothesized endothelial
nuclei (EN). (F) Similar
structures visible on

fixed ostrich vessel. Striations
are seen in both

(E) and (F) that may represent
endothelial cell

junctions or alternatively
may be artifacts of the
fixation/dehydration
process. Scale bars in (A)
and (B), 40 mm; in (C)

and (D), 10 mm; in (E)




Fig. 4. Cellular features associated with T. rex

and ostrich tissues. (A) Fragment of demineralized
cortical bone from T. rex, showing parallel-oriented
and cell-like microstructures among the fibers.

The inset is a higher magnification of one of the
microstructures seen embedded in the fibrous mater}
(B) Demineralized and stained (3) ostrich cortical
bone, showing fibrillar, paralleloriented collagen
Matrix with osteocytes embedded among the fibers.
The inset shows a higher magnification of one

of the osteocytes. Both inset views show elongate
bodies with multiple projections arising from

the external surface consistent with filipodia.

(C) Isolated microstructure from T. rex after fixatior

In addition to the multiple filipodial-like projections, internal contents
can be seen. The inset shows a second structure with long filipodia and an internal transparent nucleus-like structure. (D) Fixed ostrich
osteocyte; inset, ostrich osteocyte fixed and stained for better visualization. Internal contents are

discernible, and filipodia can be seen extending in multiple planes from the cell surface. (E and F) SEM

images of aldehyde-fixed (3) microstructures isolated from T. rex cortical bone tissues. Scale bars in (A)

and (B), 50 mm; in (C) and (D), 20 mm; in (E), 10 mm; in (F), 1 mm.

REPORTS

1954 25 MARCH 2005 VOL 307 SCIENCE www.sciencemag.



CT scans of T. rex’s
brain (blue) reveal sizable olfactory
bulbs (red arrow) and an
inner ear (red) with long, delicate
canals for balance and cochlear

SCIENCE VOL 310 11 NOVEMBER 2005



Rozruznéni
dravych
dinosauru
a jejich
geografické
rozsireni
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PROSAUROPODA

Plateosaurus



S aurOp O da vétSinou jura

Capyright 1o 19597 by ke Tussiaranaz and . k=ff Paling

Apatosaurus

,Brontosaurus®



Z 55 na 33 metrt se zmensSil
,hejdelsi* znamy dinosaurus poté,
co paleontologové ptrehodnotili
sviij ptuvodni nalez.

,eismosaurus’’

Na tzasnou délku usoudili objevitelé jeho netuplné kostry z umisténi 20. az 27. ocasniho obratle. Lucas
ale dokazal, Ze ve skute€nosti jde o 12. az 19. ocasni obratel a Ze zvite bylo celkové mnohem

krat$i. Lucas navic objevil v blizkosti nalezu kostry jesté kost zadni nohy a 1 jeji velikost potvrzuje, Ze
puvodni odhady délky seismosaura byly pfehnané. Srovnani detailti kostry s kostrami diplodokti zase
naznacuje, ze seismosaurus pattil do jejich blizkého ptibuzenstva. Piivodni védeckeé jméno
Seismosaurus hallorum by se tedy mélo zménit na Diplodocus hallorum, ale Lucas si nedéla iluze, ze
by se ,,zemétresné jméno ztratilo ze svéta.



DRI IA

Ultrasaurus macintosh
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Ultrasaurus

Brachiosaurus



Camarasaurus — svrchni jura, pneumatické kosti (odlehené vzduchovymi dutinami (3)+
vzduchové vaky za pfednim (1) a pfed zadnim (2) pletencem)



ORNITHISCHIA

(1) stegosauri

(2) ankylosauft1

(3) ornithopodi

(4) pachycephalosauri

(5) ceratopsia

VSichni bylozravi



stegosauii

Stegosaurus



ankylosaufi

ANKYLOSAURS

Ankylosaurus



ornitopodi

4
4

Iguanodon



hadrosauri




Anatosaurus

Anstosaurus

dalsi typy hadrosauru

Parazaurolophuz walkeri

“bazide Saurolophus”

Haming per=zon. . A W Farks
Hame age...1922
Flace. . Alberta

10m long

(11992 M Shiraishi ——— 411 Rights Reserwved Pk

Parasaurolophus



Pachycephalosauri

Pachycephalosaurs

CLASH OF THE BONEHEADS ,
Prenocephale males collide at full tilt. Prenocephale was V4
smaller than its North American relative Pachycephalosaurus, _ ;_'f
and ltved at an earlier time, in Mongolia, - 4
ki




Ceratopsia

Monoclonius



Torosaurus




(211999 M. Shiraishi-——#11 Eights Resarwed

Triceratops




Teplokrevni vs. studenokrevni
dinosauri.....

