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Phanerozoic period

Fossils with recognisable affinities with forms of present.
Evolution of animal shell

Increases Paleobiological record

Secreted calcium carbonate, calcium phosphate and silica
Remains deposited as sediment

Geologically known period

All major animal phyla and vascular plants quickly
established

Evolution of atmosphere at near its present levels of
oxygen



Paleozoic eratem
Lasted nearly 300 milion years
Lower Paleozoic — Cambrian — Devonian, Upper Paleozoic — Carboniferous-Permina
Some authors Lower, Middle, Upper Paleozoic



Paleozoicky eratem je soucast fanerozoika tvofencho jesté¢ mesozoickym a kenozoickym eratemem.
Ma rozpéti zhruba 300 milionii let a je nejdelSim ve fanerozoiku. DEli se na 6 utvart, z nichZ prvni
Ctyfi jsou nékdy oznacovany jako starsi (spodni) paleozoikum a posledni dva jako mladsi (svrchni)
paleozoikum.

Piivodné jednotny superkontinent Rodinia se zacal rozpadat jiZ béhem nejvyssiho proterozoika a jeho
rozpadani pokracovalo 1 v nejspodnéjSim paleozoiku. Na pocatku paleozoika mizeme jesté sledovat
doznivani kadomské (assyntské) orogeneze. Kolize kontinentli v paleozoiku méla za nésledek
kaledonskou (spodni paleozoikum - uzavirani Japetu) a variskou (pfedevsim svrchni

paleozoikum - uzavirani Paleotethydy) orogenezi, ktera byla ukon¢ena opétovnym vznikem noveého
superkontinentu Pangei.

Paleozoikum se na rozdil od prekambria vyznacuje bohatym rozvojem fauny a flory. V kambriu se
explozivné objevuji zastupci vSech dnes znamych zivocisnych kmeni. Ve vyvoji zivoc¢ichil patii

k charakteristickym znaktim paleozoika zejména vyvoj trilobitii (maximum v kambriu a ordoviku),
velké rozsifeni brachiopodii, bohaty rozvoj tabulatnich a rugéznich korala a stromatoporoidei
(hlavné silur a devon), bohaty rozvoj nautiloidnich hlavonozct (od ordoviku) a ammonoidnich
hlavonozcti) od devonu, radiace ryb (od siluru), celosvétové rozsifeni obojzivelnika (karbon) a
plazli (perm). Vyvoj paleozoické fauny byl ukoncen zatim nejvétSim znamym vymiranim na hranici
paleozoika a mesozoika.

Osidleni pevnin vy$Simi cevnatymi rostlinami mizeme sledovat az od siluru. V devonu se jiz objevuje v
klimaticky

ptiznivych podminkach relativné souvisly rostlinny pokryv. Explozivni rozvoj a velké rozsiteni
vytrusnych rostlin ve svrchnim paleozoiku umoznilo vznik loZisek ¢erné¢ho uhli. V nejvyssim
paleozoiku (svrchni perm) mizeme sledovat vyraznou zménu ve slozeni flory - vytrusné rostliny
ustupuji rychle se rozvijejicim nahosemennym (hranice paleofytikum-mesofytikum).



The Cambrian Fauna
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Paleozoic fauna

In Cambrian representatives of all animal phyla

Great development of trilobites (Cambrian-Ordovician), high representtaion of brachiopods, nautiloid and
ammonoid cephalopods. Rugose and tabulate corals (Silurian, Devonian), radiation of fishes (since Devonian),
Amphibians (Carboniferous), reptiles (Permian). Biggest mass extinction at the end, smaller at the end of
Ordovician and Devonian.

