Phanerozic - Paleozoic

-— =5 s

B101130 Organismal Biology

Université d'Ottawa / University of Ottawa

Geological time scale and building height
( Ifloor — 60Ma, 72 floors, 12 feet/floor)

e Major Era

—Phanerozoic
« Cenozoic
(65 Ma to present time, 72" floor)
* Mesozoic
(245-65 Ma, 65" to 71st)
« Paleozoic
(550-245 Ma, 63" to 65'")
— Proterozoic (2,500 - 550 Ma)
— Archaean (3,800 - 2,500 Ma)
— Hadean (4,500 - 3,800 Ma)

Most striking is that the cambrian is a massive explosion
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Paleozoic periods

e Paleozoic era
— Cambrian 550-488 Ma
— Ordovician 488-443 Ma
— Silurian 443-416 Ma
— Devonian 416-359 Ma
— Carboniferous 359-299 Ma
— Permian 299-245 Ma
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Most striking is that the cambrian is a massive explosion 
of animal life in the oceans
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Phanerozic - Paleozoic

Late Cambrian 514 Ma
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brian and Ordovician periods
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Burges
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zones of productivity, therefore biodeveristy

desrt zone and dry frozen arctics

very important event in shallow seas, multicellular explosion

a) a ecord-here-the-soft boddied-things-would-slide

off by mudslide and no oxygen therefore no fissilation, and then more

—sedimentontepSso-there-was-a-complete-sampling-ofthis fauna

very very unusual fauna in these shales/deposits
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very important event in shallow seas, multicellular explosion
occurs, fosil record here the soft boddied things would slide
off by mudslide and no oxygen therefore no fissilation, and then more sediment ontop, so there was a complete sampling of this fauna
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The Cambrian
explosion
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Burgess shales )
and its unusual invertabe

something happened that created diverse body plans,
—Stofthemandattoccor-here————m 8
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Burgess shales first look of extremely large org. incl. predators
and its unusual invertebrates
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31 of them, and all occur here
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Colonial choanocyte ancestor
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Porifera

Cnidaria

Platyhelminthes

! reproductive ceels cant be the different function
and we need different functions

Annelida
Mollusca
all animals use collagen as adhesion
Bryozoa
0 Animalia Arthropoda
(Autapomorphies) green means we track them
« Multicellular eukaryotes
« Ingestive heterotrophs Nematoda

« Cells with different functions
« Choanocytes
« Collagen

Echinodermata

Chordata

Animal architecture

e Tissues
— None, diploblastic, or triploblastic
e Symmetry and cephalization
— Asymmetry, radial, and bilateral symmetry
e Embryology
— Protostome and deuterostome
e Body cavities
— Coelomate, pseudocoelomate, acoelomate
B101130 Organismal Biology
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Phanerozic - Paleozoic

Porifera
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa

@ Porifera i@
(Autapomorphies)
* Asymmetric body plan
« Cells but no tissues Nematoda
* Use of choanocytes in an
aquiferous system

« Totipotent cells Echinodermata

Chordata

Colonial choanoflagellates

Osculum

‘;"’_"/ ‘Choanoderm

Flagellum

- A—I-Amoebocytes
=J o Pore
Sy X Collar
3 T S.plcules

= «——Pinacoderm

Choanocyte

Figure 25.8

B101130 Organismal Biology

2:25PM

14
Université d’Ottawa / University of Ottawa

Sponge sex

e Choanoctyes =7

become sperm

e Archeocytes
(sponge stem cells)
form egg

egg passes through
eating process but

hitp:/iwww.waterexplorer.com/il_cool102.htm

doesn't get digested they pass it or
B101130 Organismgl Biology yp cmgure 25.7
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pumps water all life,
-choanoecytestayerthat-beat-with-flagelium-and-propelis
water out of sponge. then comes in walls

division of labor, the outer body wall is not epithelium so we call it
TeTTIT, PiTacodeTTT.
this cell cant feed and so fourth cell wanders around and it transports,
Tt passes food vacual to all cells, and It moves around

spicules hold it up and gives it shape and are made up of protein or
silica or minerals, and that is the skelloton we use as sponge

this is one of the first body plants and they are good at it and still
around today
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pumps water all life, 
choanocytes layer that beat with flagellum and propells 
water out of sponge. then comes in walls
this current is trapping food, fagocytosis too make food
division of labor, the outer body wall is not epithelium so we call it derm, pinacoderm. 
this cell cant feed and so fourth cell wanders around and it transports,
it passes food vacual to all cells, and it moves around
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this is one of the first body plants and they are good at it and still around today
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doesn't get digested they pass it on
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Porifera
Cnidaria
Platyhelminthes
1
2
Annelida
Mollusca
Bryozoa
@Animal innovations Arthropoda
(Symplesiomorphies)
1. Gap (Septate) junctions
Loss of the choanocyte Nematoda
2. True tissues with all
components
Internal digestive epithelium Echinodermata
Oral-aboral axis and symmetry
Chordata