Definice

* Endotermni: tvorba tepla uvnitr téla

* Ectotermni: absorbuji teplo z okoli
 Homeotermni: podrZzuji konstantni teplotu

 Poikilotermni: templota kolisa v zavislosti
na vn¢jSich podminkach



Co mluvi pro teplokrevnost dinosaurt

Znacna pohyblivost mnohych forem — to potrebuje vnitrni teplo.

Dnesni teplokrevni predci studenokrevné. Pokud dinosauri
koexistovali s teplokrevnymi (savci) museli byt téz teplokrevni.

Cetni dinosau¥i chodili vzp¥imené s konéetinami pod télem —
typicky znak endotermii.

Mnozi dinosauri méli velky mozek, vétSina endotermu tenduje k
velkému mozku.

Studenokrevni nejsou nalézani ve vysokych zem. Sirkach,
dinosauri ano (bylo vSak tepleji) — viz obr. dale



Nalezy dinosauru v Antarktidé (Mt. Kirkpatrik) — spodni jura, spolu s kostmi
dalSich reptili a savcovitych ¢tyrnozci, Antarktis - jizni pol — dlouha polarni noc —
chladno (ovSem tepleji nez dnes) => teplokrevnost (nebo pravidelné migrace)

Late Jurassic

Cryolophosaurus elliotti
Cryolophosaurus dimorphodon

spodni jura



=

Psittacosaurus sp. (rekonstrukce podle Chesek 2007)
-sp. kiida, 145 Ma

-zobak papousciho tvaru

-pfedni ¢ast ocasu zdobeny cca 100 dutych keratin6znich Stétin
-prokazana pé€e o mlad’ata (hnizdo se 34 mladymi a 1 dospélcem)
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Lufengosaurus ? sp. - vajicka s embryi — jejich studie dokumentuje rychly riist béhem
embryogeneze (Nature, 2013)

Fossil dinosaur embryos are surprisingly rare, being almost entirely restricted to Upper Cretaceous strata that record the late stages of non-avian
dinosaur evolutionl, 2. Notable exceptions are the oldest known embryos from the Early Jurassic South African sauropodomorph
Massospondylus3, 4 and Late Jurassic embryos of a theropod from Portugal5. The fact that dinosaur embryos are rare and typically enclosed in
eggshells limits their availability for tissue and cellular level investigations of development. Consequently, little is known about growth patterns
in dinosaur embryos, even though post-hatching ontogeny has been studied in several taxa6. Here we report the discovery of an embryonic dinosaur
bone bed from the Lower Jurassic of China, the oldest such occurrence in the fossil record. The embryos are similar in geological age to those

of Massospondylus and are also assignable to a sauropodomorph dinosaur, probably Lufengosaurus7. The preservation of numerous disarticulated
skeletal elements and eggshells in this monotaxic bone bed, representing different stages of incubation and therefore derived from different nests,
provides opportunities for new investigations of dinosaur embryology in a clade noted for gigantism. For example, comparisons among embryonic
femora of different sizes and developmental stages reveal a consistently rapid rate of growth throughout development, possibly indicating that
short incubation times were characteristic of sauropodomorphs. In addition, asymmetric radial growth of the femoral shaft and rapid expansion

of the fourth trochanter suggest that embryonic muscle activation played an important role in the pre-hatching ontogeny of these dinosaurs.


http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html
http://www.nature.com/nature/journal/v496/n7444/full/nature11978.html

Struktura Kosti u dinosauru se podoba spisSe
sou¢asnym endotermiim nez ektotermiim.

Endotermni pomér predator/korist je obvykle nizky
(cca 3 %) — u dinosauri je podobny jako u savci.

Od dinosauru se odStépili ptaci — ti jsou teplokrevni.



Nékolik soucasnych nazori na télesnou teplotu dinosauru
- souhrn

Dinosauri byli kompletné endotermni, podobné jako
jejich descendenti — ptaci.

Nékteri méli intermediatni typ fyziologie mezi endo- a
ektotermii.

Vime toho priliS malo, abychom mohli o fyziologii
dinosauru podlozené spekulovat.

