Chapter 1
Origin of Chordates and Vertebrates

1.1 Introduction

1.2 Relationships between echinoderms, hemichordata
and chordata

1.3 Hemichordata

1.4 Phylogeny of Chordata

1.5 Evolutionary scenarios of vertebrate origin
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Objectives

e Origin of vertebrates

e Factors associated
with Chordate
diversity.

e Phylogenetic
perspective and
evolutionary scenarios

Lacerta agilis (sand lizard)
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thsi comes from our book. 

The main this is that the history with all these linages is linked to the fact that our planet is a very dynamic system. 

the blue arrows indicate dats of mas extictions 




etrapod origin
Niedzwiedzki et o
al. 2010.
Tetrapod tracks
from the early
Devonian period
of Poland.
Nature vol 473:
43-48. (January
7th 2010)

Fish closely related to tetrapods

Pande!hthys 385 Ma ﬁ
Ichthyostega 360 Ma
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1.1 Introduction i PERMIAN (2) CRETACEOUS (3) gg
Mass extinctio N

(Families. pet million year)

Modified from Campbell et al. BiolodY. 8th edition .
| Paleczoic | Mesozoic [Eenazoic]
o JO S5 [ ] 72 ) I
542 488 4 416 359 299 251 200 145 655 (4]

t 1 ! [

Time {millions of years aga}

e Mass extinctions: 5; with three major ones a short geological time-scale
e Probable causes: 1. Ordovician: intense and sudden 5
2. Permian: volcanic activity in Siberia; 3. Cretaceous: asteroid impact.
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1.1 Introduction
Canadian craters:

e Manicouagan (210 Ma)
— Asteroid (5 km diam.)
— Crater 100km Diam.
100 km (62 KM
visible)

e Pingualuit (Quebec
Crater) (1,4 Ma)
— Diameter 3,44 km
— Depth 270m

http://en wikipedia.org/wiki/List_of impact craters in North
America#Canada
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Sticky Note
Thre were several meteros that came down and hit in several places in the world 


1.1 Introduction

e Cambrian explosion (542-
520Ma): multiplication of life
forms in oceans

Key innovations :

and al body
support

7
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1.1 Introduction

Chen, 2009.The
sudden appearance
of diverse animal
body plans

during the Cambrian
explosion. Int. J. Dev.
Biol. 53: 733-751

,/ . 40 mm max
Haikouella (530 Ma) First vertebrate?
]

(

Myllokunmingia ou Haikouichthys (530 Ma) Amongst the first vertebrates with a
cranium (with auditory and ocular capsules)
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1.2 Relationships between echinoderms, hemicordates et chordates :
Deuterostomia

Cnidaria Annlida Arthropoda
{elyfish, Pratifora {Segmented {Crustaceans, Chordata
hydra) [Reotitors) = worms) insects) "’. Vortedentos)
- 3 / (S L3 —
4 Moliusca — Ambulacratia (5
Paritern Platyheiminthes | {Clams, (Sea stars,
(Spanges] \

LT T Ty

)

)
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it all started in the Cambrian explosion 

The key characterice of this era is that animals have skeletal structures. 

this is where we see the combination of bilaterallity. There would also be a multiplication of fauna 

The larger species were due to increased O2 levels 

its not clear why we have skeletal structures. 

hypothesis: in an environment that is low in Ca2+ then selection might have gone towards beings that can hold it in (?)

with this explosion means that there are more predators which then starts the arms race between predator and prey 

they also now fossilize very well due to the hard bodies and skeletons (so the Ca) 
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Bilateralllity
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Sticky Note
In that period of time the vertebras look like this 

its jawless 

these were discovered fairy recently 
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Eyes, brain, no cranium, filter feder
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Sticky Note
When looking at the phylogeny of animal tissues 




1.2 Relationships between echinoderms,

hemicordates et chordates : Deuterostomia
CLASSIFICATION (Kardong, 2015)

Phylum Ambulacaria
Sub-phylum Echinoderms Traditional view
Sous-phylum Hemichordates*
Phylum Chordates
Sous-phylum Cephalochordates* Phylum Cgs:;:;?um Urochordates*
Sous-phylum Urochordates* Sub-phylum Cephalochordates*
Sous-phylum Vertebrates mP>Sub-phylum Vertebrates

: group: group that includes all and only the
desce from a common ancestor (group defined on the
basis of derived characters).

