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some eels the anterior and posterior sur-
“the centra are flat (Bond, 1996).
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concave behind, e.g., in some mammals, and
coeloplatyan that is concave in front and flat
behind, e.g., in some mammals” (Hyman,
1942). Jollie (1962) mentions the term ‘gingly-
moidy’ in cases of double articular surfaces of
the vertebra such as double convex, concave 4*’“
or asymmetrical. ng

Phylogeny SO
Evolution of the vertebral column is not
entirely clear, especially during its phylogene-
tic inception. The earliest vertebrates, such as
fossils of Myllokunmingia and Haikouichthys,
and the living hagfishes possess a notochord but
lack vertebrae. In lamprays a few small carti-
laginous elements are seen, but vertebrae are
absent. In ostracoderms, we find a hint of verte-
bral column. Since then, the evolution of verte-
bral column in fishes and tetrapods is most
complicated, because some parts of vertebral
column are enlarged, others were lost, and some
were evolved independently several times.
——————————————E

Skull

The skull or cephalic skeleton in verte-
brates is a double structure—both embryo-
logically as well as morphologically. During
embryonic development two sets of bones of
different origin join together in a unified way.
The vertebrate skull is derived morphologi-
cally from two sources : the neurocranium
(surrounding the anterior end of the nerve tube)
and the splanchnocranium (encircling the ante-
rior end of the digestive tube). The skull also
plays double role—support and protection.

The skull starts its origin as paired carti-
Jaginous plates (parachordals) situated one on
either side of the notochord (Fig. 4.3A).
Another pair of cartilaginous rods (trabeculae)
develop in front of the parachordals.
Simultaneously, cartilaginous investments start
formation around three paired special sense
organs—olfactory capsules around the organs
of smell, auditory capsules around the ears
and the optic capsules around the eyes. The
olfactory capsules unite with the trabeculae,
the auditory capsules unite with the para-
chordals and the optic capsules remain free. In
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Fig. 4.3 : Development of skull. A. Embryonic cranial elements in Salmon. B. Side view of a cartilaginous %3

skull showing the relationship with visceral

pension. C. Amphistylic condition. D. Hyostylic condition. E. Autostylic condition. F. Craniostylic

condition.

course of development, the parachordals and
trabeculae fuse into a single basal plate. This
plate forms the floor of the skull and gives off

vertical upgrowths on each side to give rise to
the brain-case or cranium. :

With the formation of cranial box different
regions of the skull become distinguishable. -
The posterior or occipital region is developed -
from the parachordals and remains united
with the anterior end of the vertebral column.
It presents a large foramen magnum for the
exit of the spinal cord. An auditory region is
formed by paired auditory capsules. The other
region, the frabecular region which includes : -
(i) an interorbital region, (ii) an olfactory
region (two olfactory capsules with a median
vertical septum mesethmoid) and (iii) a ros-
trum or prenasal region in front of the meseth-
moid. The floor of the skull is called basis -
‘cranii which is developed from the basal plate.
The roof is initially incomplete which
becomes closed by membranes. The walls
bear foramina or apertures for the exit of the
cranial nerves. All these components are.
derived from the neurocranium. ‘ '
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Besides the neurocranial elements, ';,
are other elements, called visceral bd
(splanchnocranial elements) which particips
in skull formation. Between the gill-slits_ th§

re———

3rd brat

are series of cartilaginous rods like paired i | 4th bray
hoops around the pharynx. The visceral b8
become united with one another to formfi Sth bra

visceral arches. There are four to nine viscil

arches in vertebrates, Of the visceral arch’e's;!
first or mandibular arch and the second or ht g
arch participate in skull-formation whi

rest are known the branchial arches (Fig. 4 I'as hyoid c

A list of derivatives of branchial archesi into_ep ’h.y E
sharks, teleosts and tetrapods is given in-Talli Laitgus is
20. . ; : .

hich is atta

~Inall vertebrates except the agnathans; i
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The dorsal elements or the palatoquadrate!
pterygoquadrate cartilages become the upie
jaw while the ventral pair (Meckel’s cartilag
form the lower jaw., The posterior end ofd
pterygoquadrate, the quadrate provides
articulation for the lower jaw. The hyoid
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“part, called lhyomandibula, and a ventral® like. protoc|
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other parts of the body play a major role in
food collection. In agnathans the mouth is suc-
torial. The ostracoderms collected their food,
mainly algae or other organisms by scraping

the rock surfaces.