Paleozoic flora

LAND FLORA SINCE ordovician, Silurian — vascular plants, larger representation and continuous cover in
Devonian. Explosive development of spore plants in Carboniferous — coal. Boundary between
Paleophyticum and Mesophyticum In middle Permian



PALEOZOIC

Largest mass extinction

290
First winged insects
325
First reptiles
360 First land vertebrates
First seed plants
First insects
410
First jawed fish
440 First land plants
>00 First vertebrates
“Cambrian Explosion” of
540 skeletal animals



First flowering plants

First birds

dinosaurs

| Extinction of trilobites
and many other
marine animals

First reptiles

Dinosaurs dominant

?  tetrapods  Large coal swamps

Amphibians abundant

First insect fossils
Fishes dominant
First land plants

First fishes

First organisms
with shells

First multicelled
organisms

First one-celled
ar :
Origin of Earth

b L)
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The Age of Ancient Life - Paleozoic

Of the three main eras that make up the Phanerozoic, the Paleozoic is the longest and most diverse, spanning the
period from very early multicellular life that only inhabited the oceans to quite advanced and and
extensive forests on land.

Early Paleozoic: Age of Invertebrates
Coelomate radiation (Cambrian explosion) - origin of major groups of organisms; nervous system,
behavior patterns and simple consciousness (the nascent Noosphere); continents drift apart.

Middle Paleozoic: Age of Fish
Tropical conditions. Extinction of many "experimental" animal groups; diversification of surviving
groups, rise of (fish). Life moves on land ( , ,

, )

Late Paleozoic: Age of Tetrapods* and Reptiles
Ice age. Coal forests of giant lycopods, calamites, pteridophytes and ferns cover the tropical
landmasses. Southern landmass of Gondwanaland buried under glaciers; continents drift
together. conquer the land.



http://www.palaeos.com/Invertebrates/default.htm
http://www.palaeos.com/Vertebrates/Units/020Craniata/100.html
http://www.palaeos.com/Plants/Rhyniophytes/index.html
http://www.palaeos.com/Plants/Lycophytes/Lycopodiophyta.htm
http://www.palaeos.com/Invertebrates/Arthropods/Uniramia.htm
http://www.palaeos.com/Invertebrates/Arthropods/Uniramia.htm
http://www.palaeos.com/Vertebrates/Units/140Sarcopterygii/140.900.html
http://www.palaeos.com/Vertebrates/Units/140Sarcopterygii/140.900.html
http://www.palaeos.com/Vertebrates/Units/140Sarcopterygii/140.900.html
http://www.palaeos.com/Vertebrates/Units/210Eureptilia/000.html
http://www.palaeos.com/Paleozoic/Paleozoic.htm
http://www.palaeos.com/Vertebrates/Units/150Tetrapoda/150.000.html
http://www.palaeos.com/Vertebrates/Units/190Reptilomorpha/190.400.html

Paleozoic
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Early Paleozoic
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Early Paleozoic

Two types of distinct evolutionary fauna — Cambrian and
Ordovician to Devonian

Z hlediska vyvoje fauny miiZeme ve spodnim paleozoiku roslisit kambrickou
faunu, kde dominovali ¢lenovci a vice diversifikovanou faunu ordoviku-devonu,
kdy doslo k vétSimu zastoupeni a rozruznéni dalSich Zivo¢iSnych kmenu jako
jsou mechovky, brachiopodi, mékkysi (hlavné hlavonozci), ostnokoZzci, strunatci,
lackovci (koraly) a houby(zejména stromatoporoidea).




INVERTEBRATES

* In Cambrian
— trilobites - now gone - 60% of Cambrian fossils
— brachiopods - rare now - 30% of Cambrian
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Cambrian

Upper Olenus
Middle Paradoxides
Lower Olenellus




Paleogeography

V kambriu byla nejvétsim kontinentem Gondwana protinand rovnikem a tvofena
prekambricky konsolidovanym jthoamerickym, africkym, indickym, arabskym, australskym a
antarktickym kratonem, Arabii a jizni Evropou a ¢inskymi kontinenty, které zasahovaly do
nizSich zemépisnych Sitek. V nizkych zemépisnych Sitkach se nachazely kontinent
laurentsky, sibirsky a kazaSsky. Baltika ve vysSich zemépisnych Sitkach jizni polokoule.
Rozsah kambrické teple klimatické zony dokumentuji archeocyatové vapence, loZiska
evaporitl a facie ¢ervenych piskovcil zjisténé na uzemi Kanady, Indie a Australie. Zatimco na
pocatku kambria leZely kontinenty jesté blizko sebe, béhem kambria dochazelo k jejich
rychlému vzdalovani.



