~ Pisces may be defined as eaotl_zémzic (éxcept order 77mm-u'fonnes)cold blooded aquatic
vertebrates having jaws, gills, fins and skin covered in scales (Misra, 1969; Collins Dict,
1983). The study ofﬁsh&s is called Fchthyology (G.ichthys, fishtogos, study):

Ge‘neral Characters '
Pisces includes all fishes.”
1. Fishes are cold blooded aquatic vertebrates havmg jaws, gills, fins and scales.
2. They are chordates because the embryos develop-a notochord. E
3. They are vertebrates because they contain a vertebral column. . :
4. The brain is enclosed in a cranium, So they are Craniota.. i _ A
= 5. Theyhavejaws. Sothey are included in Grathostomata. . Q

_‘u'\'-wmu; » ‘..‘....b.‘_....i";i‘.;..' "

F ig. 41 ScoItodon(shark) a:v,mcal ﬁsh

6. R%plrahori iscarrsied out by gz!k )

7. The appendages are inthe formof fins.
8. The nostrils donot open intothe pharynx.
9. Fhe jaws are hinged.

0. Thescales are dermalin origin and are in the formof pacoid scales, oanoadscal&
' CZ 8 ’
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cycloid and ctenoid scales.
}}.The notochord is replaced by vertebrae.
12. Lateral line sense organ is present.
13. The eyes are suited to vision in water. Eyelids and tear glands.are absent.

14.The heart is 'S’ shaped and fwo chambered with one auncle and one ventricle and

"recexv&c only venous blood- Tt is a venous heart

Fig.4.2: Heart of fishes:

- 15. The alimentary canal is well developed with the stomach and the pancreas.
16. Skeleton is less massive than that in terrestrial vertebrates.
17.Visceral skeleton (skeleton of pharyngeal wall, associated with the gills)is well dcvclope&
18. Absence of a fleshy muscular tongue.
19. Cerebrum is primarily an olfactory centre.
20. The integument contains mucous glands.
21. The kidneys are mesonephros.

.22. The cranial nerves are ten pairs. -
23. The sexes are separate.
. 24.Fertilization is external o internal.

* 25. Some fishes are oviparous or oveviviparous and some others are viviparous.

Eg. Shark, Mullet, Tilapia, Eel, etc.

Classmcatlon in Brief

............................................................... Nostril o .o
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Thoracic shield Nakedbod; Sorealfim
Gap or hinge ;
Head Tailfin

Stronig lower jaw

e Ch Fig.4.3: Devonian placoderm: Coccoszéus :

Chondnis; d]yt;::tstl‘r':'lcltthyes mc:)l;(:ks cartilaginous fishes. (C—‘homims, cart; tchtlzys, ﬁsh) |
1. Cartilaginous skeleton. ' ’ : - ' |
2. Placoid scales. L ;
3. Heterocercal caudal fin and.
4. Claspers in male.
The class Chondrichthyes is divided into 2 subclasses, namely:
Subclass 1. Elasmobranchii ’
Subclass 2. Holocephali,

* Elasmobranchii is characterized by Plated gills. Eg. Scoliodon (shark}, Pristis

Narcine, Torpedo, etc.

Fi zshes are cold blooded aquatic vertebrates havmg Jaws, gills, fins and scales
Fishes are inclided in the phylum Chordata because the embryos develop a notochord
They contain a vertebral column. So they are included in Vertebrata.
The brain s enclosed ina cranium. So thiey are included in Craniata.
They have j jaws. Sothey are included in Grathostomata.

- The fishes are included in three classes, namely
Class 1. Placodermi’
-Class 2. Chonévchtlwa}C[ass stces
Class 3. Osteichthyes . )
The three classes of fishes are also tdgeth_er called class Pisces.

P

Class Placodermi includes extinct fishes. They were called plate-skinned  fishes because

the body was covered by a bony armour. They were the first fishes. Eg. Coccosteus.

Fig.4.4: Scoliodon (shark) lateraI vzew - :
* Holocephali meas entire head. It mc}udes Chzma
era. It is int :
ChondnchﬂlycsandOstelchlhy&s Frmedate betwee“

Class Osteichthyes includes bon
y fishes (Osteon, bone; ichth
Ostclchﬂ;ym is characterized by: T ﬁSh).-
1. Bonyskeleton. = |

2. Ganoid or cycloid or ctenoid: scales. ' o
30perculmnoovenngﬂlegills o : S
4. Homocercal or diphycercal caudal fin, : -
5. Air bladder.-

Class Osteichthyes is divided into 3 subclasses, namely

© Subclass 1. Acanthodii : : '




LPhylum Chorda‘ta}
Subphylum { :
- 1
(Forcbra )
__.Superclass. | :
i Agn;tha I (Gnatbostomata l
Class ........................................................................ P e e e e
................... P ; |
[ Placodermi ] { Chondrichthyes] - ( Osteichthyes }
Eg. Coccosteus. -
Subclass
| Elasmobranchii | Holocephali
Eg. Scoliodon, Eg. Chimaera
Pristis, Narcine ‘
Subclass
m Actmopterygu Sarcopterygii |
Eg Cllmatlus " Eg. Eel, Sardinella, Eg. Latimeria,
- Hippocampus Lung fishes

Fig. 4 3: Synoptic classification of fishes.
Subclass 2. Actinopterygii
Subclass 3. Sarcopterygii

"« Acanthodii means- spine-like. They have a series of lateral fins supponed by spines.
ncludes Climatius. It was the first freshwater fish. It had | ganoid ; scales

* Actinopterygii includes ray-finned fishes. Most of thie modern fi shes are included in in 3

ctinopterygii. The order Teleosteii is the largest group. Eg. Fel, Sardmella Hippocampus,
xocoetus, etc.

* The subclass Sarcoptegvgu includes the fleshy finned ﬁsﬁes Eg. Latimeria, lung
shes, etc: -

o

Placoderms

Placoderms were the, f irst jishes. _

Placoderms is a class-of Gnathosto-mata.

They were extinct fishes.

They were called plate skinned fi shes as they had a bony armour. They are catled
rmoured fishes.

Chap.4:PISCES . _

They lived duriug Mesowic era.
They were the first jawed - Véﬂebrates.
Males had claspers.
They had paired fins.and caudal  fins were heterocercal.
_ Theyhad 5 pairs of gillslits. Eg. Climatius. .. oo

A spiracle was present.

Pelvic finspine

) Pelvié‘ﬁn '

Analfin
E . Ventral view
Fig.4.6: Climatius.

Chondrichthyes
Chondrichthyes are cartilaginous ﬁshes '
They were marine.
They had placoid scales.

The mouth is ventral. The'tail is heterocercaL
Gill-clefts are § pairs.

- Gills without operculum.
Two spiracles are présen‘t.
Hyostylic jaw suspension. ~ .
No air bladder. ERR S
5 pairs of aortic arches. ‘ ' -
Heart has a conus arteriosus. .
Nastrils do not open into the mouth.

Kidney is pronephros: e
. The intestine has a scroll vaive. -
Males have apair of claspers.
. Fenilization is internal.
- They are ovoviviparous. Eg. Sharks, skates, rays.




i s 135

- Anterior dorsal fin
Tl posteriordorsalfin

" Figi4.25: Ophiocephalus punciatus.”
4. The body is large and covered with thick scales.
5. Itsdorsal and ventral fins are long.

6. The caudal fin is rounded. _
7. The pectoral and pelvic fins are present.

8. Accessory respiratory organs are present. Hence it can live for a long time out of water. -

9.1tis carnivorous, feeding on tadpoles, frogs and small  fishes. )
10. When ponds dry up it burrows in the mud and hides and comes out when water
llects i the rainy season. ) ’

11. The male constritcts a nest out of weeds during the breeding season. The female lays-its

ygs.in the nest and the male fertilizes them. Both the male and the female take care of the
ungones. . '
12. Tt can live for a long time outside water. Hence it is called a five  fish.

. Detailed Study
B 1. Shark
—Scoliodon sorrakowah .

Phylum Chordata

........ Subphylum.......... Vertebrata ... . .
Superclass Gnathostomata
Class Chondrichthyes
Subclass 'Elasmobrqnchii

Scoliodon is a cartilaginous fish. ‘Hence it is included in the class Chondrichthyes,

oliodon is commonly called Indian dog fisk or shark. In tamil, it i$ called * Chura Meen’.

The common species are: S
Scoliodon sorrakowah = S.laticaudas
- Scoliodon dumerilli
Scoliodon palasorrah
Scoliodon walbeehmi - _ T . o
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- producéd into a pointed srowut.

- hares.

© " Fig.4.26: Scoliodon (shark) - lateral view.

\ABcoliodon is a marine fish. Itisa fastswimmer. It is camivorous in habit. The sexes are
separate. Fertilization is fmgrnal and development is direct. Itis viviparous and givingbirth to
youngones. _ :

~—=8¢oliodon is elongated, spindle-shaped and laterally compressed. Both ends are pointed.

It reaches a length of about 60 cm.