* Protochordates : paraphyletic group (does not include all and

only the descendants from a common ancestor).
(Mainly in chapter 2)

0
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1.2 Relationships between echinoderms,
hemicordates et chordates : Deuterostomia
(a) (b)
Echinoderms Echinoderms
:|A...hu\.mri.
Hemichordates Homichordates
Tunicates (= urochordates) Cephalochordates
Cophalochordates (with Amphioxus) Tunicates
Hagfish Chordates Hagfish
Lampreys | Vortebrates Lampreys
Gnathostomes. Gnathostomes
Schubert et al. 2006. TRENDS in Ecology and Evolution Vol.21 No.5 May 2006
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1.2 Relationships between echinoderms,
hemicordates et chordates : Deuterostomia
1 cell. 2 cell. 8 cell.
.-
16 cell. blastula
(morula)
32 cell.
e The unicellular becomes a multicellular embryon
e Morula-->blastula --> gastrula
Jcleavage_stages.html
12 =
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Monophyletic 

zahrananji
Sticky Note
fish are a paraphyletic group, not monophyltic 

The sister group of chordates was thought to be cephlachrodates but now people say that it is the tuacates 




1.2 Relationships between echinoderms,
hemicordates et chordates : Deuterostomia

Blastula Gastrula

blastocoel

vegetal plate
-~

e The blastula (with blastocoel) becomes a gastrula with
differentiating tissues [germ layers and body cavity ( )|
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Relationships
between
echinoderms,
hemicordates et
chordates :
Deuterostomia

Protostomes
Molluscs
Annelids
Arthropods

Deutérostomes
Echinoderms
Hemichordates
Chordates

N o Anus sevelops
Université d'C from blasiopon

1.2 Relationships
between echinoderms,
hemicordates et
chordates :

deuterostomias

Fig 5-7

e Gastrulation of

(Cep ordates)
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in protostome, each cell is determininet 

in deutrostomes the cells are indeterminetnt so each cell contains all the info to buil a new org. 

during gatrulation the coelom 

the archenteron is the lining of the gut. 

blastopore in deutrostomes becomes the anus 
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Amphioxus 


1.2 Relationships between echinoderms,
hemicordates et chordates : deuterostomia

o Ectoderm: e Mesoderm e Endoderm
- of skin — Skeletal and — Epithelial lining
and its_ muscular of digestive tract
derivatives systems and associated
— Nervous and — Circulatory and organs (liver,
sensory systems lymphatic pancreas)
— Jaws and teeth system — Epithelial lining

— Some glands
— Germ cells

Excretory and
reproductive
systems

ectoderm
mésoderm *f H

endoderm .,

— Dermis of skin
Some glands

of respiratory,
excretory, and
reproductive
tracts and ducts

— Some glands

)
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1.2 Relationships between echinoderms,

hemicordates et chordates : Deuterostomia

e Conclusion

—Echinoderms, hemichordata and
chordata are deuterostomes. Thus,
they share the following derived
characters:

* Radial,

cleavage
* Folds of archenteron forms coelom
* Anus develops from blastopore
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Armiulscenria

Echinogermatn Hemecronata

DEUTEROSTOMES

1.3 Hémichordata

Chordata

“Protochonistes”

CLl LR R]

>
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Sticky Note
the ectoderm is the outer shell/layer 

the endoderm is the inner layer and lining of the digestive tract 

between the two is the mesoderm 


1.3 Hemichordates

ECHINODERMS

e Starfish and other echinoderms are
marine animals that are sessile or
slow moving.

e Adults have aradial body form but

the larvae shows a Q

I -
tarflsh i =i mﬂ

Sea urchins
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1.3 Hemichordates Tt

Proboscis

Hemicordates
(Ptérobranchs):

Small colonial animals
(first appeared 525 Ma)

Some pharyngeal are present
on some species.