Paleogeography — disintegration of Rodinia. Biggest continent - Gondwana

Late Cambrian 514 Ma
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The Cambrian Period is the first period of the Paleozoic Era. It was named in 1835 by the geologist Adam
Sedqwick, after the region of Cambria in North Wales, where rocks of this age were first found. The name
"Cambria" is a version of Cumbria, a latinisation the Welsh Cymry (= countryman, compatriot against the
(invading) Anglo-Saxons).

Accordingly, the International Subcommission on Cambrian Stratigraphy (through its Working Group on the
Precambrian-Cambrian Boundary) made the official decision in 1991 to draw the base on the Cambrian at the first
appearence date (FAD) of Trichophycus pedum (formerly known as "Phycodes pedum"). in the reference section
at Fortune Head. southeastern Newfoundland, which belonged to the Cambrian continent Avalonia




FIGURE 8-6 The Cambrian-Precambrian boundary
is placed at the base of the Phycodes pedum zone,
corresponding to a uranium-lead age determination of
544 million years.
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FIGURE 8-7 The trace fossil Phycodes. The fossil
represents the feeding behavior of a benthic organism that
produced horizontal cylindrical burrows with sequential
upward shafts as it explored for food. The base of the
Phycodes pedum biozone is a marker for the base of the
Cambrian system. (After Crimes, T. P. 1989. Trace Fossils, in The
Cambrian-Precambrian Boundary. Oxford Monographs on Geology and
Geophysics 12. Oxford, England: Clarendon Press.)



The horizontal burrow trace fossil, Trichophycus (formerly Phycodes) pedum defines the
lower boundary of the Cambrian in the reference section at Fortune Head, southeastern
Newfoundland. It has been suggested that newly evolved, burrowing organisms like this may

have closed the taphonomic door on the peculiar ‘Ediacaran preservation’. [Image courtesy
of Dr. Gerd Geyer



The top of the Cambrian

The Cambrian-Ordovician Boundary Working Group finally decided in 1998 by majority that the base of the

Ordovician should be placed at the base of the conodont zone with lapetognathus fluctivagus, The GSSP for
this boundary was chosen at the Green Point section, Newfoundland.




Geochronological framework

Lower
Ordovician
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Latest Proterozoic and base of the Cambrian

595 15 m.y. mid-Dahai Mb., Meishucun, South China (Rb-Sr whole rock age; Zhang et al., 1984)

575 7.6 m.y. volcanics, Carolina Slate Belt, eastern United States (U-Pb age, Kozuch et al., 198)

550 26 m.y.volcanics, Puncoviscana Foldbelt, northwestern Argentina (K-Ar age, Omarini et al., 1996)

551.4 5.8 m.y. rhyolite flow, Mooring Cove Fm., Fortune Bay, Nfld. (isotope dilution U-Pb age; Tucker and
McKerrow, 1995)

543.6 0.24 m.y. volcanic breccias, Lessyusa Fm., Nemakit-Dal'dyn Stage, Khorbusuonka, Olenek uplift,

Siberia (U-Pb zircon age; Bowring et al., 1993)

535 7m.y. granitoids, Puncoviscana Foldbelt, northwestern Argentina (U-Pb age, Bachmann et al., 1987)

534.6 0.4 fluvial conglomerates, between Nemakit-Dal'dyn and Tommotian stages, Kharaulakh Mountains, Siberia
(U-PDb zircon age; Bowring et al., 1993)