- Shark exhibits counter shading, an adaptation. The dorsat and lateral sides are dark
grey in colour. The ventral side is white in colour. This helps the shark to escape from the
enemies. - ‘ '

- \“WHien an enemy looks shark from above, the dark grey merges with the dark background
of the bottom. When an enemy looks from below, the white underside of the shark merges with
thelighted background of the atmosphere. ' : o

A either side of the body, a faint line extends from the head to the tail. This line is called

lateral line. Tt marks the presence of lateral line sense organ inside the body. -

The skin is rough and the roughness is due to the presence of innumerable backwafdly

. directed spine-like structures called placoid scales.

Thebody is divisible into three regions, namely head, trunk and tail.

- The head is present at the anterior end. Itis dorso-ventrally flattened. Anteriorly, it is

. -
\“Hhie head contains a mouth on the ventral side. It is a crescentic opening. It is bounded

by two jaws, namely an upper jaw and a lower -jaw. Each jaw hasone or two rows of teeth.

Infront of the mouth, two sit-like openings are situated on the ventral side. Theyare called

_ nares ot nostrils. They are used exclusively as an olfactory organ and not as a respiratory
- Organ. - P :

Two prominent-eyes are present on thé sides of the headat a place between the mouth and
' Each'eye is protected by three eyélids, namely an upper eyelid, a lower éyelid and a
nictitating membrane or third eyelid. The upper and lower eyelids are immovable. )

The nictitating membrane is thin, transparent and movable. It lies along the lower side and

- can be drawn over the eye to cover it, when required.
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The ventrat side has a vemral fin infront of the caudalfin.
2. Paired Fins or Lateral Fins: Paired fins occur in pairs on the Jateraksides of the

~ body, especially in the trunk region. Ast:beyampresentont’ne!atcxa}sxdw thega:eatsocaﬂed

lateral fins.

ﬂmheadandsnout,ontbedo:salsrde comammmemusgmupsofp(xmcaﬂed ampuIIary -;

res. They are the external openings. of ampulla of Lorenzini

Fivepalrsofverucal shir-hike: open.agsarepmsentonmesnd&oftheheadbehmdthc eyes.
iese openings.are called external gitl shts or external branchial apertures. They open
o the pharynx. -

The trunk extends from the last gill slit to the cloacal aperture. The trunk is laterally
mpressed. It contains fins and cloacat aperture.

The trunk has an anterior medidrn dorsal fin, a pair of pectoral fins behind the head and
air of pelvic fins infront of the tail.

The cloacal aperture lies between the pelvic fins.

" The tail is the posterior: region and it extends behind the cloacal aperture. It consntutes
out half of the ]ength of the trunk. Itisalso laterally compressed like the trunk. Itis shghtly
ntupwards. Suchan uptumned: tail is called heteroceércal tail.

The tail bears three fins, namely a postenor median dorsal fin, a caudal fin and a
ntral fin.

Fi ns

Fins are specialized locomotory organs of fishes. Fins are flap-like outgrowths of the

dy wall directed backwards and supported by rods and fin rays.

Shark has two- types of fins. Theyare median fins or unpaired fins and paired ﬁns or

) Shark has two types of lateral ﬁns, namely pectoral fins and petvu: ﬁns These ﬁns '
correspond to the fore limbs and hind limbs.of higher vertebrates.

'Ihepectomlﬁr;arelaxgeandmangulm-mshape 'ibeyaseiomtedjustbehmdﬁxegﬂlshts
... The pelvic fins are smalter and are subtriangular. Thﬂymeiomtedomhevcnualsﬁeatthe

Junctlon of the trunk and tail on either side of the cloacal aperture.

In the male, each pelvic fin bears on its inner edge, a rod-like structure called clasper
Each clasper has a groove o its dorsal surface leading into acavityatits base.
__ Placoid Scales
The skin of shark contains thousands of spine-like structures called placozd scales. They

. form the exoskeleton. They are dermal in origin.

Each placoid scale has a basal plate and a spine. The spine is a trident. It is formed of _

" dentine.

The dentine is extemally coated with enamel. It encloses a cavity called pulp cavity.

Itis filted with pulp containing numerous odontoblasts, blood vessels, nerves, etc.

Thebasal plate is diamond-shaped. It has an opening in the centre taopen into the pulp
cavity. -

b L5 R K
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eral fins.

1. Median Fins or Unpau'e(F Fins : Median fins are located along the mcdian lineof

-body. Theyare unpaired and are arranged individually. ,
Sbark has three typesof medlan ﬁns vamely two dorsal fins, acaudal  finanda ventral

Omdorsalﬁnheealomthemedmntmeabout&iemxdcﬂeof{hebody Itxscaibdantenor
rsal fin ox first dorsal fin. 1tis mangularmsbape :

The second dorsal f in hes just infront o£the tail. Itis célle,dyostenor dorsal ﬁn._ Itis

1an0ular in shape

The heterocercal tail i msmom&dbyacaudalﬁn 'I'hecmdalﬁmsfbrmedoftwoiob&s,
nelya dorsal epichordat lobe and a ventral h ypockordal lobe.

Thehypochordﬂbbehasanok:hdmdmg it intoalarge anterior partanda smaltposterior
t. Inthe oot of the caudal fin, there is.2 caudal pit on both thedorsat and ventratsides.

Fig 4.28: .-S"hark‘ A. Placoid scale (Entire)"B Placoid scale (L.S).

~ Digestive System
Thedlgesuve system includes the al:menzary canal and the: dzgmve glands.
Allmentary Canal

. Thealunmtarymha}startsthbéaemomh 'Ihemomhnsaacent -shapedand it is located
on the ventral side of the head. It isbounded by upper.and tower j jaws.
The jaws ate provided with one or-two rows of teeth, The teeth are homodont and’

polyphyodont. The tecth are not used for mastication; but for catching and preventing the
escape of prey.

I(&-umuammuuv-:\, s St TU e ol L . Py :
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opensintothe intestine.

"The liver has three functions: 1. 1t secretes bile, 2. It stores g{ycgen and fat, 3. It
datroys worn out RBC.

30 shiPagicreas: Thepancxw:slocatedmmeloopofthestomach. Itis bilobed. The pancreatic
@uamﬁg from the pancreas opens into the intestine opposite to the bile duct.

BEMGBJCuvHcnon  f  tteeveooves o e
- , 5 'I'henghtlobecontamsthegallbladder Abﬂeductanswﬁomthegallbladderandlt

Phys‘ iology of Digestion '
- Shark is carnivorous, feeding on fishes, mlstaoeans molluscs etc. 'Ihetceﬂlprevcntthe

&scapg of prey. Digestion starts in the stomach and is completed i in, the intestine, Abso;pn_eu
. -occtrs in the intestine. The scroll valve helps absorption.

Cardiac stomach F
Bileduct "
Bursaentiana_

T —

The respiratory system is formed of five palrs of gill pouches They are located onthe

Blind sac _ Ao W wall of the pharynx.
Pyloricstomach - ' A ok They open into pharynx by an internal branchzal aperture and to the outsxde by the
Rectal gland o "B B wdernal branchuzl aperture. L
. Intestine g,
Rectum
Cloaca Internal branchial
F ig. 4.29: Shark-A. ngestzve .system B. Spiral’ valve ) :
_Theé mou h ,ieads into the buccal cavity. The buccal cavxty contains a fon Hyoid arch /
ty opens into; the pharynx. . o Branchial pouch /
lfé})mxﬁ;ecewm the openings of a pair of spiracles and five pairs of

?&’?es)“’ﬁﬁeghmgxlsfollowed by a narrow oesophagus. S L . Interbranchial
'F%eibcsgp HSopensintg the stomach. It is J-shaped. The stomach h oregté]s E I K o
et teﬁc;;»w’ldecardmcstomachanda posterior, nanow;gyloncstomash These two 57 " et '
ateil by ag.slmrt blind sac.

Ei‘ftI’i:étal eti;ﬁ)f pylonc stomach is shghtlydllated to form asac called b ,

.' l §elsf01dw-tof0rma Sa'oﬂva’ve ............

L F xg 4.30: Shark Respiratory system.
-Ong; edge ofﬁe scmll valve 1s attached 19 the mnerwall of the intestine and
'qde o~

- The mucots membrane of gill pouches is produced into a series of leaf- hke structur&s
called branchial lamellae. Theyare highly vascularized. ‘

Eacli gill pouch has two sets ofbranchial lamellae oneis'on iis antérier wall and the other
_ison its posterior wall.

_ The lamellae of one sxde of each gill pouch constltute adenubranch or'hem:branch Two
¥ 8 J.{,W ggg_ipranchs constituté a holobranch.

g‘:onta_insa' "é R

nothmg buta part of the pharyngeal wall located in between the gill pouches.

Zznive Eacirinterbranchial septum is supported by a cartilaginous rod catled vzsceral arch.
Tﬂe visceral arches at their inner end bear comb-like gill rakers to protect theinternal branchial
aperture,

E& oF two lobe&
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- The gill pouches are separated by interbranchial septa. An mterbmnchjal septum is
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The visceral arch ying infront of the first gilt pouchriscalledhpoid arck. The hycidarch

rs.only one gitk onits posterior surface. Hence itisahemibranch. The remaining posterior -
hes are catled I, Ik, B, IV and V branchial arches.

