Bioticke krize a globalni ekosystémy v historii Zemé — ¢ast III.

FANEROZOIKUM

Rostislav Brzobohaty vybérovka 15



Noumhber of Orders

Number of taxa
ﬁ‘ﬂ Elll'i liEIEI Lgl] lJiI-‘IJ

Classas

Cambrian
Explosicn

." 443 S
CAMBRIAN =
i EXPLOSION o 4851 Phyla
= |=
i) el
= %
E 541 ;
20~ = ]
* |z
e
_____.--"""- 435
Vendian I Cambrian
T |
MR S50

(erologie Time imybp)

Jak chapat tzv. , kambrickou explosi® ?

g
EB | Egacoran Bicta



100 1

™}

o

o
]

< Pliocene
<—— M. Miocene

<«—— U.Eocene

«<———— Maastrichtian V.
<— Cenomanian

<—— Aptian

<«—— Tithonian

<—— Pliensbachian

<—  Norian V.

(o]

=}

o
1

Geological time (Ma)

400 -+

488

Cm

| <

<— Stephanian

<— L.Serpukhovian

q‘-‘— .
<——=— Frasnian Il.
D —

T —— U. Silurian
< Ashgillian .
<———— M. Caradocian

<——— U. Arenigian

<—— Trempealeauan

<— L.Dresbachian

;
<— U. Botomian

U. Permian "l.

Vztah masovych vymirani
(tucné Sipky) a drobnéjsSich
decimaci globalni diverzity



~40
18+ o
i 3 Carbon dioxide
16 P
r\ |""
141 7 ;
S -
{g 12_ : "' _30
& 10- h 1 Oxygen N
[ , , - 1 e
e | ¢ & F A \ ’ . I
& 8. L ! Le==" \
e B i Oxygen today\ 3 , X
g - ; ,1 ": l‘ : |..20
= 6 Se----al__ ' T
N "‘\'f g v -
8 ™ e \,::...h_
B COQ tid%}(x_ s -— B TN -10
Camb.| Ord.| S.|Dev.|Carb.| Pe.| Tri. |Jur.|Cret.| Cen. 0
| I 1 |
my ago 500 300 100 0

% O, in atmosphere

Kolisani obsahu O2 a CO2 béhem fanerozoika a vztah

k souCasnému stavu



Fanerozoikum:
intenzita vulkanizmu
a kolisani

- teplot,

- morské hladiny,

-02aCO2

Oo

[TTITrTTITT
N
o

Solarstrahlung - 0.720

CO5 0.36

i submariner Vulkanismus

warm

i U p— r|,L}‘__|d.-|_r-
kontinentalervplkanismus; : ;

mittlere globale
. Temperatur:

1 1 1
Priakambrium Kambrium Ordoviz ! ! Karbon | Perm :Tn’as:

Mio.J. 600 500 | 400 | 300 | 200 100 !

Hromadné vymirani L. 11. II1. IV. V.



P, LSS PO O

Explosion of Life!




3 faunistické skupiny ve fanerozoiku podle Sepkoskiho a jejich vrcholy:
1. - kambricka (modra), 2. - paleozoicka (Cervena) a 3. - moderni (zelend)
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(a) Cambrian fauna
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Number of genera

Diverzita (rozruznénost) morskych zivocCichu v historii Zemé
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FIGURE 10-84 Diversity
of marine animals compiled
from a database recording first
and last occurrences of more
than 34,000 genera. The graph
depicts five major episodes of
mass extinction (global
extinctions over a short span of
geologic time). (Adapted from
Sepkoski, [. ]., Jr. 1994. Geotimes
39(3):15-17.)
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Soucasna kfivka diverzity podle Paleobiology Database

Nejnovéjsi kfivka diverzity podle PBDB (2012) s pouzitim
nové metody pro korekci nerovnomérného vzorkovani —
pro kenozoikum (zluta barva) je shodna s ad A)

Sipky ukazuji odliSné hodnoceni zavéru kambria
podle riznych metod


http://www.sciencemag.org/content/vol329/issue5996/images/large/329_1156_F1.jpeg

KAMBRIUM
(542 - 488 Ma)
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Zivot v kambriu

 Baze kambria je vétsinou geologicky lehce
zjistitelna podle nastupu pevnych Casti fosilii
(schranky, kostricky). Biomineralizace —
skeletonizace, jeji priciny (viz dale).