Vsichni dinosauri byli ektotermni, protoze klima v
mesozoiku bylo velmi priznivé teplé. Mnoho
soucasnych ektotermu je dostate¢né aktivnich — stejné
tak byli i dinosauri.



Metabolic middle ground
Dinosaurs and some living animals are mesotherms,
raising but not maintaining their body temperature.

Ectotherms Endotherms

Metabolic rates

13 JUNE 2014 « VOL 344 ISSUE 6189 sciencemag.org SCIENCE



Problematika télniho pokryvu

e ,,-‘ =4

Smocalltopteryx gigas, nejvets1 kompSognatldnl opereny reptil, ~ 2, 5 m,
Yixian Fm., Cina, sp. krida



interpretace

Zaludek se zbytky ptaka r. Confuciusornis sanctus (modfe) a dalsiho raptora (Eerveng)

Sinocalliopteryx gigas — masozravy, opereny, béhavy, nelétavy, (vel. cca vIk)
prvni nalez pozirani ptaku

(PLoS one, 2012)



Sinosauropteryx prima, kompsognatidni reptil, Liaoning, Cina, sv. ki‘ida (Benton, 2010)



Dtto, jiny exemplar a barevna interpetace
(viz dale)




Ornithomimus edmontonicus (Theropoda), Alberta, Kanada, sv. kfida, bipédny, béhavy, velikost pStrosa,
Zelenitzky et al. 2012 — na dlouhych kostech pfedni koncetiny stopy po upevnéni per (brki) — stejné jako u
recentnich ptakad.



interpretace

/ \ soucasna 2 “

starsi

From Zelenitsky et al. 2012

Zelenitsky says, that “wings didn’t initially evolve for flight”.
Nor is it likely that wings evolved to give predators better balance as they latched onto their prey.



http://blogs.discovermagazine.com/notrocketscience/2011/12/14/deinonychus-and-velociraptor-used-their-killing-claws-to-pin-prey-like-eagles-and-hawks/

Pokusy o létani

peri

hosted at
SkewsMe.com / microraptor.htmil

Mature

Microraptor guyi, sp. kiida, Liaoning, Cina,
dromeosauridni reptil



Dtto, pozn. :

- ziejmé nocni (barva peri + kiistky kolem o¢i),
- ocasni pero — dvoreni (nikoliv let),

- barva opalizujici, ménavé tmava

(Yong, 2012)



Microraptor

Alexandra L&éwendahl 04

Starsi ukazky obrazovych rekonstrukci mikroraptoru



feomelanosomy

- 1 — ~

A —

. .._E a ", _—

A) Tufted titmouse B) Macaroni penguin C) Double-crested cormorant
D) Palm cockatoo E) Brazil duck F)Microraptor

Ukazka melanosomii u riznych skupin ptaki a mikropraptori (Yong, 2012);
kulovité (A) = feomelanosomy, rezava barva; protahlé eumelanosomy (C), Cerna barva.
- J. Vinther (2007) pocatek studia;
- namitka Marie McNamara (2012)-experimentalné zménila délku melanosomii
vlivem tlaku a teploty (ovSem ¢as, srovnej tafonomické podminky) = debata, konfrontace.



Dnesni interpretace mikroraptoru



Sinosauropteryx

Microraptor




Sauropodomorpha \t' B

e ul Carcharodontosauria ,(\ ~ =2 sukovité kiis tky
Megalosauridae s
-9 A VU
Tyrannosauroidea -
SV
Compsognathidae ‘“\_’ w
Ornithomimosauria V
I N
Alvarezsauroidea 3\ W brky,
— a . , 9 .
opefené koncetin
<& skin Therizinosauroidea % P y
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¢~ bony knobs — ) & - : ‘
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W filamentous feathers i i W ‘%
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@ pennibrachia Dromaeosauridae P > W % [ E — {"""‘%
_ g T
(L= wings (gliding/volant) Avialae AP @ _— " 3 b)
A Uy
Kladogram operenych reptili --> ptaka (Zelenitzky et al., 2012) A c)

a) Troodon, b) Dromeosaurus, ¢) Confuciusornis



T.HUBIM /IRSNE

fosilie

Aurornis xui Godefroit et al., 2013,
160 Ma, sv. Cina (Liao-ning provincie), stafim predchazi archaeopteryxe o 10 Ma, oba
patri ziejmé ke stejné vyvojové vétvi bazalnich ptaki

moZn¢ interpretace

(Amos 2013)



