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|. The ancestral larvae were devel-
oped into the sessile degenerate adult
Ascidians by retrogressive metamorpho-
S1S.

2. The ancestral larvae became ma-
rured and were developed into freshwa-
ter fish-like chordates by neoteny.

3. The ancestral larvae re-adapted to
marine conditions and gave.rise to An-
phioxus.

Conclusion

Though adult Ascidians, do not pos-
sess the main chordate characters, its
larva develops them. Hence the inclusion
of Ascidian in the phylum Chordata can-
not be denied.

The Ascidians may have come from

fixed Pterobranchs,a group of Hemi-

chordates. The early fixed Ascidians de-
veloped a tailed larva. The larva after ret-
rogressive metamorphosis became sed-
entary Ascidian. Some of the larvae be-
came adults by neoteny. These neotenous
forms invaded estuaries and rivers and
reached freshwater ponds where they
became fishes. Some of the neotenous
forms returned to the sea and became
Branchiostoma.

Thus Ascidian tadpole larva is be-
lieved to be the direct ancestor of verte-
brates. This conclusion is based on the
ascidian theory of chordate origin pro-
posed by Garstang (1928).

3. Branchiostoma

(Amphioxus)
Phylum . Chordata
Subphylum : Cephalochordata

Amphioxus is a protochordate. This
diiimal is peculiar in that the anterior end

of the notochord extends into the head.
Hence it is included in the subphylum
Cephqlochordata (cephalonzhead).
Amphioxus is commonly called lancet
because of its shape. Its scientific name
18 Branchiostoma lanceolatum.

. It is a marine, burrowing animal.
I_t lives in shallow waters. In the day
time, it remains in a sandy burrow with
the anterior end protruding out, During
night it leaves the burrow and leads a free
swimming life.

Anterior end of
Branchiostoma
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It is spindle-shaped and laterally
compressed. Both ends are pointed and
Amphioxus looks like a lance and hence
the name lancet. It is about 4.5 cms long.

The body 1is divisible into an ante-
rior frunk and a posterior fail. It has no
head. The anterior end has a pointed
process called rostrum. A frill-like
membranous enclosure is present be-
neath the rostrum. Itis called oral hood.
It is formed by the forward growth of
the skin. The oral hood opens to the
outside at the anterior end by a large
opening called mouth. The cavity en-
closed by the oral hood is called vesti-
bule or buccal cavity. The margin of the
oral hood bears 20 or more tentacles
called oral cirri.
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Amphioxus has three fins on tilﬁ
body. They are the dorsal fin, the ca .
dal fin and the ven\tr{al ﬁn.. The dolr.S ”
fin is present along the mid-dorsal Ln
throughout the entire length of the bo hy.
Posteriorly it surrounds the tail as the
caudal fin. Ventrally the cauc.ial fin ex-
tends forwards about one third of the
length of the body. It is called ventral
Jin. The dorsal and ventral fins are sup-
ported by a skeletal frame work c-:a]led
Jin ray boxes. The caudal fin is without

Jin ray boxes. Fins are used for loco-
motion.

Nerve cord :
Caudal fin \Dorsal n

Myocommata

F Cl‘l()RbAn
Body Wa {

The body wall is formeg "
layers. They are cuticle, the epig I,
the basement membrane . dor i
muscles and the peritoney,, T Ccls'-!
is a thin outer layer. Epiderm;g ) fguh‘
of a single layer of cells ko thar N
invertebrates. The epidermy, Cellg,l
columnar. The dermis ig formeg Ode
nective tissue fibres, It ig formeg 0(,
outer compact layer and ap j |

) Nner th
spongy layer with a few fibres, con,

Myotomes

/\ Notochord /

Ventral fin ray

The ventral surface of the anterior

two-third of the body is flat and i called

epipleure. The lafery] marging of the
epipleure

are produced into twq thin
folds called metapleural folds’ The
metapleural folds are continuous in
with the oral hood, Posteriorly the
joined with the anterior end of (he
tral fin.