Origin

The first visceral arch (mandibular arch) is
modified into jaws and embrace it firmly to the
chondrocranium. The upper part of the
mandibular arch (epibranchial) becomes pala-
toquadrate. The lower part of mandibular arch
(ceratobranchial) forms the lower jaw, also

- called Meckel’s cartilage. The second visceral
arch or hyoid arch is connected with the

modified into jaws;
palatoquadrates of
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chondrocranium and acts as s : — e
ture. The upper part of secondu\i)i‘:gg-‘ar}g st,;;,?_ cal branchial arch, neither modified, nor 0§ _tion of the
called hyomandibula, Next succeedin ol SHppo the jaw. This is the most primitive type J888& - done by the
are called branchial arches ang are cog arches  of jaw suspension, found in acanthodians?, S articular of
to the respiration, not nnected In some sharks such as Chlamydoselalhus @88 cephalians

. associ i
formation of jaws. ated with the

Definition

The mechanism b i
y which the upper j
(palatoquadrate) and lower jaw (Meckzﬁs rcejx:;v

lage) are suspended from the neurocranium, is
called jaw suspension.

Types of Jaw Suspension

Goodrich (1930, ‘58), Walter and Sayles
(1 949), and Weichert and Presch (1975) have
mentioned 4 types of jaw suspension. These
are (i) Amphistylic (primitive elasmobranches),
(i) Hyostylic (Sharks and sturgeons), (iii) Auto-
stylic (tetrapods other than mammals) and
(iv) Craniostylic (mammals).

Hyman (1942) has mentioned 5 types of
jaw suspension. They are as (i) Amphistylic
(primitive sharks), (ii) Hyostylic (most elasmo-
branchs), (iii) Autostylic (most vertebrates), (iv)
Holostylic (holocephali), and (v) Methylostylic
{teleostomes). Young (1981) has also men-
tioned 5 types but in different names in some
groups. Kardong {2002) refers to 6 types of
which palaeostylic is referred to agnathans
where none of the arches attach themselves
directly to the skull.

The splanchnocranium is attached with the
neurocranium to form a full-fledged skull. Five
principal types of such attachment are encoun-
tered in vertebrates (Fig. 4.3C-F). They are :
Autodiaslylic, Amphistylic, Hyostylic, Autostylic
and Craniostylic. In the first three types of jaw
suspension the pterygoquadrate, the hyoman-
dibular or both are involved while in the fouith
variety attachment is done by investing bones.

Autodiastylic _
(It is a form of jaw suspension in which the
upper jaw (palatoquadrate) is suspended from
two articulations with the cranium‘) The sus-
pended structures are ligaments which hang
‘both at.its front as well as hind end of the cra-

nium.@he hyoid arch remains an almost typi-

4—

\}mphistylic condition (both pillar)

"‘/Fiyostylic condition (hyoid pillar)

‘tives. .

~ Autostylic condition (self pillar)

& autostylic ¢
¢ entireuppe
. with the net

(frilled shark), Hexanchus (six-gilled shark) 3
Notorhynchus (broad nose seven gill shark), the;
squaloids (dog fish shark), pristiophoroids {saW3

sharks) and squatina (angle shark) the orbital S Autosty!
process is on the palatoquadrate and an attach- subtype
ment to the orbit is seen. This type of a few sus: . Holosty
pension is referred to as Orbitostylic by Maisey | |

: n Holoc
(1980). ; alatoquad:

‘cranium (br.
pended from

: : ion is found in : :
This type of jaw suspensio and remains

few primitive elasmobranchs (like Heptran-:
chias). In this type of jaw suspension both ;he
pterygoquadrate and hyomandibular make'
direct articulation with the neurocranium (Fig. §
4.3C). The pterygoquadrate articulates at two?
points : (i) a basal process and (ii) an otic pro-3
cess. The hyomandibular also articulates with?
the auditory capsule. '

! In some
& guadrate is I
i Craniostylic .
& This type
& mammals. Th
condition. A

1

This type of jaw suspension is found in§
most modern elasmobranchs and all bony3
fishes. In this type of jaw suspension thes
hyomandibular alone acts as the suspensoriums
of the jaw (Fig. 4.3D). In bony fishes (like 3
Amia, Lepisosteus and others) the typicals i
hyostylic condition is modified where Z@88pension of m:
quadrate develops from the posterior portiong@EEfrom the autos
of the pterygoquadrate which articulates it
an articular bone. The articular is develope i
from the Meckel’s cartilage. ge