525 7 m.y., max. 539 34 m.y. K-bentonite, Zhongyicun Mb., Dengying Fm., Meishucun, South China
(SHRIMP zircon ages; Compston et al., 1992)




Cambrian Life

* Base of the Cambrian is easy to spot in most
places - set at the place where you first get

shelled fossils

e There were a few Precambrian shelled
species, but the “Cambrian Explosion”
produced many more

* All phyla with hard parts (except Bryozoa)
began in Cambrian, and many without hard
parts too.



EARLY PALEOZOIC LIFE

The Cambrian Explosion

Cambrian Explosion
Evolution’s “big bang”
lasted about 10 million years

All principal animal phyla except Bryozoa
appeared between 535 to 520 myBP



Cambrian Life
The Cambrian Explosion

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Origin of skeletons (shells)

Function:

1. Support for muscles, etc.

2. Protection against environment & other organisms, predators
3. Aid in locomotion

Possible reasons for the advent of skeletonization:
Increasing oxygen levels
Evidence: modern low O, environments have only small, soft-bodied forms.

The abundant shelly fauna — beginning of the Cambrian




Cambrian Timeline

Trilobite
I [T1355

extinctions Earliest
RN nauﬁl:}ids

Interval
dominated by
trilobites

predators

Tommotian, faunas

Few skeletal fossils,
all very small

Sediment weakly
burrowed




The typical small shelly fossils (SSFs, or early
shelly fossils, ESFs) are tiny (generally 1 to 5 mm)
tubes, spines, cones and plates that are not
clearly allied with modern groups. Many of
these organisms were recognized either as of
unknown affinity or as representatives or groups
that became extinct before the end of the
Cambrian. Frequent phosphatic skeletons.

Known as the "Tommotian fauna."

FIGURE 10-13 Late Precambrian and Early
Cambrian shell-bearing fossils frqm Siberia. (A)
Anabarella, X20, a gastropod; (B) Camenella, x18,
affinity uncertain; (C) Aldanella, X20, a gastropod; (D)
sponge spicule, X30; (E) Fomitchella, X435, affinity
uncertain; and (F) Lapworthella, X20. (After Matthews, S. |.
and Missarzhevsky, V. V. J. 1975. Geol. Soc. London 131:289-304.)



Cambrian Marine Community

* Many body plans and experiments are observed in Cambrian
fossils, more than in any other period

trilobites - benthonic mobile sediment-deposit feeders that crawled
or swam across the sea floor

brachiopods - primitive benthonic sessile suspension feeders

archaeocyathids - benthonic sessile suspension feeders and reef
builders



Archeocyathids (“ancient cup”)

an extinct group of sponges
benthonic sessile suspension feeders
constructed reeflike structures
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FIGURE 10-25 The archaeocyathan 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 a
vesicular inner wall. (Maximum diameter is 4 cm.)

*Reef builders: sponges (in Early Cambrian only: almost no
Middle or Late Cambrian reefs)


http://www.ucmp.berkeley.edu/porifera/archaeo.html

Thin section of archaeocyath "bioherm" showing
cross-sections

of archaeocyaths and intergrowing
calcimicrobes.

Lower Cambrian Lemdad Formation,

Lemdad syncline, High Atlas, Morocco

Inner =nd Qutar Porous walle

HOLDFAST

COMPLETE ARCHAEOCYATHID ROCK FRAGMENT 'WITH
CROSS5ECTIONS



Archaeocyaths are an extinct group of that had a very brief (geologically speaking) and spectacular
history. The first archaeocyaths appear roughly 530 million years ago, during the Lower .
Archaeocyath species were very important members of Lower Cambrian communities. They diversified into
hundreds of species during this time period and some of these species contributed greatly to the creation of the
first reefs. Reef ecosystems tend to support a wide variety of organisms both in the present and in the past.
Despite their great success in terms of numbers, the archaeocyaths were a short-lived group. They were almost
completely non-existent by the middle Cambrian, some 10 to 15 million years after their first appearance.