Aurornis xui, fosilie a mozna interpretace

(D. news 2013)



Teplokrevni dinosauri, osrsténi,
opereni => cesta k letu a vznik ptaku

Kurzikolni hypotéza



Opefreny reptil ?
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Archaeopteryx



Lokality s nalezy archeopteryxu

Berlin
specimen

- (_“ /. Haarlem
L9/ "4 specimen
. 4 ' YSolnhofen Ll e,
E'ChStatt ( specimen \ L.tu) kY
spemmen{f § " 4
i\ N/

L )
Regensburg|

Ingolstadt & 0 5 10 20
R. Danube km

Basin deposits

Reef deposits




otisk perFi, podle studia barevnych
¢astic melanosomi byl barva peri
¢erna (Nat. Com., 2012)

Archaeopteryx, svrchni jura, ~150 Ma, Eichstatt, Bavorsko



Velikost genomu (pary bazi) — svéd¢i téz o blizkosti teropodnich dinosaurt a ptakt

lguana  Crocodile Emu Crow
£.8 billion bp 3.1 billion bp 1.6 billion bp 1.2 billion bp
0 mya
Triceratops Tyrannosaurus
3.2 billion bp 1.9 billien bp
Deinonychus
1.58 billson bp 100 mya
Apatosaurus
2.15 billion bp
Birds
Ornithischians 200 mya
. Bl Small |
st B Medium

Large



AVES
- SAURIURAE
opozitni ptaci: ? Archaeopteryx, Confuciusornis, etc.

- ORNITHURAE
moderni ptaci: Sinornis, Ichthyornis, Hesperornis,
Hongshanornis



Pocatek kridy:
pravi ptaci

Confuciusornis sanctus
(spodni krida, Cina)
(opozitni)

Confugiusormis sanctus

An aura offeathers surrounds

a male, at left, and a fermale bird
that lived more than 120 million
years ago. Their size difference
and the male’s long tail feathers
§HDW that sexual dimorphism
may have existed in birds at
least since that time.
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Hongshanornis longicresta, (Ornithurae), nedokonaly let,
Liaoning, ~ 125 Ma
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Ichthyornis

Béhem kridy jiz diverzita ptaka vzrusta — ruzné Zivotni strategie (vodni, etc.)



Cian Varner

Hesperornis



In conclusion, our genome-scale analysis supports
the hypothesis of a rapid radiation of diverse
species occurring within a relatively short period of
time (36 lineages within 10 to 15 million years;
Fig. 1) during the K-Pg transition, with many
interordinal divergences in the 1- to 3-million-year
range. This rate of divergence is consistent with
modern speciation rates, but it is notable that so
many lineages from a single stem lineage survived
extinction. Subsequent ecological diversification of
surviving lineages is consistent with a proliferation
of the earliest fossil stem representatives of most
modern orders by the latest Paleocene to Eocene.
Our finding is broadly consistent with recent
estimates for placental mammals [(100), but see
SM12 (101)] and thus supports the hypothesis

that the K-Pg transition was associated with a

rapid species radiation caused by a release of
ecological niches following the environmental
destruction and species extinctions linked to

an asteroid impact (2, 4, 5, 102).

Jarvis et al. In SCIENCE sciencemag.org 12 DECEMBER 2014  VOL 346 ISSUE 6215



PTEROSAURIA

Copyright(c)2004.M.Shiraishi-All right reserved “ag -

Rhamphorhynchus, jura - rekonstrukce Pterodactylus, sv. jura - fosilie



S Rhamphorhynchus

(Rhamphorhynchoidea = sv. trias-sv. jura)

Pterodactylus

(Pterodactyloidea = sv. jura- sv. kiida)

Darwinopterus modularis © DK 2003

Sv. jura, 160 Ma, souvrstvi Tiaojishan (Liaoning prov.),~ vrana.
Pokrocilé znaky: dlouhé éelisti, Spi¢até zuby, ohebny protahly krk a lebka (=> pterodaktylové)
Starobylé znaky: télo, ocas, kiidla (=> rhamphorhynchové)

——> ,,podivny hybrid*, pfiklad mozaikové evoluce — nejprve se vyvijela ¢ast (hlava a krk) a poté zbytek
P y hy Y



Sordes pilosus — osrstény pterosaur
(rekonstrukce)




Quetzalcoatlus, krida Mexico — rozpéti kridel az 18 m



Biologie pterosaurii
byla podobna ptaci (?)