Animal architecture

e Tissues
— None, diploblastic, or triploblastic
e Symmetry and cephalization
— Asymmetry, radial, and bilateral symmetry
e Embryology
— Protostome and deuterostome
e Body cavities
— Coelomate, pseudocoelomate, acoelomate
B101130 Organismal Biology
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Gap (septate) junctions (Connexon) .
Clesed an

£ Y

Interealiular spa.

244 nm space
PACE  vdrophilic chanmel

B102135 Animal Form & Function
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location where djacent cells can comunicate with an opening

who can open and close and when open there cytoplasm continuity
and we can send electrical potentials and chemical signals

add basement membrane and all cells sit on that
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Phanerozic - Paleozoic

Animal architecture:
Tissues

e No tissues

e Diploblastic germ
layers
— Ectoderm and endoderm

e Triploblastic germ
layers

— Ectoderm, mesoderm
and endoderm

B101130 Organismal Biology
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blastula is center cavity,
Gastrulation - digestive epithelium

outer and inner epithelium added this is the gut, or digestive system

~TNe one opening 1S e archemnteromn or earty mouatt
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Animal architecture
Symmetry and cephalization

must have mouth thereforp digestive track

e Assymetric
e Radial symmetry

e Bilateral symmetry and cephalization

Figure 25.3 21

2:25 PM
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@ Cnidaria
(Autapomorphies)

- cnidocytescell used to hu

* Polyp body plan .
. Epitheliomuscula%que

contains contractile elesent
but not muscle therefor

Porifera
Placozoa
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa
Arthropoda

Nematoda

Echinodermata
Hemichordata
Chordata

can move

Cnidocytes
(Cnidaria)

Barbs — |
Cnidocil

Nematocyst

it is organel system

pressurized spring by colling harnesses energy over ume, and if
something tweaks the cnidocil it shoot out with enough speed
then the barbs penetrate the body wall of the pray and anchor
so basically it has secured the pray with this, plus there would
be poisons on these

Gastrodermis

Nutritive cell

Gland cell ——>a @

Long. muscle

B101130 Organismal Biology

A\

B101130 Organismal Biology Figure 25.10
Université d'Ottawa / University of Ottawa 2:25 PM
Body wall — hydrostatic skeleton
(Cnidaria)

= Mesoglea

Epidermis

Cnidocyte

Nerve cell

Figure 25.9
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when actin has myosin fibres crawl along it, how do we get it back to
T W T
therefore a skeleton provides the mechanical force to be able to

return muscle back to the original length

in cavity we have lining of endoderm which also has serious of muscle

strands in each cell, so we have the opposite muscle regions, both
horizental and vertical. these can alter the shape of the organism

lengthen and shorten, when we stretch each way you push the
opposite muscles back to the original.

B101130 Organismal Biology

this has smoething missing, no anus!!! oh no, therefore its a gastrola

without mysoderm
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then the barbs penetrate the body wall of the pray and anchor
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in cavity we have lining of endoderm which also has serious of muscle strands in each cell, so we have the opposite muscle regions, both 
horizental and vertical. these can alter the shape of the organism
lengthen and shorten, when we stretch each way you push the opposite muscles back to the original.
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Cnidaria

Medusa  sem
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Jellyflsh Gonozooid Fergale
- medusa
Gastmzomdq%ﬁ ,)7 y 5‘-‘ ’ / . mzlfusa
N4 |
/ _./
L. [ Sperm
Branching =+ —\_ "‘*Egg
polyp N3 $
| ﬁ
‘ = Zygote
J J
Developing polyp i\ .;I
] @I
gt g
Pl lal
anuatarva Figure 25.11 26
2:25PM
Corals ?
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may predate cambrian

exten up and grab onto zooplankton

B101130 Organismal Biology
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Coral
reefs

