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PREFACE =

This_ book deals with the topics in Chordata,. Histology and : Embeyology included in' thi e
7 sylta the Second - Year .of -the Zoology course offered by the Andhra Pradesh Open
. Unwersity. These topics geoerally éover the "Core” arca of ihe subjeet to be studied in the
557 Second Year of the Threc. Year Degree Course in Scionce (B Sc). The syllabus for the sake
of ‘convemience is dividid. into Blocks. Each Block generally covers a”specific arca-, of the
- subjec{.Tbe unifs are prepared by specialists in accordance with a {ormat so designed -as to
- enable the student o cead and ‘nderstand them without much difficulty. Each uait begins
with a statement;of its objectives followed by synopsis and has at its end assignment intended.
 to test the sthde t's- comprehension of its subject matter. Technical ‘torms with which the
;'.-nd'.-échétaﬂy. be famifiar-are given -at the end of each woit under the head

colirsg matcnalo{thss paper is. divided into three blocks. The Blocks are in turn divided -
o 36 units, The. first 30 ’units_dea]'t with the: Chordates. The last six units l’Ocuscs on

S 1o Unit - 1 the genéf;;l_;charactcts,' classification, origin and evolution of vertabrates are biiefly . -
 discussed. In Unit - 2, the general characters, classification and affinities of cyclostomes are

 discussed. The Units 3 to 10 presents a gencral studfy of fishes cartilagenous, bony fishes

" s A Special study oa edibic fishes of Andhra: Pradesh and 'ﬁshe:i:s_'are included

 The last Six'\i!niLﬁ._ﬁfi?ﬂ}' gives an account on histology and embryology. Under -embryology,
A study on the develapment of Amphioxis is discussed. ' ' o

... General acgounts of type; animals like scoliodon, calorcs, pigeon, And rabbit are also discussed
ipnder the respective chapters, R . .

- isstes in Chordata. Histology and Embryology which make for e distinctiveness and significance; . <
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13 GENERAL CHARACTERS

Unit — 1 VERTEBRATA - GENERAL
CHARACTERS AND CLASSIFICATION

Con'tents :

12 Introduction | | | -

13  General characters
14  Classification of vertebrates.
141 Agnatha |
© 142 Gnathostomata
143 Origin and evolution
15 -Summary |
1.6 Model Examination Questions

11 OBJECTIVES

To know the characters__of' vertebrates, their different groups, their origin and their &vcrsﬁéﬁbn
in geological time scale. ' : : ' -

11 INTRODUCTION

Vertebrates also referred as craniates {(with cranium - crain case), ‘iﬁélude, jawless animals
(Agnaths) fishes, amphibians, reptiles, birds and mammals. They possess a distinct skull, paired _
limbs, a highly complex brain, the heart being always ventral, is muscular with three or four = =

- chambers, red blood corpuscles are almost always found.

" The vertebrata or craniata are refer red as Euchordata, (in which the notochord is not continued

to the end of the snout, but ¢nds before the fore-brain. Some distance from the anterior end
of the body). ' ' '

Vertebrates are bilaterally symmetrical, triploblastic metazoans. They have well définéd body

regions - head, trunk and tail. There is a strong tendency towards cephalisation - a concentration
Lo 16 : :

is 14

.8 ' 8 S
Fig 1.1 An idealised Vertebrate (diagrammatic). 1. Mouth 2. Pharynx 3. Gill slits 4. Heart 5. Oesophagus 6. Lung 7. Liver
8. Stomach 9. Intestine 10. Coelomic cavity 11. Spleen 12, Cloaca 13, Kidney 14. Gonad 15. Neural tube 16. Notachord.



“J"ﬁi fhe anterlor end of the body ‘In lower

water breat}nng vértebratés the neck i€ not present. Tn"all higher land dwelling vertebrates a:_
neck is present. Reduction .of the gills and shifting: gi long breathmg “habit nnght have aided =
in_appearance of a distinct neck. The trunk which is the main part ‘of the body has. body
" cavities enclosing the viscera, Among the vertebrates we find a well developed tail or caudal
region beyond and trunk) which is a propulsive organ. ia: fishes. In Amphibians and. Reptiles-
the long tail is stout at the base. It is shortened in' bu:ds and is lost eompletely as an: external

‘structure in some. farms, such ds man (Fig. 1 1)

Fig -1 y m;aendﬁn i Vertebrates. A, A muphistylic  B. h')maykc C Amodmng.rhc D. Ausosysylic B, Halosyhc
F Methystylic G.  Cranigitylic 1. Otie region 2. ‘Palatoptery go- quadraze bar 3. Hyomandibufar 4. Gill shit 5. Ceratohyal
6. Basihyaf 7. Meckel's8.. ngaments 9. Hyoid arch 10, Stapes (Hyomandxbular) 11 Quadrate 12. Articular 13. Metapterygoid
14. Symplecnc 15. Malleus (Arm:ular) 16. Incus (Quadrate) 17 Dentary 18. Upper jaw. 19 Pterygmd 20 Palanne.

Notocflﬁr& is a long ﬂcx:ble rod like structure winch is present in eﬁcry embryo ofa vertebrate B
"It is an. olﬂgrowth along the dorsal median line of the pmmtlve gut It is subsequently '
replaeed by the vcrtebral column. or. back bone

In the Vcrtcm‘ntes havmg _]aws, the splanchnoeramum p!ays atn important- role m.suspe. n
the lowar jaw with - thc cran poﬂ dnig -

i

"The follomng are the dlfferent types of ]aw suspensmns. (Fig 12)

(i).‘ Amphistylic The- upper Jaw is attached to thc eramnm direcdy by h
gaments Both
mand:bular and hyoid drefies afe attached o the cranium B.g Ifeptanc{m: T



(i)  Hyostylic - The upper Jow and lower Jaw are suspended through byo-mandibular which is
attached to the otic region of the chondrocranium. .g. Elasmobranches and bony fishes

(iii} Autodiastylic - The Jaws are attached to the cramum chrecdyby liagments. €.g, extinct bony

fishes under Acanthodii

(iv)  Amtostylic - The:upper Jaw is fused with the cranium, the lower jaw is articulated in different -
- ways - the lower jaw is articulated with the wpper Jaw, Holostylice.g Holocephali) the lower

jaw'is articulated to the upper jaw

with the quadrate (Autosystylic e.g. tetrapods except™

mammals), the lower jaw is suspended from the symplectic bone derived from the '
hyomandibula (Methyostylic e.g. Teleosts), the lower jaw s directly attached to the squamosal :

of the osteocranium craniostylic ¢.g. Mammals,

" The digestive tract of vért_cbrates is modified in various ways, related to the. types of food '
utitised and the problems of absorption. The ocsophagus is short ‘in fish, is elongated in land |

~ vertebrates with the development of neck.. The stomach is quite similar in all vertebrates but |
the intensting isJonger in herbivores than in carnivores. Two: digestive glands grise as outgrowths

of the alimentary canal - (i) Pasereas and (i) liver. The presonce of internal gills in the
embryo, it not in the adult is the distinctive feature of vertcbrates. These ar¢ a paired series
of clefts or pouches leading outwards from an interior part of the gut (pharynx) - pharyngeal
gills shits. Gills happen to be the primary breathing organs in lower aguatic vertebrates. In

higher vertebrates the gills are functionally

replaced by lungs andthcglll pouc_lfl_es_ are embryonic.

The circulatory system is of closed type. The heart is ventral, ‘composed: of three to four
chambers and the blood. contains red blood corpuscles. Haemoglobin present in red blood
corpuscles carrics large amounts of oxygen to the tissue, The separation of the heart chamber
seen first in the lung fish is incomplete: in. amphibiang and reptiles and is complete in birds

and mammals.

The central nérvous system lies in the dorsal median line, and*is tubular in its origin, Its .
fore-end develops into a complex brain enclosed in & brain case or cramium, hence: vertebrates -
. are calied craniates. Fore-brain is well developed in those fishes which: find food through the
"sense of smell. The mid-brain is ‘most developed in blrdsand those bony fishes which use

sight for getting food. The cerebral hemispheres become increasingly important as association
centres. the olfactory sense is found in all vertebrates. There is a deﬁnétg system of cn;_i_qc_:r_ipg

glands.

Organs of nitrogenous excretion and osmoregulation in vertebrates are the paired kidneys.
These are derived from mesodermal coelomoducts. The fishes excrete ammonia, the amphibians
excrete urea. Most birds and many reptiles excrete- aric ‘acid -cryst-als,’_whcre ‘as mammai's'"_ '

excrete a solution of urea.

Among vertebrates, the scms are separate. '_Ihc-:gcn'eral.tr'end_:in the reproductive systems:of '

" vertebrates has been towards a reduction in the number of zygotes: whick must be produced..’
{0 masntain the species. This has been accomplished by three factors- (i) fertilisation is often -
internal rather than external (i) although many vertebrates: lay eggs a large number of forms -

| give birth to living young (i) many vertebrates care for the young until the young-are’ -
sufficiently grown to take care of themselves. o

If the dechOping zygote is retained wlthm the female’s rcbrodn’c_ti#e tract, the new individual

has an even better chance of surviving.

This retention is found among, some fishes, repiles

and in all but a very few mammals.Among those forms WthhlaY eggs, there are. differgnce



e Sotne' ﬁshﬂs guard their nests and ‘young carefully, but sioit rep““"s simply deposi
- the ‘vggs and show no care. Birds and mammals show the greatest care. during the period .of
development and early period of helplessness of ‘the young. o | :
‘The evolution of the'..v_ci'tgbratcs'_has been charac'tbfi_sbd by four main featuret,

' _ ® .Tﬁc appearancc Of palrcd appcndagcs
(i) The sppearance of jaws
@) 'me movcmenttoland : |
o ) The 'dcvc'lopmeni- tohomlothcrmy

Unpéircd'_@_r palrcd fins serve as aCCessory organs oflocomotlon. Probably they were &eyel()ped--

a8 stabilisor. when. animals moved from land to water. Paircd appendages became vitally

-J_a;vs‘;f;"'-' p'.in _g;raspin:g..and holding the food materials in vertebrates. They also pernut :.inges'_.tiOn.
- +Pharymt helps in sucking the food material'in-jaw-lcss.'fo:ms. ' : R

~ Some of the vertebrates adapted several changes when they moved to land. The Reptiles have
- a thickened and-corsified epidermis which: resists water loss: their cggs have protective shells,
- The embryos have a scries of membranes. around: them. Many conserve body water by excreting
crystalline ‘uric acid rather thar urine.-Birds and ‘Mammals like the Reptiles are well able to
rcsistdcssicaﬁoﬂon'land_.. S R e '

’ %masa;echmd tosnchterresmal ammals as the Reptiles and Amph:blans bécdus;t__: '

their ‘iternal tmperatures are’ close to those of the cxternal environment. Their activities are

controlled by thic environmental temperatures. The ability to maintain body temperature constant:

. through internal’ control despite the: variable temperatures ‘of the land ‘environment s called

o - homiotherniy. Birds ind Matiials extiibiting this phenomenon ‘have spread to all parts of the

- world:

gl e e .

The lving.cylostomes are parastes 4nd suck blood

cae there are no cona. They arc monerkieus



 Super-¢lass Agnatha has the following two living_classes.

1. Petromyzontia -
2. Myxinoidea

14.2 Gnathostomata

- This_superclass includes all vcrtcbratcs with upper. and lcwer Jaws. It is dmdcd mto seven. |

classes.
1 Placodermi. Extinct Jawed vertebratcs. _
2. Chondrichthyés" Jawed fish possessing cartllagmous skclctons and placord smles
: (E!asmobranchn) o
3. Osteichthyes Jawed fish typically posscssmg a ske!eton of bone scalcs may be '
' o cyclmd ctenoid or ganoid. eg.Labeo : :
4. . Amphibia. © ‘Vertebrates posscssmg ‘a moist skin, usually without scales. Often
with an aquatic larva and tcrrestnal aduit e. g Ram (Frog) and
Salanwnders
5 Bépti]_ia( ' ' .Vertcbrates posscssmg scaly sk:ms | eggs .with well developed
: membranes. ' R -
6. Aves. . . Vcrtebrates possessmg feathers : eggs thh cmbryomc membra.nes, '
' - warm blooded with aerial adaptahon c.g Columba (Pigeon).
Apteryx (Kiwi) and Struthio (Ostnch) : '

7.  Mammalia. o Vertcbrates having the body covered W‘lth han‘ warm blooded:
x - ..nounsh young by means of mammary glands e.g. Om:morh)wcus
 (Duck- billed plat}pus) :
‘Macropus (Kangaroo): .
- Oryctolagus (Rabbit): - = :
.Cebus sp. (Monkey) Homo sp. (Man) etc.

143 Orlgm and Evolution

The first known vertebrate fossils are those of Ostraoodcrms as fragments of bony platcs from -
the Ordovician and abundant fossils in the extinct Silurian and Devonian about 400 million
years back. They were characterised by the absence of jaws -and the posscssmn of bony
armour. They could feed on the bottom detritus. A variety of forms. evolved in thc “Silurian
and the Pevouian. The cyclostomes are the living rcprescntatwes of this group.

The first jawed vertebrates, the placoderins. have evolved from an ancestor like the ostracoderms

by a conversion of the. first gill arch into ‘the upper and lowcr jaws. Variety of prey was -
captured. when, the placodcrms diversified ‘and became a wide sprcad hetcrogcnous fish hke
group of vertebrates with one common fcature, namely, the second gill arch bore a normal

 gill and had no role in the suspension of the j jaws. Some of the placoderms like the Acanthodians

‘had between the pectoral and’ pebvic’ fins a scries of pmred fin-lets. It mdlcated thc origin of
fins from the fin folds. There were other forms ‘Tike of Arthrodires with an amculatlon

between the thoracic and. head sectlons of the armour Stegose!achinns were . hke armoured

rays. Exccpt Acant.hodlans all became extinct by the end of the Dcvoman
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From the -Acanthodian-like ancestors. arose both the cartilaginous fishes and bony fishes.
The sharks have cvqlve.d by degeneration of bone or more probably by neoteny (retention of
Juvenilé characters into adult lifc). - .

The._ bony ‘ﬁs!'zes were of two distinct types from- the beginning the ray finned ones
(Acanthopterygii) and the lobe finned ones (Crossopterygii). . Allicd to the later are the.
present lung fishes. ' o

The Palaconiscoidea was the stem group of the ray finned fish, which-evolved into a multiplicity
of fish forms. Chondrostei -and Teleostei are, successive stages in the progress of the group.

Teleostei show rich distribution -since the Jurassic.

The lobe finned fishes while flourishing in Devonian supposed to have become extinct since
the Cretaceous. In the Devonian period the pools dried up and the fishes the Latimeria had
to shift from pool to pool and the lungs proved helpful to them. The basal lobes of the fins
‘had also the skeletal elements and_'they"became the basis of penta dactyle limbs of their
descendants, the land vertebrates. Amphibia flourished in the Carboniferous period and formed
numerous varieties. One of the groups, Seymenriamorpha was more adopted to land life than
_other and it was so much like reptiles. Most of the Amphibia became extinct. Today we find
only frogs, loads salamanders newts and a few limbless burrowers. - S

The Reptilia spread all over the land throughout the Mesozoic era. They flourishéd on land
in' water and even in the air. The first reptiles. were cotylosaurs. An- earlier branch of the
reptilian stock was the Synapsida, mammal like reptiles. By the end of Mesozoic the fantastic
. 1eptiles which were bipedal carnivores, _somé were herbivorous, huge and amphibious, became
extinct. The crocodiles are the only living survivors of. the ruling reptiles. The raminants of
another group of reptiles .are the lizards and Sphenodon .The snakes are the modified
descendents of the lizard group. ' E '

Birds are dérived from the ruling reptiles. The connecting link Archacopteryx from the Jurassic,
very much like reptiles but with feather. Since the beginning of Tertiary (Coenozoic era) with
flight adaptation, the birds ruled the air; with their niform organisation, they have adapted
themselves for life in all types-of habitat. = - o

Mammals have evolved from the mammal-like reptiles. The gap is bridged by the synapsid.
reptiles. The last of them the Ictidosouria of the Jurassic could hardly be dis_tinguished from
the first mammals. The living representatives of primitive mammals are found in the southcrn
* lands, like Australia and Newzealand.

Marsupials - the pouchcd-mamméls'of Australia radiated into all ¢avironmental niches with
- appropriate modifications forming groups parallel to the placentals clgcwhcrc. Outside Australia
they wcﬁecietplaoed by the more advanced marzmals, the placental mammals but in SouthAmerica
which was 1solated- Irom other lands before the pl;n—ccﬁtals could reach it, they flourished and
-are still numerdus. - o : n : :

" The ¢arliest placentals were insectivorous, One of the g'_roup's of the placentals adapted to .
life on trees and became. Primates which include lemurs, monkeys and apes. Out of the ape
stock about a million years ago arose man who assumed erect posture and started. using
forclimbs for skilled manipulation. Another group of early placentals resulted in the highly
specialised terrestrial carnivores like the cit the lion, the tiger and the fox and an aquatic

group the seal, the sea lion and the wvalrus. The. even toes ungulates evolved along another

line starting from about the same origin as the carnivora. All developed special dentition and
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some even sp.ccialised stomach for masticating and digesting “their particular food. Other '
mammalian lines are the ant caters with reduced dentition, elongated snout and tongue and -

well developed claws, the highly successful and the most fumerous "groilp was is the Rodentia -
with dentition adapted for gnawing, e ' SRR

An efficient mode of reproduction With intrauterine development and a constant temperature -
. which stabilises the rhythm of vital functions and metabelism helped the mammals to attain -
SUCCESS. S S R

"I_‘he development and functioning of the cerebral 0ortex, il_eo;dallium-‘ a'nd'_: peffcct double
circulation consisting of the greater (systemic) and the lesser (pulmonary) circulations have
helped the Mammals to a greater success on the evolutionary ladder of vertebrates. .