Prototheria Theria
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Obr. 85. Vvvojové vztahy a stratigraficky rozsah hlavnich skupin saved. Upraveno podle Wicander & Hourac
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(1989).



Béhem kridy se objevuji ptakoritni, va¢natci a placentalové,

7y e r

jejichz fyziologie se po svrchnokridové Krizi ukaze jako velmi ucinna pro
dalsSi radiaci a diverzifikaci

d |
N okl T

v, , Monotremata (Australie
Zalambdalestes, sv. krida, placental ( )



e ‘ ._,, _,} ; .'I'|ﬁTr[[[|llff||FF||||_J
g #};@ cm 1 27,

fosilie (podle Meyers, 2006)

rekonstrukce (Darling, 2006)

Volaticotherium antiquus

- Cina, 125 Ma, spodni kiida, 12-14 cm, potrava-hmyz
- savec, zpusob Zivota jako recentni
poletuchy, pribuzny multituberkulatiim (?)



Opisthotonus

kre¢ zadového

Clovék — tyfus | S
(obraz Bell 1809) svalstva ve smrtelné Ptak — recent,

extazi (poSkozeni mozku nedostatek thiaminu
v dusledku otravy,
nedostatku kysliku etc.)

Struthiomimus altus — kiida (Amerika), teropodni dinosaurus cca ,,pStrosiho vzhledu*
— interpretace: otrava pri sope¢ném vybuchu (?) (podle www.Ideo.columbia.edu, 2007)



http://www.ideo.columbia.edu/

Pokles diverzity mékkysu ve sv. kridé a jejich zanik na hranici K/T
(Hallam et Perch Nilesen 1990)
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Rozsah druhii ramenonoZci okolo hranice kiida/paleogén, Dansko
(Surlyk et Johannsen, 1984)
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Exkurze krivek izotopu O, C, Sr

v oceanskych vodach okolo hranice
K/T — 66 Ma

(Hallam et Wignall 1997)

208 The Cretaceous—Tertiary boundary
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Prehled nékterych zmén na hranici K/T v oceanech (Hallam et Wignall 1997)

kitida | paleogén

Bio- | Lith-
zones

ology

Sealevel

Deep water
production

"Deep" community

"Shallow" commun.

Expansion and in-
tensification OMZ

N.p.

D .
a :? P. eugubina

A. mayaroensis

K-T boundary
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Global Sea Level Occurrence and abundance of
Feet 0 50 100 150 +200 dominate species of genus Baculites

64 million
—— Relative abundance of marine invertebrate species
in sediments of the Western Interior Seaway
(in vicinity of Badlands NP, South Dakota)

65 milion

Cretaceous Tertiary Extinction Boundary

66 million
I disappearance of species

Baculites larsoni

67 million

first occurrence of species

Fox I-élls Fnrn‘éatinn

68 million
Baculifes n.s.
Baculffes clinolobatus

Baculites grandis
Baculifes baculus

69 million

70 million

Bacultes ehast .

I?ierre S:hale

i Bacuiites jenseni
Baculites reesidef
Baculifes Cuneatus

Baculites compresss

72 million

Stoffer, 2012



Dekkanské trapy (zap. Indie), jedna z nejvétSich vulkanickych oblasti svéta. Vice nez 2,000 m
mocné ploché uloZeniny lav pokryvaji oblast cca 450. 000 km2. Objem cCedicii je odhadovan na
512,000 km3( srovnani: 1980 erupce Svaté Heleny produkovala 1km3 vulkanického materialu).

(foto Keller, 2011)

Deccan
Traps

rishna-Godavarj
Basin

Ll Chennai

12°

Arabian
Sea

@ KTB localities
analyzed

World's longest
lava flows (>1500 km)
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Dekkanské trapy, jejich pozice (staFi) a srovnani s jinymi eventy tohoto typu



~ 65 Ma, Krida/Paleogén

*20 mm=320 kilometers

Mexicky zaliv, poloostrov
— Yucatan, krater Chixculub,

impakt télesa ~ 10 km

vV priméru,

+ dalSi impakty

+ dalsi jevy (viz dale)

nasledky —

V. hromadné vymirani

vnitini prstenec




claystone

.#-

5- -—.u_ i

l Vi

Sférule z profili ,,chixulubského stari,
~Haiti, K/T (+ vysoky obsah Ir) a Brazos