* Mluvime o ,kambrické explozi®

* V kambriu nastupuji vsechny kmeny s tvrdymi
elementy (? s vyjimkou mechovek) a i Cetné
bez pevnych casti (problem zjisteni?).



Evoluc¢ni vyhoda schranek a
koster:

1. Podpiraji svaly, etc.
2.  Ochrana viuci prostredi, predatorim

3. Pomoc (opora) pri pohybu

Mozné vysvétleni nastupu skeletonizace:

- Vysoky obsah soli ve vodach + obrana = detoxikace

- ZvySujici se obsah kysliku v prostiedi a moZnost jeho
vyuZiti pro energeticky naro¢nou biochemii
(srovnani: v dneSnich prostiedich s nizkym obsahem
kysliku Ziji jen malé mékkotélé organizmy).

- Stavba téla (12 — bunék)

Okolo hranice Prz/Cm se objevuje tzv.
»tomotska fauna“:
- drOb{le (’1 =3 mm) fO.Sfa,tICke S\’Chran’ky, Y’etSanll . FIGURE 10-13 Late Precambrian and Early
neznameho systematickeho zarazeni a pribuznosti.  Cambrian shell-bearing fossils frqm Siberia. (A)
e e XN o w v opr Anabarella, X20, a gastropod; (B) Camenella, x18,
- tvar: vetsinou trUbICky’ OStny9 kuzelovite nebo affinity uncertain; (C) Aldanella, %20, a gastropod; (D)
destic¢kovité fosilie sponge spicule, X30; (E) Fomitchella, X45, affinity

A i 4 171 a ] uncertain; 2 nd (F) Lapw thell , X20. (After Matthews, S. |.
- zastupci tomotské fauny mizi béhem kambria. s Apberaels (After Matthews, S. ]

and Missarzhevsky, V. V. ]. 1975. Geol. Soc. London 131:289-304.)



DalSi ukazky tomotskych zkamenélin,
Sibir

Protohertzina
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Anabarites sp., proterozoikum/kambrium,
SibiF, v horniné a rekonstrukce




Fig. 1 Early Cambrian sclerite-bearing animals. 1, Siphogonuchites. 2,
Hippopharangites. 3, Lapworthella. 4, Eccentrotheca. 5, 6, Microdictyon. 7,
Tumulduria. 8, Scoponodus. 9, Jaw-like elements of Cyrtochites. 10,
Porcauricula, 11, Dermal element of Hadimopanella. 12, Cambroclavus. 13,
Paracarinachites. Scale bars = 0.1 mm.
© Swedish Museum of Natural History. Photos: Stefan Bengtson.



Fig. 2 Early tube-dwelling animals. 1, Cloudina, one of the earliest animals
with a mineralized skeleton reinforced with calcite (late Neoproterozoic). 2,
Aculeochrea, with an aragonite-reinforced tube (Precambrian-Cambrian
boundary beds). 3, Hyolithellus, an animal reinforcing its tube with calcium
phosphate (early Cambrian). 4, Olivooides, possibly a thecate scyphozoan
polyp. 5, Pre-hatching embryo of Olivooides. Scale bars = 0.1 mm.
© Swedish Museum of Natural History. Photos: Stefan Bengtson.



Fig. 3 Early Cambrian shell-bearing animals. 1, Archaeospira, a possible gastropod.
2, Watsonella, a possible mollusc. 3, Cupitheca. 4, 5, Aroonia, a probable stem-group
brachiopod. 6, 7, Conch and operculum of Parkula, a hyolith. Scale bars = 0.1 mm.
© Swedish Museum of Natural History. Photos: Stefan Bengtson.
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Diverzita rodi mnohobunécénych v kambriu (Sepkoski 1992)
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Rychly prehled kambrického zivota




Kambricko-ordovicka acritarcha



Ch. Walcott, 1912, Burgess Pass,
stir.Cm -

Burgess Quarry dnes

Locality: Yoho
National Park,
Canadian Rockies,
southern British
Columbia, Canada
Stratigraphy:
Stephen Formation
Age: Late Middle
Cambrian. ca 505 Ma
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Choia ridleyi, Porifera

stf. Cm, Burgess Shales



Margaretia
dorus (Wal.)