15 SUMMARY

The vertebrate body is differentiated into head {cephalisation}, trunk with two pair of appendages _
~and tail. Gill breathing [pisces] is replaccd by lungs in tetrapods. laws suspended through
hyomandibular. in lower vertebrates while in Dipnoi and tetrapods, the hyomandibular is
‘modified into stapes. Anteriorly, the dorsal tubular nerve cord is swollen into brain, Cerebrum
reached its height in mammals. Kidney evolved in 3 stages viz., pro, meso & metanephric. to
excrete nitrogeneous wastes, Reptiles and birds are uriotelic. Sexes separate, fertilisation often

internal and parenilal care is well is seen in many groups of vertebrates. particularly in birds

and mammals. Birds and mammals are warm blooded animals. Supphylum Vertebrata is divided
into 2 Super classes’ Agnatha [jawless] & Gnathostomata. (Yawed) The latter includes pisces
and tetrapods while Agnatha includes Cyclostomes [Lampreys & hagfishes] '

16 MODEL EXAMINATION QUESTIONS A

L  Answer the following in about 30 lines. _
1. Describe the.gcneral ch.a.ractcrs of vcrtcbratcs.l'
2. Give an account of origin _'df vertebrates.
3. Out line the classification of veificbratcé. c
.ll. “Answer the follMg.’ in -a_bé.ut 10 Iines |
: 1.. ‘Types of jaw éuSpension in vertebrates. -
‘Define "vertebrata™. | |
Agnatha. '
dstraobdcrms.
- 5. Placoderms.
'Arch‘a'coptcryx. | | |
; Marsupials Sl '. N

w g AW N
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21 OBJ‘__ECTIYES

. - ® Toknow the distinctive féa_ﬁxrcs of cyclostomes and their classes and affinities.

22 _GENERA_L CHARACTERS

Thc cyclostomata (Gr cyclo: clrcular stomata, mouth) 'has’ been comed for those pnm:ttve
agnaths wl:uch are in possession of a citcular oral openmg These - are- charactensed by

Fig 2.1 Head of Perromyzon A Dorsal view B. Ventral view C. Lateral view 1. Nasal aperture 2. Hye 3. Iutmoral
tooth plate 4, Mouth 5, Supra-oral tooth &, Papiiie 7/ aters] fpoth & Tongue 9. Hisccdlt: ﬁmnél '

11



L () _' Eel hkc forms w1th rounded cylmdncal bodx, zmd laterally compressed ail.

(i) Thc anterior end bears a suctonal mouth in the form of a circular aperture with ﬁeshy .

papillated margins and hormy teeth. The mouth maybc in the form of depression edged with
tentacles.  Jaws abscnt

(iii) Thetongueisa muscular rasping organ bearing epldcrmal horny tccth

(iv) No exoskeleton, the skin is soft, smooth and l:ughly glandular. Itis dcvond of scales but rictly
supplicd with unicellular slime glands. o

(v} The endoskelcton is cartxlagmous with persistent notochord in the vcrtebral coiumn
(vi) Paired appcndagcs are abscnt The median fins provided with cart-ﬂagmous fin rays.
(vii) The nostril is a single median aperturc

{viil) Rcsp:ratlon by means of 6-14 pairs of mtemal gills. lodged in a pair of pouches hke gill chamber.

N (ix) Hcarr., two chambcrcd enclosed in a pcrl cardial cartllagc derived from thc hinder wsccral

arch. _
() Internal ear w1th one or two senu—clrcular canals. Pineal body senmtwc to light.

~(xi) Spleen and pancreas absent. Kldney has scg;mcntally arranged tubules.
(i) Fertilisatlon external, development eltl:_ler direct o__r with a larval form.

‘(xili) The adults are cither parasites or scavengers but the larvac are micro-phagous. -

23  CLASSIFICATION .

231 L Class: Petromyzontia _
1. . Both fresh water and marine forms. -

ﬁgQ.ZPmomjml Nasalapemmz Eyea First dorsal fin . -
4 Seoonddorsllﬁns Caudal fin 6. Mrnalﬁllapeﬂums? Bna.al fumel

2. Frcsh water forms are free living but the others are ectoparasites on fishes and turtles.

S Eclhkcformshavmgcyhndncalbodlc%

4; Rangemmchtomafewccnumetrestouﬂcm mlcngth

5. Dmsal-fm well develdped Candal fin present.

6. Branchial basket eomplelé.



10,
11.

12

13,
M
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(i)

(iv)

W

™)

14,

232

S

Wt

Sevenpausofgiﬂelcftsbehmdmchead IR s S

The brandnal fnnnel POssesses norh, teeth and a p:ston hkc raspmg tongue prowded w:th 3
teeth, : :

Nostnl isa smgle dorsornedlan opemng contmucd into a nasohypophys:al pouch Whlch cnds
blmdly s _ _ :

Eyes well &éﬁeldped. o

' 1ntemél ear has twb semi circular canals '

_Sems are. separat‘c There is a Iarva in the life history, which undergocs nietamorphosia.v i+ -l'.. _
i called an Ammocoetes (Fig. 2.3). The larva is without the sucking zouth, tongue or teeth of. L
the adult. Te head is small, with a hood like upper lip and sepai ate fower lip. There is a velum :

at the top of the pharynx, cifiated bands a: 1 an endostyle. Seven pairs of incipient gill pouches
-open directly from.the pharynx to the exterior. Pharynx and oesophagus form a mntmuous L

tube. The eyes are partly hidden beneath the skin. The dellcatc dorsal ﬁn is contmuous

= F:g_ 23 Ammocoete larva orPebvmyzou 1. Bye 2. Oral hood 3. Gill slits,

' The metamorpho‘ns is complete within a few weeks w:th the foﬂowxng changes in the. Ltrva

Buccal reg:on elongatcs to form buccal funnel w1th horny tceth o !

. Pan'ed cyes appcar

Vclum dlsappcars :
GIUS develop in the gill slits and open into pharynx

‘- Thc cont:nuous dorsa] fin bccomes divided i into two dorsal fins and a single caudal fin,

The colour of the skin changes from hght brown to mottlcd greenish brown.

It migrates frem river to sea, where it changes into adult, leading parasitic mode of life. e.g.
Perromyzon (lamprey), Lampetra C '

Class. Mymnmdea ‘
Eel like slimy bodies, with soft mtegumcnt, mthout sc.ah.s -

: ..Exc!uswely marmc

Live as scavqngers mostly on the dead fishes,
Sﬁcking funnel absent..

Mouth is terminal havmg four pairs of tcntaclcs arcund the Itargin of thc mouth ThL tnomh
is without jaws and is furmshed with a- smgle honked palatal tocth.

13
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10.

11.

14.-

Dorsal fin is absent. A continuous median fin is present which runs from the middle of the .
dorsal surface up to the cloacal plt AR ‘

The eyes are rudxmcnlary

Fig. 2.4 Myxine 1. Eye 2. TentaclcsS.SmglememaLgtllaperture4 Mucous pores 5. Analfin&.CloacalPu‘?
_ Caudalﬂns Tail,

Nostrﬂ ls terminal, which opens mto hypophy;ual sa5, opcmng postcnorly mto the mouth.

There are 6 to 14 gl]ls which open by ducts to the outsldc by cxtcmal branchlal apcrtures.

. Internal ear posscsscs a smglc semi- cn'cular canal

A large number of mucs glands are present in the integument which open to exterior by

numerous apcrturcs sxtuatcd in two rows from head to tail.

The method of fecdmg is unlque Bn.mg is possible by two protrusible dental plates which
move against each other horizontally.

Cloaca is an invaginated pouch havmg openings of anus, excretory ducts and genital pores.

Eggs large, development is direct with 1o larval stage. e.g Myxine (Hag fish) Eptatretus
- (Bdellostoma) : '

2.4 AFFINITIES OF CYCLOSTOMATA

Cyclostomes are the living agnathans which are primitive in many respects' but specialised in
~ others. o = ) :

£

2.4.1 Primitive Features of Cyclbstomata '

1.

2.

" True jaws are absent.

True teeth are absent, which when present are actually the epidcrmal'thickcni_ngs
True stomach is absent. ' '
Gonoducts are abscr_lt

Paired appendages of fins are ahsent.

- medullated nerve fibres are absent,

Conus artcnosus and renal portal systcm are abscnl._

A dlphyoercal caudal fin is prcscnt

~An mcomplete camlagcnous cranium is prcscnt



10,
11.

12.

13.
14.
15.
16.
17
18,

19.

20.
E
22,

23,

24,

Proncphwsngpmsegt.‘ o h
.Unnons&ictcd notééhord is present.

Segmentally arranged vertical cartilagenous rods hﬁaehcd to the s:dfcs of notochord as neural_ .

and interncural archcs are present

Poorly developed pancreas is present.

' Straight alimentary canal is present.
: Intestme is with or without poorly developcd spn‘al valve.

Endoskelcton 15 caﬂﬂagemus.

' Myotomes undmded into dorsal and véntral parts except in branchlal rcglon

Brain i small and ccrebellum is poorly developed.

IX and X cranial nerves arise from the bram behind the. cranium; dorsal and vcntral nerve

- TOOtS are scparate. -

Sympathetic nérvous sysfcm poorly develnpcd.

Ear with single semi-circular canal is ;;rescnf.

Heart is stimple and in the form "S” shaped t}_lbf: is present,
A single median nostril.is present.

Clhatcd groove and endostyle, velum are present

2.4.2 Features of Advancement over Protochordates

1.
2.

3.

-10.
11.

12,

A d:stmct head is present..

Poorly dcvcloped cranium is present.

Though pn:mtwe bram is present, it is better devcloped than that of Amphloxus

- Heast isin the formof °S" shaped tube.
' Proncphnc, and mesoncphnc kldneys are present.
: : Many laycred c;ﬁ&nms is present

Dorsai spmal ncmqs are. ganghonated

T T]mugh rudrmentary, vertebral column is prescnt

' W shapcd myohnmes are present, -

Eyes and internal ear are present,
Sympathetic nervous system is present.

Definite liver is present. \

Ur 2TATE  fen Ner C M= 0383

L LiBRanyY (IE:-}.;‘-:& feor: 5 a ‘
| | - Lol



. 2.4.3 Secondarily Special_iséd-Féatures in Awoi_-_daiz_c'e with Habitat.

;. Presence of suctorial mputhwhiéhisusedfm' attachment. .- .

2. - Presence of suctorial buccal funnel beset with hdrny teeth along the margin for _attachmerit :

and scrapping of flesh from the host. -
3 | A. rasping tongucbearmg Horny teeth
4,  Branchial skeleton around the g:lls |
5. Saclike gills are present.
6 Presence of h&pophysial sac. . _
7. Nasal opening is a single mid dorsal aperture tﬁrough whch the hypophysial sac also opens. -
8 | Eggs are large with large quantiﬁes; of yolk. Cleavage meréblas_t:ic and incomplete. |
g Development md:rect in Petromyzontia. ' '
Degenerate Featureé a .
1. Exo-skeleton s absent.
2. Unossified cartilagenous endo-skeleton is prcsént.
3. Poorly developed liver is present. |
Gall b]addei-, and bile duct are abscﬁt.
Pzired fins and girdles are absent. | _

‘Mauscles supporting the median fins are absent.

PO N VP A

Eyes arc rudimentary, without eye lids are present.

25. SUMMARY

' Cyclostbmcs are jawless, ectoparasitic (or scavengers) primitive vertebrates skin paked with

single nostril, opening into the nasohypophyseal tube. Pineal eye present. - Endoskeleton
cartilaginous . with unconstricted notochord. Vertebrac importantly formed 5 to 16 -pairs of -

- marsupobranchi, Heart 2 chambered, ‘S’ shaped tube. Dorsal and vertical nerve roots remain

separate. Tnner ear with lor 2 semicircular canals. Adults with liver, sympat_hetic nervous

“system (poorly developed) and a ganglios on dorsal nerve root. Sex differcntiation occurs very

late in life. Development direct or with a larval stage (ammocoetes). 1t iqclud;s lampreys and
rag fishes. ' o o '

2.6.  GLOSSARY

Endostyle: ' A ciliated glandular groove 4in the ventral wall of the pharynx.
Micro-phagous: "Eating wicro {ood material.
Myotome: - Muscle segments. -



'~ Pineal bndy- F : | An out: growth on rock. of dlcncepha}m (part of fore bram} It’
e e removal retards grmh

" Pronephros: o The ﬁ:st vertebrate hdm:y tu form in the embryo functlona! in
: ' most vertebrate larvae and in adults of a few fish.
_Sympathetic nervous: . A division . of autonotmc_ nervous system.
System : o
Velum ERE . A membrane or membranous partition;

27  MODEL EXAMINATION QUESTIONS
I Aaswer the .rollowinﬁ' in about 30 iineé _
L Dcscnbe the general characters of cyclostomcs. '
_ 2. Dlscuss the affinities of cydostomcs '
II.. Ansm the foliowing in about 10.lines.
1 Gencral cﬁaractcrs of the class. Pctromyzonha

2 Gencral characters of thc class Myxmmdea

-3, Annacoere.s'

17
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31 OBJECTIVES

® Toknvwths distinctive characters of cartilagenous fishes and their organisatiol. -

PR

32 GEN ERAL CHARAC’TERS

Fishes are acnatic cold blooded vertebrates. paired appendages arc in the form of fins. They
breathe by gt s - vascular outgrowths of the pharynx, bordering’ gillclefts and supported by
gill arches. i Dipnoi a single or double out growth from the gut-the air or swimbladder -
functions @s . lung, air being inspired at the surface of the water. In most osteichthyes
swimbladdcr is typically hydrostatic. The skin bears numerous scales maialy of wholly formed
in the dermis, but covered by a layer ‘of epidermis, which may produce cnamel. the skin also
bears sensory structures, usually aggregated on the head and arranged in one or more "lateral
lines” along the trunk. the myotomes persist in adulf life. In many the qut ends in a cloaca,
in others a distinct anus lies in front of the genitel and. urinary apertu-e, or apertures. The
nostrils arc paired and do not communicate with the mouth by the posterior nares; they are
purely olfactory organs. There is no tympanic cavity ‘or tympanum Of C.if ossicles. The heart
has one auricle and ome ventricle and contains only venous blood e:cep in Dipnoi. The
auricle shows hints of partition into-two and receives arterial blood from the Jungs and the
venous blocd from the body. In case of Dipnoi, there is a sinus venosus and there is often
a muscula. ~onus arteriosus. There is a bulbus arteriosus at the base of the ventral aorta in
teleostel. ¥ c:pt in Dipnoi the paired posterior cardinal veins receive blood from the liver,
kidneys and is:m the posterior region of the body. The kidney is uenally a mesonephros.
Cranial nerves are ten pairs. Sexes are separate. Most fishes lay eggs which are fertilised in
the water. Coitpared with the cyclostomes, the fishes show a distin¢tion in “the - following

points:

() Jaws formed from the first visceral .a:ch; (if) the scales (iii) occurance of bome (iv) the

tsue teeth {v) the paired nostrils (vi) the three semicircular canals (vii) the renal portdl system

F

(viii) the spic:n (ix) and the genital ducts.

ches bave b a considered.- as Super class which contains three classes (1) Placodermi (i)
¢ hyndriclst e and (iif) Osteichthyes. The placodermi _(_Aphctohyoidca) susvived from Devonian -
te Permian peiod. They were known as armoured fishes. the hyoiden gill slit is complete.
‘e toiden ¢rch does not support the jaws. Suspension of jaws i« autodiastylic. Tail 1s

© bersrocerca’.



 Fishes are aquatic cold blooded vertebtatés with il Bolly ‘covered by dermal scales, They

breathe by gills. Swimbladder [hydrostatic organ] is present mostly. Heart is generally described
venous heart. Kidney is mesomephric 10 pairs’ of cranial nerves present. Tympanum absgnt -
sexcs separate. The super class Pisces is divided into 3 classes viz., placoderm, chondrichlyes. . -

Paz B

& osteichthyes. The placoderms were armoured and. with. autodiastylic or holostyhc jaw

suspenssion.

1. Discuss the general characters of pisces pointing cut the advanicefnent over oyclostomes

in about 30 lines =
2. Write short 'an_swer on Aphetohyaidea.

i
i Siid
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41  GENERAL CHARACTERS

They have cartilagenous skeleton. Voracious carnivorous fishes _Placoid scales are present in
the skin. They have heterocercal tails. There are claspers on the pelvic fins of the males.
Except in Holocephali there is no gill cover. Anterior 10 these there is often a spiracle with
a rudimentary gill. The gill clefts are separated by complete septa, and the gill filaments arc
attached throughout their length to the septa. The mouth extends transversely on the wentral
side of the head. The nostrils are also ventral. There is no air bladder. A spiral valve is
~ present in the intestine. Into the cloaca the terminal part of the gut, the genital and urinary
© . ducts open. The ventricle of the heart has a contractile conus arteriosus. Fertilisation is
internal. The ova are few and large ie. with much yolk.. Large egg-purses are common but
some elasmobranchs are viviparous. : '

42 SUBCLASS : SELACHH
This subclass includes living as well as extent sharks, rays and dog fishes hiwing hyostyiic or
~ amphistylic suspensorium. Jaws arc with several rows of sharp. pointed teeth. There is no

operculum. Nasal opemngs are paired. This subclass has four orders- Cldosclachii.
._Pleurdcanthodii, Protoselachii and Ensel_achii.

421  Order: Cladoselachii

They existed from Devonian to Permian. They had fusiform body, a heterocercal tail with.a
large lower lobe. There were two . dorsal fins and a keel like horizontal fin. The body was
covered with small denticles. The large notochord was unconstricted. There were paired nostrils
and large scale like denticles surrounded the eyes. €& Cladoselache '

They were slender, fresh water, shark like fishes, which ‘extended from the upper Deévonian
until the early triassic. Scales have not been cbserved. The cartilage of the skull, the amphistylic
jaws and the branchial arches where some times well classified. The teeth were bipronged
and had a central cusp. e.g Pleuracanthus : : :



423 Order:Protoselachii

They were found in the late Palaeozoic and Mesozoie ages. The pectoral fuss were no longer

- fin folds but became notched at their -posterior. fiyegins
the males. e.g. Hétemdonte;-' _ :

. The pelvic claspers had arisen i

It includes sharks and rays. They are abundant in equatorial and temperate seas. The living
- and extent orders from the Jurassic onwards are distinguished by having\numerons teeth
developed in continual succession and by the pectoral fins having three basal pieces (pro;
meso and meta-pterygium), from which a number of Preaxial radials spread out.

Suborder pleurotremata includes sharks in which the gill slits are lateral: Body s spindle

shaped. Tail is heterocercal. Suborder Hypotremata includes skates and rays, The body is
depressed ie. dorsoventrally flattened. The gilt slits are sifiated on the ventral side. e.g. Scofiodon
(Dog fish) s -
Sphyma (Hammerheaded shark) (Fig. 3/A)

Squalus (Spiny dog fish) | |
 Spiracles are always present on the dorsal side. Pectoral fins are.enlarged and jointed to the
side of the head and body. There are five_pairs of gills, eg. FPristis (Saw fish)y .

Trigon (Sting ray'):._ S ‘ | | -
Toﬁoedo (Electric fﬁ'y)'Fig 31
Raja (Skate

- 43 SUBCLASS : BRADYODONTI

 Chimaerd and its allies only are surviving now. This subclass oontams two orders
431 Onder:Eabrodyodonti |

This tecth were crusling piates. After period of successful expansion disappeared at about

the -end of the palaezoic. .8 Helodus.
432 O_Iﬂer:Holo&phali .