The Iest branchial arciris without any gills. Hence it is an abranch. The remaining four
nchial arches.bear four holobranchs. Hence shark has nine hemibranchs onreach side.
~Torshark; the gilt lamellae are attachedtothe entire lengthof the interbranchial’ septum
nce the gills are called lamelliform. '
ctween the mandibular archr-and the hyo:darch therelsaplt in the inner wall of the pharynx.
w&lledisptracle

smobranchs, it is.a functional gxl‘ having, lamellaeandan opening to the exterior.

chanism of Respiration

The respiration in shark is.aquatic. Fhe gills are the respiratory organs. During respiration
mouth-is opened and the buccalan&phafyngealcav:tles are enlarged. Wateris drawn in
wigh the mouth.

The water enters the gill pouches through the intemat branchial apertures The entry-of
d particles into the gill pouches is-prevented by the gitt-rakers. ’

From the gill pouches, the water passes out through the external branchial apertures after
shing the branchial lamelfae. The O, from the water dlfquCS into the bloodand the CO,
uses into-the water.

Lirculatory System
The circulatory system comprises the heart, blood, arteries and the veins.
Blood
The blood is reddish in colour. It bas a liquid component called plasma and cellular
nponents. The ceHular components include RBC, WBC, platelets, etc.
Heart
' The heart is the muscular pumbing organ of the circulatory system.
The heart 1 is located beneath the pharynx. It 1sa conical muscular organ lt is enclosed in

ce called pencardzal cavity ﬁlled W}th a pertcardzal ﬂuul
Smu—auncular valve

i

Pericardium

f ig:4.31: Heart.of Scoliodon - Lateral view.

Thepencaxdsalﬂmdprotecxthe heaftﬁomshocksandpmvmmemovementb&e

keart during contraction.

Fhic heart is formed of two chambers, namety an aauun(amc!e)and a ventricle.
. Theatrunvis triangular inshape. ktis thin walled. Itopensintothe ventricle bythe asriculo-
ventricular aperture guarded-by the auriculo-ventriculer valve.

The ventricle s thick walled. The inner surface of the ventricle has numerous muscular
strands called chordae tendinae. Anteriorly the ventricle leads into a: tubular strucunemlled
conus arteriosus.

Ventrataorta

Conus _arteriosus -
Auricle

Ventral view
Fig.4.32: Heart of Scoliodon. ' o7

The conus arteriosus is provided with two transverse rows of semtlunar valves. The
conus continues forwards in the form of a tube called ventral aorta.

The atrium receives blood from a sac called sinus vendsus. Th_e_.sinus venosus is thin
walled. 1t receives venous blood. Thie sinus venosus opens into the atrium by the sinu-auricular
aperture. ltis guarded by the sinu-auricular valves. These valves. prevent the flow of blood
from the atriurn into the sinus venosus. ’

The heart of shark contams only deoxygenated bIood Hence 1t is calledvawus heart
or branchial heart. e

SN

As the sinus venosus and conus arteriosus are not conmdered astrue chambers, 1 the heart of
shark is called two-chambered heart. - -
Arterial System _
" Arterial system includes a system of blood vessels called arteries. They carry the blood
from the heart and supply it tto the various parts ofthe body. Itisa blood distributing system.
- The conus.arteriosus 6f the heart runs forward in the formof a tube called ventral aorta.

1t runsforward beneath the pharynx upto thehyord arch, Here itdivides into two branchcs

called i mnommate arteries.

Eachinnominate artery again divides i intotwo branchmmﬁed]mdl]ajferem branchial

arteries. ‘They supply blood to the hyoid arch and I branchial arch respectively. Behind

thei mnmmnate anenes, the ventral aorta gives out three more pairs of branchescalled JEL IV~

.'.;.m.a—.a-...\.—.._ - .. Lo . - . A DT
' . . .




o e
afferent branchial arteries and they supply blood to the IT, ZIT and IV branchial
respectively,

he blood from the gill is collected by nine efferent branchial arteries. The first eight

Jommpajrstoformbmnchtalloopsarotmdtheﬁrstfomglllpouch& Themnthanery
ng the anterior surface of the fifth gill pouch.

1e four loops are interconnected by three longitudinal connectives called synapticula.
rth Ioop is connected to.the 9"' efferent branchial artery by another .synaptzculum

........ Intcmalmﬁdart
Conunoncamudaxtexy
L Efferent branchial ;
- Mandibular
~ Radices ) Innominate
O ———I.Aﬂ'erentbtanchal
1. Epibranchial -’ —— IL Afferent branchial
: B — I Afferent branchial artery
Dorsal aorta — O '
i — HVAﬂ'etentbmnchiéfartew
IV . Epibranchial » @ - o
- Subclavian —— V.Afferent branchial artery -
Coeliaco mesenteric -J .  S—— Gl ranc ey
Anterior mesenteric - : SN Cotus arteriosus
Coeliac artery / AN \ -
Lienogastric , 728\ Auricl
- Genital ‘ uricle
A & .. - Sifits venosus
Postenorgastncﬁ A Ventric
Dorsal intestinal entricle
) - Dorsal aorta
"Parietal -
' Posteﬁdfrﬁesentér’ic
Ih'acartexy- :
Caudalartery

Fig. 4 33: Shark - Arterial sysiem.
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« == From “each loop arises a large vessel called eptbranchtal artery. The epibranchial

arteries of the two sides rum towards the mid-dorsal | hnewhereﬂzeyopenmtoamed:anlonglmdmal
vessel called dorsal aorta.

o Theheadrecewesbloodmamlyﬁomtheﬁrstbmchxalloop From this loop three branches
arise. They are the common carotid artery, the hyoidean artery and the mandibular artery.

- ete.

=
25
£

“The common carondalsoreoelvesasmall branch calied radix from the dorsal aorta, .

The commion carotid artery divides into _mtemaI carotid artery and external carotid
artery. The intemal carotid artery supplies blood to the brain.
The external carotid artery divides into branches like orbital artery, buccal artery,

maxillonasal artery and rostral artery. -

The hyozdean drtery divides int6 an ophthalmic artery and a cerebral artery. They
supply bloodtotheeyearidbrain. = -

_ The mandibular artery supplies blood to the lower jaw.

. The dorsal aortagives out the following bmnches

1. Radices: Radices area pair of arteries arising from the anterior end of dorsal aortaand
are connected with common carotid arteries.

2.Buccal arteries: Afew pairs of buccal arteries arise from the anterior end of the dorsal
aortaand supply blood to the roof of buccal cavity.

3. Subclavian arteries: Theyarise from the junction of dorsal aorta and the last epibranchial

arteries. They supply blood. to the pectoral fins.

4. Coeliaco meseriteric artery: It arises from the dorsal aorta just behind the last
epibranchials. It soon divides into a coeliac artery and an anterior mesenteric artery.

3. Lieno-gastricartery: ltarises from the dorsal aorta alittle behind the coeliaco mesenteric
artery. It supplied blood to gonads stomach, intestine, spleen, etc.

6. Posterior mesenteric artery: It supphmblood to the posterior part of gonads and the
rectal glands. -

7. Parietal arteries: Several pairs of parietal arteries arise throughout the length of the
dorsal a aorta Tbey supply bloodto the muscl&c vertebral column, spinal cord, kidneys, gonads,

8. Wiac artéries: These are paired. arteries supplying blood to the pelvic fims.
9. Caudal artery It is the posterior continuation of dorsal aorta supplying blood to the tail.
_ Venous System

Venous system isa system of veins which carry blood from the various perts of: the body to
the heart. It carries deoxygenated blood. 1t is a blood collecting system.

The sinus vendsus receives the blood through twio pairs of large vcsseis memely one pair of
ducius Cuvieri and auother pair of hepatic sinus.

- Eachductus cuvierius s formed by the union of five main veins, nameiy
the anterior cardinal sinus
. the inferior jugular sinus
the posterior cardinal sinus

»
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¢ lateral abdominal sinus and  acommissural vein, Posteriosly each abdominal vein receives an ilize vein from the pelvic
e subclavian vein. _ region. , ,
e anteior cardinaksimus coliects the blood from the dorsatside of the bead. The fnferior - Portal Systems | S
veinscollect the blood fom the ftoor of buccat cavity and the pharynx. The posterior I'ne portal system is formed of a system of veins which.carry blood from one organ t5.
Vsinusstarts a5 @ median vessel in between the kidneys. It receives.a number of renal another organ othier-than heart. ST ,
om the kidneys. Then itdivides into two branches, The branclies oper-into the ductus

I

e subclavian vein receives bood fromthe pectoral i, The latoral abomingt veinsae

There are two typésofpor’lsystemiﬁ vertebrates. They are:
1. The hepatic portal system
2. The renal portal system.

aiong,ﬂx'é&‘;a&af"'é&éboayx?bszeﬁorzythetwo,zazemgb@mma;veinsmcomeaedby | . = 1-Hepatic Portat System

7 F A S R
Ventrabaorta R

or jugular sinus- 3’

Atrum
Hepatic sinus
ubclavian vein
Kidney'_
rdominal vein :%5
f
A
-
kHitl /.
‘.:\J
Tliac vein Py
Caudalvein _

"Ventricle
Sinus venosus
Ductus Cuvieri
~ Posterior cardinal sinus

| Figd.34: Shark - Venous system.