http://www.ucmp.berkeley.edu/porifera/porifera.html
http://www.ucmp.berkeley.edu/cambrian/camb.html

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 (archacocyath
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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*Two-shelled filter feeders

«Dominant groups in Cambrian are “inarticulates: (infaunal forms
with calcium phosphate shells) and craniids epifaunal forms with calcite shells)
. (epifaunal with calcite shells) are present but rare



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

Lingulella ampla
Periodo: Cambrico superior
Localizacion: Eau Claire Form.
Colfax. Wisconsin. USA.

Bohemiella roemingeri




* Most conspicuous element of the Cambrian marine invertebrate
community

— about half of the total fauna
— nectobenthonic
— mobile
— sediment-deposit feeders
« Appeared in the Early Cambrian and rapidly diversified
— reached their maximum diversity in the Late Cambrian

— mass extinctions near the end of the Cambrian, never fully
recovered
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FIGURE 10-49 Three well-known Cambrian trilobites. (A) Dikelocephalus
minnesotensis (Upper Cambrian), (B) Paradoxides barlani (Middle Cambrian), and (C)
Olenellus thompsoni (Lower Cambrian).

*Group of arthropod found only in Paleozoic

*EXTREMELY common in Cambrian and Ordovician; still common but lower diversity in rest of
Paleozoic

*Benthic epifaunal detritovores (backwards facing mouth).

*Known from many growth stages, thousands of species, trace fossils, etc.

*The main index fossils of the Cambrian.



http://www.ucmp.berkeley.edu/arthropoda/trilobita/trilobita.html
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Ptychoparia striata #252
Middle Cambrian, 530 million years old
Jince, Czech Republic

Olenellus fowleri, Lower Cambrian,
Pioche Formation, Lincoln County, Nevada



Hydrocephalus minor
Middle Cambrian, 530 million years old
Jince, Czech Republic

Paradoxides gracilis
Middle Cambrian, 530 million years old
Jince, Czech Republic



Ellipsocephalus hofti




Eccaparadoxides
M. Cambrian
Location: France




Conocoryphe sulzeri #253
Middle Cambrian, 530 million years old Sao hirsuta, Middle Cambrian, Skryje
Jince, Czech Republic



Sao hirsuta

Conocoryphe sulzeri



Olenus



Wounded Trilobite
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* Wounds to the body of the trilobite Olenellus
robsonensis

— wounds have healed, demonstrating that they
occurred when the animal was alive and were not
inflicted on an empty shell



Molluscs

Hyoliths (extinct forms thought to be related to mollusks),
Bivalves — mainly Polyplacophors, monoplacophors

Mopalia lignosa

Lives between the high and low

tides and can be found on the undersides
of rocks. Occasionally found on pilings
and floating docks.



EARLY PALEOZOIC LIFE

Metazoan Invertebrates
Mollusca
Chitons

*Ancestor 1s flattened, elongated
*Mantle and shell dominate head, foot
*Mantle produces shell in 8 plates
*Radula scrapes encrusting vegetation

Late Cabrian to ecent

i
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Phylum Mollusca

Class Monoplacophora

See M. Cambrian Burgess Shale Scenella|

-limpet like shell with

Primitive Mollusc

segmented body parts o




Phylum Echinodermata

Subphylum Blastozoa

.......... Class ( -
Subphylum Crinozoa

.......... Class - sea lilies (
Subphylum Echinozoa

.......... Class (Sea Urchins) (

.......... Class Edrioasteroidea (ter¢ovci) (

.......... Class Helicoplacoidea (

, 30-32 genera)

- Recent, 1005 genera)

- Recent, 765 genera)

, 3 genera)