Figure
25.13
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Porifera

Cnidaria

Platyhelminthes

L 2 Annelida
Mollusca
Bryozoa

Animal innovations Arthropoda

(Symplesiomorphies)
1. Triploblastic

Mesodermal musculature Nematoda
2. Bilateral symmetry

Echinodermata
Hemichordata
Chordata

Animal architecture

e Tissues
— None, diploblastic, or triploblastic
e Symmetry and cephalization
— Asymmetry, radial, and bilateral symmetry
e Embryology
— Protostome and deuterostome
e Body cavities
— Coelomate, pseudocoelomate, acoelomate
B101130 Organismal Biology
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Animal architecture

Embryology - cleavage

4 cell embryo ® ®

! |

Spiral cleavage Radial cleavage
B101130 Organismal Biology Figure 25.5a
31
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Animal architecture
Embryology - gastrulation

Blastula
Gastrula
Ectoderm
Endoderm
Gut
Blastopore
. . Fi 25.2
B101130 Organismal Biology e
32
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) ) B Ectoderm
Animal architecture ) . "
Embryology — coelom formation & cigedem
1 coelom

Gut
(Archenteron)
Schizocoel Enterocoel
. . Figure 25.5b
B101130 Organismal Biology 9
33 H
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Phanerozic - Paleozoic

Protostomes vs deuterostomes

e Protostomes
— Blastopore mouth
— Spiral cleavage
— Schizocoely

e Deuterostomes
— Blastopore anus
— Radial cleavage
— Enterocoley

B102135 Animal Form and Function
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Animal architecture
Body cavities
e Acoelomate
e Pseudocoelomate
e Coelomate
B101130 Organismal Biology
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B Ectoderm
Animal architecture . A
Body cavities - Acoelomate B crooderm
. | coelom
= \¢__Epidermis
. " Gut
Internal organs
= Body wall
BI01130 Organismal Biology Figure 25.4
36 H
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Epidermis
Gut

Internal

B101130 Organismal Biology

- Ectoderm
Animal architecture
L. . Mesoderm
Body cavities - Pseudoelomate B cdocern
:l Coelom

Pseudocoelom
Body wall

oraans
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Animal architecture
Body cavities - Coelomate
Sty Epidermis
“ /If‘_ “. )\ _Coelom
1y ,L . ~—Body wal
L A ~ internal 0
i Gut
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- Ectoderm
. Mesoderm
j Endoderm

:l Coelom

rgans

Figure 25.4c
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@ Protostomia
(autapomorphy)
* Blastopore is mouth,
* Spiral cleavage
* Schizocoelus

Porifera
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa
Arthropoda

Nematoda

Echinodermata
Hemichordata
Chordata

B101130 Organismal Biology
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Food
particles

Three main protostome groups

Water
current

Mouth

e Ecdysozoa

e L ophotrochozoa
— Lophophore or -

— Trochopho b
:
e Platyzoa a
Mouth v FIC\Iia used in
4 locomotion
Anus ”-i and feeding
Lt
Figure 33-5 %
. 0 Figure 25-23
B101130 Organismal Biology
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Porifera
Cnidaria
Platyhelminthes
3
2 Annelida
Mollusca
Protostome taxa 1 Bryozoa
Arthropoda
@ Ecdysozoa
@ Lophotrochozoa
0 Platyzoa Nematoda
Echinodermata
Chordata
Porifera
Cnidaria
Platyhelminthes
Annelida
Mollusca
Bryozoa
Arthropoda
@ Symplesiomorphies 1
1. qulageno_us cgtl_cle £) Nematoda
without microvilli
Longitudinal but no
circular muscles
2. Epitheliomuscular EC“'”‘:]de:jma‘a
Hemichordata
pharynx Chordata
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Phanerozic - Paleozoic

Animal architecture

e Tissues
— None, diploblastic, or triploblastic
e Symmetry and cephalization
— Asymmetry, radial, and bilateral symmetry
e Embryology
— Protostome and deuterostome
e Body cavities
— Coelomate, pseudocoelomate, acoelomate
B101130 Organismal Biology
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. Ectoderm
Animal architecture

L. . Mesoderm

Body cavities - Pseudoelomate [ endoderm

D Coelom

Epidermis
Gut

Pseudocoelom
Body wall

Internal organs

B101130 Organismal Biology Figure 25.4b
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Nematoda

Intestine

“cuticle
Nerve cord Figure 25.34
B101130 Organismal Biology
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Phanerozic - Paleozoic