20 =
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1.3 Hemichordates

Hemichordates
enteropneusts:
pharyngeal or
branchial _____
present.

(Acorn worms;
90 species) -

Université d'Ottawa / University of Ottawa BIO 3158
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The main characteristic of these guys is that they are radia, saying that they are primitive. But they are radial only as adults, the larva have a bilateral body shape. 

so echinoderms are nt primitive 

so it would seem that in evolution its mainly focused on the larval stage of animals rather than the adult stage 
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Sticky Note
Bilateral symetry 


1.3 Hemichordata

. S L Collar Proboscss

Pranmgeal i1 in pharyrx

e Enteropneust (hemichordata):

- is analogous (not homologous) to '_
noto
— Phar (or branchial) slits with pores present.

22
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1.3 Hemichordata
Echinoderm larvae Hemichordate larvae

Blastocoel

Coelomic
Nephridium < compartment __
| Mephridial auc::* f
t.

Nephridial pore g
Pulsatile vesicla ! -g:::mml

Talotroch

e General similarities between the echinoderm larvae
and the hemichordate larvae : bilatéral,
, rows of cilium on surface

23 =
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1.3 Hemichordata

.
fossil@

e 505 to 535 Ma Pie
e Small bilateral iy

fossils with e % 1
external plates | T, B Fig. 215
imbricated -
(Carbonate de wiomw  Stylophorans
calcium).

24 =
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They have a stomochord which helps them dig. people thought that this is the same as a notochord (homologous) 

but they wrong, its analogous. so its an independent structure 

but there are still pharengeal pores that link this work to the other chrodates. 
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Stomochord 

zahrananji
Sticky Note
the fossilized echinoderm adut was bilateral 

so the raial morhology is secondaryy derived 
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Sticky Note
Echinoderm


CEUTERCSTOMES

1.3 Hemichordata o Ambulacraria

Echingderms Hemicordates Cho‘rdata

Conclusion: g Tk
E
$

Pumbrrcha fveopress  Cophihors Umchoniats

e Hemicordates and
Echinoderms are
monophyletic
(Ambulacraria)

+ larval
morphology)

Pharyngeal slits
would be the
result of
convergence in
Hemichordata and
Chordata.
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DEUTEROSTOMES
1.4 Phylogeny of Chordates

Ambulncraria

_Echinodermata Homichordata

“Protochordates”

T
T vsrarase>

/l?CZordates have a body

plan compared with echinoderms.

.r-..m.,,..u....s..m.,... Cephalochordates Urochordates Vertebrates

z0 =
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1.4 Phylogeny of Chordates
Character 1: a body plan
Character 2: notochord
Character 3: dorsal nerve tube (hollow)
Annelid or $lei Chordate |
Arthropad _ et ¥ i
v 3 Darsal F Al
i J haollow o Ll |
./'-' 1 norve cord {
Natochord N "
4 i
~8 f
1 Digesiive tract - '—_¢ )
s S
" - Solid nerva cord W Fig.2:6
27 =
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What is a chrodate characteristic 

thy have a reversed body plan than echinoderms 
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if we look are the annalid and then look at the arthropods. the nerve chord is on the bottom of annalids and on the top of arthropods 

its not the chord that changed laces

there is also the notochrod 

and also the hollow dorsal nerve tube 


1.4 Phylogeny of Chordates
Dvsmnl:luouw
Myomeres T g raal fin i .
A Notochard i, oo Fi

Caudal fin

Hindgut aviopors
lleocokc ring

Midgut cecum

Esophagus
Postanal tail Midgut Pharyngeal siit

e Derived characters of Chordates

Amphioxus (Cephalochordate)

— Char. 4: post-anal tail,
— Char. 5: metamerisation of body /

Université d'Ottawa / University of Ottawa

1.4 Phylogeny of Chordates

Char. 6: Fig. 2-16 Cephalochordates: Branchiostoma
i B T
(homologous to thyroid (Amphioxus) /]
gland) (ciliated structure)
- vl
4
Ocellus  Notochord Wheel argan L