) - Carboniferous, 35 genera)



http://www.palaeos.com/Invertebrates/Echinoderms/Eocrinoidea/Eocrinoidea.htm
http://www.palaeos.com/Paleozoic/Cambrian/Cambrian.htm
http://www.palaeos.com/Paleozoic/Silurian/Silurian.htm
http://www.palaeos.com/Invertebrates/Echinoderms/Crinoidea/Crinoidea.htm
http://www.palaeos.com/Paleozoic/Cambrian/Cambrian.htm
http://www.palaeos.com/Paleozoic/Ordovician/EarlyOrd.html
http://www.palaeos.com/Invertebrates/Echinoderms/Echinoidea/Echinoidea.htm
http://www.palaeos.com/Paleozoic/Ordovician/Ordovician.htm
http://www.palaeos.com/Paleozoic/Cambrian/EarlyCam.html
http://www.palaeos.com/Paleozoic/Cambrian/Cambrian.htm

Echinoderms

Eocrinoidea

Eocrinoids are among the earliest groups of echinoderms to appear,
ranging from the Early Cambrian to the Silurian.

Most eocrinoids were sessile and
fed with their long brachioles
(the arm-like structures, which in
this specimen are spirally
twisted).

» The body was covered by
plates; in early eocrinoids the
holdfast was also covered by
plates, but later eocrinoids
evolved a stalk with columnals,
like crinoids and blastoids.




Helicoplacoidea 1s a small group of fossil
echinoderms known only from the Lower
Cambrian.

* In life, they were shaped somwhat like a
slender football or a fat cigar, and were able to
extend or contract the length of their bodies.
 Their "skin" was covered in spirals of
overlapping ossicles that functioned like armor;
their "mouth" was a long groove that also
spiralled around their body.

« [t 1s thought that helicoplacoids lived in
burrows, extending their bodies outward to feed.
* The helicoplacoids are among the oldest groups

of echinoderms to appear in the fossil record,
along with eocrinoids Fossil of Helicoplacus from the
Lower Cambrian strata of the

White Mountains in California
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Cambrian
Echinoderms

Helioplacus

Helicoplacoidea are known only from the early Cambrian of western North America,



Graptolites

Graptolites range from the middle Cambrian to the Carboniferous. Dendroidea

are found across this entire span while Graptoloida are found from the Ordovician
until the earlyDevonian. Graptolites are most commonly found in deep water,
dysoxic facies (black shales), but do extend into shallow facies. Because they did not
biomineralize an easily preservable skeleton they are nearly always

carbonized. The process of carbonization combined with the highly compressible
nature of shales made most graptolite fossils extremely flat and therefore difficult to
study.

Green alga = -

=TT
- iil""? e et
A,

o

Dendroid graptolites




Haplograptus wisconsinensis
Cambrian, Wisconsin, U.S.A. Holotype.




Burgess Shale type fauna

Burgess Pass — middle Cambrian

Chengjiang fauna — early Cambrian

The fauna is composed of a range of soft bodied organisms; creatures with hard, mineralised skeletons are
rare, although trilobites are quite commonly found. The major soft-bodied groups are arthropods,
sponges, worms



Ottertail Limestone

Arctomys Formation

Pika Limestone

Eldon Dolomite

Stephen Formation
——— Burgess Shale
Cathedral

2000 meters

St. Piran Sandstone

PRECAMBRIAN

FIGURE 10-15 The Cambrian geologic column (A) at Kicking Horse Pass, British
Columbia (B) where Walcott discovered the Burgess Shale Fauna. Aysheaia (C) is an
invertebrate called an onycophoran or velvet worm. They are of particular interest because
they appear to be intermediate in evolution between segmented worms and arthropods.
Leanchoila (D) and Waptia (E) are among the many kinds of arthropods found at this

locality.