21



E. Chmweml Head 2. E)rc 3, Pectoral fin 4.
¢ 9 First dorsal fin 10. Gill slits 11.Head 1obe. 12.Rostrum
Mouth “I‘} Cla@er 36: ‘Prontal elasper 21. Dorsal. fu:

es. A Shh_wna B Pristis C Sm:g Ray D. Etecric Ray

Fig 3.1 Elasmobranch Fishe:
Pelvic fin 5. Anal fin 6. Cau
13. Trunk 14. Spiracle 15 Spine. 16, Electri

dal fin 7. Second dogsal fin §. Lateral lin
c qrgan 17. Tail 18.

U Class I-‘,{Qsmu'bra'n'chii .

Subelasses \ - -
i ,___..’_,_._l
_Sélii:lch.ii" SRR Bfadﬁ’,odbﬁti

- Oiders ‘

_ Lubradyodonii - Holacephah
. (Jurassic- Tecent)
c;,ch:maera '

- T T I_'_“"_'__T

 Cladoseluchii Plevracanthedii PProtoselachii Eusclachii
{Devoniasn- (Devonin - Triassic)  (Devonian - {Jurassic - Recent)
t IV L R : .
Permian) . _ Recent) .
:Subordcrs

Pewrotremata Hypotremata
e Dop hish o.p. Skates and
) rays



skeletoncarulagmous,shnmthplacmdwalm,mhsmthdaspers mouthandnostrﬂsmtral,
mtestmalspnralvalve,cloamandmtcmalfemhsahm Ova few, largeandlmdmegg-purses-me_
elasmobranchs are vmparous with yolk sac placenta eg: sharks, rays skates.

g 45 . MODEL EXAMINATION QUESTIONS

L '-Aaswer the ronowmg in about 30 lines

1. Give an account of the classification of Elasmobmnchs mto orders Mth cxamplcs.
2 Out lme the general characters of fishes.

IL Amwer the fouomg in about 10 lines B
1 Holoccphah N B
' ['2_ Euselachi
3. Chondrichthyes.
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51 OBJECTIVE

" @ Toknowthe external features of Indian dogfish and the skin derivative Placoid scal;:s;.__

52 INTRODUCTION

Scoliodon is commonly called as dogfish as the mouth of this fish resembies the mouth of
the dog. They are found in all parts of the seas. Scoliodon sorrakowah found in the seas of
India and in seas upto Mzlaya Archipelago. Scoliodon has a wide range of distribution occuring
in Red sea, Indian Ocean, Bay of Bengal and also around the coasts of West Indies, Zanzibar,
Ceylon and the Philippine Islands. It has also been recorded in Eastern Coasts of South
America. Scoliodon is carnivorous and scavenger. They are very swift swimming forms as
the body is perfectly stream lined without having rigid projections. '

The swimming is effected by the alternate contraction and relaxation of the myotomes of the
two sides of the body. The fins maintain equilibrium. They are viviparous (give birth to young
ones). Fertilization is internal. ‘During copulation, the copulatory organs are inserted into the
body of the female and through its canal the male introduces the sperms into the vagina of
the female. : ' '

Shape

1t has a long, laterally compressed, spindle shaped body, which . tapers at both ends. Adult
specimen measures about 0.66 m, in length. The colour of the body is dark grey above and
pale white beneath. The posterior parts of the caudal fins are more or less dark; therefore,
it is also called black finned shark. The body.can be divided -indistinctly into head, trunk

_and tail.

53 HEAD

. The Head is dorso-ventrally compressed and is produced in front into a flat, poinléd snout.
" There are two large, circular eyes situated laterally on the head. Each eye is provided with
a movable nictitating membrane, which is situated along the antero - ventral border and can



cover the - cye in time of danger The pupll is nanow and vertical, There are tw0 o[:-lxqucl)r \
placed crescent shapcd nostrils which are situated one on cach side of the angle of the mouth, -
Each nostril is partially covered by a sma]l fold of skm on each slde ’I‘hc functlon of nostnl :

is only olfactory and not respn‘atory

Nosm]s are not- conncetcd with the mouth. As such, there are no mtcrnal nostnls Behind
he eyes are situated five vertical slits called the bronchial or gill. cle.fts These apertures open
‘nto the gill pouches and there into the pharynx. On the ventral side of the head there is a-
vhite crescentric opening called mouth. It is bounded by upper and lower jaws. Each serrated. .
sdges. They are homologous with plaoond scales. The. teeth of scoliodon arc.‘not embcd(hd:
in the cart.ﬂago of jaws but are anchored in the demus by the fibres of connecﬂve tlssuc o

" They are polyphyodont ic. there is an unlimited succession of !eeth
Jaws are helpful for catchmg the prey and this is possible by ralsmg the snout and pushmg_

the mouth forward, Truak i is elliptical in transverse sectlon and its thickest part is situated i m
the middle of the body. The trunk is followed by a tail whlc.h is. gradually tapcrmg and is

laterally oomprcsscd It is also shghtly bcnt upwards The taJl 1s hcteroocrcal

A faint line runs on each side of the body from head to tail, which is called lateral line,
' underneath which a cana.l runs along each side of the- body and possesscs special receptor

organs.

Fg S 1 Side view of Scoliodon 1. ‘Snout 2, Mouth 3. Eye 4. Gill slits 5. Pectoral fin 6. Trunk 7 Pelwc fin
8. Anal 9.First dorsal f‘nlOSeconddona]f'n 1L Caudal fin 12 Heterocercal tail.

54 FINS

There are two types of fins in Scohodon (5) unpmredormedmn fins and (b) paired or

lateral fins.

Unpaired fins : First dorsal mcdlan ﬁn is tnangular in shapc and is s:tuated a little in front
‘of the middle of the body. The second dorsal fin is also triangular i in. shapc but is very small

.. and is situated between the ﬁrst dorsal ﬁn and thc tip ‘of the tail, -

Ventral mcdlan fin is- s;tuated in the mid-ventral line just oppostte the space betwocn the two

dorsal fins, more or less in front of fhe second dorsal. The basal edges of the two dorsal
‘and ventral fins are produced behind into basal lobes, which are long, narrow and fleshy
processes. :

Fringing the dorsal .and ventral parts of the tail thcre is a-caudal fin. The dorsal Iobe is very
much reduced and starts by a notchcallcdlhccaudalplt whchmalsoonthevcn&aimdc :

- The ventral lobe of the caudal fin is well developed and is-divided into fwo parts, the. antemr
which is large, while the posterior is smaller and lcss extensive.

—



Pmmd flns : There are twu pan‘ed lateral fins: the anterior pcctoral ﬁns and the. postcnor |
pelvic fins, Pectoral fins are ‘situated Bchmd the gill clefis along the ventrolatcral margins of .
the body. The pelvic fins are much sthaller ‘than the pectorals. and are placed close togeﬂicr: .

from the ventral surface at the junction ofthetrunkandtaﬂandencloseacloacalaperturc'_.

In males thc pelﬂc fins possess on their inner side a ciasper or myaptengmm

'55 EXOSKE!ETON

-

The skm or mtegumcnt cmmsts of two layers an ou:er ep:denuu madc up of many layers

“of cpuhelml cclls, among Whlc]:l are Sltuatcd numerous umcellu!ar mucous glands and an mner i
dermis is composed of dcnsc oonnecnve tissues together wzth smooth musclc ﬁbrcS, pxgment

cells, blood capillaries, and neﬂrcs

The denms is firmly attached to thc under-lymg muscles, and as such the skm is tlghtly ﬁ{ted B
over thc body. : In living condlnon, the skin is smooth but, in’ the preserved specimens, the
skin is rough due to 'the presence of placoid scales, which are cmbedded in. the dcnms thh" '
spmypro;ect:onsd:rectedbackwardsfromtﬁesurfaceoftheshn. o o

StructureofthePlaooldScales e
Each placoid scale consists of a basal plate, wlnch is cmbedded m the dermis and spineg. -

" Basal Plate: It is rhomboidal or dlamond shapcd plate formed of a cement like substance.

It lies embedded in the  dermis, and is firmly attached to it by strong fibres of connective
tissue. The basal plate i is perforatcd by 2 small opcmng whs.eh leads fato pulp cavity of the
spine. In Yving oondm:m the blood vessels nerve fibrés and Tymphi channels ‘enter the pulp.
cavity through this ownm&%c pulp cavity contains a kind of vascular tissue called dermal
cup confaining numerous ‘odontoblasts or dentine forming cells, blood vessels, nerves and
lymph . channels, The basal plate is formed of calcified tissne similar to the cement of our

teeth. o

“1ii035000; N

' 'Fig 5.2 Skin of Dog fish. 1. Ep.denmsz Dermis 3, Spine 4. Enamel 5, Unicellular epidermal gland
6. Melanophore T Loose layer 8. Compact fayer 9. Root 10 Dernal pap:lln

‘The Spine It is a flat s backwardly. directed. tndeut strmxure projecting out of the: Megtment--. e

and giving it roughness. The spine. is composed of bard. canahcuhzed sabstancc, the dentme,. -
coated: with -énamel. like: substance ealled vxtro-dentme EER R T A



Fig. 5.3 Placoid scales of Scoliodon 1. Spine 2. Basal plate.

'-SUMMARY

Scoliodon is commonly ‘called as the Indian dog fish whlch has wxde dlstnbutlon. They are .

fast swimmers- with carnivorous habit. Body is divisible into head, trunk and tail. ‘Head

dorso-ventrally comprcsscd Mouth ventral with backwardly directed, polyphybdont teeth. Tail

fin heterocercal type. Skin is rough due to the presence of placmd scales. Lateral lmc sense
organs present

57 MOBELEXAMINATION QUESTIONS

I.':'. Answer tlle follnwmg in 30 lines,
1. Descnbe the cxtcmal characters of Dogﬁsh.
H. Answu' tlle following in 10 lines.

L Write an account on "Placoid scales’ . < | -




' 62 Endoskeleton

61 OBJECTIVES -

621 Axial skeleton |

6.22 Appendicular skeleton - : e

64 Model Examination Questions.

. To’ study the axial and appendicular skeleton and viséera of the Indian dog'fish

62 ENDOSKELETON

The endoskelton i entirly cartlageaous. There is 50 bone at all. I s dvided nto (3) Al

‘skeleton consisting of the vertebral colum, skull and gill arches (viceral skeleton). ()

A'ppcndicular”skélet.on consists of ﬁei_:t,oral’ girdle, pelvic girdle, pelvic fii and pectoral fin,

621  Axial skeleton | L __
' The vertebral column : The vertcbrae inﬁdog fish a:e_:é.\boﬁt_..lﬁ.()' in numbar 'i‘hcse ‘are

cartiiagenous, solid structured, pierced by the notdchbrd_.jVertébfa’e-':a‘ti"é'_'df ‘twé types (a) trunk

vericbrae (b) tail vertebrac. Eat_;h vertebra is hollow at both the ends. Such types .of vertebrac
are called amphicoelous (Fig.6.1). ' —_— S

A B
Fig 6.1 Veriebrae of Scoliodon A. Trunk vertebra (Antetior view) B. T.S. of trunk vertebra C. T.S. of Caudal vertebra
. 1. Neural spinc 2. Néural capal 3. Neural arch 4. Centrum 5. Transverse process 6. Passage for notochord
7, Haemal arch. 8. Haemat canal 9: Haomal spine. '

The vertebra consists of a centrum which is concave at both ends and'\thc.-holloﬁ's of centra

 are filled with the remains of the notochord. The centra articulate with one dnother, end to
~end. Each centrum bears dorsally the ncural arch enclosing spinal cord. Attached to the

centrum laterally are a pair of transverse processes, which are short in the anterior region
of the trunk, and longer and bent downwards in the posterior part; they bear short ribs lying

in the transverse septum, Caudal veftebrae are distinguished from ¢he trunk vertebrae by the

P



. .formm m. the Spa&s between" the' _upper': ends of vericbral and""'{ntci' vertcbral neuxal Pm

'The skull of the Scoliodon is entitely made up of carulage wzth depos:ts of calcium salts at
some plaoes ‘Bone is: oumpletely lackmg The condition of the skull is not a primitive character
but is secondarily degenerate.. The skull i is madé up of (a).Chondrocranum having neurocranjum
enclosing the brain, olfaetory capsule (cthmond rcg{on) and 'an audxtory capsule: (aud:tory
region} (b) smanchuocranmm or visceral skelcton consashng of j _}aws, suspensomum and skeleton
of gﬁ]s (Fig 6.2) ' L

¥ig 6.2 Skt of SmbadonA. Dorsal wch.Ventral wewl Domiateniumlagc of mlrumz Ventro-medlan B
'-"camlagcs.()lfaﬂmycapﬁﬁetl Prwrbitalpmo:sss Anmmrﬁlngeofmfmmbmirﬂ;:&.ﬂooroﬁhe
oﬂm? Post orbital cartilage 8. Auditory region 9. Anterior fontapelic 1. Pasietal fossa 11, Om:np;uicmst 12
- s Pastesior vertical semicircular eanal 13. Anterior vertical semicircular canal 14. Horizontal semicitcular canal 15
 Asficuldr surface for hyomandibular 16. Roof of cranium 17, Foraman for opthalmic 18, Opening for internal
carotid amryw Ameularsuxfao:forhyommdibularzo Foramen for tenth nerve 21. Foramen maguumzz
' (hmndcanaln Qpenmgotmpedm artery24 Flooroi’mnmm -
Cramum is in thz fotim of " a camlagcnous cykndcr enclosmg thc brain, .The crasinm can bc.'
3 dmdsd into four ‘occipital (b) ‘auditory {c). orbital (d) ethmoidal. The occipital
- region forms the postenor part’ of the cranium fmmng the median, large opeéning foramen
magnum thmugh which the brain is continued into the .spinal cord. On either side of the
foramen magntm ‘there is an occipital condyle for articulation with the first vertebra,

The auditory regios cohsists of an-auditdey capsule and a part of the cranium with which
. they arc fused. The large laterally projected ‘auditory capsules possess the auditory organs.”
.. 'The orbit lodges the eye balls and muscles. The ventral side of the cranium is broad and
_flat and posscsses: towards its posterior end two obliquely transverse grooves called carotid
canals sitvated one on cach side. ‘At the antetior end the cranium becomes narrower and on
the veﬁ;tralsldc, olfactory capsule -aré found antenorly The ‘ethmibidal region of the cramum o
 consists: of olfact “capsule, and - ostram, The oifactory capsulm are separated by :

of anterior fontanclie

_Thc visceral skeleton is composed of seven visceral arches The first .arch is the mandxbular' '
“arch. It borders the mouth-and gives rise the upper and lower jaws. Each half of the arch -
- is ‘divided mta a dorsal scgment the palatoqu.adrate and a ventral segmcntmeckel’s eurtilnge. c

 sépram, On the dorsal s:dc, the cramal roof is mcompicte due to the pwsencg: o




Thepalato—quadrales ofﬂwtmsndesgrwfawxmkalmgmcmargmofthemhmd
give risc to the upper jaw; smﬁhrly thc meckels carhlagcsgrowfoﬂvard aloagthcluwer

Fig. 6.3 Ventral view of the Visceral arches of Scoliodon. 1. Basihyal. 2. Cardohyal 3. Epibrancaial.
4. Ceratobranchial 5. Fused IV and 'V pharyngeobranchial 6. Ccratol.:)rzin'chial._ 7. Hypobranchial

margin of the mouth, pafall_el to-'ths_ palato-quanirate and form.'thc_ lower jaw .(Fig, 6.3).

At their hind ends, the palatoquadrates and meckel’s cartllages are":hinged and move on one

another; anteriorly the two halves of the upper and lower jaws are;:joincd by ligaments.

- The second visceral arch is hyoid arch. Each half is composed of a dorsal segment hyomandibular

and a ventral segment, the ceratohyal. The ceratohyals of the two sides meet in a median
basihyal. The hyomandibular is a stout rod articulating above with auditory capsule, and below
with the upper and lower jaws at their junction. The upper jaw is attached. to the cranium
by ligaments and suspended from the skull by the hyomandlbular thxs method of smpensuon

is termed hyostylic.

The remaining five visceral arches termed branchlal arches and support the wall of the pharynx
between the gill slits. Each half of the arch is supportcd by four cartilages. They are from
above, the pharyngo branchial, the cp'branch:al, the cerato branchlai and the hypobranchlal
The hypobranchials of the two sides meet below in a median basibranchial.

6.2.2 The Appendlcular Skeleton

Fins : There are two kinds of fins, the mcdlan, or unpaired and the latc:al or pa::cd Both '
arise as ectodermal folds into which extends the mescnchyme which gives rise to the supporting -
cartilages.

.The median fins are supported by a series of ]omted cartilagenous rods, the pterygxophore-

on somactidia attached to- the vertebral column by hgament The pterygiophores support _
distally the horny fin rays or cerato-trichia arising as a doublc series in. the skin or €ither
side of fin. The ceratotrichia, though termed horny rays do not contam true. horn, whlch is

_ epldcrma], but has elastin of mesenchymatous origin.



Flg. 6.4Pectonl Guﬂleandf‘m ofSoollodon (thra!m)i Foramen ﬁoﬂhebmwhalmelymdm
2. Caraemdcartllag:i! Mesopterygiom 4. Memptelygmm.‘? Ceratotrichia 6. Somactidia 7. Prop

Pectoral Gmlie and Pectora! Fins

The- pcctnral girdle (Fig 6.4) is a hoop -of - cartﬂage in. completc dorsally -and . embedded in
- the body wall behind the last branchial arch. The paired pectoral fins are attached to this
Iaterally, more -or less in the middle of each half, and the surfaces of attachmcnt are- the
glenoid facets.
The portlon dorsal to the glenmd facet is. dxsungmshed as the scapula and that ventfal 1o lt
.as the coracoid. The coracoids of the two sides are contimuous across the ‘ventral line where
as the scapulae leave a gap for the vertebral column. . :

" The pettoral fins have for their skeleton, each three large basal cartilages named proterygium,

mesopterygium, and metapterygium followed by a number of radial cartilages or pteregyophores
and the lattef in their twrn bear a series of ceratotrachia -which support the web of the ﬁn.