Amphioxus has thy.
ings. They are the

front

Y are
ven-

€€ externg] open-
mouth, the atriopore
and the anus. The mouth is the Wide
opening of the ora] hood. The anug g
located at the anterior end of caudg] ﬁr{
The atriopore is located at (he amerior.
end of the ventral fin slightly the Jeg
of the middle line.
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Fig.2.53: Amphioxys.
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The muscles are located beneath the
skin. They are metamerically segmented
and are arranged in a linear series. The
muscles are in the form of <—shaped
plocks called myotomes. There are about
62 myotomes on each side. The apex of
the myotomes is directed forwards. The
myotomes of the two sides do not lie
opposite to each other; but they alternate
with each other. Each myotome is en-

closed in a fibrous connective tissue
sheath called myocomma. The muscles
are internally lined with peritoneum.

The body wall has the following
functions: protection, sensation, loco-
motion and support.

Atrium

Atrium is a spacious cavity lying
inside the body. It surrounds the phar-
ynx, oesophagus and the intestine. It is
lined with the ectoderm. It opens to the
outside by the atriopore. The atriopore
is located at the anterior end of the ven-
tral fin. The gill slits of pharynx open
into the atrium. The ventral wall of
atrium is the epipleure. The main func-
tion of atrium is to give protection to the
gills by preventing them from being

closed up with sand.

Dorsal canal

~ Fibrous sheatV- IR

Fibrous plate

Gelatinous plate

Ventral canal

Coelom

Coelom is the body cavity lying be-
tween the body wall and the alimentary
cana.l. It is lined with the coelomic epi-
thehum. Around the pharynx, the co-
elom is replaced by the atrium. In the
pharyngeal region, it is reduced to three
types of coelomic spaces.

1. A mid-ventral subendostylar
coelom running below the endostyle.

2. Two dorsal longitudinal canals
lying above the pharynx.

3.The vertical coelomic canals in
the primary gill bars.

Notochord of Amphioxus

Notochord is the backchord. 1t is a
gelatinous cylindrical skeletal rod con-
taining vacuolated notochordal cells, lo-
cated on the back.

It is the axial skeleton. In verte-
brates, vertebral column develops around
the notochord.

The animals containing a notochord
are included in the phylum Chordata.

In Amphioxus, the notochord ex-
tends from anterior tip to posterior end.
In other chordates, the notochord extends

Fig.2.55: Notochord.
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antedprly upto the brain On(});-h eilr]:li:ll-]
Amphioxus, it extends bey(?n p
As the notochord extends into the hea
region, Amphioxus is caHed.cephalo-
chordate. The anterior extension of'HO-
tochord helps Amphioxus in burrowing.

The notochord is situated above the

alimentary canal and below the nerve
cord.

It is covered by a notochordal
sheath. 1t is made up of Jibrous con-
nective tissue. Inner to the notochordal
sheath, there is a thin elastjc membrane
called elastica interna.

Below the elastica interna, there are
two canals called dorsal canq] and ven-
fral canal. These canals are filled with
chordal corpusc]es.

The notochord is made up of a single
Tow of disc-shaped cels called noto-

chordal cells. The notochordal cells are
of two types, namely fibrous cells ang
gelatinous celjs The fibrous cejs alter-
nate with gelatinoys cells. The noto-
chordal cells are arranged in a longigy.-
dinal row.

Notochorda] sheath

and cytoplasm are pushed towards the
pen[iﬁezyf;zphioxus and vertebrates, the
notochord develops from me:w.der,,?.
But in Balanoglossus and Ascidians, it
develops from endoa’em.z. |

The notochord functions as tl?e axig)
skeleton. It gives shape and nglqlty ty
the body. It prevents the shoneplng of
the body during muscle contraction.

The rostrum supported by the not
chord helps in burrowing.

In Amphioxus, the muscles are not

attached to the notochord.
Digestive System

The digestive system includes the
alimentary canal and the digestiye
glands.

Alimentary Canal

The alimentary cana]
oral hood and ends in the

The mourh is
cated below the rostrum. [t

starts from the
anus.