(Pozn. piv.
Octocorallia)

? Chlorophyta

EBonino

Diagonella sp.
(Porifera)

Porifera

Choia sp.
(Desmospon
gia)
Burgesské

bridlice (stf. kambrium)




Ctenorhabdotus scapulus, Ctenophora

stf. Cm, Burgess Shales



Moorowipora

chamberensis,

dosud povazovana
za nejstarsi tabulata,
Cm, jizni Australie




Martianoascus

meduza ??

stf. Cm, Burgess Shales



Archeocyati (pribuzni zivociSnych hub) — stavitelé
spodnokambrickych utesu

Parieties Outer wall

Inner wall

Intervallum

FIGURE 10-25 The archacocyathan skeleton. (A)
Longitudinally fluted cup of an archaeocyathan, about 6
cm in height. (B) Transverse section of a nonfluted

archaeocyathan having closely spaced parieties and I"{ez biohermou archeocyétﬁ S mezerni hmotou kalcimikrobﬁ,

vesicular inner wall. (Maximum diameter is 4 cm.)

spodni kambrium, lemdadské souvrstvi, Vys. Atlas, Maroko



stf. Cm, Burgess Shales

rekonstrukce



Selkirkia columbia, Priapulida

stf. Cm, Burgess Shales




Halucigenia, Lobopodia (fosil tax.), rekonstrukce
blizkost k ¢erviim ?

stf. Cm, Burgess Shales



Hyolitha, moisti, dnes k mékkysam,
rozvoj v kambriu, vymiraji ve stf. permu

Haplopherensis reesei,
kambrium, Utah

Hpyolithes sp.,
kambrium, Utah




stf. Cm, Burgess Shales




rekonstrukce

Odontogriptus




rekonstrukce

Wiwaxia, Mollusca stf. Cm, Burgess Shales



Nectocaris, Mollusca

stf. Cm, Burgess Shales

rekonstrukce



stf. Cm, Burgess Shales
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*Brachiopoda:
*Dvouchlopnova schranka, filtratori

*Dominantni skupina v kambriu jsou “inartikulatni” (bezoporni): < infauni
formy se schrankami z fosforeCnanu vapenatého
schrankami)

*Nastupuji 1 artikulatni brachiopodi (se zdmkem,

Bohemiella romingeri, Skryje,
stifedni kKambrium, barrandien.

Lingulella ampla
svrchni kambrium,
Colfax, Wisconsin, USA



http://www.ucmp.berkeley.edu/brachiopoda/brachiopoda.html
http://members.cts.com/crash/b/brucem/brachtax.htm

Portalia mira, inc. sed.

stf. Cm, Burgess Shales



rekonstrukce

stf. Cm, Burgess Shales



Naraoia compacta, Arthropoda

stf. Cm, Burgess Shales



Trilobita

Conocoryphe sulzeri, stredni
kambrium, Jince, barrandien

Olenellus fowleri,
~ Spodni kambrium,
';'; Lincoln County,

| Nevada

b
x,

Ptychoparia striata.
v I . . S

stredni kKambrium ;

Jince, barrandien =

|



Clenovci

Canadaspis

Opabinia




stf. Cm, Burgess Shales
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Opabinia, Arthropoda




r. Cm, Burgess Shales
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Anomalocaris, Arthropoda




Rekonstrukce zZivota béhem sedimentace burgesskych bridlic (stfedni kambrium, Britska Kolumbie)

o (9 . Laggania cambria
. f {

Vauxia
houba)




Laggania cambria (Anomalocarida) — model predni ¢asti z ventralniho pohledu



Hurdia, Anomalocarida




~ Fuxianhuia protensa

-Hou, 1987
Arthropoda, Chelicerata

sp. kambrium (525 Ma)
#2% Chengjiang, Jiin-nan

d
A




The nervous system provides a fundamental source of data for understanding the evolutionary relationships between major arthropod groups.
Fossil arthropods rarely preserve neural tissue. As a result, inferring sensory and motor attributes of Cambrian taxa has been limited to interpreting
external features, such as compound eyes or sensilla decorating appendages, and early-diverging arthropods have scarcely been analysed
in the context of nervous system evolution. Here we report exceptional preservation of the brain and optic lobes of a stem-group arthropod
from 520 million years ago (Myr ago), Fuxianhuia protensa, exhibiting the most compelling neuroanatomy known from the Cambrian.