Pelvic Girdle and Pelvic fins

Thc pelwc gtrdlc is a transverse bar of cartilage (ischiopubic lying in front of thc cloaca. Thc
pehrlc fins arc attached to it on either side (Fig. 6.5)

FlgiSSkc&etonofPeMcMeandP:hwﬁnofmaleScoﬁodonl Ischopubsll"bﬂmS Pemnn(bomlm).' |

4.S_aphms Gasper(mpmma)&Amotyum;c 7. Styte 8. Ventral plate 9. Dorssl plate -
S lo.Axialmmlagcofdaspcrll CcntotrmhleSommmuBnpterypm :

3
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64 Mom-_:L 'EXAMINATION‘;QUES’I‘ION_S

Eacmpehmcﬁnhasaﬂnglebmkwardlydwededbasalcaﬁﬂge(baﬁptqumm) artlculatmg e
with the pelvic girdle. Auachedtothcbaﬂp!mgmmmthcmdlalcamlagcsandthcyam

~ followed by ceratotrichia which sufiport the web, In the male shark, the posterior radial
'-_cartdageofeachsndexs enlﬂrgedandgrowedtofﬂt‘mthcdaspcr(Fig.G.S)

63 SUMMARY

The endoskeleton of the shark is formed' of cartilage. The endoskeleton can be. divided into
axial and appendicular skeletons. The vertebrac are - ainphwoclous,' numbering - about  130.
Caudal vertebrae can. be identified by the presence .of hacmal arches. The splanchnocranium
is composed .of 7 pairs of visceral arches. Thehyomandibularactsasalcversuspcndmgthe
jaws from the auditory capsule, hyestylic fype of j jaw suspension. The pectoral girdle is hoop-like

- while the pelvic girdle is a transverse bax ‘The posterior radial camlagc of each pelvic fin is

modlﬁcd as a clasncr

1. Answer the following guestion in about 30 lines.

) leeanawountofthcappcndicularskeletonmdogﬁsh"

IL. Answerthefdlowingqnesﬂominaboulmlinesmh
'1Desm1:ethcskuuofnogﬁsh -
2. Give an account of Chmdrocrammaﬂdsplanchmaﬂium .




a- inciudes ‘all those vital organs of the body that-Tie within the space of the abdominal
-odvity“(coelom) and are- surrbiinided by perifoncal tissucs. “The cavity around the’ visceral
- otgius i also-ruferred to ds Perivisceral cavity, “The “body’ cavity is divided into e
- cavity and the posterior larger one, the abdominal cavity. It opens out through g paipof = -
ahdoinit es situated on the papillae, can be either side of the cloacal aperture "

et i  dorocaaly b s b mde p o i st () S S
@ Atrium or auricle, (3) Ventricle,(4). Conus artcfiesus.-' ' I

i o mout, buccal cavhy, pharyn, osophagas, tomach, nestine

s Mouth' ix”a’ crescén céaticcopening, situited ‘on the' ventral side. Mouth opcns mto

- Buecal . cavity is lined with thick mucous membranc raised Ventrally into’ thick fold, $0"as to

form a non-museylar and-non--glandular tosgue. The mmuicous membrane # rough due to the

. presence of _derm:il"'-déiltiglc_. In the jaws these denticles are modified into teeth which are
* oblique, sharp, compressed cusps. Tecth are found in inner margins of lower and upper jaws, -
- amanged in several parallel rows. ‘They are all aliks in' shape.and are homodont.and -
. polyphyodont. The buccal cavity opens into the pharynx. Internally the cavity of the pharynx . . "

is Tined with muéous membrane. Possessing a large number of dermal denticles -

Oesophagous is very short, and %has a thick muscular wall widens behind, so as to forma . -
- large muscular stomach. The storhach is a ‘P shaped organ, having two fimbs, proximal limb =~ R
s longer amd is called cardiac. stomach, ~whicres as. the shorter: distal Bnib is - called’ pyloric
- .stomach. At the-junciion of -cardial ‘and pyloric-stomach’ there is*a blind" groweh called” the
- +blind sa¢; a pylosic. valve, "which: guards the ‘entrancé of ‘pyloric’stomach in ‘to' a small thick -
- -walled muscular chamber. called bursa entiana which- - is continuous with the intestine, '




mmmammumm@:mmmmmmturwm""'
'TheMemdsmfaccof&emteshnemmmasedbythcmceofcmmfo&a

mncrwaﬂofthemtcs&neandtheothermr(ﬂleduplongltudmaﬂyonltselfsoastoforma..
scroﬂ,hawnganant:clockvnscsp:ralofabouttwoandhalf&l&)tums.thescrollvalve
inu‘easestheabsorpﬁve'snrfacc'andalsochpckﬂxerapid passage of the food through the

Intestine opens in to thc rectum which in turn opens behind into the cloaca. Ta the rectum
the rectal gland opens dorsaﬂy “Into the cloaca the alimentary canal as well as’ fhe urmo-gcmtal
ducts will open. : :

Liver is a long yvellov_vish gland made up of two lobes which extend backwards ﬁlong-.'t])ae'

- greater part of abdominal cavity. The two tubes are- jointed anteriorly where they are attached

to the wall of the abdominal cavity by a ligament. Situated in the anterior part of the right
lobe *of liver is a ‘Y’ shaped thin walled sac called the ga]l bladdex It’s function is to store
the bile secreted by the fiver. :

Pancreas: It is a compact and. bilobed gland situated between the two limbs of - thc stomach.

 The dorsal lobe is to parallel to posterior part of the cardiac stomach, which the ventral lobe

is applied to the pyloric stomach. The pancreatic dugt opens into the intestine Just ‘opposite
to thc opcumg of the bile duct. -

Spleen; Spleen is bilobed non-digestive gland (a) Pro:nma! lobe cxtendmg along the outer
curvature of the cardiac stomach while (b} the other elongated, distal lobe is situated parallel
to the pyloric stomach. Splccn is a lymphmd organ, structure it such produces lymphocytcs
and filters out invading foreign bodies. L .

The food of the Scolladon is mamly OOI‘ISJ.StB of other fishes but it also feeds on lobslcrs
rock-crabs etc. : .

Scoliodon cannot masticate its food, as thc teet.h are not suited to this purpose but it swallows
its food. There are no salivary glands in the mouth and therefore digestton does not take
place in mouth, buccal cavity and oesophagus. The mucous mémbrane of the bw ity
produces mucous which lubricates the food. Digestion begins in the - stomach which * contains
hydrochloric acid and pepsin, which convert the proteins igto peptones.and proteoses where
the semidigested food enters into intestine, it is affectgd by the bile and pancreatic. juices.
The bile juice makes the food alkaline ‘and helps the action of the pancreatic juice. The
pancreas secretes trypsinogen, which secretes trypsin and starch splitting ferment called
amylopsin, and fat splitting ferment the lipase. The food is digested and is absorbed in-the
intestine, which possesses great absorptive surface. The waste products are then passed out.

‘74 URINOGENITAL SYSTEM_ :

In scoliodon and other vertebrates the organs of reprodncuon and :hose of cxcreuon are

dlosely associated. Therefore they are studlcd together.

Male Urino@nital ngtem. The kldueys in the male are a pair of long strap shapad structures.
They extend almost entire length of the body. They are mesonephric in origin. Each consists
of anterior slender part genital mesonephres. and posterior thicker part called resal’or caudal .



. The amcnor

pa:tofthchdneylsmlyrcduoedwhﬂcpostcmrpartl:i
CRAS- ato! ) arcleng.ThcyOpcncﬁrecﬂymtocloam.'_ :
Ovanas 'pmdmmdenmr side of the vertehral columubehmdthebmofthe.'

o liver, The oviducts of the Mullerlan ducts are independent ducts having no connection with

the kidneys. }!o:hmcmorequofmeovmmmeettofomaiong:mmmm*

. System In the. female therc is no- d:roct connection bctween hdncys |

- oviducal funnel, Just behind the :funnel, oviducts cisrve around towards mid-dorsal- Lisic' 6ill:. e

cach- ‘enlarges to fon :
~ posterior- reyon_eagh oviduet cxpands into uterus in which 46 embryos develog
uteri unite ﬁ:im:a‘-vagma wluch opens into cloaca bya large mcdlan aperhn'e :

& sholl glind, which is the dilated part of the cach oviduct: In. the: SRR

Becludes. all the vita] orgass. The digestive systom includes the tongue, digestivc tract

and the digestive glands fike liver pancréas and (L. intestinal gaands Teeth homodont and”™
: pokyphyodontandmiesuneswnhdaollvaiuc

"-'n. Ansmthchﬂminginuboutlolim
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Spiracle :

.Atypeofh&eyfm:ﬁmthcenbryosofaﬂvcﬁcbrat&smdrﬂmmdastke

functional kidney in animates

:(hagampermmngtothcmeofmcll o :
"Ihcteetharcrepheodcontmuoudythmughbuhfe aphcnomenonseenm. '

jower vericbrates -
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- CHARACTERS AND CLASSIFICATION

e
. .

81 Objectives
82 General Characters . _
8.2.1 General Characters of Actinopterygii
+ 822 General Characters of Crossopterygii -
83  Summary _ o

® To know the distinctive features of bony fishes and their diversity of forms.

82 GENERAL CHARACTERS

The Osteichthyes comprise the bony fishes which form the majority of the living fishes. The
first bony fish was found as fossil in the early Devonian age; as siach the class is older than
Elasmobranchii and their borty skeleton is a retention of thejr ancestral forms specialised and
perfected for moderti needs. Theyare found in marine and fresh waters, The exoskeleton
- is in the form of cycloid, ctenoid or gancid scales. The mouth is usually terminal. There is
always 2 gil-cover operculum. The interbranchial septa are much reduced. The gil filaments
peoject ‘Freely from the gill: arches. There is usually a swim bladder: There are no claspers, : .
 mo naso-buccal grooves. There is no cloaca nor spiracies. Olfactory lobes and cercbellum are o
small, o ' '

The class Osteichthyes has two sub classes 1. Actinopterygii 2. Crossopterygi.
821 General Characters of Actinopterygii |
‘The earliest known actinopterygians came from fresh waters of the mid Devonian. These forms
got their name from the structure of the paircd fins. The modern forms have the fins with
basal supports (bony) reduced almost to vanishing point, The structure of the scales is ganoid.
. Absorbirig surface of the intestine usually enlarged by elongation of the intestinal tract. The . -

Tespiratory arrangements have changed from a gl condition ncar the laminar type to the

- fully filamentar. The conus arteriosus is extended into bulbus arteriosus. The brain structure:

- s characteristic in having the large corpors,striata, cerebcllem and medulla, presence of the




Fig8.1 Some Actmopterygﬂ: fishes A. Aapm B. Po{yp:aus C. Leptdwfm . Amia L. Lye 2. Mouth
: 3. Operculum 4. Peetorat fin 5. Pelvic fin 6. Lateral lige 7, Dorsal fin 8. Caudal fin. 9. Anal fin 10, Scutes’
11. Trunk 12. Head 13. Rostrum 14. Nostril 15. Dorsal finlets 16. Uppcr jaw 17. Ventrat fin |,
18. l.mver jaw 19. Nasal tube 20. barbels

8. 2.2 General Characters of Cmssopterygn

This sub class was once abundant but it is reduced to ane, recently d:scovcred coelacamh
and to a few species of Dipnoi.  They havc paired ﬁns with a scale covered lobe around
which fin rays are attached, Skeleton of pectoral fin is with central pointed. axis havmg radxal
extensmn on cach sxde Tml is dlphycercal Intcmal nares or choane. are present S




- (1) Latimeria (Living fossil) -
- (2) Neoceratodus

' Bramples:

(3) Protopterus Lung fishes (Fig. 9.1)
(@) Lepidosiren DU

Latimeria .~ -

In 1938 a fishermian collected a curious fish f;om the east coast of South Africa. It was ﬁvc
feet long weighing 127 Ibs. This was sent to. Miss, Cairtenary Latimer who sent a sketch of
this to Dr]L B. Smith, Ichthyologist ‘of Rhodes university college at Grabamstow. He

.

recogmsedlt ‘as d surviving member of ome. of the main divisions (coclacanthus) of the
~ crossopterygii and named it as Latimeria Chalumnae is named after the discoverer and locality.
- Anotlier coelacanth was captured in the same locality in ‘1952 by Dr. Smith. Latimeria is said
to be the living fossil. The catire body is covered with cosmoid scales with an enamelled

surface. The tail s diphycercal with small central projecting lobe. The paired fins are lobed.
There are two dorsal fins. The anterior one is suppotted by a bony plate and the posterior
by an osseous: structure not unlike that of pectoral fin. The anal fin &5 also lobed. The
notochord is persistent and unconstricted. Tts anferior end projects as far as the region of

forcbrain.. ‘The vertebral column is utiossified except the spincs. The. skull possesses a'powerful
and frecly movable hinge on the dorsal sarface between the ‘parictals and post parietals. The

- air bladder is wery small and is hydrostatic in function. ' The liver is bilobed and a gall bladder
~occurs, The brain is very small. There is a spiral valve in the intestine. The antetior nasal
- opening lie at the tip of the nasal tube. The kidneys are fused. The ureters are symmetrical

and each dilates behind to form a bladder.

- Lung Fishes

Theie .are'threé'iiving_ genera of hung fishes grouped as Dipnai; are discominuously distributed. :

- These genera-are Neoceratodus from Burnett and Mary rivers, Queensland, Australia; FProtoptenus.-

s the: vivers of, West Africa and Lepidosiren’ from the-swamps-of Amiazon basin of South

Amerida. Thig details' are described it Unit No. 10,

Fig 8.2 Some Actinopterygii fishes. A. Exocoenus B. Anabas C. Hippocampus 1. Eye 2. Mouth 3. Nostit4,
. Opercutum 5. Dosal fin 6. Pectoral fin 7. Pelvie fin 8. Caudal fin'9. Upper jaw 10 Lower jaw 11. Ventral fln 12,
- : AnalﬁniS.SnoutH.HeadIS._Ringm:eplate_slﬁPryehmuivetaill‘?.Broodpouch_




Subclasses

1 . Y
Actinopterygii Crossopterygil
" . (choanichthyes)
Rhipidistia. " Dipnoi
e.g. Latimeria ¢.g. Protopterus
_ ~ Neoceratodus
_ ‘Super order Super order - Super order
-Chondrostei . Holostei . Teleostei
_ B e Hippocampus
| - Order E - Clarias
r — An
Semionotoidea . Amioidea nabas
Ovders - c.g Lepidosteus - ¢& Amia
. . _-’. " . s ._- ) T ) -' | .
Palaconiscoidea - Acipenscroidea _ Polypterini

c.g. Acipenser 'e.g. Polypterus.

83 SUMMARY

Osteichthyes (bony fishes) enjoy wide distribution. dey covered by cycloid, ctenoid or ganoid
scales. Gills are covered by operculum. Gill filamentsare free and usually a swim bladder is
_ Neither cloaca nor spiracles scen. Cercbellum is small. Candal fin homocercal of

_diphyccrcal. Cleavage meroblastic. Fertilisation external. Osteichthyes. are divisible into two

subclasses viz., Actinoperygii (rayfinned fishes) and crossopeterygii (lobe finned fishes). The
paired fins of crossopterygii are built on basic plan of archipterygium.

84 GLOSSARY

Barbel = A bend - like appendage present at the mouth

‘Continental Shelf : The zone extending from the line if pcrmancﬁ.t immersion to the depth

usually upto 120 meters. .

Estoary " The wide lower tidal part ofa'_.lii‘fe.‘_.

" Plankton : | All the floating or drifting life ofthcpelxglc division of the sca.
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85 MODEL EXAMINATION QUESTIONS

Describe the general '.characters of class Ostcichthyes. What are the mamd:ﬂ‘erm _
between Actinopterygii and Crossopterygii. ' '

Ansmthefolloiﬂngquesﬁmlnaboutlﬂlim

. Describe the general characters of Actinopierygii. Give few e.nmpic
| Classify Ostclschthycs into sub classes with suitable examples
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Unit -9 COMMONEDIBLEFISHESOF

Contents
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93  Marine Fishes
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95 Summary

96 Model Examination Ques¥ons.

9.1 OBJECTIVES

To know the edible fishes ; a major resource and their availability in the state of Andhra
Pradesh ’ : B B ' T

92 INTRODUCTION

Both marine and fresh water fishes exist in Alndhra' Pradesh. The annual landings of marine
fish in Andhra Pradesh were 28.846; 29,464; 56,720 ‘metric tons during 1958, 59 and
*60 respectively. Important shoaling fishes caught are the oil sardines (Sardinella longiceps)
mackerellsilver bellies, ribbon fishes, cat fishes and soles. ‘Catches by travelers im_:ludé mostly
the bottom feeding fishes like rudder fishes (Lethrinus sp.) snappers (Lutjnus sp.) rock perches
(Epinerphelus sp) and the ‘spade fish. (Ephippus orbis). Some of the important edible fishes

of Andhra Pradesh are dealt in this lesson, which are found in marine and fresh waters.
(rivers, tanks and ponds). ' . \.

93 MARINE FISHES

Eleutheronema tetradactylus (Tel : Buddatamaga, Boddum_aga and Magasahala)

It is abunduntly available in coastal waters. The Dorsal surface of the fish is green with silvery
shadow. The ventral and lateral surfaces are whitish yellow. It attains a length of 1.8 metrcs,
weighing 140 kilograms. 1t is a delicious edible fish. These fishes when caught in large numbers

are preserved in salt .

Trachinotus. (Tel : Talepara)

 ‘This fish has blunt snout. Small scales cover the body. Tuil is split into twop This fish foeds

on molluscs, crustaccans. Found in Ganjam. This delicious food fish has good smell.

Loctarious. (Tel : Sudumy, Sudumbu)

" .1t Tives in saltish waters of Puccilipeth, Gopalpuram and Uppada. Lower Jaw is extended 2

little. There is a black spot behind operculum, Convalescing people like this fish as food.



. Laogm:hur (’Ibl Karachepa, Karaiu)

© Body-is rcctangular and. shght!y compmswd. the surface below the operculum is saw like.
Dorsal fin has a spine. Thcsurfacéofthebmdaﬁddﬂﬁguaaoedonmcontamanyspots.

Caudal fin is black. It feeds onn inscets and crustaceans. ‘Théy arc  abunduntly available from' . .