20 Inger-Jike Processe

S called orgl ¢jpri

Cl y - .
IT1 fi as a sort of gjeve

Unctiop
Uring feedin g
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The oral hood encloses a spacious
vily called buccal cavity or vestibule.
ol puccal cavity is lined with ectoderm.,
he The ectodermal lining is folded to
form number of thick, finger-like cili-
ated tracts. All these tracts are together
called wheel organ because they' create
whirling water currents. The mid-dor-
sal tract of the wheel organ is larger. Its
oroove is called Hatschek’s groove
which ends in a glandular depression
called Hatschek’s pit.

The posterior end of the buccal cay-
ity has a vertical partition called velum.
The velum is perforated by an opening
called enterostome. The velum bears
many velar tentacles.

Branchial part of pharynx

Fin-ray boxes

ynx on each side is perforated by a row
of about 180 vertical slit-like openings
called gill slits or branchial apertures.

Gill slit Synapticulum

___ Intestine

Secondary
rod

Fig.2.58: Amphioxus-A branchial
apparatus.

The wall of the pharynx lying be-
tween the gill slits is called gill bars.

Prebranchial part of pharynx

Epidermis \\ Emer(/)stome C;rebral l\(/esicle '
: atschek’s pit
Dermis = XN
DOD0000000se=
Nerve cord N P — 20
5 Rostrum
Eye N
Notochord e n— Buccal cavity

Epipharyngeal groove
Gill slits

Gill bars
Synapticula

Atrium

Endostyle

Velum

Buccal cirn

Oral hood

Wheel organ oui

Velar tentacles

Fig.2.57: Branchiostoma; V.S of anterior region.

The enterostome leads into a sac-
like structure called pharynx. The phar-
Ynx is also called branchial basket be
Cause it bears gill slits. It is a laterally
tompressed sac. The wall of the phar-

The gill bars are of two types, namely
primary gill bars and secondary gill
bars. These two bars regularly alternate
with each other. The gill bars are sup-
ported internally by a skeletal rod. The
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skeletal rod present in the primary gill
bar is called primary rod. It encloses a
coelom and it is forked ventrally. The
skeletal rod present in the secondary gill
bar is called secondary rod. 1t has no
coelom inside and it is not forked ven-
trally. The primary and secondary gill
bars are interconnected by numerous
horizontal partitions called synapticula.

<
% Wheel organ
Enterostome

Pharynx

Oesophagus

- o~

In the roof of the pharynx, there i
another ciliated groove calleq
epipharyngeal groove. At the anterig,
end of the pharynx, there are two trans.
verse ciliated tracts on the inner wall of
the pharynx called peripharyngeq
bands. The peripharyngeal bands are
connected to the endostyle ventrally anqg

Midgut
Hindgut

Oral cirri Velar tentacle
Gill slit

Atrium—~~Midgut diver-

g Anus
ticulum

Fig.2.59: Branchiostoma - Digestive system.

The floor of the pharynx has a shal-
low longitudinal groove called endostyle.
It is lined by 5 longitudinal tracts of cili-
ated cells alternating with 4 tracts of
mucous gland cells. The cilia of the
median tract are much longer than the

M_e-dian

Glandular cell
cilia

Ciliated cell

Endostyle

=Xy
Fig.2.60: Amphioxus-Endostyle.

lateral tracts. The endostyle is supported

by a pair of skeletal plates. The endo-
style has two functions: 1. It secretes
Mucous. 2. It creates water current.

to the epipharyngeal groove dorsally.
The small region of the pharynx lying
infront of the peripharyngeal bands lacks
gill slits and it is called prebranchial
region.

The pharynx leads into a short tu-
bular oesophagus.

The oesophagus leads into the in-
testine. The intestine is divisible into an
anterior wide midgut and a posterior
narrow hindgut. The hindgut opens to

the outside by the anus at the base of the
caudal fin.

Digestive Gland

Amphioxus has a single digestive
glal_]d called midgut diverticulum or he-
patic diverticulum. 1t is in the form of a
Sac attached to the alimentary canal in
the junction of oesophagus and midgut.
It extends forward below the pharynx.
The secretion of this diverticulum con-
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enzymes like lipase, amylase and
It helps in digestion.