The protocerebrum of Fuxianhuia is supplied by optic lobes evidencing traces of three nested optic centres serving forward-viewing eyes.
Nerves from uniramous antennae define the deutocerebrum, and a stout pair of more caudal nerves indicates a contiguous tritocerebral component.
Fuxianhuia shares a tripartite pre-stomodeal brain and nested optic neuropils with extant Malacostraca and Insecta, demonstrating that these
characters were present in some of the earliest derived arthropods. The brain of Fuxianhuia impacts molecular analyses that advocate
either a branchiopod-like ancestor of Hexapoda or remipedes and possibly cephalocarids as sister groups of Hexapoda. Resolving arguments
about whether the simple brain of a branchiopod approximates an ancestral insect brain or whether it is the result of secondary simplification

has until now been hindered by lack of fossil evidence. The complex brain of Fuxianhuia accords with cladistic analyses on the basis
of neural characters, suggesting that Branchiopoda derive from a malacostracan-like ancestor but underwent evolutionary reduction
and character reversal of brain centres that are common to hexapods and malacostracans. The early origin of sophisticated brains provides
a probable driver for versatile visual behaviours, a view that accords with compound eyes from the early Cambrian that were, in size
and resolution, equal to those of modern insects and malacostracans.

(Nature, 490, 7419, 2012)



Fuxianhuia, Arthropoda




Herpetogaster, ? Cervi, ? hvézdice
rekonstrukce



Neznama (?) pribuznost

Dinomischus




*Echinodermata (ostnokoZci):

*Druhotsti s 5-ti Cetnou symetrii, vapnitymi schrankami, specielni rozvod vody
(ambulakralni soustava)

*VétSina kambrickych ostnokozct méla stonek (prisedli)

Gogia sp., stf. kKambrium, House Range,Utah.
Eocrinoidea (kambrium-silur) patri k ¢asnym zastupcim ostnokoZcii.


http://www.ucmp.berkeley.edu/echinodermata/echinodermata.html
http://www.ucmp.berkeley.edu/echinodermata/eocrinoidea.html

Echmatocrinus capulus, Echinodermata

stf. Cm, Burgess Shales



1 Helicoplacoidea
2 Stylophora

3 Eocrinoidea

4 Soluta

5 Edrioasteroidea
6 Eocrinoidea

7 Ctenocystoidea
8 Cincta
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circlet of
elongated plates

.I_-L-r_t\x 3

ambraster, Cm

Gyrocystis, Cm

Ceratocystis, Cm

Dtto predchazejici
slajd - fosilie

Lichenoides, Cm

L

Ctenocystis, Cm, Utah

(podle: Markov, 2007; Spence 2010; White 2010;Zamora, 21007; Fossil Mus. 2010)



Yunnanozoon

Vetulicolia — spodni kambrit
novy kmen zivoc€ich

blizky predkiim strunatcu (zaberni
stérbiny etc.), detritofagni nekton,

| b S
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Three vetulicolians. Front to hack: Vetulicola, Zidazoon, Didazoon



Banffia constricta, Vetulicolia,
Burgess Shales, stf. Cm




Banffia, jina mozna rekonstrukce



Cheungkongella, Tunicata, sp. Cm, Cina, Chengjiang



Nejstarsi dolozena akrania

foto z burgesskych bridlic

Pikaia gracilens, Burgess Pas, rekonstrukee—"
Kanada, stf. Cm

rekonstrukce
(el A.Sugishita . GeoScienceRC.

foto

Cathaymyrus diadectus, sp. Cm, Jiinan, Cina



Pikaia gracilens, Chordata

stf. Cm, Burgess Shales



rekonstrukce




Metaspriggina walcotti, Chordata,
Craniata, Burgess Shale,

sp. kambrium, 510 Ma

+ notochord

J.B. Caron (2014)
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Vertebrata

nastupuji rovnéz uz ve
sp. Cm.
Myllokunmingia jevi
podobnosti s recentnimi
sliznatkami

Haikouichthys pak spolu s
eukonodonty je razena na
pocatek nastupu
bezcelistnatci (Agnatha)