~ August to Aprzl This " is ‘common ‘man’s ‘food. Along Konada, Puccilipeta, Bhlmumpatnam,--
Gopa!puram, Puchmadaka, Uppada, ‘Polavatain and Kahngapammn these fishes are available -

Lam.cdcifer (’Ibl Panduchcpa)

Its bodylscovcrcd with largcscalesand 1srcctangular mshapc Itlsanmhabltant ofestuanal
water. Caudal” region is round. It is a domestlcated ﬁsh ‘of fresh water. It is- an ediblc fish. -
 Itis t‘ound abunduntly in Gan]am. B : ,

| P!ectorh}wous mger (Tcl Kuranti) -

The stout : lips are’ turned backwards. Lower portion of the operculum has saw hke mu@n B
It feeds on prawns, crabs and small fishes, It is a food fish taken mth great pleasurc Because
of its good.. taste thcxc has been a local provcrb "Havc thss fish -even by sellmg the cluld

_ Sardmeﬂa Iongrcepr (Tei Nunekavalu)

Thcvcntralsurfacemwdmthspmymles T‘hedorsalsurfaccxsblmshgreenandvcnﬂal- _
“surface is silvery white. Gold colour. A spot -is ‘present: on the operculum. It is extens:vciy
uscdasfoodmthex&mhandmredmndiuons,apanﬁomrtsusage' oil, - -

- Mugit cephalus '

It is the largest of grey muilets It is wu:lcb' dlstributcd along the coastal watcrs m:gmtmg
Jnto estuanes and nvcrs It attams a lcngth -of about 9 em.

C?mnox cMm (Milk ﬁsh)

Palabontha Bodymcompresscd,beanhﬂmyshapped,scahsmaﬂ,mnhsmaﬂandtmthhss
'_ It brecds in estuaries. It:sofgreatblﬁodvalue. C

{9.4_ . FRESH WATER FISHES

Puhaus- sarana, ('Ibl ; Kangbo) '

. -:._-:_;._-Itlsacommon fresh‘wmaﬁshofponds,lakamdmofour state. The operculum:s
- stout with golden- cofdur: The" bodyis covered with large scales,. Scales | are absent on the

: head.Smallbarbclsarc__presmt 'I‘hedmsalﬁnxoppo&tetoanalﬁn.&udalﬁnlsbxfurcatcd'
"thxsﬁshlsalsousedasfoed. :

_ -Ca!hchmu bumm!ams (U patroo)
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F]&QISomoithéedxbhﬁshmoeraPhdesh A.Cadacaﬁaﬁ .[aog‘laﬂwsSp (Sea fish)(! Clarias D
“batrachus D, Labe calbas E. Notopterus Sp. B; Hilsa ilisha G. Ophiocephals Sp: H. Wallago atnu 1, Mouth 2. .47
Bye 3. Pectoral fin 4. Pelvic fin 5. Dorsal fin 8. Caudst fin 7. Ahal fin 8. Opercuium 9. Lateral line 10. Nagal -. 3.

. apcrtute 11. Baibes, 12.Scaie513 Maxllhrybarbel -

Catha a caila (Fig 9.1 A)

The body i8¢ lateraﬂy oontpressed Ius:form Scahs are cyclmd. There are no barbels wuhout_
- teeth Jaws gsid protrusible pectesal fins are without spinous fin- rays Dnrsai fin-is. large “This"
fish is fmmdrm Godavan. Knslma, Manjlra and 'Itm@bhadra rivers. . -

"-Clm‘mza mnyla- "'('Ii:l Moyyz)

| Bady is. elonguted mmpress@d Abdomen is. rounded pr_ar_.law is. sl:a:p w:th a .
tuberde,-at ‘the symphysxs.'-CaudaI ﬁn zs forkcd It is found Knshna and Godavanm




Clarias batrachus: (Tel. : Marpoo) (Fig 9.1 C) _
It has an elongated and compressed body. Head rcglon is cowercd with osseous plates Llps

are fleshy papillated and subequal. Pectoral fin has strong spine. Candal fin is almost rounded.
It:sfoundmb:gandsmalltanksusuallyoom-edmthweeds,mtwmmonmnvers '

Herempneusres fossilis ('lbl Mapujclla)

Hcad is flattened. The body is elongatcd and latcrallly eomprcsscd. Dorsal fin is short witkout
spine. Anal fin is elongated. Pectoral fins are thh ponson spmc Barbels’ are long and in four

o .'pmrs It is found in estuaries and frcsh wators

'La!wo calbasu .{Rohu) (Fig. 9.1 D)

It has an clongated body w1th a moderately rounded abdomen. Upper hp is provldcd with a

pait of barbels. Jaws are without toeth Pectoral fins are without spmous rays. It is found n
Godavari and Krishna. rivers.

Mastacembelus armatus ('Ibl Pogra)

body is eel like, clongated and. compressed. Snout is long., oomml wnthout transvemely stnated

- bony plates on the under surface: Pectoral fin is with depressible spines. Caudal fin is rounded.

It is found in tanks ‘and ponds often ludmg about in otacks and crevices near the banks. It
is the spiny eel. : . .

Mystus vittatus (Katarna)

The body .is short and compressed, Abdomcn is rounded Snout is rounded or obtuse. Four
pairs of barbels are: prcsent Pcctoral fins are with a spmc These fishes are found in fresh
waters. . _ : .

Notoprems noraplems (Satwa) (Flg. 9.1 E)

The body is oblong and laterally comprcsscd Soout is obtusc and convex. Dorsl ﬁn is small _
and tuft like. Anal fin- is very low and nbbon like. Seales are small Polwc fin is rudunontary

Oph:ceﬂwhl.s Sp. (Channa) (Flgu 9.1 G)

One row of spines on gach suio is present along the spmal column, The body is oovcrcd a
with scales. Dorsal fin is long. Anal fin is long. Caudal fin is rounded. Phool murrel is O. -
‘marulius. Tt has white.dots arranged Iike flowers on cach side. Kali murtel has black serration
along the side. It is found in tanks and ponds. It attains 3 1/2 feet in- length. Some people
shoot. it bv gun when it ¢omes to the water surface fot air breathing. O. Punctatus is .dhoke.
O. striatus is korra meen, They provide nutntlous food. -

Hilsa ilisha. ('Ibl ‘Palasah) (Fig. 3.1 F)

Thd:body is latcrally compressed. Abdomen is serratod. Snout is rounded Upper Jaw has.
median notch. at centre. Canaal fin is forked. Itisthclargcstamongsardme.s Itisfoundm :
the waters of Krishna and Godavanmers _ . ) .

Wailago atms (Teh : Valuga) (Fig. TiE

It is also called fresh water dog fish. Dorsal surface is pointed. Barbels are four and roughly ;
. equal. Dorsa]ﬁnnssmtandmthmtspmc Shn:ssmoothandnaked (Ithmnospwnesand---

is smooth.)




Tortor fl\«!a!iaseer)

“The body is elongate. Abdmmmuudcaﬂeadumn,bmglypmuteimmummﬂy,' :
_‘rwm&Moqthkmfmlymﬁ_md.Amlyshcathmprmmmmebascofdorsdﬁm
- Candal fin is deeply forked. ' _ B

.Thcﬁshdlctpmv#espmtems,fatsandwtammsA&D ItoontmnthoBG%ofprotzmsﬂ o
95 SUMMARY

...SomeunportantedibleﬁshmofAndhﬂPmdesharedesmbcdmthls umt.AbcsuIBﬁsh-

o _9.6 MODEL EXAMINATION QUESTIONS

_ I Answerthefouwmg quesﬂons lnabontSOlineswch.

andproﬁdcsSOﬁ-lﬁOOcaloncsmagypcrgrmTheyarcagoodmceofphorphmoua
calaumandlrmTheﬁshconsnmedmlndJats39lbsperperson.

'spec:esofbothﬁeshandsaltwatershavebemmntudod Thcrexsasubstanmlmcasem-'

- total catch from 28,846 metric tons (mt)m1958t056,7ﬁ)mtm1960 Inrccmtywrs,_-
. several fishes like catla, rohu are cultured in villages also. This solves the problem of malnutrition
.\amongthepeople,panmuhﬂycnhanccsthemmkedvmmms,pmtemsandfam. '

L “&ﬂeancssayoncnmmonedx’blcﬁshesofAndbraPradcsh.

2. Wmcancssaymedibh&cshwnerﬁshesdAnd]naPmd&sh.Enummtethwfood
valuc




. Asalysis of some Fresh Water Fishes for Food Valiie

. Percent .

- Water

" Fat

_ dron” Calcium

. Phoso-
. phorous .

Barbus_sarana
(Khaul) - -
“Barbus ticto
 (Parkally)-

Calllichrous ‘bimaculatus.

(Patrqo) |

Caﬂa catla:
Om‘tma mrigala
(Yerra mosu)

Clarias batrachus
~{Maroof}) '

' Heteropmtgs fossilis

. Labeo calbasu

. gkﬂhu) |
(Balhm) :

- Notopterus notopterss ._

vy
(Kalimurrel)

Ophiocephalus punctatus
(Dhok) :
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Wallago - attu

Tor tor
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104 Ancestry

- 105 _-Snmmgry e e
106 Model Emmaﬂon Quest:ons

L 102 GENERAL.CHARACTERS

Cnntents

101 Objectlvcs o
102 General Characters
103 Affinities o :
1034 Resamblance with Amphibia .
-, 1032 Regemblance with Crossoptprygu
1033 Prm;ltwe Characters of Dipnoi o
-10.3.4 Secondary and Spec:ahsed Characters

Thc pecuhar '_ ltmg fiﬁzcs are. a Devoman -offshoot- from the: crossopteryglan stem. They still '_ ‘
_ sumvc as hrek -degenerate and spcc:ahsed formsin- -mdeiy seperated tropical or subtroplcal: L
er. habitat of a special kind: Lung fishes. appear first in mid Devonian deposits,and;

daﬁerentxated even- then. They flourished: modcrately in the Permian and 'Ihassxc,f_ S

S Dipnoans arc commmﬂy known as hmg ﬁshes bccause they br'eathé not onlf-by gills‘but also -
P g by means of hlghiy d‘cvelopcd Tung or lungs thh a coofdinated arrangcment of blood mculaﬁom

Thcy di _mtn' the mud leavmg small openings for breathmg and can. remain m thxs state for _
~at least SiK months during aestwatmn " -

. Remams of cyhndncal burrows found assoclatcd ‘with dlpnoan Bones show that this habit of
acstwat:on has becn adopted by the group at least smcc permlan tunes L '

| .Thc lung ﬁshes have bony cycimd ‘scales which dlffer among_gcncra j'but their, ré_l_éitionshiﬁ :
w;th the ancxent cosmmc scale seems well - cstabllshcd ) R .

Dcrmal ﬁn Tays occur, The palrcd ﬁns hmwever unhke those of any othcr ﬁshcs are constructbd
‘on biserial plan That is each ﬁn has a ]omted bony ams beanng pre and post --axial rad:als

' The notochord 1§ pemstent There are no vertebral - centra and prunary.wamnm -pe'rsis’ts with

" httle osﬁﬁcatmn, bnt with” a numbcr of investmg bones o

'.lere arc fom .to ix ; c‘aralagenaus branchla! arches. The ds:rmal ﬁu rays ‘are. slemder more
- or less-ossified” fibres and are- supported by numerous. carhlagenous or ossified pte,r}@ophore,s _
o _'I‘he cauﬂal ﬁn is ‘Bfien. apparently d:phycercal Thc pec:oral arch s a s,mglc camlage w:th a "




.pmrofsupcrﬁaalmvemngboncsmeachsndeThepdmarchmweﬂdevelopedand -
camlagmous.'l'heglﬂsarecowrodbyanoperculmThcrelsdcrmalskeletonfomedby_.'
_ hlappmgcyclmdscales.'l‘hehem‘tlspecnhar The.at:rmmand sinus vcnosus are. each '
lmpctfecﬂydmdedmtotwoparts :

. The little contrazhlc conus arteriosus which-has a spirally tw:sted form, is partly or oompletcly :

divided by a longttudmalpartltmn. '

- A pulmonary artcrylsgwen offfromthc efferent branchial systcm on each side, and a
pu]monaryvemopensmtothclcftdmsmnofthcatnum.

The jaw suspensons is autostylic. In the gut there is no distinct stomach and the mtestmc is .
with a spiral value. The food consists of smalt: mvertebrates and dccaymg vegetablc mattcr, :
which is- eaten in large amounts.

"The central nervous system is with a well devcloped brain. the pan'cd oviducts open antenuriy
into the coelom, and in male, vasa efferentia carry sperms through the. excretory tubules of
the mesonephros. :

The three surviving. genera of lung ﬁshcs are mainly. inhabitant of rivers (1) Piotopterus from
tropical Africa (2) Neoceratodus lives only in the Burnctt and Mary nvers in Qucensland of .

Australia. (3) Lepidosiren form the rivers of tropical South America. Thus they cxh1b1t_ o

discontinnous distribution being conﬁned ‘to smail molatcd regions.
Neoceratodus (Fig 101 A) -
1. Found in the stagnant pools or water. boles of thc rivers of the Australla

2. It does not acstivate and is said to inhabit only permanent waters. It resorts to derial
. respiration when the water beoomes foul in dry scason. It dies if removed from water.

3. About five feet in length. .

4 The scales are of cycloid type. |

5. Five pairs of gills slis |

Paired fins are lcaf like. _
The male does not posscss vascular pelvic fﬂaﬁeﬁt_s. |
Fin rays are well developed (a:chipthgia)

IR T )

9._- A.lr\bladacr smsic (lung) (Monopncusua)
10 Kldneys dre more elongatc -
~1L, Larva is devoid of external gills. -
..epadmm [Fig 10.1B) o
1 FomdmswampsofAmamnandParaguaybaﬂnofSouth Amcnca,

2 It aestlvales dunng the dry season in borrows, constmctcd fm' thc pnrposc The entrance
ofthzbunowns phlggedwnth a-mud stoppcr ventﬂatcd byseveral round,holes

..~ About four feet in le,ngth.




. F'g. lﬂ.lbmgﬁshes.A Neacermodw B. Lep:domc hotop.'m&si Mouch.Eye&Latcralhnetl Caudal fin
- » 5. Pelvic fin 6. Pectoral fin? Opetculuma Dorsal fin, _

4, _‘The swies:.. e of cyclo:d type and very small,
5. Fwe. pairs of giﬁ sllts. _
6 Palred fins are redueed to styhform appendagcs. ‘
7 .Dlmng brwdmg season the’ pelmc ﬁns of the male develop aoccssory gllls

8. - Fin rays are reduccd

9. Axr bladdcr double (ltmgs) (Dlpncustla)

.. 10.. Krdneys are not so elongatc. _ o

11. Larvapcsscsscsfourpm:sofmrnalgﬂls o | o
.'Pmtapm(Fig 10,10 o
L Foundmswnmps near nvcrsofceutral Afnca.. _
2. Italsoacsuvatssdunngthcdryseammawcom,pe:foratedbyahole
'3.'Abeutﬁvc£eetmlcngth Aspmmcnofsemnfeethasalwheenrecorded.
4, -Tﬁem\mdcyckndl;ypem vasmail.




5. Four pairs of gill shts.

6. Palrcdﬁnsarereducedandarclongandﬁlamenthke
7. Male does not possess vascnlar fitaments on pclvlc fins.
8. Fin rays are absent. _ ' '
9. Air bladder double. (lungs)

10. Kidneys are not 50 elongate.‘

11, Larva possesses four pairs of apparent external gdls

In some species, vestnges of thosc may be found in thc adult just above the Opcnmg of

the opeculom.

103 AFFINITIES

'Dlpnm are a group of remarkable fishes that show affinities with bony fishes on thc one hand
and with the amphibians on the other. :

10.3 1 Resemblance wnth Amphibla

1. Dipnoi are capablc of living in. marshy plaoes and possess pulmonary respnratlon for
- . living in addition to the gills.

2. Larvae of Protopterus and Leptdoswn posscss external gllls and can be comparcd with

“the tadpoles of frog.

3. ‘The ‘heart of Dipnoi resembles with that of an amphiblan in hzmng two auncles, and a
' conus divided by a 1ongltudmal valve. '

4, A pulmonary artery and a pu]monary vem are present

5. An inferior vena cava-and an anterior abdommal vein are prescnt as in amphlbl,ans B
6. A pair of external nostrils are present and open into buocal_ cavxty.

7. Jaw suspension is autostylic. - B s

8.~

The brain resembles that of the amphlblans in t.he structure of the ccrebral hemlsphcrcs
and a small cerebellum. .

More over -aniphibians differ from Dlpn01 in the absence of scales and in Tays and in possessing

_ pcnmdactyl limbs.

1032 Resemblence with Crossopterygli ,
_ Early Dipnoi resemble closely to the primitive “Teleostomi in gencral structure. Both' possess

similar lobate fins, a layer of cosmine on the scales and power full paiatine and splenial tecth_

.TheyahoresemblcActmoptczygumthcstructurcofthepwedfms,_sgalesandfomand
function of the air bladder.




1033 " Primitive Characters of Dipnoi

 a contractile onfus, a diphycercal tail and a spiral valve in intestine.

A number of éﬁaractcré of Dipnoi may'be considered ‘as primiﬁvc, such as presence of cloacd .‘

_10.3'.4 Secondary and 'Spécialisedl Characters ; R o '\
1. | Neufocraniym is cartilagenous with no ossification, N | '
2. Maxillac and premaxillae are absent ﬁ@ the skull
3 Anteﬁof vert_cbra_le' are fused with tht;. skull.
4. Dentitio is peculiar and is in the forn of tooth plates.

5. Lungs are dorsal in position.

104 . ANCESTRY

Thus D:pnm constitute a very unstable group of animials which although fish like in a number
of characters possess certain features that are not present in any other fish but are found in

Amphibia. However they do not appear to be related to Amphibia and can not be included _

in that group. _

Accordinéjo J arvik (1955) Dipnoi shiow structural resemblances with Placoderms, Elasmobranchs
and Amphibia as much as with the Crossopterygii but a closer affinity with the latter has not

been established. According to Romer or the other hand lung fishes and the Rhipidistians

.of the Crossopterygii are clearly derived from a common ancestor.

Modern Dipnoi, thus appear to be a group-that has not undergone much change during the

long period of its. cxisténce after the permian times. It is true that they are not ancestral to -

Amphibia but the ancestors of these two groups were possibly derived Trom some common

stock. Dipnoi are therefore of great significance and help in tracing the evolution of terrestrial

vertebrates.

10.5 SUMMARY

The lung fishes share the characteristics of fishes on one hand and that of amphibians on

the other. It appears as an off shoot of devonian crossopterygian stem. They afford best

example for discontinuous ' distribution and are ~considered as degenerate specialised forms.

Protopterus and Lepidosiren ‘have two ‘lungs while Neoceratodes. (Australia) has one lung.

Larvae of Protopterus and Lepidosiren possess external gills and resemble frog tadpoles. They
also resemble amphibians in having 2 auricles, a .conus arteriosus, brain and autostylic jaws.

Cloaca, conus, diphycercal tail and the spiral valve are some primitive features, Absence of -

‘maxillac and premaxillac, fusion of vertebrae with the skull and peculiar dention in the form of
tooth plates, and lungs being dorsal in position are some of the specialised characters.