[;]j"S
rofease-

Feeding _ .
Amphioxus 18 a carnivorous animal,

[t feeds on microscopic organisms like

|ankton, protozoans, etc. Amphioxus
feeds itself in three ways. They are cjlj-
ary feeding, filter feeding and mucous
feeding.

The beating of the cilia of the gill
bars creates a water current. This water
current carries food materials. The wa-
ter current enters the pharynx via mouth,
buccal cavity and enterostome. From the
pharynx, water passes into the atrium
through the gill slits. From the atrium
the water passes out through the
atriopore. The oral cirri and the velar
tentacles function as a sieve and they
prevent the entry of large particles into
the pharynx.

The mucous gland cells of endostyle
secrete mucous. The mucous stream
moves upwards along the lateral walls
of the pharynx.

Notochord
Hatschek’s pit

Oral cirri

Velar tentacle

59
fopd laden mucoug stream enters the
cpipharyngeal groove. In the epiphary-
ngeal groove, the Imucous stream is con-
vertgd into a twisted mucous cord by the
beating of the cilia. The mucous cord is
then passed into the oesophagus.

From the oesophagus, the mucous
qud passes into the midgut. From the
midgut it enters the midgut diverticulum
for a short distance. From the midgut
diverticulum, it returns to the midgut.
Then it enters the hindgut.

Digestive enzymes are secreted by
the midgut diverticulum and are poured
into the midgut. Digestion occurs inside
the midgut and the hepatic diverticulum.
Digested food is absorbed in the hind-
gut. The undigested materials along with
the mucous cord are eliminated through
the anus.

In Amphioxus, digestion is both ex-
tracellular and intracellular. Extracel-
lular digestion occurs in the midgut.

Hatchek’s nephridium

Wheel organ

Velum

Fig.2.61: Amphioxus-Anterior end viewed from ventral side.

Food particles carried by the water
“urrent are entangled in the mucous. The

Intracellular digestion occurslxlrsx ztll;z
hepatic diverticulum. Here the ce
phagocytic.
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Fig.2.62: Amphioxus-T.S. through pharynx.

system has a ventral aorta located be-
low the pharynx. It is contractile and it
pumps the blood forwards. Anteriorly
the ventral aorta divides into two
branches called external carotid arter-
in respiration. ies. The ventral aorta gives off paired
1 Circulatory System lateral 'blood vessels called afferent

, _ _ branchial vessels. These vessels pass
Bloogeiz;nc:flo?lbrslzfvl; i;rr(l)crln wfigglllllto;gﬁ_ ;)I;;?lg]hf }l)ri’mar}lf ﬁill BATS, EZ.ICh affer.e nt
puscles and pigments. The circulatory gt jts qusle\esse - a-bUIbThke dllatlfm
) ase, called bulbil. 1t is contractile

Respiratory System
Amphioxus has no well defined res-
piratory system. Respiration occurs by
diffusion through the body surface. The
gill slits of Amphioxus play a minor role

Efferent bran-  Lateral dorsal Anterior cardinal vein

chial arteries aorta i
/ Posterior cardinal
vein

Dorsal aorta

Sub-intestinal vein

Pharynx \1. Bulbil lSinus‘?’enosus
Hepatic portal veip

Afferent 'bran- Ventral aorta
chial arterjeg N i
Fig.2.63: Amph;
-2.03: An i J
phioxysy . Cn‘culaton' System
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nd 1t pumps the blood into the afferent  rior cardinal vein and the posterior car
i:r'mb'hi"l vessels. The secondary gill  dinal vein. The two veins are joined in

bars receive branches frczm the primary
il bars thropgh synaptwaa. The af-
ferent brzlnchml. vessels of the primary
4nd secondary gill bars run upwards apd
cave the gill bars as efferent branchial
yessels. The efferent branchial vessels
of each side open into a lateral dorsal
qorta located above the pharynx. The
two lateral aortae run forwards as the
internal carotid arteries. Just behind the
pharynx, the two lateral aortae join to-
gether to form a median dorsal aorta.
Posteriorly it enters the tail and it is called
caudal artery. The dorsal aorta sends
paired branches to the myotomes and the
intestine. In the dorsal aorta, the blood
flows in the backward direction.