. F

Itis asystem of veins carrying blood from the digestive system to the liver. It is formed

intestine, rectum) through stnall veins.

- Asteoriorcardinal s ] Ofalal’geveinmﬂedhepaﬁcportalveinwhichoouectsbloodﬁomd)edigmﬁvesystem{_stomh,

. IS Hapati povial sysions

The bepatic portal vein divides into.two branches and eachbranch-enters the liver. In the
liver, the hepatic portal veins break into capillaries and Supply the liver. Small capillaries collect
blood from the liver and they join together to form hepatic sinuses. They open into the ductus

Cuvieri,
2. RenatPortal System - :

Itis a system of veins carrying blood from the tait-to-the kidney, -
From the tait a caudal vein arses. Itdivides into-two renal portal veins.

Phencrvous systern of Scotiodon cousists of 3 pasts, Theyare,
1.Central Nervous System: It includes brain and spinat cord,

A TS LA b s
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2. Penpheral Nervous System: It includes cranial nerves and spmal nerves.

‘3. Autonomic Nervous System: kt includes sympathetic and parasympathetic nerves.

Brain

Brain is the centre of the nervous system. Itis the control centre for all actions of the

nal.

~The brain is enclosed: mabramcaseealledamuum Tbecramum is madeupofcarﬂage
ow the cranium, the brain is covered by a thin, vascular membrane called meninx primitiva.

Olfactory lobe
Pineal body
Anterior CllOl’Old
plexus Optic lobe

Cerebellum

Restiformbody
(Corpora restiformia) )
Medulla oblongata

Spinal cord

Fig.4.36: Scoliodon: Brain - dorsal view.
The brain consists of three main divisions, pamely
1. Forebrain ot Prosencephalon
2. Midbrain or Mesencephalon
3. Hindbrain or Rhombencephalon.
-orebrain

| Chap:43PISCES. ' ' .

- OHactory peduncle

Olfactory sac
Olfactory lobe
Cerebrum -
Optic chiasma
Diencephalon
Lobi inferiores

Hypophysis . vap.
Saccus vasculosus

Medulla oblongata

_ Spinal cord

Fig.4.3 7: Scoliodon : Brain -ventral view.
The roof of the lateral ventricles remains thin and is called pallium. The floor of the lateral
ventricles remains thick and'is called corpus striatum (P\. corpora striata).
Diencephalon s the posterior part of the forebrain. It encloses a cavity called ITT ventricle
ordiocoel. The Ill ventricle communicates with the IV ventricle through ier.
The lateral walls of the III ventricle are thickened and are called thalami. Theroof is
called epithalamus. .
. The floor of the IIT ventricle is called hypothalamus. _
The roof of the I1I ventricle bears a stalk called pineal stalk. Thepineal stalk ends in a

pineal body or pineal gland or epiphysis.

ists of three pa:tsnam lyo{fadolylobes‘ eerebrnm and dtencephalon o

The anterior end of the brain has a pair of bulb-like structures called o!factory buIbs or-

ctory lobes. The olfactory lobes are concerned with smell. -

The olfactory lobe is connected to the brain by an olfactory tract or oIfactory peduncle

h olfactory lobe is closely attached to the olfactory sac.

The antenor region of the brain is called cerebrum. It is fonned of two cerebral
rispheres. The cerebral hemlspheres are the seat of memory, intelligence and

sciousness. .

Each cerebral hemlsphere encloses a cav1ty called lateral ventricle. The two lateral
tricles found in the cerebral hemispheres are called I and I ventricles. Posteriorly they

n into the Hiventricle by an Y-shaped opening called | foramen of Monro.

‘The floorof the diencephalonhasa cross: formed by the crossing of the two optic nerves.

* This cross is called opfic chiasma.

Behind the optic chiasma, the diencephalon has a down growth called infundibulum.

‘On the sides of infundibulum, there are two lobes called lobi inferiores.

. Posteriorly, the infundibulum is attached to an oval body calted h,wophyszs “The

~ " infundibulum and hypophysis together form an endocrine gland called pttutary gland Pituitary
. gland is the master of endocrine glands. :

The dorsal side of hypophysis has a vascular sac called saccus vasczdosus Saccus
vasculosis is peculiar to fishes and it acts asapressure receptor.
2. Midbrain

‘The midbrain is the middle region of the brain and itis czlled meseneepkalon It consists
of two main parts namely optic lobes and crura cerebri.




. Paracoel{Lateral ventricle)
— Foramen of Monro
- Diocoel (It ventricle)}

Cerebeltum

Medullaoblongata

Central canal

Spinateord

Fig.4.38: Scoliodon - Brain in vertical* section showing the ventricles.
Shark has a pair of large rounded swellings on the dorsal side of the midbrain. They are
1 optic lobes or corpora bigemina. Optic lobes control vision.
The ventral side of the midbrain has thick bands of nerve fibres rnning anteo-posteriorly
cting the forebrain with the hindbrain - These thick bands of nerve fibres are called crura
. . . . .
Fhe midbrain encloses a narrow canal called iter or aqueduct of Sylvius. It connects the
ntricle with the IV ventricle.
indbram

" U ventricle ties inside the diencephalon. It communicates with I and Hi ventricies by two.

.. pasrow canal callediter or aqueduct ofSyhmus lying in the midbrain. The ventricles are filled

o

to the end of the tail.
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The vericbrate brain-has three kinds of commissures. “They are ante_n’o.'cont;issaze, '
dorsai commissure and posterior commissure. 3

Veatricles.of Brain: The cavityenclosed-by the brain is called ventricle. There are four
ventriclesisrthe brain. They are, I, IF, I and IV ventricles.
Fand B ventricles are focated inside the cerebrum. They are also catteddateral ventricles.

opemmgs called foramen of Monro.

The EV ventricle is present mxdethecerebdlum I and IV ventricies are connected by a
thh cerebrospinalfluid. . &
Spinal Cord

Spinal-cord is the posterior-elongation of the brain. It remains in the neural canal of
vertebral column. 1tis along tube w1th umform diameter. It extends from the medulia oblongata

The spinalcord is covered by a ) membrane calledmemnx primitiva whichis continuous
with that of the brain.- :

The spinal cord has a narrow cavity at its centre called central canal. Anteriorly the
central canal opens into the IV ventricle and posteriorly it remains closed. The central canal is
filled with cerebrospinal fluid.

On the dorsal side the spinal cord has a median depressior called sulcus. The ventral sxde
has a deep median groove called ventral fissure.

The central canal is surrounded by grey matter. 1t has the shape of a tnangle m tmnsverse
-sectiorr and the apex of the triangle is facing upwards. The grey matter is surrounded by the
white matter. '

The spinal cord conducts the sensory and motor impulses to and from the brain. Itis also
a centre for local and spontaneous reflex actions. :

Cranial Nerves

The nerves arising from the brain are called cranial nerves. Shark has llpmrs of cranial

nerves. They are the following:

o pa:ns, namely cerebellum and medulla obmngata

Cerebelluntis alarge, elongatedand rhomboidal structure. Anteriorly it covers the optic
and posteriorty it covers the medutla oblongata. Its dorsal surface is thrown into pumerous
afar folds. Cerebelium controls muscular co-ordination. :

Meduﬂaoblongazmsthepostcnorpmtofthebmn Antenorlyltlsbroadandpostenorlv
=rs into the spinal-cord.

The antero-dorsatend of medulla oblongata bears apair of holiow outgmwths c&lledwtpora i
ormia ot resaform bodiesor auricular lobes. These lobes correspond to the floccular

of birds and mammals. -

Fhe medullaoblongata encloses a wide cavity called: IV ventricle. Itis communicated
he HEventricle through iter,

Commissures: The right and left haives ofthe brain-are connected by transverse. bands of
-fibres-called commissures. .

msnewemnamedaszeronavebe@usextwasdascovaedlongaﬁcrtheother 10 cranial
nerves were numbered. Itongmates ﬁomthvolﬁxctmysac, extends alongtheolfactorypedlmcle .