Burgess Animals Arthropoda

Opabinia




Burgess Animals

N Onychophora
Chordata | f

y/

Annelida N\ -

Canadia

Pikaia




Marella




FIGURE 10-20 Opabinia. This strange Burgess Shale animal had a frontal
“nozzle” with a jawlike structure at its end used for gathering food. There were
five eyes on its head. Each side was covered with overlapping lobes bearing narrow
stripes interpreted as gills. This specimen was 7 cm long.  (Adapted from Whittington, H.
B. 1975. Philosophical Transactions of the Royal Society of London, vol. B.)

2 ARREEHEE EIEE B

FIGURE 10-19 Anomalocaris. This giant predator
(often 60 cm in length) captured its prey with its huge
frontal appendages and passed the victims back to the
circular mouth with its outer and inner circles of teeth.
The side flaps were used in swimming, like underwater
wings.

FIGURE 10-21 Marrella, the most common
arthropod in the Burgess Shale fauna. The animal was
about 2 ¢cm in length.



EARLY PALEOZOIC LIFE
Animals With Shells
THE BURGESS SHALE

Ta Ly e b 1

g
| [T |

Marrella (crustacean) most common Burgess Shale fossil



FIGURE 10-22 The early Cambrian Burgess Shale
fossil Hallucigenia.



Mid Cambrian scene, a reconstruction of the famous Burgess Shale lagerstatten of what is now British Columbia.
In the foreground a swimming Laggania cambria has captured a hapless trilobite. On the sea floor from left to
centre respectively are a solitary specimen of the proto-annelid Wiwaxia and three specimens of the lobopod
Hallucigenia. Note in both animals the defensive array of spines. Further to the right is the lobopodian Aysheaia
with its anterior prongs around the mouth, as well as the protoarthropod Opabina, a close relative of

Laggania Descending to the sea floor are two individuals of the basal arachnomorph Marrella. Also visible in this
scene are sessile epifauna in the form of the deuterostome lophophorate Dinomischus (yellow) and the
Hexactinellid sponge Vauxia (blue).



http://www.palaeos.com/Paleozoic/Cambrian/Burgess_Shale.html
http://www.palaeos.com/Invertebrates/Arthropods/Anomalocarida/species3.html
http://www.palaeos.com/Invertebrates/Arthropods/Arachnomorpha.html

Chordates
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FIGURE 10-18 Reconstruction of Pikaia, the earliest
known member of our own phylum, the Chordata. Note
the rod along the animal’s back that appears to be a
notochord (Length is about 4 cm.) @ Name another
chordate feature seen in Pikaia fossils.



Pikaia



Early Cambrian (about 530 million years ago)

This is oldest known example of a cephalochordate. The form of Cathaymyrus resembles that of
Pikaia from the Middle Cambrian Burgess Shale of Canada, but this animal is about 10 million
years older. Some palaeontologists have suggested that the vertebrates, which include humans,
evolved from cephalochordates like Cathaymyrus



Cathaymyrus diadexus
Early Cambrian (about 530 million years ago)




Vertebrata

Vertebrates originated about 525 million years ago during

the Cambrian explosion, which saw the rise in organism diversity.
The earliest known vertebrate 1s believed to be

the Myllokunmingia.[ 1] Another early vertebrate 1s Haikouichthys
ercaicunensis. Unlike the other fauna that dominated the Cambrian,
these groups had the basic vertebrate body plan: a notochord,
rudimentary vertebrae, and a well-defined head and tail.[17] All of
these early vertebrates lacked jaws in the common sense and relied
on filter feeding close to the seabed.[18] A vertebrate group of
uncertain phylogeny, small-eel-like conodonts, are known from
microfossils of their paired tooth segments from the late Cambrian
to the end of the Triassic



Haikouichthys ercaicunensis




AGNATHA (jawless “fish”):

 Cambrian vertebrates known from bony plates and impressions of lamprey-like
forms from Chengjiang.

