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WHAT ARE VERTEBRATES ?

All the vertebrates are placed under the subphylum
Vertebrata of the phylum Chordata. The name of Vertebrata
is derived from the presence of serially arranged vertebrae
(L., vertebratus = Jointed) which constitute a major part of
their axial exoskeleton, vertebral column or the backbone.
Another important feature, that all the vertebrates share as
a common diagnostic character is the presence of anterior
skeletal cranium or skull which houses brain and various
sense organs. The presence of cran
Craniata which is also sometimes used for the group. There
is reason to believe that the distinctive vertebrate cranium
and brain evolved even before the vertebral column and are,
therefore, more fundamentally characteristic of vertebrates
than the backbone,

ium gives another name, the
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A vertebrate may be defined as a special kind of chordate animal that has a cartilaginous
or bony endoskeleton consisting of a cranium, housing a brain and a vertebral column through
which the nerve cord passes. These two fundamental and related characters which have existed

in vertebrates are not found in any other group of animals except the vertebrates since the late
cambrian and Ordovician,

CHORDATE VERSUS VERTEBRATES

Many people usually think chordates as synonymous with vertebrates. Now it is clear that
the terms chordate and vertebrate are not synonymous. All the vertebrates are included in the
subphylum  Vertebrata. The vertebrates make up the vast majority of animals in the phylum
Chordata. The vertebrates possess three important characteristics : dotsal hollow nervous system,
notochord and pharyngeal gill-slits, with some inconspicuous and primitive chordates belonging
to the subphyla Urochordata and Cephalochordata and doubtfully the Hemichordata. Therefore,

the vertebrates and the protochordates together comprise the chordates. The terms ‘Euchordata’
and ‘Craniata’ can be regarded equivalent to Vertebrata,

GENERAL CHARACTERS OF SUBPHYLUM VERTEBRATA

All vertebrates have at least traces of vertebrae. This is one of the most important
characteristic feature that gives the subphylum its name. Another important diagnostic feature
is the presence of a skull or eranium from which its another name Craniata is derived for
the subphylum. Besides, the vertcbrates have also possess the three fundamental or diagnostic
chordate characteristics : the notochord, pharyngeal gill-slits and dorsal hollow nerve cord.

These are the five important diagnostic characteristics of vertebrates. The others are only satellite
characteristics not necessarily unique among vertebrates.

I. Lower vertebrates aquatic, higher vertebrates predominantly terrestrial.
2. Body size medium to large, bilaterally symmetrical and metametrically segmented.

3. Body typically consists of head, trunk and a postanal tail. Especially in terrestrial forms
a neck may also be present.

4. Trunk bears typically two pairs of jointed lateral appendages, which may be reduced or
absent in some forms, serve for support, locomotion and other special functions.

5. Integument or body covering is a stratified epithelium consisting of an outer epidermis
and an inner dermis; with many mucous glands in aquatic species.

6. Skin covered by a protective exoskeleton comprising scales, feathers, hairs, claws, nails,
homs, etc

7. Coelom large, necarly always developed as a shizocoel, and largely filled with visceral
organs,

8. Notochord invested by cartilage or bone or replaced by a vertebral column.

9. Endoskeleton living, jointed; formed of bone or cartilage or both; consists of skull,
vertebral column, girdles and limb bones.

10. Several muscles are attached to the endoskeleton for motion and locomotion.

11. Digestive canal more or less convoluted. Liver massive and tubular. Pharyngeal gill-slits
ot more than 7 pairs except in some cyclostomes.

