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are bilaterian (bilaterally
nimals, and within Bilateria, they
lade of animals known as

evolution is a history of innovations
uilt upon major invertebrate traits.



ORIGIN

lved sometime during Cambrian
lon years ago during Cambrian

may have evolved from some freshwater
as Chamberlain (1900) pointed out that
dern chordates possess glomerular

s that are designed to remove excess
water from body.



fossils of chordates have all
om marine sediments and

lomerular kidneys are also found in
arine forms such as myxinoids and
. That makes the marine origin of
tes more plausible.



lved from some deuterostome
erms, hemichordates,

as they have similarities in
t, type of coelom and
stages. Fossils of the earliest vertebrates
wn from the Silurian-Devonian period,
400 million years ago.

= The following theories have been given to
explain the origin of chordates:



inoderm Origin

s given by Johannes Muller
d on the comparative studies
inoderms and

larvae such as Bipinnaria,
Dipleurula and Doliolaria, which
iliary bands and apical tuft of cilia.




r, W. Garstang and DeBeers
inoderm larvae gave rise to

stomes and possess mesodermal
elements.



of fossil echinoderms called

m Ordovician period (450

| s echinoderm ancestry of
dates. Calcichordates were asymmetrical
als which demonstrate affinities with both
derms and chordates but their skeleton
de of CaCO; whereas in vertebrates the
‘are made of hydrated Ca and phosphate.




pharynx with a series of gill
with flaps for filter feeding,
ody and a postanal tail. A

Cambrian-Orodovician periods when
tons were abundant in water.



hordate Origin

uggested that ancestral

ere sedentary tentacle feeders
on ciliated tentacles served

7 were waved in water



utation pharyngeal gill slits evolved
tors, which made the pharynx
lanktons as the water current
xtant pterobranchs possess
pharyngeal gill slits.

ciliated arms

ia larva of hemichordates shows

enetic relationship with echinoderm
‘and hemichordates also show affinities
with chordates.



rochordate Origin

(1928) and N.]J. Berrill (1955)
e to the tadpole 11ke larva

date characters, namely, a notochord
along with segmented myotomes,
al hollow nerve cord, sense organs
aryngeal gill slits.



8) suggested that chordates
me sessile filter feeding
larval stage evolving
nd by losing the

dult by neot
ary adult stage.



Gephalochordate Origin

1900) studied the primitive and
ters of cephalochordates and

dates, such as, absence of heart, head,

e organs, respiratory pigment, filter-

1g mode of food capture and excretion by
solenocytes.



60 specimens from mid-Cambrian of the
date, Pikaia gracilens have been discovered
hale in British Columbia, Canada.

| hioxus-like fossils show streamlined, ribbon-
d, 5 cm long body having notochord in the
ior two-third of body and myomeres

small head with two tentacles and gill slits in the
ion. Other chordate-like fossils are: Cathaymyrus
from early Cambrian sediments in China and
Palaeobranchiostomata from early Permian from South
Africa that appears to be more similar to Amphioxus.

\



Combined theory

(1965) combined all the above
ed that the common ancestor of

| rdates was a sessile ciliary arm
that lived in the plankton-rich environment of
brian. Modern Crinoidea (Echinodermata),
ophora and Pterobranch hemichordates
from a similar ancestor by retaining the
original mode of feeding, perhaps because they
continued to inhabit the same environment as
occurred in ancestral days.




ryngotremy (perforation of
ill slits) must have evolved in a

t have been much more superior method of
gathering by filtering water through

nx as compared to ciliated arm feeding.

e, the sedentary Protoascidians of that
time lost ciliated arm feeding and adopted
pharyngeal filter feeding as the only method of
food gathering.




e later, when the plankton
in water declined, free-
tailed larva of these
id not metamorphose
otenic adult, since
-swimming mode was superior in
searching at a time of food
city..



date-like ancestors evolved
d expansion of chordate

ossils of such primitive chordates,
tkaia gracilens from mid-Cambrian.



1aracters of Chordates

hare a set of derived characters,
ecies possess some of these
mbryonic development.

ates four key characters of chordates: a
ord; a dorsal, hollow nerve cord;
geal slits or clefts; and a muscular, post-



long supporting rod that runs
just below the nerve cord.

a notochord only when
7 are embryos

geal pouches are paired structures in
oat region. In some chordates —such as
fishes and amphibians — slits develop that

~ connect the pharyngeal pouches to the outside
of the body




e anus. The tail can
bone and muscle and is used
ing by aquatic
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Ectoderm gwwm, / Somite duct Celom
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Endoderm

Notochord

Transverse section of a chick embryo of
forty-five hours’ incubation.



st Chordates are
Vertebrates

99% of all chordates are
ubphylum Vertebrata
d are called vertebrates. A

ebrate is a chordate that has a

g supporting structure known
as a vertebral column or backbone




rtebrates, the dorsal, hollow
rd is called the spinal cord.
tebrate embryo develops,
the front end of the spinal cord
rows into a brain. The backbone,
hich replaces the notochord in
ost developing vertebrates, is
de of individual segments called
vertebrae that enclose and protect
the spinal cord.



http://upload.wikimedia.org/wikipedia/commons/8/83/Gray_111_-_Vertebral_column.png

e
tebrate’s backbone is part of an
leton, or internal skeleton. Like
d’s exoskeleton, a

‘endoskeleton supports and
tects the animal’s body and gives
cles a place to attach.