AGNATHA (Ostracoderms) - Upper Cambrian of Wyoming




CONODONTS

« conodonts are small tooth shaped structures
— have been found in fossil record for many years
— 1mportant biostratigraphically
— made of phosphate (like most vertebrate bones)
— Ordovician conodont over 1 foot long (1995)

— probably a predator in Chordata



Examples of compound (lefi) and coniform (right) conodont elemenis. Scale bar is 0.5 mm

*  Conodonta (appear in Late Cambrian):

* A group of chordates, very likely craniates, and
possibly even vertebrates A

*  Known almost exclusively from their hard (calcium
phosphate) tooth-like elements

*  Soft tissue preservation allows us to see that they
had flattened elongate eel-like bodies

*  Were probably fast swimming micropredators

Cambrian - Triassic



http://www.geocities.com/CapeCanaveral/Hall/1383/2TopCone.htm
http://www.geocities.com/CapeCanaveral/Hall/1383/2IndexElementTypes.htm
http://www.hunterian.gla.ac.uk/Archives/OldSite2001/HuntMus/earth/images/conan.jpg
http://www.hunterian.gla.ac.uk/Archives/OldSite2001/HuntMus/earth/images/conan.jpg
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Paraconodonts .

Balognathidae

Fig. 6. Hypothesis of relationships among chordates that is primarily based on refs. 27 and 30. Evidence from
molecular data supports monophyly of cyclostomes and shows that the closest relatives of vertebrates are the tunicates,
not the cephalochordates (31). The relationships among euconodonts are derived from ref. 32. Blue circles indicate the
presence of a lingual cartilage.



Cambrian Timeline

Trilobite
I [T1355

extinctions Earliest
RN nauﬁl:}ids

Interval
dominated by
trilobites

predators

Tommotian, faunas

Few skeletal fossils,
all very small

Sediment weakly
burrowed




Cambrian Tectonics (NA) and Climate

* Break-up of Rodinia and Pannotia

* Passive-margin seds from Newfoundland to AL—Iapetus
Ocean (Cambrian to Middle Ordovician)

Late Cambrian 514 Ma

Generally temperate climate;
no evidence of large glaciers

Middle & Upper Cambrian















Cambrian Fauna

Flants
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Anomalocanids

Arehaic malluscs

Exctic: arthropods
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Dominant animals: Trilohites, Worms, Inaiculate brachiopods

Dominant life modes:

Slow, surface-dwelling detritus feeding
Few filter feeders, herbivores ar carnivares
Few burrowers or Swirmmers

Local Diversity:

~ T gpeciesin stressed Zones
~13 species in near shore regions

~20 species in open marine



80 =
Arthropoda
Nematoda
Priapula
60 =
Mollusca [ orders
Annelida |:| Classes
— Platyhelminthes
_—— Crown Group
Brachiopoda Body Fossils 40 =
Crown Group
— Trace Fossils
— ? Stem or Early
Crown Group
20 -
— ]
Cnidaria s s
. ? (Biomarkers)
Porifera
Ecdysozoa Ll B/T|T/A| N-D -
ate
Lophotrochozoa .
P Early Neoproterozoic
Cambrian
490 560 520 5413 Diverse Ediacarans 610 (Ma)
] | - i)
Burgess Chengjiang ~ Cloushait Oldest Radially
+10 Sirius Passet  Nama CaCOjq4 0”;01" 9 SymmetricImpressions
313C o i A .7 A ¥ o ¢ A=
-10 5 SS
? lce Age ? Ice Age



The Cambrian plankton was more abundant and diverse than that of the
Precambrian oceans. The acritarchs radiated during the Cambrian,
radiolarians occupied tropical latitudes, whereas chitinozoans were
present in Cambrian plankton but not abundant. Larval phases of benthic

organisms together with the (illustration above) dominated
a zooplankton still apparently free of macrophagous predators.



http://www.palaeos.com/Invertebrates/Arthropods/Trilobita/Agnostida.html