12. Respiration by gills in lower aquatic forms and by lungs in terrestrial forms.

13. Blood vascular system closed. Heart ventral, muscular, contractile and consists of two,
three or four chambers. Blood plasma contains both white and red corpuscles. The red blood
COrpuscles contain the respiratory pigment, haecmoglobin.
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14. Excretion by paired kidneys, mesonephric or metanephﬁc, segmental or non-ge
and discharging through ducts into cloacal or anal region. 8Mme
15. Anterior end of dorsal nerve cord enlarges to form a cqmplex brain which ig pr
by skull. Remaining nerve cord forming t}}e spinal cord Wth]’? 1s surrounded and - cottected

vertebrae, 10 to 12 pairs of cranial nerves in the head. Except in cyclostomes, the Spisa} ed )
formed by the union of dorsal and ventral nerve roots, which are given out in each Sene
In lower vertebrates, the dorsal and ventral nerve roots are separate like cyclostomes. |y, b ey

vertebrates, the dorsal and ventral nerve roots are united to form a common spinal nerve]gher ;
ventral nerve is efferent or motor in na T

ture, it carries nerve impulse from the central nervoyg g,
to the efferent organs. The dorsal nerve is mixed a e
16. Special sensory organ include a pair of e

nd it bears a swelling called spina] gang) m
10
part from brain.

yes and a pair of auditory organs, deriy, 0
In
17. An endocrine system of ductless glands scattere
processes such as growth and reproduction.
18. Sexes separate. Gonads paired discharging
or near the anus.

19. Development direct or indirect. There is
arises as paired longitudinal bands, which subseq

DIVERSITY OF VERTEBRATES
mportant and most progressive of all groups of
nisms showing many interesting features. They

Ny

d through the body, regulate bog
Y
sex cells through genital ducts opening iy,

never a typical invaginate gastrula. Mesode,
uently become segmented.

In many respects, vertebrates are the most i
organisms. They are highly diverse group of orga
also play important ecological roles. '

Numerical strength. Subphylum Verte
49,000 species of animals which exhibit verte

the remaining extinct.
Kinds of vertebrates. The vertebrates are of different kinds. These are familiar backbonet

animals such as fishes, amphibians, reptiles, birds and mammals. They also include man, who
the supreme animal and the most potent force on the earth today.

C?tegories of vertebrates. The vertebrates may be grouped in various ways. The ge
categories of vertebrates are given in Table 9.1. Commonly nine classes of vertebrates are |
recognised, including two (Ostracodermi and Placodermi) that are extinct. The first two classes?
vertebrates (Ostracodermi and Cyclostomata) lack jaws and are placed in .the group Agnatha.

EPN:TR B P GENERAL CATEGORIES OF VERTEBRATES. ]
et :

brata is the largest of all chordate groups. About
bral columns. Of these 40,000 species are living

nerdl
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Fig. 9.2. Geological chart with a simple family tree of vertebrate classes showing their relative
abundance through time.

ORIGIN AND ANCESTRY OF VERTEBRATES (CHORDATES)

The problem of searching into origin and ancestry of vertebrates has long been of particular
interest to zoologists. But, like that of most of the animal phyla, the origin of vertebrates also
remains obscure. Over the years, several hypothesis have been proposed to explain the origin of
vertebrates, but none could stand the test of close scrutiny.

Time of origin. The chordates constitute very ancient forms. The earliest known truly
vertebrate animals were freshwater forms which were abundant during the late Silurian and
middle Devonian periods. Their fossils are collectively known as estracoderms. Ostracoderms
are placed with living cyclostomes (lampreys and hagfishes) in the jawless group called Agnatha.
Ostracoderms, as their name refers to, have their body covered by a dermal bony armour which
forms an elaborate rounded solid shield on the head. Like cyclostomes, they had presumably
a persistent notochord and no veriebrae. The mouth was anterior, ventral and devoid of jaws
and teeth. They had no paired appendages homologous with those of vertebrates. Paired lateral
€yes, median nostril and a median pineal eye were present on the top of the head. A variable
number of pharyngeal gill-pouches opened by lateral common or separate gill-openings. They

Were adapted for filter feeding.