Cew




106 MODEL EXAMINATION QUESTIONS =

L Answer the following in about 30 lines
1. Outline. the general characters of Dipnoi.
2. Discuss the affinities of Dipnoi.
I Answer the following in about 10 lines.
1. Describe the lung fishes.

2. Protopterus
3. Neoceratodus

4. Lepidosiren

5. Specialized characters of dipnoi.

10.7 GLOSSARY

Barbel
Continental shelf ~ -

Plan_kton

A small process appended to the'mouth-of'ccnain fishes
Projection of the continental part into the sea

A narrow arm of the sca at the mouth ofa mer, up which the tides penetrate
twice daily '
Floating or weakly swimming orgamsms m aquatic environment, prlmarlly
Microscopic

Situated near or on river
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'1L1° OBJECTIVES

To explain the characters of amphibians, to classify them and to give the diagnostic characters
- of some important amphibians found in South India, - :

112 INTRODUCTION

derive their name from the fact that they spend most of their carly embryonic

life fn ‘Wedter and the adule fife on land. This statement however is not fruc in all respects.
There are a féw species in amphibians which spend their whole Life in water alone, while a
tew others lead the carly embryonic life without water. : .

- Amphibians are the first tetrapods that have. colonized the land. They originated during the Y

Devonian period of Palaeozoic era. The climatic conditions during this period dre said to be

- unstable and there were periodical droughts which resulted in the frequent drying of pools.
This situation forced some of the animals to exploit land as habitat. The uige to avoid

predators in waters, search for alternative sources of food and shelter are thought to be the

othet important factors that have Ied to the origin of amphibians. -

113 ANCESTRY

Amphibigns are thought to kave originated from the rhiphidistian fishes that ved during the

Devonian period. The early tctrapods and the osteolepid fishes belonging to rhiphidistia share
number of characters. Chicf among these characters are ' : '

@ the structue of skul |
‘() the skeleton of limbs (Fig. 10.1)
(i) the structore of teeth and




\ . . B .
Fig. 11,1 Fore imb skeleton and pectoral gindie of (A) Osteolepid and (B) Primitive Amphibian. 1. .

Supracleithrum 2. Scapula 3. Homerus 4. Radius 5. Ulna 6. CleitBirum 7. Clavicle 8. Intexclavicle. '

Lungs are present in lung fishes (Dipnoi) but Dipnoi are considered to be too sepcialized
‘to be the direct ancestors of amphibians,

Having orginated in the Devonian period amphibians were the only vertebrates ‘that have lived
on land upto carboniferous period, when the first reptiles are believed to have orignated.
. They exhibit much diversity during this period, most of them have now become extinct. The

modern amphibia are represented by three living orders, the Urodela {or Caudata), the Anurg

(or Sali?.ntia) and the Apoda (or Gymnophiona).

taS

114 GENERAL CHARACTERS

Amphibians are distributed widely in fresh waters and on land. They are conspicuous by their
absence in marine waters. ' :

1. Amphibians are distinguished from the fishes by the absence of paired fins and instead,

they possess pentadactyl limbs (except in Apoda) although in a few species the number
‘of digits is reduced. . : : -

2. Like fishes and reptiles they are poikilotherms ie., their body temperature varies with
that of environment. :

3. They possess gills for breathing during the larval stage; but in adults, the lungs take over
the function of respiration (there are however, a few species which retain gills even in
adult life). : ' : :

4. The skull is autostylic, ie., the hyoid arch which is fully functional in the early teleostean
fishes becomes broken up and the upper hyomandibular becomes converted into columella
auris, and lies betweeen the inner ear and the tyumpanic membrane.

5. The skull is flat and the number of skull bones are very much reduced in modern
amphibia, particularly in Anura: : :

‘6. ‘There is no secondary. palate in the skull and the internal nare open far forward in the

mouth. '

7. The teeth, when present, may ‘be present on prcmazdﬂary, maxillary, palatine, vomer,
parasphenoid and dentary bones. o o :

3. Skull with two occipital condyles articulatcs with atlas, a ce ical vertebra.

i
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- 11

12, _
. dorsal side of the heart and opens into the right auricle. The oxygenated bloed is broguht

- The number of vertcbraé varies from 10 in Antira’to-approximately 200 in. Apoda. The

vertebral column is divisible into four regions, namely the cervical, the abdo:mnal or
thoracolumbar, the sacral and the candal vertebrae. The cervical and sacral vericbra is
usnally one, but the abdominal and the caudal vertebrae variable, ' :

Sternum appéar’s for the first time in amphibians and the ribs are poorly dcvclopéd;- |
The muscular system also present a typical feature in amphibians. Many changes in the
apaxial muscles and the appendicualr muscles also take place which help in the 'locom'otiqn
of animal on land. - : . o : e

Heart is three chambered, with two auricles and a ventricle. Sinus venosus lies ¢n the

| to the left autricle by puimonary. veins. -

14,

16:

7.

18.

. excretory duct, |

The type of _ cmcnlatlon is double’ circualtion, The cdursg of circulation'_can_.bc_ depicted’

as follows. '
! _ Systemic veins <
— 1 .
Lungs - | Other body parts

- Digestive systemn is smiple ‘and consists of buccal cavity, oésophagus’,. stomach and intestine

and rectum which opens into the cloaca. The mouith contains only mucous glands. Liver
and pancreas are the chief digestive glands associated with alimentary canal, - S

' Respiration is carricd out by gills in the younger stages of Life-history ie., in Tadpoles.

They are fiulamentous structres covered with a ciliated evithelium and are covered by a
fold of skin, tﬁ:;- opcrculmn. In sam_c"-ur_odc!cs_thc gills are retained even in adult

- stage

Lungs are the chief reépiratory organs of adult amphibians. They are sac like strucutres either
with smooth ot folded inner surface. The upper end of trachea in frogs and toads is enlarged to
form larynx or voice box. : g —— S o

The kidneys arc mesoncpheric the functional kedney of larval and adult fishes and also
amphibians type. The archinephric duct in many amphibians acts both as genital and
.G‘pnads dre pamcd strudurcs. In fcmales ihc oﬁduéts transport the ova. to outsldewhch
In’ males the archinephriducts help in carrying sperms to cloaca, Fertilization is external

“and there ire no copulatory

Brain is basically like that of fishes, The cerebial hemmhpems are slightly enlarged and
the cercbellum is very small. Pincal body is found in all amphibians, but the pincoal end

__qrggn.orparicmlbodyi_sfoundmlyhannrm'frheiearegqu'lﬂpaireso{aanial'




. onbsonsmganmvnmmasdomwhchmmmgmaumofnasalpassagcandm
' ,hnedwuholfaaoryepnhehumappeuﬁmtheﬁmtnmemamphibmns,uhelpsmthc
tasting of food.

I‘heamphib:ancyelsbamcallyhkcthat of other vertebrates. Lacrimal glands are poorly
developedbutthecyelskcptmonstbyanoﬂysecrcmofﬂardenangland

21 There is a considerablc variation in the auditory apparatus among. amphibians, while the.
salamanders and ncwts lack a middle ear, the anurans possess them. Columelln auris,
- which is a modified hyomandibular helps in the transmmission of sound waves from
tympanum to inner ear in frogs and toads. Thctympamccantynsconncctcdw:thpharynx

by means of custaclmn tube. -

22. The skin of amphibians is important in both respn'anon and protecnon There. are a
mumber -of mucuous glands which help in the lubrication of the body and keep the body

“moist for respiration. Some amphibians, especially the toads contam, poisonous gla.uds in
thearshn,whlchhclpsmprotecungtheammals

'11.5 CLASSIFICATION

It is very dlﬂicult to _classlfy amph:blans. Different authors adopt d:fferent methods of
classification. The elassification given in Parker and Haswell, revised by Marshall (1974)
recognizes (wo sibclasses, the Apsidospondyli and Leposondyli. It includes the living order
Anura under the Apsidosporidyli, while Urodela and Gymnophiona are kept under the
subclass Lepospondyh. This classification is based on the assumption that the three orders
have a diphylctic origin. Recent studies however, indicatc that the three orders must have .
evolved from a common ancestor (monophylitic origin) and a separate subclass Lissamphibia
is created to include the three modern amphibian orders. Romer, whom Parker and Haswell
quotes extensively, in a rccent book on the. vertebrate body (Romer, AS. and Parsons, TS
1977. The Vertebrate Body) has recogniszed the monophyletic origin of these three orders’
andaooeptsthe ca'eauomofﬂlcsubclass Lmamphﬂuatomcludcthehwngorders.

In order to avoid major confusion and detailed discussion on the divergent views on classification,

we shall deal with the classification under two scparate heads, the extinct and the modern

-amphbia. :

1L.5.1 Extinct Amplnbla

The extinct amphibla, which flourished through Devonmn to Carbonicrous penod are grouped

under two subclasses, the Apsmdospondyh and the Lepospondyll.

Sub Class : Apsidospondyli _

1 'Amphibmnsgmupedundcrth:ssub-dassare oonslderedtohavedenvcdducaly&om_
the crossopterygean ancestors. ' . _ ) :

2. There are two units of centra, the antermr intercentra and the . postcnor gplemoccntra.

3 Th:s subclass is represented by supcr order labyrmthodontm.

Super Ozder-uhyrinthodontia

1, ThcmmeLabymﬂhodontmmdcmed&omthestmdmsofteethwhchhavepmmcnt-
md:atmg mﬂoldmgs of the’ cnamel surface (Fig. 10.2) : _ _




!’ig. 11.2T.Sol’aToothdlMMm

r A mwmmmmmwlmmwmmm '
_-mhmﬁcwﬁmon,mlhnmospmdthhchmmplmntedbymmmd
Stercospendyli the - second, - Anthrocosaurs which are represented - by embolomeri, and -
'Smwﬁmorpha, andhavegmnmeultmatelytotherepnles o :

* Order-1: Ichthyostegalia

"meur@mwwmmmmmkmm and.rcwmw' s
Ihoymthcwhestknnwnmphibmmshnmgmmuschmdmmmmdﬁﬂm- _
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Order 2: Rhachitomi

- Thmmdermtepmscﬂedbymcma&wszheyhavcrhachnmmwbme(ﬁg.ﬂs. N
- O, T‘heyﬂomhed'durmgthchrmanand’nmpem '

Order-3: Stmspondyﬁ

- ‘These arose from. Rhachitomes, 'l‘heyhave undergmncgmeraldegenerahmandhavcretmed:
to water. They have stereo@pondylous vertebrae (Fig. 113 D). The order is represented by
threeamnagenera,Capimm C)mlorosmmandqu:m :

| ﬁ;azamammmmmnmnwcm@
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Orderthmhnlomeri _ .
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Order Seymounamorpha

Seymonnamorpha is anaherrant order showmg mosaic evoluuon It shares number of
characters with Repnha. The recent trent is to inlcude this group under reptiles.

Sub class : Lepospondyll

centrum _of this sub-class has originated by the direct ossification of embryonic notoched.
These animals appeared in the Carboniferous period but disappeared in the Permian period.
The . sub—cla.ss eonsnsts of three orders namely 1. Aistopode 2. Nectridia and 3. Microsauria,

" Order - I : Aistopoda

They are represented by small - snake hke amphibmns that lwed dunng the carbomferous '

periodie.g. Ophiderpeton.
Order - 2 : Nectridia

Sauropleura and Diplocaulus, which lived in the upper Carboniferous . period belong to this
group. They exhibit a number of primitive characters. They share many characters with the
primitive labyrinthodonts. Only their vertebrae resemble those of Lepospondyli.

Order-3: Mlcrosauna.(Adelospondyll)

Animals grouped under this order are often referrred to 'as Permian urodeles Lysophus is a®
well known example of this group. It had an mcompletely roofed skull, and had lost the
circum orbital bones. This speaes is considered to be a near relative of modem Urodeles
by few authors.

1152 Modern Amphibia' |

All the living amphibians are grouped under one sub-class the Lmamphibra which is represented _

at present by three orders as follows :

! 1. Anura (or Salientia)

2. Urodela (or Caudata) and

3 Gymnophrona (or Apoda or Caecllha)
Order : Anurn (or Salientia)

1. The frogs and toads bekmg to thts order.

2. 'l‘heoidestknownfossrlsbelongmgtot]nsorderrsi’hadobazmchuswhrehwasfoundm

~ lower Triassic period. \ _ _

3. The muscular tail which is the chief organ of 1oc0mot10n in fishes and other amphrbians
i$ completely lost in the animals belonging to this ‘order and the order derives its name
from tlus character (Anura - without a tail). -

4, Thebodyrsgenerallyshort

5. The hind legs are Yong and powerful. They are useful for leapmg movement of the animal
-on land and water and also help in swimming. The forelimbs are relatively short and
oontam four dmglts ' - o -

Members of this sub-class are charactenzed by the presence of lepospondylous vericbrae. The

i



5 _Skmlsantmportantrcspxratoryorgan msomespecwse.g.Dcmwmaﬂms theskm

. Vertcbrac are fe,w m number and an: :
- flexing of thebody _ o
7. The skull is broad and._ ﬁaimth ‘a relatively”

Sy fused. They do not allow the lateral

. 8. Tympanum mvcxy large -_itflidi'-the columela auris counects it with the inner ear,

9. - Adult spct:ies are carnivorous and some can captni-e' the lérge prey as big as the mouse.

10. _Theu'mkofafmgortoadlscharactenmcofthespccms Itlstheprmapalwayof-

_lor.thngthescxpmtners.

11, Reswauonmthclmmbygiﬂsbutmadultsntubylm Shnalsomdsmthe

1 Theshnofsomspedeshupommm mchhelpsthemmavmtﬁmpredamrs.:_ -

Examples Rm Wa, R heradaayla, Bufo, Rhampﬁoms, H_wa Fig114

Fig. 114 A. Mmhm B. Rmhgrma -
Order; Urodeh (ét Candnta) _ e . = I
1 This ordermcludmthe largest llvmg amphibians Lke the giant salamanders of China and

2 They contamtaal in the 'adu'l't"étige,'.thc skin is scaleless.
3. -Thehmbsareshonandwcak.'ﬂwforeandhmdhmbsarc equaxmlength.
4 Bothwa!hngandmmmngmovemcntsofth&semmlsampcrfomedbythehwral"

_ undulations of the tail,

beeomestheonlyresplratoryorganandthe!ungsarclostaltogether

Empk Saianmm macu!osa,
A-D) '
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2
3,

Fig 115 Some ‘Umdels A, Salamandra maculosa B. Amphiuma C. Proteus D. Amblystoma carolina 1. Fye 2.
Fore limb 3. Hind limb 4. Tail 5. External gills 6. Vestegial fore limbs 7. Vestegial hind fimb.

Order Gymnophmna (or Apoda or Caecilla)

They are found in tropical and sub-troplcal regions and are oommonly known as caecﬂlans

ITheyhvemdampplaccsandburwwsmsuxfaccsoﬂncarstrcams

They lack limbs compeletely and the eyes are verg much rednoed and beoomc funcmnlcss.

Thehodylsooveredwnhasealytmnswrselywrmkbdshnmwhmharecmbcdded
numemussca]esofbonvplates.Thchcadassmmlybmltandhclpsmbummng. '

The tympnmc membrane. and- thc tympamc cavity are _absent__.
Thctmllsabsentorrudlmentary o

. The notod:m'd pemsts ta great extent and the vertebrae are amph:coclous.




9

10,

11.

- '--Durmg metamorphosxs the tail ﬁn and gill slits are. lost.

¢ Lithb giedles and. limb 'skexetan" are absent.
Skall - has a complete bony roof

Male possesses pems for copulatlon Fertlhzatmn is mternal

In Spet:les which are vmpamus, the development is. internal and as many as nine ym.mg-'
ones are given out;. when hatched they have a pair, of gill slits and no external gills, and
the -tail fin is well developed. Thelarvaswunsaboutmthewater]ikeaneelandthe
larval penod is long .

: "wE:lkﬁxples Ichthwphts g)‘unnata (Fig. 11, 1) Umeot)phius menom and Gegmoph:s camosiis.

- PRIMITIVES REPTILES

. tzlw_smun\ru _ . .
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116 SUMMARY

The amphibian origin, general characters and classification with Indian examples are discussed
in this unit. Amphibians are the first tetrapods that have colonised the land during, the
devonian period. The early tetrapods and the osteolepid fishes (Rhipidistia)- share number of
characters viz., in skull, limb skeleton, teeth and lungs. Amphibians are poikilothermous, naked,
- gill less, dicondylic tetrapods. Sternum appeared for the first time. Heart is 3<chambered with
double circulation., Salamanders and newts lack middle ear while it is present in anurans.

'The class Amphibia is divided into subclasses Apsidospondyli and Lepospondyli to inchude
all the living amphibians advocating diphyletic orgin. However, recent studies  support
-mmophylcucancestry(komer&Parsom,1977)thusmcludmgallthehvmgamph1b1ansm _
one subclass Lissamphibia,

1_1.7 MODEL EXAMINATION QUESTIONS

L Ansmrthefélldwinginabonfﬂ]lines
" 1. Describe the general charactcrs of amphibians

‘2. What do you know about modern amphibia ? Add a note on thc general characters .
of Gymnophiona. :

1l Answer the following in about 10 lines.
1 Desm‘be the ongm and evolunon of amphibians.

W]:at are the major amphibian specics found in your locahty 7 ldcntlfy and give their
diagnostic features.

Autostylic
Poikilotherms
Urodela
Scymouriamo_rph# :
Lissamphibia.

g
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118 GLOSSARY

-~ Amphicoelous " i Vertebrae hav:ng both thc anterior and postenor faces of the centrum.
B : _concave. -
Archinephric duct : Duct into which proncph.nc tubules open.
Double circulation : Thctypeofc:rculahon,mwhlchthchcartpmducestwocuculauons,thc
' pulmonary circulation to the Iungs and the other, the systemic circulation,
which supphss to thc body parts _ _



B Diphyletic. : 'Des . i b stz cantralg-oupsofdualorlgm

Embolomerous - (Fossﬂs of ‘most primitive lamd vertebrates) They give the emdence fur- .
I - double centrum in each vertcbra.
. Metamerical : The extemzl segrmentation mesponds to an mternal division of the body
g ' into similar parts.
- Opisthonephric . Kidney which consists of meso and metanephnc series of tubles,
Osteolepis - : These are extinct bony fishes, ’I'hey lie close to the line of descent from some

: : . placoderm ancestor to both the lung fishes and amphibia.
 Phylogeaetictree : A graphic represcntauon based on closeness of evolutionary dmm :

+ Stereospondylus + : In modemAmphilmthehypocenh‘umhasbwomcthemamcmtmmand -
U -pleurocentrum is reduced or lost. Such vertcbrae arc known as

. o stereospondylus.
Stérnum - ;  Breast bone of vertebratcs to w]nch ribs are aftached in hlgher forms.
'IEtrapqd : : Four footed ammal
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- Unit-12 REPTILIA- GENERAL CHARACTERS

AND CLASSIFICATION.
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121 OBJECTIVES

“To introduce the reptiles as successful land vertebrates and their _organis‘éﬁon.