\ vertebrate’s skeleton grows as the
animal grows and does not need to be
shed. A vertebrate’s skeleton is made of
living cells as well as nonliving material.



Atrial Siphon




NOonvertebrate Chordates

chorda
se animals have &
nerve cord, a
10ord, pharyngeal
es and a tail.






http://en.wikipedia.org/wiki/Image:Branchiostoma_lanceolatum.png
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ncelets —small, fishlike creates. Live on sandy
ean bottoms. Adult has definite head with
1. Closed circulatory system. No true

Hollow nerve
\lotochord

Segmented
muscles
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Fishes

quatic vertebrates that
ized by paired fins,

es are so varied that for almost
ry general statement there is an
tion. Fins are for movement,
scales for protection, and gills for
exchanging gases



bments during
of fishes.




seologic Timetable

imated to be millions of years
derstand the order in which
eed to look at the Geologic



first fish

es to appear in the fossil record
jawless creatures whose
with bony plates. They
ing the Cambrian

about 510 million years ago.



ge of Fishes

rdovician and Silurian

05 to 410 million years
ent a major adaptive
emerged during

evonian Period, which is often
the Age of Fishes



-

: r and had a deeding
daptation that changed
rerything. These fishes had jaws.
N's are an extremely useful
laptation. Jawless fish were
nited to small soft food that that
they filtered from the water.




ed fish to eat a much W]}S‘ieé
ods. Their fins were attache
1 tructurﬁs of cart age oOr
ones that supports the fins.

& hodly and 1 SOer and more Heble
n bone.

ired fins gave fishes more control of
ir body movement. Tail fins and
powerful muscles gave fishes greater
thrust when swimming. This gave
accuracy and speed. They had the ability

to turn and use jaws in complex ways.




Modern Fishes
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odern Fishes

d rays—had an
ade of strong,

fleshy fins.



t overcome inertia, or the
otion, to move through
Is resistance is in the
of drag, which is caused by the
n of water as it flows over the body
e fish. Drag is also caused by the
ward pull of the eddies of water that
form behind the fish's tail.



eamlined, the water flowing
the fish meets and blends

itive fishes had asymmetrical tails in

the vertebral column either pointed

rd or downward as it extended from the

body. When the fins pushed against the water

~ to propel the fish forward, the movement was
innefficient.



es have tails in which two

es extend from the end of

. n. The forward thrust
ided by this tail is greater and more

distributed along the length of the

. They can swim faster and have

ontrol over their movement.




=01 and Function in Fishes

of the earth are extensive and
nd i.n the them have had to

ptations to aquatic life include

byus modes of feeding, specialized
tures for gas exchange and paired
s for locomotion.



Feeding

who are herbivores, carnivores,

he mouth, food passes through a short

led the esophagus to the stomach
food is broken down. Then it travels to
Oric ceca



Respiration

exchange gases using gills
'ge %f the ha?y%x.

e up of feathery

s called filaments.

ilaments contain a network of fine

laries that Erovide a large surface

or the exchange of oxygen and

n dioxide.




e oxygen-rich water through
ver the gills and then
en-depleted water out
in the sides of the

e fishes such as lampreys and sharks
e several gill openings. Most fish only
 a single cigﬂ on each side. This
opening is hidden beneath a protective
bony cover called the operculum.




eproduction

ishes are fertilized either

nally, depending upon the
ays the eggs and the

elop and hatch outside
dy.Fishes whose eggs hatch outside the
‘s body are oviparous. As the embryos
op, they obtain food from the yolk in the



s of Fishes

be classified into three groups:



ess Fishes

ve no true teeth or jaws. Their
e of fibers and cartilage



1d Their Relatives

ondrichthyes contains
ates and sawfishes

are 350 species of sharks. They
an enormous number of teeth



mphibians

lan is a vertebrate that
S a larva and on land

s glands, and lacks scales and



hibian is guessed to have
uring the late Devonian
million years ago.

amphibians evolved several
tations that helped them live at least
f their lives out of water. Bones in
imbs and limb girdles of amphibians
e stronger, permitting better
movement.




athing tubes enable amphibians
sternum or breastbone
Id to support and protect

TION OF REPTILIANS ,AVES AND
ALS WILL BE DISCUSSED IN PART 2
S COURSE MATERIAL )