Ascaris body wall detail

Nucleus

Protoplasmic
extension

Nerve cord

Contractile muscle
element

. oyt

B101130 Organismal Biology
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Epitheliomuscular pharynx

Pharynx bulb
Pharynx

Excretory canal

B101130 Organismal Biology
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Triradiate pharynx Ay,

L’
iy

i

Qg

= T

Pharyngeal muscles
Pharyngeal lumen
Longitudinal muscle
Pseudocoelom
Nerve cord

Cuticle

B101130 Organismal Biology
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Phanerozic - Paleozoic

Porifera
Placozoa
Cnidaria
Ctenophora
Platyhelminthes
Gastrotricha
Gnathostomulida
Cycliophora
Syndermata
Annelida
Mollusca
Sipuncula
Nemertea
Bryozoa
@ Panarthropoda Brachiopoda
(Autapomorphies) Phoronida
- Cuticle with chitin i
* Food manipulated by limbs Onychophora
Nematomorpha
Nematoda
Priapulida
Kinorhyncha
Loricifera
Echinodermata
Hemichordata
Chordata

Porifera
Placozoa
Cnidaria
Ctenophora
Platyhelminthes
Gastrotricha
Gnathostomulida
Cycliophora
Syndermata
Annelida
Mollusca
Sipuncula
Nemertea
Bryozoa
Brachiopoda
@ Onychophora Phoronida
(Autapomorphies) Arthropoda
. . . Tardigrada
« Oral papillae with slime gland ) Onychophora
* Body wall musculature continuo Nematomorpha
sheet Nematoda
« Unarticulated limbs IATETRUIG
Kinorhyncha
Loricifera
Echinodermata
Hemichordata
2

Onychophora

B103334 Invertebrate Zoology
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Phanerozic - Paleozoic

Onychophora

Ecdysozoa

Antenna

Oral papilla

Jaw Figure 25.35

Claw —>

Video

B101130 Organismal Biology
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Porifera
Placozoa
Cnidaria
Ctenophora
Platyhelminthes
Gastrotricha
Gnathostomulida
Cycliophora
Syndermata
Annelida
Mollusca
Sipuncula
Nemertea
Bryozoa
Brachiopoda
Phoronida
D) Arthropoda
@ Arthropoda Tardigrada
(Autapomorphies) Onychophora
 Articulated exoskeleton of plates Nematomorpha
« Muscles arranged in bands Nematoda

Priapulida
+ Compound eye Kinorhyncha

Loricifera

Echinodermata

Hemichordata
2

Arthropods: Trilobites

Ecdysozoa

B101130 Organismal Biology
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Phanerozic - Paleozoic

Arthropoda: Crustacea
Ecdysozoa

Cephalothorax
(Head and_thorax)

Antenna ——s.

Mouthparts

Cheliped

B101130 Organismal Biology

Walking legs

Tail
(Uropods and telson)

Swimming legs
(Swimmerets)

Figure 25-40

Université d'Ottawa / University of Ottawa

Filter feeding

B101130 Organismal biology

Food groove leading to
the head

|

Université d’Ottawa / University of Ottawa
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Arthropoda: Crustacea
Ecdysozoa

Université d'Ottawa / University of Otta

—
3
.

Fishes Invertebrates
R i 'f Zooplankton
< f Primary
LEne \Sr' consumers
) v
Phytoplankton & e é.niqaﬁ
i Large
(prlmary producers) 2 Figure 47.9
— -
Dissolved 57

/Top predator \

nutrients 223

B101130 Organismal Biology
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Phanerozic - Paleozoic

Food
. particles
Three main protostome groups

Water
current

Mouth

e Ecdysozoa

e L ophotrochozoa
— Lophophore or -

— Trochopho b
:
e Platyzoa -
Mouth v FIC\Iia used in
4 locomotion
Anus ”-i and feeding
Lt
Figure 33-5 Y,
i r Figure 25-23
B101130 Organismal Biology
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Porifera
Cnidaria

Platyhelminthes

I Annelida
Mollusca
Bryozoa
Arthropoda
@ Lophotrochozoa
 Either presence of a U
shaped gut and lophophore Nematoda

or
« Trochophore larval stage

Echinodermata
Hemichordata
Chordata

Porifera

Cnidaria

Platyhelminthes

Annelida
Mollusca
!
Bryozoa
Arthropoda
@ “Lophophorates”
« Lophophore
* U-shaped gut Nematoda