Remark z

Hyman (1942) refers to the methylostylig
type of jaw suspension in case of teleostomes
in which palatoquadrate is suspended mainly
from the otic capsule by way of hyoid deriy'

Hyman (1

|€

RIGIN OF
L. Since the
icept that v
ithrough the age
iancestry of ver
problem in Big
ne on this pi
ficulty confre
the lack of gc
epresentativ
brought -t
ertebrate ey
geration to poir

This type of jaw suspension is found
dipnoans, amphibians, reptiles and bird$
where the upper jaw is articulated immovabl
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Boitians oo jaw (Fig. 4.3E). In holo-
i nd lungfishes the typical
i;,;ety IC condition is modified where the
Bire upper jaw becomes completel

; })}he neurocranium. Pl el
;.'{\utostylic is divided into the following
sotype

olostylic

n Holocephali (Chimaeras) the upper jaw
2 latoquadrate) is firmly fused to the neuro-
@eranium (brain-case) and lower jaw is sus-

iiinded from it. Hyoid arch becomes complete
fid remains free behind.

i0)n some lizards, snakes and birds the
Edrale is loosely attached.
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EY This type of jaw attachment is found in
gammals. This is a modified type of autostylic
andition. As the articular and quadrate
1 decome transformed into malleus and incus
] ossicles) respectively, the articulation of
e jaw is done by two pairs of investing
Bories—the squamosals of the upper jaw and
Re dentaries of the lower jaw (Fig. 4.3F).
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ension of mammals is undoubtedly derived
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BRIGIN OF VERTEBRATES

i Since the inception of evolutionary con-
ﬁi that living organisms transmutated
ough the ages, the question of searching the
B ancestry of vertebrates has become a central
i ' oblem in Biology. Extensive work has been

ne on this particular problem. The greatest
fifficulty confronting the workers on this line
£ the lack of good fossil records of their earli-
representatives. Many nonchordates have

 the methylostylic
{ 1se of teleostomes
' iuspended mainly
'y of hyoid deriva:

Ragigiin:
wion s found i
 atiles and birds
' slated immovably
{jout the intervent

vertebrate evolution. [t will not be an exag-
ation to point out that almost all the non-

S ussannan

n brought to the forefront in unravelling

chordate phyla have been suggested that hold
the key of vertebrate evolution. But many
workers do not accept the idea of derivation of
vertebrates directly from any specialised adult
nonchordate. The dynamic larval stage of
some nonchordate forms are claimed to be the
possible progenitor of early chordates which
have evolved further to give rise to higher
forms.

A good many views are extant on the ori-
gin of vertebrates. Some of the views are old
and they have been mentioned as pieces of
historical importance. Since long time it was
regarded that the invertebrate chordates, origi-
nating fram some nonchordate source, have
given the origin of the vertebrates. The logical
evolutionary trend is as follows :

Nonchordates — invertebrate chor-
dates — vertebrates

But this concept is not accepted by recent
workers in this line (vide Barrington, 1965)
which is discussed in the last portion of this
chapter.

BIOLOGICAL ORGANISATION

The chordates constitute a very large
group which includes the invertebrate chor-
dates and vertebrates. They possess some
identifying features. These features are again
repeated to draw parallelism between the
vertebrates and the nonchordates in the phylo-
genetic discussion of the vertebrates. These
features are :

1. Body is bilaterally symmetrical.

2. Adorsal tubular nerve cord is present. The
anterior part becomes specialised into a
brain in the vertebrates,

3. Notochord is present at least in some stage
of life-history. :

The pharynx is perforated by gill-slits.
The coelom is enterocoelous in origin.
Cephalisation is well-marked.
Metamerism is present,

A pulsating organ or heart is present in the
ventral side of the body.

PN o s
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Fig. 4.3 : Development of skull. A. Embryonic cranial elements in Salmon. B. Side view of a cani!aginous:
skull showing the relationship with visceral arches. C-F. Showing different types of jaw sus:.. o
pension. C. Amphistylic condition. D. Hyostylic condition. E. Autostylic condition. F. Cramostyhc i
condition. i
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