PROTOSTOMES DEUTEROSTOMES
(mollusks, annelids, arthropods) (echinoderms, chordates)

Eight-cell stage Eight-cell stage

(@) fad b’

CLEAVAGE

Spiral and determinate Radial and indeterminate

Archenteron
(b)
COELOM )7~ Coelom
FORMATION Mesoderm \Bla stopore
Schizocoelous: solid Enterocoelous:
masses of mesoderm folds of archenteron
split to form coelom form coelom
(c) Digestive tube
FATE OF
BLASTOPORE
“ Mouth e
Mouth develops Anus develops
from blastopore from blastopore
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Amphibians___4 |
<5 () 2 —

Lobe-Finned
Flam{la‘-.

Chordate i
Ancestor 5/ g -
Lo Jawless
Fishes
570 MYA 245 MYA 66 MYA

Paleozoic Mesozoic Cenozoic
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Osteichthyes ;

l—— Protochordata —' r— Agnatha —-I I—-— (bony fishes) --I I__ Reptilia ——l

Actinopterygii
(ray-finned fishes)

Mammalia

it 0 Lepidosauria
Amphibia (mammals)

Cephalochordata Cephalaspidomorphi ' £l
i : 4 4 (lizards, snakes) Crocodilia

(lancelets) (lampreys)

< g Aves
Sarcopterygii . (birds)
(lungfishes, .
coelacanths)

Testudines
(turtles)

Urochordata
(tunicates)

Chndrichthyes
(sharks, rays,

(hagfishes)

chimaeras) Hair,
< mammary Skull with upper
gland and lower temporal

fenestra

Beta-keratin in epidermis

Naked skin,
suckerlike oral ~ Heterocercal
disc, long larval ~ caudal fin,
stage, 7 pairs placoid scales,
of gills cartilaginous
skeleton

Egg with extraembryonic membranes

Paired limbs used for terrestrial
locomotion

Unique supportive elements in skeleton or
girdles of fins or legs

Naked skin
with slime
glands,
accessory
hearts

Lung or swimbladder derived from gut, bony endoskeleton

Jaws, 3 pairs semicircular canals, paired appendages,
gill filaments lateral to gill support

2 pairs semicircular canals, vertebrae

Distinct head and tripartite brain; specialized sense organs; 1 or more
pairs semicircular canals, glomerular kidney, neural crest,
neurogenic epidermal placodes

Axial skeleton retained throughout life; muscle somites present

Notochord; dorsal hollow nerve cord; pharyngeal slits;
postanal tail; endostyle
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feathers

chthyes (cartilaginous ﬁm§>&/

mammary
glands, hair

(limbs
(wgs)  Phylogenetic
o tree of the
chordates

Ancestral chordates



Dorsal,
Muscle hollow
segments nerve cord

Notochord Brain

% T E—
LLLES AGALAANe
i \ / Mouth
Anus Pharyngeal
Postanal slits

tail
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_ Incurrent —

Tunicates

siphon
to mouth

Excurrent
siphon

Excurrent

Atrium siphon

Pharynx |
with
numerous
slits Anus

Intestine
Esophagus
Stomach

Tunic

(b)

Copyrght @ Pearson Educeation, Inc., publishing as Benjamin Cummings.

Notochord

Dorsal, hollow

nerve cord /
7 4~ Tail
Muscle
segments
3 tj — Intestine
S Stomach

Atrium
Pharynx with slits

(c)



Tunicates




Lancelets

Pharyngeal slits

Atrium

Notochord : .
Digestive tract
Dorsal, hollow S\ / Atriopore T .~
nerve cord WA ; , |

Segmental 3

muscles bl AT A

Anus . !

- ~ ., " -.'
Tail - AR A =






Haikuichthys







Lamprey




Gnathostomes




Evolution of Vertebrate Jaws

Gill slits  Cranium

/‘ Mr\ AL aE

\ 7~ .MGG/C’—/ > (-

TS \\\\\\\\, =
Mouth

Skeletal rods







Bony Fishes

brook trout trout

Atlantic salmon



Tetrapods
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Amphibians

adhesive disk

tree frog

newt

common toad



e have scales, ot for.
« have d(y skin.

o VSM”’ \ﬁ’ 6395,

Sometimes |ive qow
e ear holes instead.
of eavs. @

o 4 |e35 or no_ (e9s
e Gold-blooded.
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Amniotes







Mammals

Perissodactyla (Odd- : .
R tosd Heofod Anlinals) Animals of the Class Mammalia (Mammals)

Pholidata

) ¥

Chiroptera
(Bats)

Cetacea (Whales
& Porpoises)

Carnivora ~
(Meat-eaters)

Lagomorpha (Pikas,

Sirenia (Dugongs
& Manatees)

/
Q Hares, and Rabbits) Rodentia
Tnsectivora (6nawing Mammals) '

Artiodactyla

e
w (Even-toed Hoof)
\

Dermoptera
(Colugos)

(Insect-eaters)

e
Marsupialia

' (Pouched Animals) Edentata

A Proboscidea i (Toothless
A (Elephants) Mammals)
‘ I! Monotremata Pinnipedia

©Sheri Amsel  (gqg-laying Mammals) & (Seals & Sea Lions)