2.1 Nerve of Olfactory Nerve

1t starts from the nasat sac and ends in the olfactory Tobe. It isa somatlc sensory nerve. :
3. Il Nerve or Optic Nerve '

it stasts from retina of the eye and joins the diencephalon 'I"he two.optic Bérves cross o
the floor of the diencephalon to-form the optic chiasma. Theopucnerv&eafesomaacsermzy :
4. liNerve or Oculomotor Nerve :

Ttemerges fromthe ventral surface of the midbrain and innervates the superior rectus,
inferior rectus, internakrectus and inferior obligue muscles ofthe eyebalt: ltis.a somatic
motor nerve. ‘




Firstbranchialis of . : )
vagus X Auditory | Opticlobe - Opticll
. VH - Pathetic IV
Lateralis X Cerebellom/ [ o .
’ cus
......... 7 ialis V & VII
i d : s
of vagus X
isceralis X Palatins Vi
hameead Marlais
Post trematic:: M Ouﬂlsupenor
Pretremati )
) Hyomandibularis VII Maxillaris inferior V
Mandibularis ] Mandibularis V
internus VH - .
Mandibularis externus Vit

Fig.4.39: Scoliodon - Cranial nerves

V Nerve or Pathetic or Trochlear Nerve : : :
Itbegins from the dorsal surface of the midbrain and supplies the superior oblique muscle

te eyeball. Itis a somatic moror nerve.
/ Nerve or Trigeminal Nerve

Itleaves the brain at the sides of the anterior part of the medulla oblohgata beneath the
us restiformia. Itis a mixed netve, having somatic sensory and somatic motor fibres. It
s alarge Gasserian ganglion soon after its origin and divides into three branches:

a. Ophthalmic Nerve or-Ophthal-micus: It again divides into th;-namely ramus

halmicus supaﬁdaﬁsandramusophﬂwlnﬁcﬁspi‘bﬁindas._ The tormer, extends along
pper border of the orbit and supplies the skin of the snout infront of the olfactory capsule.

\ serzsory branch. The ramus ophthalmicus

ler ciliary nérve to the eyeball. It then enters

kin on the dorsal surface of the snout. Itisa
b. Maxillary Nerve or Maxillaris: It is the
the buccalis branch of the facial nerve foras (
upply the skin of the upper jaw, upper lip and lower eyelid and teeth of the upperjaw. Itis -

SoTy nerve. -

¢. Mandibular Nerve or Mandi-bularis: It runs along the side of the maxillaris for a _
distance and then runs to the lowerjaw to innervate its skin and muscles. It is a mixed

profundus enters the orbit, where it gives offa
the cranium, which it again leaves to innervate
mixed nerve. :

main branch of the trigeminal. It runs along
hort distance and then divides into branches
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7. VINerve or Abducens (Abducent) Nerve

to the external rectus muscle of the eyeball. It sends a small branch to the nictitating membrane.
Itis a somatic motor nerve.
8. VI Nerve or Facial Nerve

It arises from the ventral side of the medulla oblongata near its middle part and is distributed

It arises from the side of the medulla oblongata just behind the trigemminal nerve, Itisa
mixed nerve, having somatic sensory, visceral sensory and visceral motorgibres. It divides
into five branches: - . . :

 a.Ophthalmicus superficialis: It runs along the upper border of the orbit and supplies
the lateral line sense organs on the upper surface of the snout: Itisa sensory branch.

b. Buccalis: It uns fora short distance alongside the maxillaris of the fifitrnerve arid then
Separates to get distributed to the lateral Jine sense organs of the maxillary region, Itisasensory
nerve. : - :

¢. Mandibularis externus: Jt innervates the lateral liné sense organs of’ mandibularreglon_
Itis a sensory nerve. : e

e. Palatinus: It branches off from the hyomandibularis, extends forwards and supplies the
roof of the pharynx and roof of the buccal cavity, Itisa sensoryperve. - _

The facial nerve has a geniculate ganglion; where the hyomandibular branches off
9. Vill Nerve or Auditory Nerve - ' .

Itis very short and bears an acoustic ganglion on it. It is formed by the union of two
nerves: vestibular and saccular coming from the balancing and hearing portions of the ear
respectively. The nerve joins the brain at the side of the medulla oblongata just behind the fifth
and seventh nerves. It is a somatic sensory nerve, : :

10. IX Nerve or Glossopharyngeal : -
Nerve o

It arises from the side of the medulla oblongata near its hind end. It bears 2 petrosal

&anglion near ifs origin, passes backwards and downwards to the region of the first gill skit, -

where it divides into three branches: , o _
- L. Pharyngeal Branch: [t supplies the receptors present in the mucous membrane of the
pharynx. Itis a sensory branch. . T _ o :
 ii. Pretrematic: It innervates the hemibranch infront of the first gillslit. Itisalsoa sensory
branch. o - o '

iii. Post-trematic: It is distributed to the hemibranch behind the first gill slit and visceral

Muscles. Itisamixedbranch, o _ .

The ninth perveis mixed, having visceral sensory and visceratmotor fibres.
1. X Nerve or Vagus or Pneumogastric Nerve I

It emerges from the medulla oblongata close to the ninth nerve and has a very wide
distribution (vagus = wandering). Itis a mixed nerve, having somatic sensory, visceral sensory
and visceral motor fibres. Itdivides into 3 main branches. Theyare the foltowing: '




L Branchialis: & consists of four nerves that pass backwars and downwards to the region.
2 second; third; fourth and-fifth gilk shits. Each of these four nervessends apharyngeal branch
> roof of the pharynx, a pretrematic branch to the hemibranch infront of the respective giltstit
, post-trematic branch tothe hemtbranch behind the respective gill slit. These three branches
nble innafue with the corresponding branches of the ninth nerve. Thebranchialisisamixed,

. Visceralis: It enters the trunk and innervates the alimentary canat and the heait, Ttisa
dnerve. ‘ : J

iii. Lateralis: & runs backwards deep.in the Jaterat body walkand innérvates the laterat line
c organs. Itisa sensory nerve. ' '

The vagus nerve bears'a lateralis ganglion at the base of the lateralis btahch aﬂ’j‘g‘f .

lar ganglion at the base of other branches. .

Spinat Nerves | -
Scoliodon has.a large number of spinal nerves, there being a pair of them in each body
ent. Altof them are similar in origin and distribution: ' S
Eachspinalnerveadsesﬁomtllegreymattcrofthespinalcordbytworbdts:adoma{and

stral. The dorsal root bears a dorsal root ganglion in its course.” The ventral rootis -

out a ganglion:” The two roots emerge from the neural canal-through separate foramina and
-outside ti€ vertebral colurnn to form the spinal-nerve. The ventral oot is purely motor, but
orsal root is not purely sensory, because some visceral motor fibfes pass out via dorsal
also. The spinal nerves formed by the union of dorsal and ventral roots are mixed.

Each spinal nerve divides into dorsaf and ventral rami. The dorsal ramus supplies the
and muscles of the dorsal part of the body. The ventral ramus innervates the skin and

les of the ventratand lateral parts of the body. A few anterior spinal nerves are represented ~ 3§

e ventral roots only. These are termed the spino-occipital nerves. Fibres from these
es join to form ahypobran-chial nerve on either side to supply the ventral part of the gill
n. Cervico-branchial and lumbo-sacral plexuses are formed by union of some of the
l nerves in connection with the pectorat and pelvic fins. L
et onomic Nervous Sys_tem ] -
The sympathetic chain of cartilaginous fishes, uniquely among vertebrates, does not extend
he head. Otherwise it conforms to the typical gnathostome pattern. Parasym-pathetic system
otyetbecucleadyrecogaized. - . - .
: , Sense Organs :
Shark hasthe followi_ng sense organs: 1. Olfactory sacs, 2. Eyes, 3. Ear, 4. Lateral tine
e organs (Neuromast-orgaris) and 5. Ampullae of Lorenizini. - C '
1. Olfactory Sacs - >
The shark bas two olfactory sacs located inside the nostrils. They are chemoreceptors.
 feel the sense of smell.- They open to-the exterior by-external nostrils.
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2. Eyes . -

The eyes are photoreceptors. Shark has.two eyes. They are focatod o8 the sides

of the head in the orbits.

The eye is in the form of a hollow balt called eye ball. fts wall is formed of theee coats, |

namely an outer sclerotic coat, a middle choroid coat and an inner refina.

7, ~ S
”'/immm!ﬁ ,

Fig.4.40: Shark - Eye .

Protractor lentis muscle

* * Sclerotic coat is the outer covering. 1t is cartilaginous. Antm'dﬂy.it Teinains as a .

transparent membrane called cornea. The cornex is covered by a thin membrane called
conjunctiva. o

- The choroid coat is the middle layer. It is formed of blood vessels and pigment cells. o

- e iEineT urface of the choroid coat contains a layer of cells baving hight reflecting guanirie %
. Cystals. Thislayer is called tap@Bum lucidum. Theyreflect the light back to the retina. _

Anteriorly the choroid forms a-circular disc called iris. The centre of the iris has aslit °

@l»ﬁ pupil.
A lens is located in the pupil.

At the junction of the iris and the choroid thereisanonpigmented,-non-vasaﬂérﬁxickmed -
amcallqlthea‘!iwybod}r,Tbei@ﬁersurfaeeoftheciliarybodyisﬂzrownimoiadiaﬁngfolds '
called ciliary processes. .. - : o ' -

Thelens s atiached tothe ciliary process by a gelatinous suspensory ligarent. The lower.

side of the lens is attached 1o the ciliary body by a muscle calted protractor lentis muscle.

Retina isthe innermost layer. The retinacontains photosensitive cells calledrods: cones
are absent, Hence fishiscolour blind, From the sods, nerve fibres arise.