(Keller et al. 2009)




Jilovita poloha pri hranici K/T ma 1000 x vétSi obsah Ir nez podlozi a nadlozi,
Wyoming, USA (Zimbres, 2009)



Trinidad Lake State Park, barevna a litologicka zména na hranici K/T (,,Geology guy*, 2006)
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Figure 7. Relative abundance of planktic foraminifera (> 63 um), stable isotopes, and Ir concentrations
in the late Maastrichtian to early Danian Mullinax-1 well, Brazos River, Texas. Note the gradual
disappearance of species began during the climate warming and accelerates during the cooling prior to
the KT mass extinction. There is no Ir anomaly at the KTB in any of the Brazos River sections, although
elevated Ir concentrations are observed at different intervals below and above the KTB associated
with redox boundaries 0. Viz dalsi slajdy

(Keller, 2008 )
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Fig. 8. Relative abundance of planktic foraminiferal species across the event deposit
and the K-T Boundary at Brazos core Mullinax-1.

Note that there is no mass extinction at the event deposit. A gradual decrease in species
diversity begins well below the event deposit and culminates at the K-T boundary.

(Keller et al. 2009)
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Three distinct phases of Deccan volcanism. The first and weakest began roughly 67.5 million years ago.
The second and largest phase accounted for 80 percent of the total volcanism and produced the largest
lava flows in Earth's history (represented by vertical black bars).

This activity wiped out nearly 100 percent of planktonic foraminifera and ultimately initiated the
Cretaceous-Tertiary mass-extinction event. A less severe third eruption phase occurred

roughly 300,000 years after the mass extinction and kept the Earth nearly uninhabitable

for another half-million years.

(Keller, 2011)



Fig. 1. The onsite scientific team: Jerry Baum, Gerta Keller and
Tom Yancey. Thierry Adatte, University of Neuchatel,
Switzerland, participated in pre-drilling planning, fieldwork and
post-drilling core description, sampling and analyses.
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Multiple impact event
Several other craters also appear to have been formed about the time of the K—Pg boundary.
This suggests the possibility of near simultaneous multiple impacts, perhaps from a
fragmented asteroidal object, similar to the Shoemaker-Levy 9 cometary impact with Jupiter.
Among these are the Boltysh crater, a 24-km (15-mi) diameter impact crater in Ukraine
(65.17 = 0.64 Ma); and the Silverpit crater, a 20-km (12-mi) diameter impact crater in the
North Sea (60—65 Ma). Any other craters that might have formed in the Tethys Ocean would
have been obscured by erosion and tectonic events such as the relentless northward drift of
Africa and India.[18][19][20]

A very large structure in the sea floor off the west coast of India has recently been interpreted
as a crater by some researchers.[21] The potential Shiva crater, 450—-600 km (280-370 mi) in
diameter, would substantially exceed Chicxulub in size and has also been dated at about 65
mya, an age consistent with the K—Pg boundary. An impact at this site could have been the
triggering event for the nearby Deccan Traps.[22] However, this feature has not yet been
accepted by the geologic community as an impact crater and may just be a sinkhole
depression caused by salt withdrawal.[20]



http://en.wikipedia.org/wiki/Comet_Shoemaker-Levy_9
http://en.wikipedia.org/wiki/Comet_Shoemaker-Levy_9
http://en.wikipedia.org/wiki/Comet_Shoemaker-Levy_9
http://en.wikipedia.org/wiki/Jupiter
http://en.wikipedia.org/wiki/Boltysh_crater
http://en.wikipedia.org/wiki/Ukraine
http://en.wikipedia.org/wiki/Silverpit_crater
http://en.wikipedia.org/wiki/North_Sea
http://en.wikipedia.org/wiki/Tethys_Ocean
http://en.wikipedia.org/wiki/Shiva_crater
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Shiva Crater — ano ¢i ne ?