The fragmentary remains of the invertebrate chordates have been recorded in the Cambrian
Strata and that of ostracoderms in the middle Ordovician time. The absence of any vertebrate
fossils in rocks older than the Cambrian period, permits only speculation about the earlier history
of the vertebrates. Which group was ancestral to the first true vertebrates (ostracoderms)? In fact,
here have been no fossils intermediate between ostracoderms, which are already vertebrates, and
any Other earlier group of animals. As a result, there has been a great deal of speculation about
the time of origin and the early progenitors of the vertebrates (chordates). Probably the vertebrate

et it L]
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exhibits common features of al]
mbryological and biochemigy,
ostome phyla: Echinodermata

Deuterostome line of Chordate Evolution. Table 9.3
deuterostomia. These common features suggest strong evidence of e
nature of a closer evolutionary relationship between three main deuter
Hemichordata and Chordata. These common features ar¢ as follows :

1. Early cleavages of zygote are indeterminate, i.e., €ach early bla

developing into a whole adult if separated.
. d .
2. Blastopore of gastrula forms the anus, while mouth 18 t."ormed as a secozfat:; Opening
3. Folds or pockets arise from the endoderm of developing arChentetr?r? vertebraf;nbryo'
The fusion of spaces in the pockets forms the coelom (enterocoelous, €XCEP S) ang

their walls become the mesoderm.
4. The pelagic larva of echinode

The vertebrates, however, do not have
5. Biochemically, all deuterostome use an i

stomere is capable ¢

«hibit a close structural resemblance,

rms and hemichordates € . '
been lost in the course ofevolution

floating larvae, having :
dentical phosphagen, the crea.til.le, in the energy cycle
of their muscular contraction. The invertebrates use the phosphagen, the argmu_ne. H}(l)we\lzler, certaip
hemichordates as well as echinoids use both arginine phf)sph.ate as well as creatine pdosp altle. From
these facts, it is interpreted that hemichordates are connecting link between chordates and nonchordates,

6. Serological tests demonstrate that the proteins of the three deuterostome phyla
(Echinodermata, Hemichordata and Chordata) are more closely related to one another than those

of any other phyla. i
The exact relatonship of the three deuterostome phyla (Echinodermata, Hemichordata and

Chordata) is still unknown, but there is little doubt that they have a common evolutionary history.
Several workers have tried to explain the deuterostome line of chordate evolution. Some of the

proposals are as follows :
1. Echinoderm ancestry (Echinoderm theory). On the basis of anatomical,

embryological, palaeotological, biochemical

and serological evidences, various, workers HYRQIHETICAL ¢
had tried to establish that the chordates A
probably had originated directly from ECHINODERM
some primitive echinoderm or some LINE
echinoderm larva. The tornaria larva of
Balanoglossus (Hemichordata) and the

larvae of echinoderms (bipinnaria or alimentary
dipleurula) exhibit close similarity (Fig. 9.4). ~ canal
Johannes Muller and Bateson suggested /
that the tornaria larva (Hemichordata) bipinnaria larva
and dipleurula larva (Echinodermata)
have evolved from a common ancestral
source. The common features are (7)) The

ﬁody is minute and transparent. (ii) Both
ave a dorsal pore. (iii) Almost identical Bl S0 WO

twisted ext ili .

(iv) Forrnzt?;:z:ilnfll:;?sted P‘fmds are present. Fig. 9.4.  Similarity of larval forms of echinoderms

similar. (v) Both fre flr)g:l:\?/? n(:f cpclc;m are and hemichordates has supported the
. i 3 ming forms. idea that bot n

(vi) Body is bnl?tcrally Symmetrical. But the ancestor, 'l Cae) oy & comie

presence of apical plate with eye spots in tornaria |

for the echinoderms and the hemichordates ?;aa arva

larva theory. The
- 10y suggested that
mature and later this neotenic probably the 3