Below the intestine there is another
vessel called sub- intestinal vein. It col-
lects blood from the tail through the cau-
dal vein and from the intestine through
intestinal veins. The sub-intestinal vein
runs forward and forms the hepatic por-
tal vein beneath the oesophagus. It ex-
tends forwards along the lower surface
of midgut diverticulum. It gives out sev-
eral minute branches to the hepatic di-
verticulum. These branches form a net-
work in the wall of the hepatic diverticu-
lum. The vessels returning blood from
the midgut diverticulum join together to
form the hepatic vein on its upper sur-
face. The hepatic vein opens into a thin
walled sac called sinus venosus. The
ventral aorta starts from the sinus veno-
sus.

The blood from the lateral body wall,
Myotomes and gonads is collected by two
veins on each side. They are the ante-

the middle to form ductug Cuvieri which
opens into the sinus venosus.

Excretory System

The excretory system is formed of
3 types of organs, namely

1. Segmental protonephridium

2. Hatschek’s nephridium

3. Brown funnels
1. Segmental Protonephridium

There are about 90 pairs of
nephridia arranged on the dorso-lateral
wall of the pharynx. Each nephridium
is a thin-walled bent tube. 1t has a verti-
cal limb and a horizontal limb. The ver-
tical limb lies in the primary gill bar. The
horizontal limb opens into the atrium by
a nephridiopore.

Each nephridium has about 500
solenocytes. Each solenocyte is a round
cell with a nucleus and a long tubule.
From the cell a flagellum arises and it
projects into the lumen of the tubule. It
is vibratile.

The solenocyte is a protonep-
hridium with internal opening. It is de-
veloped from ectoderm. 1t is similar to
the flame cell of annelida.

2. Hatschek’s Nephridium

-)‘55" It is a large nephridium situated in
the roof of the buccal cavity on the left
side of the median line. It has a narrov
thin tube. Anteriorly it ends blindly anc.
posteriorly it opens into the pharynx, just
behind the velum. It bears numerous
solenocytes.

Mechanism of Excretion: The
solenocytes extract the nitrogenous Waste
materials from the blood and pour intq
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Fig.2.64: Amphioxus-A. Nephridium; B. Solenocyte. 2
di The neural tube gives
i h nephridiopore. From sensory organs. _
e p out paired spinal nerves which are ar-

the atrium the wastes €scape through the
atriopore.
3. Brown Funnels
Brown funnels are excretory organs
of Amphioxus. They are brown in colour
and funnel-shaped. There are 2 brown
funnels. They are located dorsal to the
posterior end of pharynx. The narrow
end of the funnel opens into the coelom
and the wide end opens into the atrium.

Nervous System

Amphioxus has a hollow neural

tube. It extends throughout the length of
the animal. It is located dorsal to the no-
tochord. The canal situated inside the
neural tube is called neurocoel or cen-
tr.al canal. Anteriorly the central canal
dilates into a cerebral vesicle. 1t gives
,outa dorsal diverticulum. The cerebral
vesicle gi\_res out two pairs of cerebral
nerves which supply oral hood, cirri and

ranged segmentally. Each spinal nerve
has a dorsal root and a ventral root.

Sensory Organs

1. Eyes: Amphioxus has numerous
eyes along the entire length of the neu-
ral tube. The eyes are photo-receptors.

2. Pigment spot: The anterior wall
of the cerebral vesicle has a pigment spot
It is a thermo-receptor.

3: Infundibular organ: It is a de-

- pression in the floor of the cerebral
vesicle. It is lined with ciliated cells.

4. Kolliker’s pit: It is a ciliated de-
pression located on the dorsal side of the
cerebral vesicle. It is the remnant of neu-

ropore. It is supposed to be a chemo-
receptor.

Reproductive System

The sexes are separate; but there 1
no sexual dimorphism. The gonads are

/
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