Echinodermata

Chordata

Page 20
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Phanerozic - Paleozoic

B101130 Organismal Biology
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Bryozoa
Lophophorates

B101130 Organismal Biology
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@ Trochozoa
(autapomorphie)

« Presence of the
trochophore larval stage

Porifera
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa
Arthropoda

Nematoda

Echinodermata
Hemichordata
Chordata

B101130 Organismal Biology
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Phanerozic - Paleozoic

Trochophore larva
Apical tuft

Stomach

BIO3334 Invertebrate Zoology

Ciliary band

Figure 25-23

Université d'Ottawa / University of Ottawa

64
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Animal innovations

(symplesiomorphies)

1. Trochophore

2. Schizocoel,

3. Dorsal heart and pericardial
cavity

Porifera
Placozoa
Cnidaria
Ctenophora
Platyhelminthes
Gastrotricha
Gnathostomulida
Cycliophora
Rotifera
Annelida
Mollusca
Sipuncula
Nemertea
Bryozoa
Brachiopoda
Phoronida
Arthropoda
Onychophora
Tardigrada
Nematomorpha
Nematoda
Priapulida
Kinorhyncha
Loricifera
Echinodermata
Hemichordata
Chordata

Molluscs
Trochozoa

B101130 Organismal Biology
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Phanerozic - Paleozoic

Mollusc traits

Mantle and shell
Stomach and
digestive gland

Mantle cavity

Radula

Foot

B101130 Organismal Biology
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Mollusc radula

Radular teeth

B101130 Organismal Biology
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Snails
(Gastropods)

system

Figure 25.25a

B101130 Organismal Biology
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Phanerozic - Paleozoic

Squids and octopods
(Cephalopods) :

Mouth

Mantle

Anus Gill
Figure 25-22
B101130 Organismal Biology
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Ammonites

B101130 Organismal Biology
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Clams
(Bivalves)

Figure 25-27

Digestive
system

Figure 25-27  Mantle

B101130 Organismal Biology
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Phanerozic - Paleozoic

Food
. particles
Three main protostome groups
it
Mouth 7\
e Ecdysozoa - ’%\Anus
e Lophotrochozoa cut ) S
— Lophophore or -
— Trochopho! A
|
e Platyzoa a
Mouth \ 'J‘Icilia us‘ed in
Anus ”?; ;Cdoggdlﬁ%
Figure 33-5 . B
- Figure 25-23
B101130 Organismal Biology
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Annelida: marine worms

Trochozoa

Annelida: metamerization
Trochozoa
Longitudinal muscle

Circular muscle |

Coelom

== - Setae
BI101130 Organismal Biology Figure 25-29¢
75 H
Université d'Ottawa / University of Ottawa 2:25 PM

B101130 Organismal Biology

Page 25



Phanerozic - Paleozoic

Annelida: marine worms
Trochozoa

Jaws —f §
Oty
Teeth /T p

Palps //r/f,
, L 214
Tentacles
/‘.!"_*_'J-
Eyes \ i

B101130 Organismal Biology

Figure 25.30
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@ Platyzoa

« Loss of coelom,

* Acoelomate or pseudocoelom

* Loss of metanephridia, and
circulatory system

Porifera
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa
Arthropoda

Nematoda

Echinodermata
Hemichordata
Chordata

« Complex reproductive system
associated with hermaphrodism

Annelida
Mollusca

Bryozoa

Arthropoda
@ Platyhelminthes
(Autapomorphy)
« Incomplete gut Nematoda

Echinodermata
Hemichordata
Chordata

Porifera
Cnidaria

Platyhelminthes

B101130 Organismal Biology
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Phanerozic - Paleozoic

. Ectoderm
Animal architecture B Vesoderm
Body cavities - Acoelomate [ Endoderm

D Coelom

Body wall

Figure 25.4a
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Flat worms
(Platyhelminthes)

Figure 25.16

B101130 Organismal Biology
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Flat worms
(Platyhelminthes)

Seminal
Ovary Yolk glands Oviduct receptacle

Testis Sperm  Seminal

duct vesicle
. . Fi 25.16
B101130 Organismal Biology E
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Phanerozic - Paleozoic

Fluke Clonorchis
Digestive and
excretory systems

Oral sucker
Pharynx

Ventral sucker
(Acetabulum)

Intestine
Lateral excretory duct

Excretory bladder

B102135 Animal Form and Function

Université d'Ottawa / University of Ottawa
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Fluke Clonorchis
Reproductive
systems