CHORDATE
LINE

tornaria larva

raises doubts about the common ancestty
rstang and de Beer proposed the neoteno!s

uricularis larva of echi 1l
: inode ually
larva gave rise to the chordates. rms became sex
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Garstang (1894) also imagined that if the ciliated bands

iissue of auricularia larva of echinoderms, concentrates to fo

together with the underlying nervous
m ridges leaving a groove between
be nervous system of chordates, give rise tube. It will resemble with

The most.pl'lmltl\’e echinoderms are that of Cambrian ang Ordovician Carpoid echinoderms
Torsten and lelen assumed that the Carpoid echinoderms might have evolv&ﬁ‘mm tomnria—lil\:é
creatures which have begun to settle dow nta;'y life. The water vascular system
ornaria-like creatures. It has also been
hinoderms had the calyx perforated by
red with the gill-slits of Branchiostoma.
_ 3 rms and the chordates has been shown by
biochemical studies. Most of the nonchordates conduct energy transfer with arginine phosphate but
ophiuroids, cephalochordates, ascidians and vertebrates use creatine phosphat; The hcmichorciatcs
and echinoids use both arginine phosphate as well as . ‘

groups by serological tests. All

4 f derivation of chordates from
echinoderms.

The descent of chordates from the echinoderms by the direct transformation of echinoderm
or its neotenous larva into a chordate is no longer ac

_ G cepted now-a-days. The view most widely
accepted at present is that the living echinoderms and the living chordates had in common an
immediate ancestor.

2. Hemichordate ancestry (Balanoglossus ancestry). There is a strong suggestive evidence
that the early evolutionary stage of Deuterostomia group was sessile or sedentary. The pharynx
perforated by gill-slits, a characteristic feature of chordates, is also a likely adaptation to sedentary
habit. The hemichordates are sedentary and possess pharyngeal gill-slits and a hollow dorsal
nerve cord. But the presence of a true notochord is doubtful and their adult body plan is quite
different from vertebrates. Therefore, the hermichorates as a likely ancestor of vertebrates seems
to be impossible. Due to this fact, the hemichordates are put under separate phylum of their own.

3. Urochordate ancestry. The urochordate or ascidian theory of vertebrate origin was first
proposed by W. Garstang in 1928. It was later elaborated by N.J. Berrill (1955) in his book
“Origin of Vertebrates, Romer (1959) and others. The adult tunicates or ascidians exhibit the
primitive sessile, marine and filter feeding condition of the ancestral chordates. But their body
plans are so divergent that it is impossible to imagine a direct evolutionary transformation of an
adult ascidian into a vertebrate. On the other hand, the ascidian larva are tadpole-like, elongated,
bilaterally symmetrical and free-swimming forms with pharyngeal gill-slits, t}otochpr_d, dorsal tubular
fierve cord, and a muscular post-anal tail. They represent slightly. modified lfvmg structure of
the ancestra] chordate that gave rise to the vertebrate line of evolution. According to this theory,
Some of these larvae of ascidians failed to metamorphose into adults, but became neotenous,

ie., sexually mature by developing gonads precociously, and later evolved into cephalochordates
and vertebrates.

However, the ascidian theory of chordate origin does not seem to be perfect. The main
draw back is that this theory considers sessile nonchordates to be ancestral to chordates. Whereas,

they are highly specialised because sessile condition is a specialised condition wherever it occurs
I the Animal Kingdom.

4. Cephalochordate ancestry (Branchiostoma ancestry). The theory of ongin of Ycrt.c‘bratcs
rom Cephalochordates appears to be convincing, because _they fulfil the theoretical duﬁn.mon of
Ypical chordate organisation. The cephalochordates, particularly the lance‘l‘ets‘l(Branc‘?hf:ostomcf
ceolatum), are an interesting group of animals. They possess tl}c three bas.xc c mﬂ?t:b eatures:
notchord, dorsal tubular nerve cord and the pharyngeal gill-slits. According to Colbert, the