CZ-1 ’
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~—All the nerve fibres converge towards the posterior side of the eyesand cothe out with thie
teé of optic;nerve. The point of the retina from where nerve leaves the eyeis called blind. .
ot. The blindspot is free from rods; soﬂnsareamnnotfoxmanym:ageandhencethename
"’"“l'fﬁb%yms protected by three eyelids, namely the upper eyelid, the Iowergeyelzdandtke

..»)..L

‘are the organs of equilibrium and hearing. The shark has two ears. The external

d mnddleemsareabsent Onlymtemalearsarepmentmthcshadc_

e sy

......................................

' Inferiorrectus
Fig. 4.41 : Scoliodon - Eye and muscles

. ) R m-:;___'; e e | Fig 4. 42: Scoliodon - Internal ear. .
" The mctltanng membrane isa specxal outgmwth of the anterior reglon of tgle lower eyelid. o ,I@memal ear is called membranous labyrinth. 1t is enclosed in a cartllagmous )
the eye fully. : la h. There exists a space inbetween the membranous inth and the cartila-ginous
ovr.,;r -gi

%"é@ encloses cavities filled witha transparent gelatinous fluid mlled h E‘”‘o?"' (humor). labynnth It is called perzlymphatzc space. . The membranous labyrinth is filled with
w;j( lying between cornea and iris is mlled anterior chamber

Tetme br}mous 'Iabyrimh has two chambers, namely a dorsal utriculus and a ventral
RN L. e sacculus gives.out a small projection from its ventral side, called lagena.

A smil] canal arises from the dorsal side of the sacculus called endolymphatic duct. It

wards and dilates to form asac called endolymphatic sac. 1t opens to the outsnde on

filled wuh a thin watery liquid called aqueous humour. Hence the}e two chambers =
" elyealled aqueous, chambers.

- ....... - the dorsal side et searen

The utrlculus has three semicircular canals. Both ends of the canal open into the utricu-
~Tas Oné en,d of each tube becomes dilated to form a sac called ampulla.

i b mmrln R VAL,

- "l’hé eye 0;:7 are the fol}owmg . . One duct is Iwnzontal and the other two are vertical in position, : o
; fupeno;b lm@z‘:‘; - L Jp}u inner ear is prov1ded with six sensory patches. Of these, three are in the ampullae

o o

E Siipeno ré@tz%’?ﬁ&:ﬁ@?é’é"‘“i

- and they are called cristae. Theother three are in utriculus, sacculus and lcgena and they
. are called maculae. :
B s gl s 4. Lateral Line Sense Organs

‘ ‘ (Neuromast Organs)

¥iThedateral line sense organs are rheoreceptors of fishes. They detect the water current.
’ Theyaremthe form of two canals embedded in the dermis, oneonmchmdeofﬂlebody They
€xtend from the head to the tail.

0@@%’;‘%&:1{; ﬂ(\;—_\. bedoostenor chamber /

u.";




&
g
£

Fig.4.43: Scoliodon - Lateral line canal branches in the head.

In the head segion, they are highly branched. Just behind the head,
re joined dorsalty by a commissural occipital canal. Theneach canal runs forward as the
2mporal canal. Each temporal canal divides.into many branches.

The canals are filled with mucous. Theyopentotheextuiorbyverticaltubes_. The tubes
re lined with epitheliaf cells. There are many mucous. gland cells secreting mucous.

Placoid scales.

Fig4.44: LS. of lateral line. = -~
There are groups of sensory cells called neuromasts. Each neuromast is made up ofa
group.of sensory receptor cells and supporting cells. ST

- Each sensorycelt ks a Sensory K at it inter surface and a merve fibre atits outer-. o -~

surface. The nerve fibres are conpectedto the lateralis nerve.
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’fheseasoryhmsae tipped with a gelatinous substance in the ﬁxm»ofaupmlbdcupu‘zz.
Funct

Fhe neuromast organs. detect the vibrations in water. This helps the fish to move in
: da:rm&sandtmbldwater It also helps the fisk to-detect the enemmes.

o 5. Ampuliae of Lorenzini
- These are thermoreceptors of shark. They are present in groups in the head. They
are embedded in the skin. ' . :
oo Each ampulla of Lorenzini has an elongated tube called tubule filed with mucous.
The outer end opens to the exterior by an aperture and the inner end has a dilated
ampullary sac. . :

External pore : .
Fig.4.46: Shark - Ampulla of Lorenzini.
Each ampullary sac has 8 - 9 chambers arranged around a central core catled centrum.
—The ampuliary sac is linied with two.types of cells, namely gland cells and sensory cells. The
gland cells secrete mucous. The sensory cells are connected to nerve fibres.
~—Urinogenital System :
The urinogenital system includes two systems, namely the excretory system and the
reproductive system.
Excretory System
The excretory system includes a pair of kidneys, a pair of ureters and an urinogenital
sinus. :
.. The kiduey is a mesonephros. Jt is long and flattened. Itextends from the cloaca to the
oesophagus. t has two distinct parts, namely a slender anterior partanda thicker»posteﬁbr
part.

- ’ Fig.4.47: A nephron.
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s | SEREublication
In the male, the anterior part is called genital kidney. This part is rudimentary and
functionless in the female. The posterior part is called renal kidney. It carries out the
* excretory function. '
The kidaey is formed of thousands of tubules called uriniferous tubules or nephron.

- -One end of each uriniferous tubule has a Malpighian corpuscle. 1t is formed of a cup-like |

structure called Bowman’s capsule and a network of capilléri_m called glomerulus. The other
endis connected to a collecting tubule which receives many uriniferous tubules.

The collecting tubules open into the ureter. The ureters of the two kidneys open into an o . Th ,
- ———— — ey are attached to the dorsal body wall by 2 membrane calleq mesovarium

- Reproductive System
In shark; the sexes are separate. It exhibits sexual dimorphism.
In the male, the inner margins of the pelvic fins bear a pair of copulatory organs called
claspers. They are absent from the females. :

Vasa cﬁemnﬁa
Epididymis
Genital part of
-~ kidney

Testis

Vas deferens

Urinary duct
Renal part of kidney

N E Kidney
PN Seminal vesicle
_ Sperm sac _

Un'nogeni&xlsinus
Clasper

Fig.4.49:Scoliodon-Femal
urino genital system. - -

Fig4.48: Scoliodon - Male uri-
nogenital system.

Male Reproductive System
The male has two testes. They are elongated. They are attached to the dorsal body W
by a membranie called mesorchium.

...___qu..spem.sa.cs..ofunknownﬁmcﬁonamanached-tod:emhogaz&alsinm
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Itremains much coiled in the genital kidney. This is call i intoamsdg'a-m_
. . . Yisis called epididymis. mes .
and posteriorly it dilates to form a sac called seminal vesicle ltcomes outof the kidney

The seminal vesicles open into the urinogenital sinus which inturn opens into the cloaca.

- Female Reproductive System

It consists of a pair of ovaries, ovid; 7 .
behind ries, oviducts, shell glands and uteri. The ovaries are focated
The oviducts are long and they open i i -y
oesophagus. Néigthie middle th Y oben into the body cavity by oviducal funnels near the
_ middle the (_)v:duct has a sac called skell gland to store spermatozoa.
N ?ostenorly, the oviduct dilates to form a sac-like aerus, The two uteri join t
formavaging, The vagina opens into the cloaca. Join togetherto
y ~Copulation and Fertilization
ature males and females take part in copulati ; .
e - & pulation. Duri
mtroduced into the cloaca of the fernale,. ™~~~ ng copulation, the claspersare

The sperms are introduced into the vag; e e L, .
vidst. : ¢ vagina. Fertilization is internal and occurs in the

. Development
Inthe case of Scoliodon, fertilization is internal.
The fertilized egg develops inside the uterus of the
youngones. ) '
The embryo s nourished by the yolk stored : mainly
) yolk stored in the eggand i inly protecti
jThJS type of development is called ovoviviparous. - cEsnd et gives yproteeton

mother and the mothér givesbirth to

Later stage

- Fig.4.50: Yolk sac placenta of Scoliodon.
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About 3-7-embryos develop inside the uterus. The yolkofdlc?evefoping-embryo s

closed in a sac called yolk sac.

The yolk sac gets.connected with the gut of the embryo by a tubular yolk stalk. When the
dclsusedup,there(hwedyolksacsetsaaachedtotbeutemewaﬂof{hemther This tissue
nnection between the embryo-and the uterus is catled yolk sac placenta.

In the mean time, blood vesselsenter the yolksacby wayof the yolk stalk. Now :heyonc"' B

itk is called placental cord.
Nutritive materials.are transfenedthmu@theplacentalcord. .
The placental cord sends numerous slender tubular outgrowths-called appendicula into

E_gtenne wall to absorb more food

Mermaids purse
Some sharks and rays are oviparous. Their fertilized egg islaidin an egg-case called

Mermaids purse. lts shape varies inrdifferent species.

in Scyllium, the purse is 2 rectangular box. :
Each of its four corners is produced intoa long tendril-like thread. With the help of these

threads, the egg-case can be anchoredto sea weeds.