Yolk glands

Mehlis gland (Ootype)
Ovary

Seminal receptacle

Testes

B102135 Animal Form and Function
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Fluke Clonorchis
Life cycle

Metacercaria

Cercaria Redia

(Free living)

B102135 Animal Form and Function

Miracidium

A, -@(Free living)

84 =

Université d'Ottawa / University of Ottawa

2:25PM

B101130 Organismal Biology

Page 28



Phanerozic - Paleozoic

Porifera
Cnidaria

Platyhelminthes

Annelida
Mollusca
Bryozoa

X ! Arthropoda

@ Deuterostomia
(autapomorphies)
« Blastopore becomes the

Nematoda

anus

« Enterocoelic coelom

* Radial cleavage
Echinodermata
Hemichordata
Chordata

Porifera
Placozoa
Cnidaria

Platyhelminthes

Annelida
Mollusca
Bryozoa
Arthropoda
@ Echinodermata
(Autapomorphies)
Nematoda

« Pentaramous symmetry

« Water vascular system

« Mutable connective tissue
1)} Echinodermata

Starfish and relatives

Adult radial symmetry Larva bilateral symmetry

B101130 Organismal Biology Figure 34-2
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Phanerozic - Paleozoic

Starfish and
relatives

B101130 Organismal Biology

Université d’'Ottawa / University of Ottawa

Water vascular

system %ﬁ?ﬁ%@

Madreporite Radial canal

Tube feet

B101130 Organismal Biology Figure 26.3
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e Snowball earth

e Burrowing

e Shelled arms race

e Developmental — hox genes

B101130 Organismal Biology

An explanation for the Cambrian explosion
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Phanerozic - Paleozoic

Late Proterozoic 650 Ma

PANAFRICAN
OCEAN

Figure 20.9

Université d'Ottawa / University of Ottawa
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Early animal
evolution

Be sure to look at Knoll
VR00314 for most
recent data on this
period and the evidence

Ediacaran

Cryogenian

B101130 Organismal Biology

Ediacara fossils
580-542 Ma

Doushantou fossils
580-542 Ma

Université d’Ottawa / University of Ottawa
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Doushantuo fossils
590-565 Ma

B101130 Organismal Biology

93 5

Université d'Ottawa / University of Ottawa

2:25PM

B101130 Organismal Biology

Page 31



Phanerozic - Paleozoic

Ediacaran fossils
580-542 Ma

(Mistaken point NFLD)

Protoanimals of Mistaken point
Australian footprints

B101130 Organismal Biology
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Cambrian burrowers

e Advantages
— Feeding
— Anchorage
— Protection

B101130 Organismal Biology

Ediacaran Cambrian
benthic zone benthic zone

Université d’Ottawa / University of Ottawa
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Homeotic genes ']

— Maternal bicoid mRNA EA

/BICOID pratein

Figure 34.31

Protein

B101130 Organismal Biology
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Phanerozic - Paleozoic

Homeotic genes
Hox genes

Figure 34.34

Mouse {

embryo % ok d 5 \

Fruit fly
embryo

97
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Homeotic genes Hox genes

Normal fruit fly

Homeotic mutant

B101130 Organismal Biology

Figure 34-33
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Amphioxus = & & ]

EEEOE
Mouse {D-C"

[ =)
Zebra fis| D=D
(-8
=
E =0
=

Homeotic genesgyish = om -
Hox genes Flatworm EE@ECO @ = = mm
EarthwormEEE 05 SEEN mm
Snail H EOomEm L R}
Velvet worni™! = IEEEE =
Crustacean /EEE.
Centipede & mgog R §

Fritly Q@uQr@mmm @
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Phanerozic - Paleozoic

Mass extinctions

Millions of years ago
B101130 Organismal Biology
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Figure 27-14
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Middle Ordovician 458 Ma

B101130 Organismal Biology

Figure 27-8
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Mass extinctions

Millions of years ago
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BI101130 Organismal Biology Figure 27-14
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Phanerozic - Paleozoic

@ Animal innovations
(Symplesiomorphies)
1. Pharyngeal gill slits
Dorsal hollow nerve cord
2. Endostyle
Post-anal tail and tadpole
swimming 1

Porifera
Placozoa
Cnidaria

Platyhelminthes

Annelida
Mollusca

Bryozoa

Arthropoda

Nematoda

Echinodermata

Chordata
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