;
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larvaceans probably

logical structure of a modclﬂpr‘CVem‘_brate.
i o e ol oot in i bok o
Homer Smith’s reconstruction (t))les Amphioxus. But the e.xcretol’y Sy1s1 that of vertebrates Tl?
Philosopher.” (1953) also relse(;n solenocytes is altogether different fror.th 8 caiesaderml Origie
consisting of flame cells ca! Sl 8 in and, therefore, not homologous_ wi n and sense organs ang
solenocytes are ectoderma]hl n O;g halocliordates lack strong Cﬁpha(lle?tlcr)l ay provide by 5
of vertebrate ‘iglxlc:(};rs] (I: tl‘lrrt]ofcr),ch olr)d indicate that tlllle cepilarll(c’;ht%re;:elves ancestral. Both may
the unique e f vertebrates, but they ar
:'tle)rgsl:g cﬁ!\l;:;te?tl I})J::)t(}ily;)lf)}:/lo(l)ution from a common ancestor.

; J.W. Barringt
is It sible hypothesis proposed by E_ J gtop

el h'yp'(’tll;czlesé I(t):lstah?cc)iztulzggstome line of ch'ordate e\:l?ilsuet:s)ir;é 'l;Et:n c;)er::;imn
in 1965. This hypothesis 1st rawas in'all Grobability - ssall) séssile or sei cesile arm fc t;:.
CChinOde“IT:'fC }iiolr)i’al?lii‘t;e;:th(’d by trapping food particles in a S]?t ;gv?;;zixt was the derivatiol;
creature. It fe : 5 s and pogonophores. .
T iy decrlI iy :asrtIZIISltacli(li?';;}tl:.l?l?lf:l;xtemell)l tgentacles were repltiiii]b)i,]]a_:[iltzt::;al
i s b fee li;c}? food is entrapped inside pharynx which c.ievelopts e:hows tﬁe taiiitoy z;
?nlltxi?lls]:gs:ﬁ)g:irs;uesnlzll;:tyle. Cephalodiscus, a living pterobran;:h haeiT(l)cfhgoiiﬁz]?t,s besides fha i (::f
stage between the two modes of feeding because it has a Sl-lll'lghehzd spediised phargek] Sy
tentacles. In course of time and space a group evolved whic
to assist internal food collection. Th‘is
group holds the key of the origin
of urochordates, cephalochordates
and vertebrates. The hemichordates
developed pharyngotremy that is |
perforated pharynx with internal food sessile adult stage lost
trapping mechanism. This resulted in the
evolution of free-living hemichordates < -
on one hand and the sessile ancestral advanced gjg,;?g;
urochordates (tunicates) on the other. UROCHO
Some ancestral tunicates, instead of

‘ A

producing ciliated larvae commop to \ ' MQ‘@@

the earliest groups, formed tadpole primitive - .

larvae with all the typical somatic ancestral -\ ‘
features of chordates. According to  ASCIDIANS
Garstang, the larva became elongated
and increased in size, the longitudinal
ciliary bands shifted mid-dorsally
and changed to the hollow nerve
cord, the adora] cilia developed into

shift from arm feeding e
the endostyle, and the muscle fibreg to gill feeding ‘
evolved in the tail, This typical chordate ' |
larva by paedogenesis suppressed the primitive Y/ ' PTEROBRANCHS
sessile adult stage, de s '

11V1ng -A mphioxus (=

brimitive lancelet (Branchiostoma)
VERTEBRATES CEPHALOCHORDATES

acorn worms
7" HEMICHORDATES

primitive sessile gill-feeder
PROTO-ASCIDIANS

E
veloped gonads CHINODERMS
precociously (prematy

re) and became
the ancestor of cephalochordateg POGONOPHORANS e
(Branchiostoma), ve a

rtebrates and the | s _
representing three ive sessi

i le ‘ar‘m-feéder
cases of paralle] evolution, i

RAL STOCK
Fig. 9.5, Diagrammatic represe

; ”
Ntation of chordate evolt!
based on the hypothe

SiS of Rarrill ~nd Darrinal0’
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