A very large structure in the sea floor off the west coast of India has recently been interpreted as a
crater by some researchers.[21] The potential Shiva crater, 450-600 km (280—370 mi) in
diameter, would substantially exceed Chicxulub in size and has also been dated at about 65 mya,
an age consistent with the K—Pg boundary. An impact at this site could have been the triggering
event for the nearby Deccan Traps.[22] However, this feature has not yet been accepted by the

geologic community as an impact crater and may just be a sinkhole depression caused by salt
withdrawal.[20]

?T¢leso cca 40 km v priiméru
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*) event na hranici T/J nema charakter hromadného vymirani — pouze zrychleni



V. HROMADNE VYMIRANI KRIDA/PALEOGEN 66 MA

- impakt (Chixculub) + dalsi = slozeny, mnohonasobny efekt

- obrovské vylevy ¢edicu (trapy — Indie, Dekkan)

- silna anoxie oceanu

- otepleni a ochlazeni morské vody

- eustatické zmény hladiny - globalni regrese

Vymiraji:

amoniti, belemniti, dinosauri, pterosauri, ichtyosauri

a prevazna vétSina planktonnich organizmu. Dale jsou decimovani
jezovky, korali, Zraloci. (Malo zasazené skupiny: savci, Zelvy,
krokodyli, hadi a obojzivelnici.)

Celkem z planety mizi 25 % vSech zZivoc€iSnych Celedi a 76 % druhu.

Vysvétleni:

Multifaktorialni udalost, terestrické eventy jsou kombinované s mimozemskymi,
rada pulsi ménicich ekosystém béhem 1-2 milionu let zavrSenych impakty a
stiedni fazi dekkanskych trapu. Nejlépe prozkoumana udalost.



Tato udalost méla za nasledek:

Uvolnéni Zivotnich prostor v oceanech i na kontinetech = prudky rozvoj novych
skupin organizmu predevSim III. moderni fauny béhem paleogénu a neogénu:

- oceansky plankton (mikroorganizmy)

- kostnaté ryby (zcela nahradily biologicky hlavonoZzce)
- savci (zemé, voda, vzduch)

- ptaci

- ve spolupraci s nimi rozvoj krytosemenné flory (travy, kvetouci rostlinstvo)
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Contemporary birds share a common wing design, with a single feather layer. But Nicholas Longrich of Yale University in New Haven,
Connecticut, and his colleagues identify separate layers in their fossil analyses of the wings of the Jurassic bird Archaeopteryx lithographica
(pictured) and the Cretaceous feathered dinosaur Anchiornis huxleyi.

(Nature 493, 7427)
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a) Alligator, b) Compsognathidae, c) Therizinosauridae, d) Archaeopteryx,
e) Enathiornithes, f) Confuciusornis, g) Struthio (pStros)

Nature 487 (2012): 223-226

The interplay of evolution and development has been at the heart of evolutionary theory for more than a century. Heterochrony—change

in the timing or rate of developmental events—has been implicated in the evolution of major vertebrate lineages such as mammals, including
humans. Birds are the most speciose land vertebrates, with more than 10,000 living species representing a bewildering array of ecologies.

Their anatomy is radically different from that of other vertebrates. The unique bird skull houses two highly specialized systems: the sophisticated
visual and neuromuscular coordination system allows flight coordination and exploitation of diverse visual landscapes, and the astonishing
variations of the beak enable a wide range of avian lifestyles. Here we use a geometric morphometric approach integrating developmental,
neontological and palacontological data to show that the heterochronic process of paecdomorphosis, by which descendants resemble the juveniles
of their ancestors, is responsible for several major evolutionary transitions in the origin of birds. We analysed the variability of a series of
landmarks on all known theropod dinosaur skull ontogenies as well as outgroups and birds. The first dimension of variability captured ontogeny,
indicating a conserved ontogenetic trajectory. The second dimension accounted for phylogenetic change towards more bird-like dinosaurs.
Basally branching eumaniraptorans and avialans clustered with embryos of other archosaurs, indicating paedomorphosis. Our results reveal

at least four paecdomorphic episodes in the history of birds combined with localized peramorphosis (development beyond the adult state

of ancestors) in the beak. Paedomorphic enlargement of the eyes and associated brain regions parallels the enlargement of the nasal cavity

and olfactory brain in mammals. This study can be a model for investigations of heterochrony in evolutionary transitions, illuminating

the origin of adaptive features and inspiring studies of developmental mechanisms.




Living birds had common ancestors on the theropod lineage.

Oddly, birds are derived from the "lizard-hipped" dinosaurs

and not from the "bird-hipped" ornithischian dinosaurs.

The "bird-hipped" condition of a pubis pointing toward the back
of the animal occured twice independently,

once in the ornithischians and once in the lineage leading to birds,
an example of convergent evolution.

Thus "ornithischia," taken literally, is a misnomer,

since the ornithischians have ornithischian-like pelves, not bird-like.
Only birds (and their immediate ancestors) have bird-like pelves.
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