Thres Velar tentacle

Hatschek's pit or groove
Oral hood
Pigment spof

0

abi |/
Pharyngeal slit
Endostyle Buccal cim
(e
/ 29 =
“f Ottawa BIO 3158
Ol Incurrent
1.4 Phylogeny of Chordates tentacts siphon (mouts)
1 Gilated tunnal
J/ Ganglion
UROCHORDATES L _Subneural gland
i Excusront
= (atrial)
i siphon
Tuanic
Atrium
found in shallow Dorsal
waters Endostyle lamina
- Stigmata
Doraal
Anus
Gonad
Stomach
Vessals d
e
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All chordates have a post-anal tail (even humans, we have it till week 7- which turns in the coccyx) 

Also the meramerisation of the body (so split into setions) 
so it can be modified with evolution 

so each vertebrae have a different role than the one above or below it 
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And now the endostyle- its a cilliated structure at the bottom of the phayranx ad it helps filter feeding animals separate partculates. in the more recent chordates it turns in to the thyroid gland. 
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Sticky Note
Tunicates 
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Sticky Note
This is an adult tunicate its a big filtering bag on the ground 

The most interesting part of the tunicate are the larva


1.4 Phylogeny of Chordates

Presence of metameres (myomeres)

notochord
Dorsal neural tube

BIOEDHET

e Ascidian larva

— Tadpole shape and mobile

— Shows chordates characters.

Université d'Ottawa / University of Ottawa

Inversed body plan compared Echin. + Hemich.

0]
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1.4 Phylogeny of Chordates
| _Tunicate metamorphosis:

— - presence of ag==e papillae

Lz - axial complex Q in body
——=—Axial complax - shed outer cu
(Masche, nolochord, nene cord)

A
S
G Owuiter tunic
I

s - cuticle

J_-motochord

A ~ _Contracting
\>

5 4 |

Focal
-+ epidermal cells B
’ Trunk £
Lt r = S
PpG —
o NS
—
> S renanas

Branchial
siphon
{mouth)

Endostyle -
SN

— 18 hours

Université d'Ottawa / University of Ottawa BIO 3158

Ol

1.4 Phylogeny of Chordates

Two conflicting hypotheses of relationships

e Cephalochordates

e Urochordates (Tunicates)
(Amphioxus) share with

share with vertebrates:

vertebrates: — Molecular data
— well- defined myomeres — Migrating cells from the
(metameres)

neural crest.
— Glandular integt aecum
(precursor of

Université d'Ottawa / University of Ottawa

BIO 3158
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it has all the characteristic of the chordate 

its also very active 
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once it gets into contact ith the ground it goes through a metamorphaisis to become its adult form 
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Pulled 
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Sticky Note
Pancreas 


1.4 Phylogeny Of  ecosom_
Chordates e

fay
° Endaderm ~

originate from the

Motochord

Neural plate

dorsal region of the Fig. 5-6
neural tube of Neural fold
urochordates and s
vertebrate embryos foaf
e They migrate Mycasl /
through the embryo — asodsm
to a predetermined S ek
destination. =] mesoderm
Coelom
Neural crest Mourocool
. Neural tube

% — Doraal mosentery

Fate of neural cranial

crest cells

Neurons and
ganglia

Y
Yo
\’f Facial bones and

cartilag es

@@©®
020

(¢) The cells give rise to some of the
anatomical struclures unique lo
vertebrates, including some of the
bones and cartilage of the shull.