122 INTRODUCTION

" Tortoises, Lizards, Snakes and Crocodiles are classed together as Reptilia. About three hundred:

million years back reptiles arose as a group mu h betier adapted to land life. They had

~ sprung from the primitive amphibian stock. The factors responsible for their success upon

land and significant advances over amphibians- and - fishes wete: "typical pentadactyl limbs

which could support the weight of the body on land; dry and scaly skin which helps in .

conservation of water to preveat evapop'atibn in air; use of lungs as the qnly respiratory organs
and acquisition of foetal membranes during embryonic development which afford protection
against injury and desiccation on land besides nourishment’. R

123 GENERAL CHARACTERS

As the first full land-living vertebrates, the reptiles exhibit many characteristics which are

closely related to amphibians on one hand, birds and mammals on the other hand.

The reptilian skin is dry, rough and non-glandular typically covered by cornified epidermat
scales or scutes. _ o _ :
Limbs are perfected as efficient walking legs in all respects. They raise the body off the.
ground and support it fully. - : ' ' .

_Reptilian breathing system is constructed on par with birds and mammals being stricty air
‘breathers. Air is supplied to the lungs through trachea and bronchii via nostrils. :

ey pae Ak



© The ‘heart is impérfectly four-chambered with fwo auriclés and a partially divided -vent_ri'cl_e:.
In crocodile, however, the heart is completely divided into four chambers. The arrangement
keeps the arterial blood sgparated from venous. Three pairs of ‘aortic arches persist as in
amphibians. Red blood corpuscles are nucleated, biconvex and oval. Théy are cold-blooded
or ectothermic (Poikilothermic)... .

The shape of skull varies greatly in different reptiles.It is hinged upon' the fitst vertebra by G

" a single occipital condyle {(menocondylic). A pineal foramen generally penetrates the roof of
the skull. The eyeball is surrounded by many sclerotic bones. The parasphenoid is reduced
or absent on the floor of the skull. The number and precise location of openings in the
lateral region-of the skull known as temporal fenestrae or fossae serve usefully to classify the
group. - , _ N o

In the most primitive forms, the roof and 'sides of the skull are entire, the anapsid condition” _
which persists in turtles. In a diapsid skull two pairs of lateral fenestrac present. This type -
is present in ail other surviving reptiles. The skulls with a single pair of fossae, the synapsid,

’ . and parapsid, are no longer in existence. From the former group the mammals arose, Basic

division depeading on temporal fenestrae is outlined in Table-I and illustrated in Fig. 12.1.

Reptilian skull exhibits two tendencies: the reduction of unnecessary bones and the development

of temiporal openings in between parictal, postorbital, squamosal and jugal bones. These =

openings not only lightén the skull but also serve for the attachement of powerful jaw muscles

- on their inner surfaces (Fig. 12.1). - : o '
S 2

Fig 12.1 Basic skull structure in Reptilia A. Anapeid. B. Synapsid. C. Boryapsid. D. Diapeid, B, Pacan 1. Orbi

' " 2. Postorbital 3, Squamosal 4. Tempma_l'fm 5. Temporat fossae 6. Supmtempt;'::?‘ 7 Postfr?:dtal o
The adult reptilian kidney is metanephric.and is capable pf producing a highly hypertonic,
- Water ‘conserving urine, the wricotelic excretion. Terrestrial reptiles excrete a semisolid uric
acid, and aquatic forms, urea. o : ' . ' g‘}




Tl?e central nervous system_is advanced in possesing a Iargccercbrum in bram fmm wh:icl.:: )
arise 12 pairs of cranial nerves. The eyes are. notably advanced to distinguish colours, at least
in lizards, : | ’ ST e

. Malc reptiles, in general, pos_sqss an _in't'romittent orgaﬁ, a peénis either single (Crocadiles) or
double (Lizards) for the purpose of internal fertilization. ' ' )

Table - l_'i‘eporail' Fenestrace of Reptiles

. Temporal Fenestrae -

Condition of | incipa Gro
dall Nl.\mbgr Arrangement Frincipal Grpupjs
Anapsid None .Solid ‘roof to skull © Cotylosaurs, Chelonia -
Synapsid One Low behind the eye with Pel-ycosauriaﬁs and
~ postorbital and squamosal mammal-like reptilés
meeting above. - : '
Parapsid One - High behind eve, usually with Protosaurs and sauiopterygiéns

postfrontal and supratemporal
meeting below '
Diapsid Two Postorbital and squamosal ** Eosuchians, ‘Rhyncocephalia,
usnally meet between them dinosaurs, Pterosaurs;
g Squamata, Crocodilia

Reproduction  is bﬁaparous (Snakes). Large shelled eggs coniaining a hcavj* store of yolk
are laid on land in burrow. A few lay leathery eggs. _ o

Cleavage is meroblastic and the embryo is protected by chorionic, amniotic and - allantoic

membranes. The lafter acts as an embryonic respiartory organ. -

124 CLASSIFICATION -

The skull and teeth are mainly utilised as criteria for classifying the reptiles. The temporal
region of the skull as stated earlier is considered as the basis for the purpose. The classification,
as adopted by Parker and Haswell, has been folowed here. . . :

* 124.1 Sub Class Anapsida

These comprise the carliest pmmtwc forms of Carboniferous period. The temporal region of
the skull is not perforated. This subclass is divided imic WO orders ! ' '
Order - 1 Cetylosauria, the oidest stem reptiles which were closest 1o the ecacly amphibians.
They had bony skull with poorly developed jaws and testh. All these became extincl. €&,
Seymouria, with single occipital condyle and imperforate roof, may be regarded-as a fink
between amphibians and reptiles. ' s ST e

Order - 2 Chelonia, ate an darly "6ff$ﬁoot__ of cotylosaurs whicj_: are liviﬁg now. The temporal
region is complete withon_i_t true fossae. The body is enclosed in between fhe earapace and
the plastron which originate from horny epidermal scales outside and dermal bones inside.



A.‘}crtical_ anﬁs '_and. absence of tecth are most striking features. _

Jestudo is a land tortoise fbi.md' in India and Sri Lanka on dry grassy _'piaccs.' On its. plates ‘
of carapace are large yellow stars (Fig. 12.2). . ° . o -
Tronyx is a. turtle fmm& in rivers of India. Its olive carapace is disc like and plastron yellow
both covered by skin. Head has a pointed beak and feet are webbed (Fig. 112 B ).
12.4'.2.; SubClass Iethyopterygia -~ = - ‘ | .

* This subclasSmciudbs éxt_ix_lct reptiles which 'l_ive'd in waters. Their body was ﬁsh-]ikc_and-'skg]i

. possessed ‘single fossa. These reptiles ‘are grouped inito two orders; the Mesosauria which

lived in fresh water lakes, had stronger hind limbs. e.g. Mesosaunis. The Icthyosauria were
maripe whose limbs were paddlc like. eg. Jethyosaurus. ¥t was a fish like reptile, without a

. meck, reached 3 length of 30 fect and possessed a dorsal fin.
1243 -S_ub Class Synoptosauria o _ _
This sub- class 'coﬁic,i_sts of extinct aquatic reptiles with .2 single’ wpper temporéﬂ fenestra, The
" group had mch diversified forms. It comprises two orders: the Protorosauriacharacterarised
by amphicoslous vertebrae and lizard ke appéiranceog. Araeoscelis. . o
. :“ Qrd_‘gr_-saarqwa embraced aquatic rcpliles..ﬁhit:h ai_iainqd more than 40 fect length,
Flattencd body, paddied limbs and. leng narrow neck bearing a small head are somne remarkable
features. &g, Elasmosaurus.. ' x ' . -




1244 Sub Class Lepidosa_uria |

Representatives of this sub class primitively po_s'sess.a_ diapsid Sk'ull, typically with two '[e'mpo,g,;--
fenestrae an upper and a lower, which in some cases, have become reduced. Out of its three’
orders, all members of order Eosuchia became extinct.. The fos_sil'é of Youngina show much

primitive - condition.

Order Rhyncocephalia has the lone example, the Sphenodon (Hatteria) which represents this
ancient group (Fig. 112 C). It is lizard like confined to coastal islands of New Zealand. 1t
grows to 2’ length lives in butrows. It is nocturnal and carnivorous, feeding on molluscs and
small vertebrates. Its vertebrae are amphicoelous. There is a sternum and many abdominal
ribs. A parietal foramen contains a non-functional median eye covered with scales, is believed -
to have been an important sense organ in early forms. The anal opening is transverse. No-
copulatory organ in male, Due to its primitive features of eosuchnian ancestry it is considered

. as ‘living fossil .

Order Squamata cmbraces the most suocessfﬁl living reptiles. In this group the skull has fost
either ope or two temporal fossae secondarily. The former have been included in sub-order
Lacertilia (Lizards) and the latter in sub-order Ophidia (snakes). The skin is covered by horny

. epidermal scales. The skeletal pecularities being, vertebrac nearly always procoelous, simple

" ribs, two vertebrae form the sacrum, if present. The quadrate is movable and articulates with
.skull. The teeth are acrodont or pleurodont. There is a transverse cloacal aperture and in
_ males a pair of eversible hemipenis. - -

Sub-order : Lacetilia The modern lizards Jive in diversified environments, On land, trees and
in water. They posess well developed limbs. Mouth opens to a moderatc extent as mandibles
are fused anteriorly and palaté bones are fixed. $upra temporal fossa is complete. Eyes possess
both eyelids and-a nictitating membrane. A tympanic membrane stretches over the duditory
aperture. Some important examples are given below.

‘Hemidactylus (Fig. 123 A) is the common gecko (Wall lizatd), the  digits of which are

provided with adhesive discs or pads for creeping over the ceilings in an inverted position. ~
The transverse rows of lamellae in ‘each disc, which by pressure create vacuum and make the
animal to adbere firmly to the surface. The Geckos break off their tails when chased, by
autotomy a mechanism to €scape keeping the epemy busy looking at its wriggling cut off tail.
A new tail regenerates. Geckos are the only squamata that lay hard- shelled egs.

Calotes is a garden lizard common throughout India. A detafled description is prcscntcd in
unit No. 12 . .

R Draco, known as  the flying lizard or Dragon (i"ig. 12.3-B) is found fndia, Burma and

Malaysia. develops a skinfold; the patagium, between limbs and the body 'sup;‘)or'tcd by 5 or
6 elongated ribs. The patagium is spread out and used for gliding from a higher to lower

_ branch.

Chamaeléon is .arboreal, distr.ibuted among India, Afnca and St Lénka. Tt has';l”a'tcrally :
compressed body, head bears a crest, eyclids are fused leaving 2 small hole. The digits are

a united and Ahe tail is prchcnsile,' both assist in grasping the branches. A club-shaped tongue

is long and protrusible with a sticky end. It has the power of colour, change, by melanophores:

' controlled by autonomic nerves (Fig. 12.3 Q).

Varapus (Komodo dragon) is the _lérgest among lizards living in Asia, Africa and Australia
wich semi-aquatic habit (Fig. 123 D). Its touguc is very long and forked.

“io




Fig 12.3 Some reptiles A. Gecko B. Draco C. Chamacleon D. Varanus B. Ophisaurus 1. Eye 2. Head 3. Fore limb
4. Hind limb 5. Tail 6. Pad 7, Claw 8. Patagium 9. Gular- pouch 10. Cervical appendages 1. Clawed digits 12.
Nostrll 13 C'lub-shaped tongue 14. Tympanum 15. Rectangular scales 16. Cloacalsplkes 17. Cyhnd-nca] taif 18
-Snout 19, T{mguc

Heloderma, the Gila Monster, mhabxts North and Ccntral America and is tmown

to’be only poisonous lizard. Ophisaurus (glass snake) (Fig. 123 E). Amphishaenia and Anguis

(Blind worm) are- Embless, burrowing Lizards, found in Europc and North Africa, They have

-vest:lgcal glrdlcs

‘Sub order Ophidia E

The snakes are elongated rcptiles with no hmbs or girdles except thelr rudn:ncnis in Pytkon
The slan is covered with scales and outer most layer is periodically shed as a continuous

slough A ‘stermum, urinary bladder, supra temporal fossa, jugals; lacynmais and eyelids are
absent in contrast to lizards. ‘The mouth can be distended greatly as the two rami of the

. lower jaw are held together by elsastic ligaments and upper and lower jaws are: often similarly
_ ]omted by ligaments only. This. arrangement faclhtates t.he snake to mgest an ammal several.'

fimes wxder than its own diameter:

-..'Snakes have no tympﬁmum, custachian tubes or external ear openings. Inspltc of this they'

perm vibratmnstranszmtted thmughthcgroundbyboms ofthc]aw 'I‘hcb;ﬁd mobile -




apd retractile tongue wo;ks as’an organ of smell in coﬁfact wnh certain sensory 'pits' on the
roof of the upper jaw. Locomotion is produced by undulations of the body exerting pressure
on. surrounding objects and pushes the snake forwards. Slipping is prevented by ventral
transverse scales. : Y .

.11_1 poisonous snakes, the salivary glands are modified into 2 pan' of poison glands that opcﬁ |
into specialized, grooved teeth over the maxillae known as fangs. ~ - - :

‘Anaconda and Python (Fiog. 12.4 A) are the iargest snakes. Théy reach 'hmgths of 30 to 35

feet. They are constrictors and kill their prey winding their boodies around.

. Cobras are most advanced poisonous snakes found in Africa and Asia. Théir_ neck can be

expanded intc a hood su_pported by cervical ribs to threaten or warn invaders. Pre-maxillae
bear a pair of poison fangs. Frangs are fixed in position, King Cobras (Hamadryas) are very
aggressive. Common Cobra has spectacular marks on the hood eg. Naja naje (Fig. 12.4 B).
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Fig. 12.4 A Python B, Naja naja (Cobra). 1. Bye 2. Nostﬁl 3. Head 4. Tail 3. Dark bands 6. Toﬁgue 7. Hood 8.
Spectacie mark 9, Body scales 10, Eye. "

In sca snakes the tail and posterior part of body is flattened latera]lj( forming a swimming .
organ. They arc closely related to cobras and highly poisonous. eg. Hydrophis. (Fig. 12.5 ‘A).

Vipers group inciydes poisonous snakes which are confined to hilly areas. In these snakes
péison apparatus is highly developed. The fangs are movable_and sharp pointed which crect
automatically when mouth is opened otherwise tucked back inside the mouth. Vipers have
wedge shaped bead, broader, betind with a narrow aeck region. They are widely distributed; -

~ pitless vipers, found in Asia and Africa possess & pair of remarkable scasory pits between
‘eye and nostril which is sensitive to. temperature changes and helps the snake to detect the

3

warm-blooded prey. Vipers are viviparous. Rattle snakes and pit vipers jare found in America

and Europe. They are totally absent in-Australia. eg. Viperd russelli _(Fig. 12_.5 B), Echis;

Crotalus. K ; _ : _ :
'Banded Kraits, is another small group of poisonous snakes, common throughout India. Its.
poison is more. virulant-than a cobra eg. Bunganis (Fig. 125 C). :

" There are many harmless -and non-poisonous snakes. Such as Pryas (Rat- Smake), D’J’Oph:’s _

(Grass snake), Eryx (Doublc headed snake), and racers which neither possess poison glands




the b1pedal anccstry

nor ccmsmctmg. habxt Thcy are “nseful as dcstroyers of ‘rodehts ‘and small ammals whwh
damage the ficlcl crc)ps unit No 15 dcals in detail about the poxsonous and non- pmsonaus

 Fig 125 Snakes. A Hydrophis B. Vipera ruselli C. Krait {Rungarug). 1. Nostril 2. Head 3. Dark bands 4. Light
bands 5, Laterally compressed tail 6. Smali scales 7. Black spots 8. Fail 9. Eye 10. Large head shlelds 11. Dorsal
hmgonal scales 12. Broad ventral plates

12 4. 5 Sub class Archosazma _

In rcpnlcs which compnse the - sub class Archosauna, the skull is typlcally diapsid. The
interparictal, tabular bones and parietal foramen are bsent. Thee hind-legs were much longer
than the fore limbs. Some forms became toothless almost with horny beaks and their distal
rarsals fiise With mctatarsals As in b:rds, digits are reduced. There was a fossa .on ‘the outside

“of thie lower | jaw between dentary subarigular and angular.. An antorbatal fenestra is aimost

always present in fmmt of the* orbll The sub-class’ consmts of 5 orders. -

Order T hecodontia mlcudcs small aquatic, earnivorous reptﬂes which . developcd such notablc

‘Characters as are found in crocodiles today but. their éxternal nares were placed posteriorly
near the cyes. Possibly with the rise and success of Crocodllcs these were cxtcrmmated eg.
Phytosaurus.

Crocodiles, alhgators .a.::d the:r allies are the largcst rcptlha hvmg today are. plaoed n order

Crocodilia. The skm is covered with boay scuies and ep:dermal scales. The nostrils are at

. thc tlp of the SI_l_()lll frf)m where air passes back info- u_.gng tube made by maxillae, palatines-

and pterygoids all foim 3 mdmgaiate (Mammals). The nostrils are closed completély
when submerged There is a: comphcaxcd pressurc-equalising eustaschian system. Parts of the-

- skull have pneumatlc extensnons from the cavity of rmddlc ear (Bird). Thc tacth are thecodont.

The mternal nares open mto the thrmt progected. bv n-shy valve, Tliis mcchamsm allows -
to kéep open the j jaws under water without any inturruption to “breathing if thc tip of nose
is exposed.

All the four ]nnbs arc uscd in. walkmg but the front once are shorter than hmd mdlcatmg




oo Laterally compressed tail and” wcbbcd feet are used in. swmlmmg

- " The lungs are well developed, having trachea and alvéoles. A transverse partition. separates
off the thoracic from the main abdominal cavity. This is somewhat similar to mammallan
diaphragm but differs in not being muscular. '

The heart shows complete division of the ventricles by interventricular septum. There are two
aortic arches. Although these two aortac cross each other at foramen of Pamzza the higher
pressure in the ventricles does not allow the blood to mix up. :

| o Among living forms there are the crocodiles, gharials, alligators and cajmans The Crocodylus
i ' - (Fig. 12.6) is most wide spread genus except in Europe. It has a narrow snout. Fourth lower
5 : _ " tooth is visible when mouth is closed. Aifigator with its 4th lower tooth fits into’ a pit of
maxifla, and a blunt snout is found in North America and Chma Caiman of Central and .
- : ~ South America is related to Alligator, Extremely long and slender snout is present in Gavialis,
N * the fish cating Indian gharial and Tomistoma of the Indo-China (Bornco Sumatra).
|

Fig. 126 Cmcodyius 1. Nostril 2. Snout 3. Teeth. 4 Eye 5. Fore limb 6. Clawed digits
7. Latcrally compressed tail &. Dorsal scales.