¥
Pl ;
¥ 4 i

Myllokunmingia fengjiana, Haikou, Cin

e

Haikouichthys ercaicuensis, Haikou, Cina, sp. Cm




Mpyllokunmingia, chordata



Stavebni plany
burgesskych zZvocichii

(A)Onycophoran: Aysheaia pedunculata;
(B) arthropod: Waptia fieldensis;

(C) arthropod: Marrella splendens;

(D) possible ascidian: Phlogites,

(E) priapulid: Maotianshania cylindrica,
(F) pan-arthropod: Opabinia regalis;,

(G) arthropod. Leanchoilia illecebrosa,

(H) arthropod. Jianfengia multisegmentalis;
(I) arthropod. Fuxianjuia protensa;,

(J) chordate. Haikouella lanceolata;

[(A) to (C)] and (F) are from

D. H. Erwin, Smithsonian Institution;

(D). (E),

and [(G) to (J)] are courtesy of J.-Y. Chen,
Nanjing Institute of Geology and

Palaeontology,
China (13).




Relative Abundance of Different Lifestyles in the Burgess Shale (in % of Species)

kll: se2

f? fexas




Relative Abundance of Species in the Burgess Shale (Walcott Quarry)

Brachiopoda 2% Annelida 3%

Hemichordata 2%
[

Priapulida 3% =
T'?
(f

Arthropoda 33%

Porifera 22%
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Models of Relative Morphological Disparity Over Time
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Pikaia

Marella

Pohled do kambrického more

Anomalocaris

Halucigenia !



Camburian (Virbual Fossil Nusemn, 2010)



Reconstruction of an Early Cambrian reef community (from 97). 1. Renalcis (calcified
cyanobacterium); 2: branching archaeocyath sponges; 3: solitary cup-shaped archaeocyath
sponges; 4: chancellorid (?sponge); 5: radiocyath (?sponge); 6: small, solitary archaeocyath
sponges; 7: cryptic "coralomorphs"; 8: Okulitchicyathus (archaeocyath sponge); 9; early
fibrous cement forming within crypts; 10: microburrows (traces of a deposit-feeder) within
geopetal sediment; 11: cryptic archaeocyaths and coralomorphs; 12: cryptic cribricyaths
(problematic, attached skeletal tubes); 13: trilobite trackway; 14: cement botryoid; 15:
sediment with skeletal debris.
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Doeminant animals: Trilohites, Worrns, Inaiculate brachiopods

Dominant life modes:

Slow, surface-dwelling detritus feeding
Fews filter feeders, herhivares or carnivores
Fews BUFrowers ar swimimers

Local Diversity:

~ ¥ gpeciesin stressed Zones
~13 species in near share regions

~20 species in open marine
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Kambrium - souhrn

Explosivni vyvoj (Gould: nestalost genetickych kontrolnich
mechanismu + voln¢ niky, pot€ upevnéni geneticke paméti — variace
na dan¢ téma)

Fosfogenni udalost, vzrust O2 (v zavéru Cm anoxie), biomineralizace,
skeletonizace

Novy ekosystém mori: vznik Uplné potravni pyramidy (diverz.

fytoplankton + radiace zooplanktonu = rozvoj heterotrofie

a velkych konzumentt

Specializace zpusobu Zivota:
potrava: dravci, filtratofi, spasajici organizmy, detritofagové etc.
pohyb: plankton, bentos (sesilni, vagilni), nekton (nedokonaly)

Systematika: prevladaji skupiny, jejichz rozkvét je vazan na kambrium,

oy oo

V zavéru kambria je 1. fauna ve vinach redukovana



Vymirani:

Ve svrchnim kambriu — ??? 2 viny redukce fauny (viz graf obr.12)

Mizi:
- tomotska fauna, rada Celedi trilobiti a lodénkovitych,

- jiz drive archeocyati,
- ovlivnény jsou vSak vSechny skupiny predevsim 1. fauny

Redukce fauny je spojena s
- transgresi a nasledujici regresi (stres v Selfovych prostredich)
- vysSi tvorba Cernych bridlic (anoxie u dna)
- delta C13 poklesl = odraz poklesu produktivity fytoplanktonu
- zalednéni ?? (Avalon)
- ploSny vulkanismus (viz Australie)

O krizi koncem kambria vime pomérné malo.
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