Université d'Ottawa/ Liiveiciny vr wvana

v—({:\ 'o\__?,o
Connective tissues Medullo-surrenal cells
o X = 14
. l;’;[g}’ Phylogeny of
— Chordates
35 =
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Nature Reviews Genetics 3, 453-461 (June 2002)
TOTEAT g T TRETTT
1.4 Phylogeny
of Chordates
e Example of
migrating neural
crest cells (NCC)
e In Urochordates,
the only NCC
identified to date Gt
are for the -~ Migrating neural
production of Notochord crost colls
{a) The neural crest consists of (b) Neural crest cells migrate lo
Oth f bilateral bands of cells near distant sites in the embryo.
e Other types o the margins of the embryonic
migrating cells folds that form the neural tube. 3
are derived ]
characters of
vertebrates



zahrananji
Sticky Note
the cells of the neural crest are very important! 

these cells will migrate all over the body and it will for a bunch of different shit! 

these neural crest cells are only found in chordates 

zahrananji
Sticky Note
the presence of thse neural crest cells are not foun in cephlachrotates 




1.4 Phylogeny of Chordates

Ambulacraria

Deuterostomes.
Chordates

“Protochordates”

TNTTTETTTUTY

Extendad
e

Nournl creet
imclecular network)

First chondate

i9)

1.4 Phylogeny
of Chordates

e Ectodermic
(derived charac
vertebrates):
— Thickening of
surface ectoderm
— Often linked with
cells of the neural
crest.
(will form sensory
organs)

Otic Otic
placode vesicle  Fig. 5-28
N £ =]
taatines | |, O )
| M L

i |h69t'tc placods. F

e
e A
& Olfactory placode

'\ Brain
i o
Y Cranial .
\KD nerve @" Rull
Epibranchial Pl ¢
placodes %:

Université d’'Ottawa / Universit;
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1.4 Phylogeny

of Chordates-
e First well-known vertebrates fossils (530 Myr)

e Filter-feeding, without jaws, often body shield on anterior part of

body, small lateral eyes,

Fig. 39

o] Assrmspis

lateral stabilizers.

(fossil j
vertebral

Only living
species
(Agnathans):
lampreys and
hagfishes

Université d'Ottawa / University of Ottawa BIO 3158
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the larva are the part of the life cycle that are the most active 

Paidomorphpsus**

the derived chricters of vertebrates are the ephlized brain the ____
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Placodes 
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all of these jawless vertebrates were n the group ostracoderems 

nd the bnly reason we find them is becuse of their boney plates that they had on their boies

we see no paired fins on their bodies. these animals also ahve no sign of imbs 
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Sticky Note
Ostracoderms 


Vertebrates

1.5 Evolutionary scenarios of vertebrate origin
ceprﬁhcmalcs ’

Classic Garstang
hypothesi

Pedomorphosis

e R, T e,
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1.5 Sus, feeding 1 Suspension feeding
Evolutionary s st s it lseyee__ oatracodéais
scenarios of / m =3 % =

| & e Vertebrates
vertebrate L%
origin

Hemichordates

% =
\_J

Echinoderms

\

| @ Hypothesis
with ::kt
phylogenetic
knowledge

Fig. 2:32

— 4] =

Université d'Ottawa / University of Ottawa BIO 3158

O

1.5 Evolutionary

scenarios of ,/"_"\
vertebrate origin Adult {;/ \39
e Origin of e Y Lava
vertebrates: —> <

= Muscular@ R /
pump requi
evolution o .\\“—— ‘Agnathan

structures:
* Muscles

bands in Egg/f—"—
pharynx 8 Adult

« Pharynx made & =
o il ___# Prevertebrate
tissues —

— Gill evolution to

sustain a more
active life-style.
— Pump has feeding
and respiratory Fig. 33
functions.

F' Jaws
(grasping)

Vertebrate

_. Muscular pump
(suspension feeding)

, Cilia-mucus
{suspension feeding)
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the garstang hypothesis said that urochordates were more primative than cephlachordates 
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refuted
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Sticky Note
this is sayng that urochordatse are the sister groups of cephlachorates (I think) 
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compatible 
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not all the seteps in the senaio are clearly understiood.

orignlly the anials were____

so the more up you go the more recent and active and demanding in enegry and greater in capacity to store this enerrgy the animals are 

the alrger prey wil have its own inconcnvenience. so in the digestive tract, you dtn want any fermetation. The agnathans have no stomach 
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pharyanx