UsuaHy one egg develops in each case.
~ The young one is hatched in 6 to 9 months. . '

N

" Fig.4.51: Amérmaid’s purse.

Endoskeleton

‘Endoskeleton refers to.the hard parts present inside the body. It forms the mternal '

frame work. In shark, itis formed of cartilage and not of bones.
The endoskeleton has the following functions:
1. % gives shape to the animais. '
2. It protects the internal orgass like the bram heart lungs, etc and .
3.1t helps inthe attachment of musclato itself.
The endoskeleton is broadty divided & into two groups namely,
a. Axial skeleton ‘
b. Appendicular sketeton.
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Endoskeleton
i .
t 1
Axial skeleton Appfn_d_tl‘ular skeleto.n
Eg. Skiill, Vertebvil Eg-Girdles and supporting

colurmn and Sternum elements of fins ' o

Axialskeleton lies in the long axis of the body. I inchudes the skull, vertebmlcolutx and - C
thcstemum :
“'The appendicular skeleton‘lies in the transverse axis and it inclides the girdles and
_ supporang elements of fins. 3 |

Skuil
1: The skull is an axial skeleton. '
2. The skull of shark is cartilaginous.

Rostrum

Anterior fontanella

~ Preorbital cartilage
- - Floorof orbit

Parietal fossa

Post orbital cartilage
" Supraorbital ridge
Occipital condyle

' Fig.4.52: Scotiodorn : Skull - Dorsal view.

3. 'I“he skull is dicondylic as it contains two occipital condyles

. 4. Ris hyostylic. . -
5. Itis violin shaped.
6. The skulf-consists of a cramum and vtsceral skelelon
7. The cranivm is the brain case. It consists of 4 regions, namel
orbital aad olfactory (ethmoidal) regions. e yoccipll “duory’»
8. Thepostermxeg:mscalbdﬂaex@ddmhhasalmgeopenmgcaﬂedfmmm
magnum. Thebrain 1se<nmeetedtothespmalcordémughmsopemng.




\_Afphibia may be deﬁned as ectothermic vertebrates typically living on land and
breeding in water; they are ha ving a smooth or rough skin rich in glands which keep it
.moist; ifscales are present, they are hidden in the skin (Noble, 1931; Collins Dict., 1983 ).
The term ‘Amphibia‘referstoa double life (Amphi=double; bios=life). The amphibians
live both in water and on land
They are the first group of vertebratés living on land. They came from water. They are not
fully adapted for the life onland. A part of theirlife is carried out in water. So they lead an
amphibious life.
They originated from fishes. Structurally amphlblans are mtetmed:a&e between fishesand

-~ Teptiles Eg. Frogs; toads, caecilians; ete:

General Characters
Amphibians possess the following general characters:
£ 1. Amphibians are cold blooded vertebrates with dual life.
% 2. They contain a cranfumaround the brain. So they are called Crasista.
- AF . 3.They have jaws. Hence they are included i in the superclass Gnatbostomatx
3} . . 4.Theyare tetrapodshaving 4 limbs. , .
3 - 5.Theembryos do not develop an ammian. Hence theyare called agamniots. -
3 6.Allamphibians are freshwater forms. There are no marine amphibians.
1. The skin is moist, glandular and without outer scales.
8. The limbs are pentadactylons (having 5 digits).

R Tr |y e
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17. 'ﬂlesexesareseparatew:&scxm}&naplum - o
- 18. Amphibians are oviparoust.e. laying eggs.
19. Fertilization is external
20. ThedevelopmentxsmdzmiAmtmkhrW}smdudedmthehfelmtory
- 21. Metamorphosis commonly takes place in them. .
L Classification of Amphibia
i~ Amphibians are cold bloodad vertebrates living both in water and and.
. L Amphlbxansareaardahsastheydevelopanqtochordmtheembxyomcs:age
Fig.5.1: Skull ofﬁvgslzomng two occ;pztal condyim ' . They are vertebrates because they contain a verzebral columa. .
Rras] They have a cranium around the brain. So they are includéd ini the group Craniata.
10. The heartis bambcredconsxstmg of 2 auricles and one veatricle. ' They have jaws. So they are included in the superclass Gnathostomata.
— Amide -} Theydonotdevelop anamnion. So they are included in anamniota. Theyhave 4 limbs. - .
’ - So they are included in the group Tetrapoda. _ -
Class Amphibia is divided into hree subclasses, namely: . :
1. Labyrinthodontia - Extinct ' . S
-Ventride -~ : 2. Lepospondyli - Extinct ' : _ SR
: ’ 3. Lissamphibia - Extant L
Subclass.1. Labyrinthodontia ' ’
. - S Labyrinthodontia is also called Stegocephalia. It includes extinct amphibia. Theyhad Jd
Fig.5.2: Three chambered heart of Amphibia. : Inbyriathodont tecth and complex vertebrae. They were aquatic. : . ,
1t. Three pairs of sorticarchesare present. ' | Labyrinthodontia is divided into three orders, namely: :
12. The RBCs are nucleated . £ 1. Ichthyostegalia.
13. The respiratory organs include gills, ungs, skin and buocopbarynx. " Eg, Ichthyostega 1
4. The kidney is.a mesonephros. ) 2T dyti
15. They contain 10 pairsof cranial nerves. 3 Eg B}ops
Y e - : ' BT EgGepbyrostcguS _ Ty |
............................. " — _ . Subclass.2. Lepospondyll . . PR ;
: S " ‘$f  Lepospondytiincludes extinct amphibia. They had ring like vertebrae. Eg.szIomu]us R
. : T e ) Subclass.3. Lissamphibia BT
Fig3.3: MmleatedkBCoanpmb,a . o - B Imnphibmmdud@modemhwngamphlb}ahkefrogs toads,efc. S
}5 The ear consists of middle ear and internal ear. Extema}eans absent The middle 5F Lissamphibia is subdivided into 3 orders based on the presence or absence of tail o i
Econtamsasmgleearbonemﬂedoohmcllaauns : . £ limbs Theyare: P
B : . F 1. Apura
2. Urodela § ;
3. Apoda 5
Aanura includes tailless, Jumpmgamphxblans Eg Rana tigerine, Rambcmdact)da g.
' » Buf, Rhacophorus. -
Fig 5.4:-Cokimelia az.ns OrAIrprbia =5 Urod=13 includes mﬂedmphbxaﬂs Eg. Mcau—us Ambystoma, Salmndra etc.

CZ-13




Apoda includes lzmb]as amphi
Labyrmthodontla
Labyrinthodontiais an exunagnup of amphlbiam Theywere woeaﬂedwym
They were aquatic. =~ ;= e
They had Iabyrinthodont tooé The wall of t.he pulp amty showed complex:fﬂfdlﬁgg
he surface of the tooth had sqmtmns. R :
They had dermal scales. —

The vertebrae were complex w:th a ncuml ardz an amenor mtavm&umand &pestener
eurocentrum, .

Thecommon examples are Ichtbyostcga Elyops et = v e -...,_;. )
| Anura.
Anura are tailless jumpmgaanlublans (2]
The skinis moist, glandular and without scalés
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. They exhibit discontinuous distri-bution.
Eg. Ichthyophis.

/[Phylum Chordaa |

. _ - " (Amphibia
Four pentadactyl limbs are present. Hind liry . Subclass | - - : — :
The vertebral column is madejup of 9 vertebiaéand'a Labyrinthodoatia " Lex i issamphibia. © -
Tympanumis present. Vocalcords e preseént. o ofim IR Eepgm - Lis , .l,ﬁbn"
Developmentlsmtbrectmﬂ]p tadpolelarva:- . Order B ' B B
Eg. Rana tigerine, Rana hex&dactyla Bufo, Rhac. S5 ; i —l
‘ Ul.'OdC_la i Ichthyostegalia Temnospondylli Anthracosauria

Urodelaamtxﬂedamplubiam (Our;‘ e e o : - Eg. Ichthyostega 'Eg. Eryops Eg. Gepbyrqstegy;
The bodyis ong, meskmlssi;ﬂem  Order — .
Tympanumis absent. : Anura Urodela - - Apoda -
Four peatadactyl limbsare pr N, Eg. Rana," ~Eg. Salamandra, -Eg. Ichthyophis
Vertebraeare numerous upt . Rhacopliorus Ambystoma
gf;jﬂi’gsmd“bi: Z‘g;;} yadinr Fig.5.5: Synoptic classification of Amphibia.
Th i S o

_emmmmumdelesa’e Sa .= . ... ... Detailed Classification

...... -

Apodaarelnnblmampbzbmﬁs(A without; podos - foot). 1‘: = &

The body is snake-like with piaked skig. Hence apoda is also calleﬂJGyzzmdphJous-
ymnos - naked, Ophioneosa - of a snake). o

They are blindand hence callef caecilians. ,
- Thebody slong. The skin is dedmthmmutemlm—
" Tympanumjsabsent, B '
 Vertebraeare numerous upto %;

Vocal cords are absent.

J.--—-\—"'v'
TOCG DS G

PSS

. Development is indjrect. Tt g R Abno ) meinferte 20t
- They are burrowingin habit.
Iheyexhjbltmrmlxl care.

AR Y \k.o

. Extinct Amphlblans '

ﬂwexmuampmbmmemdudedmmembdmbbymtbaimmmdlma}ﬁ
: Subclass 1: Labyrinthodontia (Folded teeth)
(GIsbyrinthos, tortuous passage + odontos, tooth) -
1. This is an extinct subclass of Amphibia comprising the late Paja
sobd-skulled amphibians with complex vertebrae (Colbert, 1969).
2 Aquatic or semi- -aquaticforms. -

109

f the walls of pulp cavity.
i¢ had dermal scales.

. aqﬁ%Mwaeﬁsheamg i

eomzcand Tmsszc_

& 3. Stmng conical teeth with stristions. These resemble the teeth of R]npxd:shan ”
_ 2§ Crossopterygians. In cross section, both gmupsshowthelabyrmthodontpauanofoom lex
i 3o “'ﬁit‘él&‘ﬁﬁ | | P

i
!
E
|
2
g
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mmm&mﬁmmmam(mshphw
andithe fingers.
.-The bones of the wrist are called carpals. Thereare six carpals. Theya:ea:mged»mtwo

TE 5t
romdedmfomthebwdwh:chafhculateswr&tﬁembum&&epe}mgmﬂo The
posterior end formsthe condyde. The main stemiscalied sha@

"The shank consists of a single bone called-tibio-fibels. ¥t isformed by the fusion of two
bores, namely tibiz and fibuls. The tibia has a cremial crest

Fig.5.82: Frog - Fore limb.

rows of three each: The proximat row consists of three carpals, namely ulnare, intermedium

and radiale. The ulnare articulates with the ulna andthe radiale articulates with the radius. =

The carpals of the distal row are named as capitohamatum, trapezoid and trapezium.

The palm is supported by five metacarpals.

These are four digits having phalanges. ’Iheﬁrstdlgltlsabsent 'Ihephalanglalformu]als
0,2.2,3,3.
Hind Limbs

Fhe hind limb is made up of three regions, namely. thigh, shankand foot.

The thigh is supported by a single bone called femur. The anterior end of the femur is

Fig.5.83: Frog - Hmdmi)

Tbeﬁ)otmmwdmsﬂﬂemtoﬁlreereglons,melymmkkﬁams} an mstep
{metatarsas) and the toes.

The ankle consists.of 5tarsafbones. The tarsal bones are amnged intworows. The

promnalﬂsalsmchﬂe&agxhs(bbmle)mdmkznam(ﬁbuhre) These twe bones are

veryrongandaremutedatﬂleuen&butsepmatedmmemndﬂ'e‘regmm The distal tarsals are
composed of two smail bones.

The instep is composed of five metatarsals.
There are five digitsor toes. The:elsanaddihonaldlgltcaﬂedpr&balluxormlmrand

~ itlies onthe inner side of the big toeor halfux. The pre-hatlux has two small bones.

. The phalangial formulais 2,2,3,4,3.
The digits are webbed
o General Topics
Parental Care in Amphibia
The nursing of eggs-and embryos by the parents is called parentsl care, Itis well
developed in Amphibia.

1. Nests

'Ihepamntseomm:dammtowhnchlheegsarelmd Fomtyﬁesofn&slsamermuﬁmd
a.Mud Nests '

i Hyla faber: Female makes anest in the mud i in shatlow waters. The female lays eggs-

.aboutZdaysaﬁemestbuﬂdmg

ii. Heptadactylus ocellatus: It builds small mud bunds near the edge of the pond water

-,,_andspawnsmthatencloane.

. . ifi. Rhacophorus schlegeli: (Arboreal frog of Japan): The&nalemakesasphmmlhole |
ofﬁQcmwxdemmudhnksofponds

] F:g..>984 Mudﬂcstsofffﬁa'ﬁbef .
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wmmmﬁmhsmmoddeanqﬂﬁbm.hwmmanmdergumihmw the neck in the form of a string. - . .
nd protects her eggs. I 2. Dendrobatus: 'I'heycanythelrtadpoles on their back, to which they are attached bya
). Tree Nests . peculiar secretion.

J_Pbyilmnamgdepos:tsﬂleeggmtheleafn& ’I‘heleafnestsareconslmmdby

Leafmargmsaregluedtogemabydoacalsea'enon. 'I'heseleafn&areseenmthe: o
ranches of trees overhanging the water. Aﬁa‘hatdmgﬂnelarvaejumpmmﬂ)epond. :

Fig.5.86: Desmognatbus fucus with eggs on the neck.

3. Phyllobatus: Male carries its tadpoles on its back. The youngones get fixed themselves ~
by means of their suckers. The tadpoles are carried from one pond to another. '
4. Alytw obstetricans (Mid-wife toad): The males of this toad show a pecuhat typeof. .
parental care. This toad is abundant in Franceand Italy. -
Several males collect around a female. One of the males becomes successfufto grasp
- round the waist of the female.
The male then lubricates the cloacal region of the female where upon the female discharges .
the eggs. The eggs are fertilized. _

Fig.5.85: Leafnest of Phyllomedusa.

ii. Triton constructs the nest using the shoots of trees.

iti. Chiromantis: The female deposits the eggs on the foamy mass on various kinds of trees
ﬂhabetweenmo!sorman&stformedbyghnngtogethersevaalleav&& Tbelawaearepmbably'
vashed down into the water by rain. aF

iv. Hyls rmﬁctnx.Collectsbeeswaxﬁomthehxvesofcertammnglessbpesand .
pplies it on the inner surface of a shallow cavity on the tree. When this cavity is filled withrain 2§ -
vater, the female lays eggs. Here these eggs develop into tadpoles and are free from predators.

. Foam Nests

- Rhacophoras-schlegeliisa Japanesc tmcﬁng Itdxgsa holeor: ttmnel and laysegs ......
hele.lnaﬁodlymasstoavmddmcmtlm During rains hatching tadpoles are washed down the &
lopping turmel into the pond or river for further development - 3

Leptodactylus mystracinus, the South American tree ﬁ'og (female) digs a hole near
vata*andﬁﬂs:tmthaﬁmhymassofmum 'I'heeggsarelaldontlus ’
. Gelatinous Bags 3

Phrynixahis birolsecretes a sausag&shaped txansparent gelatmous membfanous bag - -
md itlaysitseggs in it.

Sa]amand'clla keyserlingilays its eggs ina. gelatinous bag whichis fastened to aquatic:
lants.

Fig.5.87: Mid wife toad. - : -
o Aﬁa’feruhzauonﬂmeegsammppedmrdthebackofthethlghofthemaleandﬁremale .-
- Withdraws himself into a hole near the pond. Now and then the male carries the egg to the water -
_ tomoisten them. Whenﬂleegsaremiymdytohatch,hetak&sﬂwntoﬂlewatawhmthe
larvae come out and further developmentand metamorphosis take place. ‘
5. Hyla goeldir. 'I'hefemalecnmestbeeggsomtsbadc

2, Direct Caring by the Parents -
Some species of amphibians directly care their eggs and youngones: 3
1. Desmognathus fucus: 1t is a tailed amphibian. The male carries the eggs around
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6. Pipa pipa: Inhis species, the skinon the dorsat side has small pockets into which the

eggs arepiaced:

7. Pipa dorsigers: In this species, small cutaneous pits develop on the dorsal skin of the

fernale. The male places.the eggs on these small pits. Each pit has an operculum whichcovers

) K b
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Thelarvae develop-inside.these brood pits. The developinglarvae attain a vascular-ail. - '

Phy&dogm}exchangeofmtenabbehvemthedevdopmgmm{hemmmms

. TSN 0 L24aINS
t, - X
o
:‘- A -"‘ |
1y} "._ SIS

3 , 'l/
) '/ % -’r;;f—Skm
by a2 ::/‘ “
4 Blood vessel  visculartail
Fig.5.89: Pipa showing dorsat Fig.5.90: Pseudoplacentation in
pits. Pipa dorsigera.

| ‘8. Rhinoderma darvini In this frog, the vocal sac of the male opens by 2 slits one on either

" _'.sidedfthetongue. During breeding season the vocal sacs enlarge and the eggs are put into them.

megmmnmﬂmvomlm&qxohﬁdmgaevmupmdwampleumofumrmﬁm
, -9. Nototrema marsupivm (Marsupial toad). Theeggsaredeposxtedmapouch onthe’» :
backmthoneopemngatthepostenorend 3

Fig.5.9}: Nototretna' inarsupium with brood-pouch.

10, Ichthyophis. 1t is.a burrowing, limbless amphibian {apoda).coils around the egg
The female takesthe eggs into the water shortly before hatching.

Fig.5.92: chtbyopbts qutmosa-cotlmgarozmd eggs:

11.Ovoviviparity: Some amphibians are ovoviviparous. 'I'hefemalesmlamthexreggsm
the oviduct and they give birth to youngones. -

Eg. Toadslike Nectophrynoides and Pseudophryne, salamanders like Salamandra
salamandra and S.atra and apodans like Typhlonectes, Geotrypetes, Dermophis, etc.
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