A ~ Members of the order Ptemsauria were f{lying rcptﬁcs in which the skeleton was hght thin

o _ and pneumatic. The forelimb modified into a wing in which the fourth finger was greatly

- ' clongated to support the patagium. The hind limbs were pentadactyle but weak, ﬁbula being’

reduced or absent. The skull was pomted with a projection and there were two tempora’
fossac, a superior and inferior, ‘No member. of this group is hvmg eg. Pterauodon

F:g 12.7 Pelvic girdle in extinct Dmosaurs. A. Saurischian pelvic girdle. 1. llium 2. Acetabuium 3, Ischium 4. Pubis _
B. Omithischian pelvlc gridle 1. llium 2. Acetabulum 3. Ischium 4, Pubis, :

" T4




' Order Saurisdxia compnses extmct cartivorous of herbworous Dmosauras The pe!wc gmilc L

is on’ usual triadiate reptilian plan, each half i is made of 3 bones the 1sch1um, pubis and ilium
in triangle (Fig. 12, 7 A). These reptiles had massive bod:cs with bipedal gait. Brranosaurus
was the largest carnivorous animal. Its hind limbs were very large armed with powerful claWS.
Brontosaurus was hcrb:vorous type distinguished by a very long tail and neck '

Order Ormthischi’a the vcgeratlan extict Dmosaurs had beak - like jaws. The pelvic gtrdlc is btrd.
like, tetra-radiate. ‘The publis lies parallel with an extended ischium (Fig. 12,7 B) The Jower’ jaw
possesses a ‘predentary’ bone that may have supported a horny beak. Iguanodon grew to about 30

feet long, Tnceratops developed paired horns and huge size.

Unit'16 deals with the Dinosaurs in further details

12.4.6 Sub Class Synapsida

These were mammal like rcphles w]nch became totally extinct. Thcy had single: tempm‘ai fossa :

~ on the lateral sidé of the skull and large dentary bearing heterodont dentition. Their fossils
~were excavated in India, North America, Africa and Russia. This sub class includes two orders:

The Pelycosanria were large lizard like reptiles, with a peculiar. web of skin projecting on -

the back as a sail which is supportcd by internal skeleton oonﬂstmg of enormously lonpneural

. s.plncs. eg. Dxmefrodon _
: Order Therapsida consists of extinct repulcs with mammahan charactcrs in goeir sku]l, hmbs .

~.and dentition, eg. Cynoghathus.

125 SUMMARY

Class Reptilia is defined. The class Reptilia is divided into 6 sub classes based upon the
presence or absence and position of the temporal vacuities of skull. Orders Chelonia {sub
class Anapsida),llhynoocephaha, Squamata (Sub class. Lepidosauria) and Crocodilia;(Sub class
Archosauria) are only represented by living mcmbcrs All the living members except chelonians
bear dlapsml skull, .

126 MODEL EXAMINATION QUESTIONS

-

L Answer ﬂ:e following quus'tions In about 30 lines each

1. Eaumerate the general char:wtcrs of class Reptilia,

ZGmanouthneclassﬂceuonofrcpulesmthemplesofeashgroup
IL Ansmrthefolkmingquesﬂmlnaboutlﬂlmm

1. Describe the temporal fenestrae i in rept:lc_s and explain how the classificaiton of reptiles

is based on this character,
2. Write about the subclassAnapada
3. Describe Sphenodon. ‘o
4. Describe briefly about snakes.
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5. D:ﬂ’crcmate between ' A. Chelonia and Crocodilia B. Squamata and Rhynocephaha

C. Lacertilia and Ophidia _
Cotylosauria '

Chelonia

Icthyosauris
‘Rhyncocephah'

10. Ophidia:

11, Hemidactyius

12.. Chamaeleon
13. Python

14, Hydrophis
15. Bangarus

16. Pterosauria
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131 OBJECTIVES

This lesson deals wnth the orgamsatlon of a reptile reprcscntatwc in dctall S0 as to undcrstand
its biology.

T 132 INTRODUCTION

Calotes reprcsents the group of garden lizazyds found widely dlstnbucd in temperate zones,
fike Indian sub-constinent, Malayasia and. Southern China. In North India it is popularly known
as ‘girgit’ and is- qmte common in Andhra Pradcsh locally calied as ‘Thonda’. :

Calotes lives on trees and shrubs in g,ardcns and ]ungles ‘It Tuns fast and chmbs the trces
- very swiftly, Tt i$ active durmg day time feedmg on the insects. When -excited or threatened
it’s head and neck turn red and hence it is- -also callcd thc ‘Blood Suckcr a misnomer. Thus
lizards exhlblt colour changing machmusam

13.3 MORPHOLOGY

L

The body of the Calotes, rcachmg to a Iength of 35 to 40 cm is coloured olive green or
greylsh dorsally and wlntc ventrally It 1s dms'blc mttj head neck trunk and tail (Fig 13 1)

Fig 13.1 Calotes 1. Eye 2. Ear Opening 3. Fore limb 4. Claws 5. Hind fimb 6. Tail 7. Body scaes. -




The head 'is_roughly triangular .in shape and bears a pair of relatively small eyes prott_:_gtcd
by upper and lower movable eyelids and a nictitating membrane which is normally kept folded
in anterior corner of the eye. The external mares at the tip of the head (snout) are very
minute. The mouth is quite wide. Behind the eyes a pair of external audltory apertures lic
having a tympanum at ‘their bottom. The neck region and abdominal regions are distinguishable.

. On the ventral side a cloacal aperture opens as a transverse slit at the junction of trunk -

and tail. One pair of forg limbs, short in size, comprise branchium (upper arm), antebrachium
(fore arm) and manus (hand) ending on five clawed digits. Each hind limb which is relatively
longer than fore-limbs, comsists of a femur (thigh), crus (shank), and pes (foot;}. Each foot -
terminates on five thin toes ending on sharp claws. Behmd the trunk a very logn cylmdncal
tail tapers postcnorly .

13.3.1 TIhtegument

The body of the lizard is covered by homy, epidermal scales compietely which form an

exoskeleton. The scale size, and shape differs according to the requirement of the body. On
the trunk, they are large and keeled whereas on the head the scales are small. On the
mid-dorsal line of trunk and head the scales are modified to form spiny crests. the skin of
lizards is characteristically dry without any galnds, Scales, produced by the Malphigian layer

~ of epiderms are periodically shed in flakes. The colour change.of the skin is brought about

by the pigment cells, the mclanophorcs, scattercd in the skin.

134 ANATOMY

The body wall encloses a spacious coelom in the trunk which is surrounded on all sides by

- peritoneum. the coelom is disposed into a small pericardial cavity, enclosing the heart and a

posterior very large perivisceral cavity containing other viseral organs except the kidneys. These

Fig. 13 2 Viscera of Calotes 1. Heart 2. Left Jung 3. Left liver lobe 4. Gall bladder 5. Bile duct 6. Stomach 7.
Pancreas 8. Fat body 9. Large intestine 10. Cloaca 1. Cloacal opening 12. Small intestine 13. Goelomm cavity. .



two cavmes are 'ooml.:.)letely. disconnected. They contain a watery coclomic fluid. “There are
 paired masses of (Fig. 13.2) fat bodies (corpora adiposa) in the postenor region which serve
- as source of food for lizards durmg their mntersleep (I-[ibernanon) R .

1341 Alimentary Canal

-Themouthlsﬁmgedbylabmlscalcsandissupponedbythebonesoftheupperandlownr
jaw. It leads into a darge bucco- pharyngeal cavity. The teeth are plenmc_iqnt ie. attached c_?n
the outer margins of the jaws, and are present on both the jaws. A fleshy tongue in the
‘cavity has fine papillae containing faste buds. Labial glands in the mouth secrete micovs
which helps in swallowing the prey which is not masticated by the teeth. In the posterior part.
~ of the ‘roof at- the angles of the jaws a palr of Eustachxan tubes open as usmal in most_ﬁ -
' vertebrates (Fig. 13.3) o o ;

Pig. 13.3 Ahmentary canat with associated glands ofCaIam. 1. Phaqu 2 Oesophagts 3 Stomach 4. Pancrp.as 5
Duodenum 6. Caecum 7. Rectum 8. Cloaca 9. Urinary. baldder 10. lieum 11 Gall badder -

The pharynx leads postonorly into a narrow short oesophagus which dilates bcl:md to form.
the stomach. The latter is a tubular sac on the left side of body cavity without any wcll-markcd
regions like cardiac or pyloric. At the end of the stomach, there is a pyloric valve to control
the passage of food into the succeeding part, the small intestine. It is a long coiled tube
_ divisible into anterior dnodenum which reccives at its beginning bile duct from' Ever and |
.pancreatic  ducts. The duodenum abruptly passes into ileum, the longest part of the systcm
}wlnch is much coiled.

Thellenmopcnsthroughanﬂeo—recta]valvemtotbelqrgcmtesunewhmhlsamdethmk :
walled straight tube. It forms on its upper left side a small blind pouch, the caccum of
unknown function. The large intestine functions tike.the rectum of higher vertebrates. It opens
_ into cloaca which differcntiates into. three regions, namiely, the middle urodacum which réceives
~ wrino-genital ducts dorsally and gives off urinary baldder ventrally and the posterior_ proctodaeum -
winch- is the “common: chamber leading fo the " cloacal aperturc, the 'common outlct It i .
situated at. the }unc:ton of trunk and tail, '




Digestlve glands

There are two digestive g&nds in Calates, the liver ancl pancmas The hver is a largc bilobed
brownish gland situated in befweeen the- lungs. It has a gall baldder embedded in the nght |
lobe. A bile-duct carries the bile from the gall-blader to the ‘duodenum.

The pancreas, situated in the ioop of duodenum, is a whmsh gland w!nc.h supplies pancrcatlc .
juice to the -duodenym through its duct. Calotes appears {0 possess intestinal and gastric
- glands also pouring intestinal juice and gastric juice in to the respective parts of the alimentary
S canal These secretions act ‘on thc food of Cam which mamly cons:sts of insects. '

1342 Resplratlon

The external nares lead into olfactory sacs whlch open anteriorly on a pair ot' internal nares
inside the buccal cavlty Behind the root of the tongue there is glottis, a median longltudmal _
slit. The glottis leads into the muscular larynx The ‘walls of which are suppported by a
cricoid and a pair of arytenoid cartilages. The larynx opens bchmd into a cylindrical tube,
the tranchea (w:dc pipe} which extends back upto thorax. Its wall is supported by complete
‘cartilagenous rings. Behind, the trachea bifurcates to form two bronchi, each cntermg the

lung of its own side. Each bronchus is also supported by cartilagenous rings. '

- Thc lungs are paired elastic, saclike structures, situated one on each side of the hcart Their .

inner lining is raised into a network of septa. In between these septa depressions, the alveoli
are formed. Since wall of the lung and alvcoll are supplied with numerous capillaries, gaseous
exchange takes place. :

For mspu'atmn the ribs and outer mter-costal muscles in betwecn the ribs play an important
role. When the muscles contract the ribs move- outwards and forwards. thus enlarging the
body cavity. This in turn expands. the lungs when their- air pressure falls. The atmosphreic
air with high pressure falls, The atmospheric air with high pressure rushes into the lumgs by
way of external nares,

' Contraction of inner intercostals reduce the cavity, muscles of lungs contract so that pressure
‘on the air rises up. Consequently expiration of foul air takes place. Thus ringed trachea,
expanded lung $urface by septa and rib movements are some of the smgmﬁcant features in
the respiration of Calotes. :

13.43 Blood Circulation

Heart

The heart of calotes comprises of (i) two auricles and (ii) partially divided ventricle. In geaeral
it resembles to that of Lacertia (Fig. 13.4). (i} The right and left auricles are formed by an
interauricular septum. The right auricle is larger than the left. The right auricle receives
deoxygenated blood from the sinus venosus which lies dorsally. Two precaval and a postcaval

veins empty their blood into the sinus venosus which opens into the right auncle r.hrough_ '
sinuauricular aperture guarded by a pa:r of smuancular valves. '

~ The left. auricle receives oxygcnatcd blood fromapa;rofpulmonaryvemswhxchopcn into
uthroughacommonapertmemthedorsaslwalLThlsaperturehasnovalue

Both auricles open int6 the ventricle mdcpcndently through thcu' rcspectmc auriculoventricular
apertures guarded by valves (Fig. 13.5) :




Fig 13.4 Heart of Calotes. A. Dorsal view. B. Ventral view. 1. Venmnlell.c&aunctefs ngﬁtﬁystmmhtl
Carondartmess Precaval 6. Pulmonarymry'i' Sinus vénosos 8. ‘Pogterior venacava 9. Left systemic arch 18,
Right auricle 11. sztpnmvallz. ‘Puimonary arch, 13. meepam

(u) Thcvcntrmlehasathlckandspongywalhlniemaﬂyltmparhaﬂy dividéd into two'
unegual chambers by an oblique interventricualr septum which is almost ‘horizontal. Its
freeedgeoomesmcontactmthvcntralwallsoastodmdeme interior of the ventricle
into two functional chambers a dorsal chamber, thccavumdmsalcandavemralchambet;'-

the cavunr ventrale, The (Pulmonale)

ffig. 13.5 Calotes-Internal structure of the heart and arches 1. Internal carotid 2. Ductus caroticis
3 Rtghtsystﬁﬂc4 Sinu- avricular aperture 5. nghtaunclealgftsystennc') Pulmom:yaml;
- 8:Chordae tindinae 9, Ventricle 10 Cavum ventrale 11. Intérvéntricnler septum 12, Cavam dorsale
11Aunmzownmcumvalwsﬂ.uﬂaunde 15. Pulmonary vein aperture 16, lnmamcularwpm
. T 7. lzf:syshemxcls I.cﬂmrotndarterym Enemaiumud.
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 Three aortic arches arise from the ventricle: thy pulmonary and left systemic arches from the

cavum ventrale and the right systemic arch from the cavum dorsale. All these arches are
provided with a part of semilunar valves at their bases and are bound together by connective
tissue. The two systemic arches cross and twist while passing forward from the heart.

The right auricle is filled with venous blood -supplied by the sinus venosus. Simultaneously
the left auricle is filled with oxygenated blood received from pulmonary veins. Both auricles
comtract at a time forcing the deoxygented blood into the cavum ventricle contracts, deoxygeneted
blood. goes into the pulmonary and left systemic arches. The oxgenated blood cnters the right
systemic arch. ' ) S

In reptilia some mixture of arterial and venous blood is unavoidable, Most recent work suggcs._tS"

“that ‘oxgenated blood recgived by the cavam dorsale mainly' goes -into right systemic and

carotid arches. Some of the right systemic blood, carrying more oxygen is' added to the internal
carotid via ductus caroticus, a connecting artery between systemic arch and internal carotid
artery going to the brain (Uromastix),. C

Arteries . _

The pulmonary arch is divied info the right and left pulmonary arteries just in front of the
beart which curve backwards and enter their respective lungs. ' _

The right and left sys_temié arches cross one an‘dthe'r at the anterior end of the heart, extend C
outwardly, loop backwards and unite in the middorsal region to form the dorsal aerta.

The right systemic gives off a short branch, the common carotid which divides immediately
in front of the heart into a right and left carotid arteries. Each carotid further divides. into

- internal and external carotids which supply blood to the head region. Each carotid artery

connects with the systemic arch of that sidc_ﬂy means of an artery, the ductus caroticus.

A common subclavian artery arises from the right.systemic just before the union of the

systemics. It divides into the right and left subclavian arteries which extend into their respective
forelimbs. ' '

‘The dorsal aorta proceeds backwards on the midorsal line beneath the vertebral column and

gives off the following branches:

(i) Several paired paﬁetals to dorsal muscles and vertebral column,

- (i) An anterior mesenteric which crosses the coeliac, supplies to small intestine;

(iii) A coeliac to stomach, liver, pancreas, and spleen

.(i\.f). A posterior mesenteric to the rectum; ‘

(v) Paired gonadials (spermatic or ovarian) to the reproductive organs;
(vi) Pair of iliac to the hind umbg;_ |

(vii) Few pau'ed renals to the kidncysi _ |

(viii)) Median caudal, the- terminal portion of dorsal aorta enters the tail.
Velns

The sinus venosus collects dcdxygenated blood from two precaval veins situated at its

anterolateral angles and a post caval vein at the posterior angle.



Ead:precaval mformcd by the unjon ofmtcrnal andu:temal]ugﬂarvems that brmgblood.- _
from the head. A subclaman vein returns the blood from the forelimbs and j ]oms the precaval_
vein of that side. :

The postcaval vein joins the sinus at the postcnor angle. Tt is formed by the union of nght"“
and left efferent renal veins: into wihch open right and left gonadial veins respectively. At the
upper end the post caval which ascends through the mass of liver reccives a pau- of hcpat:lc
veins. L L e : .

There are two portal systems in Ca:'ates like .in’ frog the-hepatlc and renal the. hepatic portal
vein is formed by the union of veins coming from the alimentary canal namely the duodenum, *
spleen, mteshnc and. stumach It enters the liver and breaks up in to capillaries. :

The renal portal systcni consists of a caudal wein. which bifarcates to form two pcMc vcms )
" It to €ach pelvic vein the afferent .renal, fcmorkl and sciatic veins of the that side empty

their blood. Both' pelv:cs unite to form and qﬂwr abdominal vein winch ranﬁes into
capﬂlanes in the hvcr

"

The béaa, Wdfmmy ﬁmx anterﬁﬂy whsclr& Mo&?!adl: _

rhinocoel. the “cerebral Hemispheres tarc iargc".‘l‘ﬁg 13.6). A louhi ,

' them. Each hemisphere encloses a wmm the roof ofuhkh;s,mxy thin‘ (dpauiun)
‘but iatcralmdventral walls arcﬂﬁ& These formthecor;h" '

1344 wnandees DY PEITREY .3 .

P

. striata are interconnected by anterior commlssur Thcy feceive cifaau fees from the thalami.
This mdlca{quhafthc brain is functmqﬁly adv . The ccrcbral com'.x also q«: imptovement
over amphibians. - *'4- _ R “p K '

The diencephslon encloses the third wntridt"ﬁc dincoei whch*ism Wﬁh lateral
. ventricles through foramen of Monro.. §ts vascular part of ateriof ied wus. Dorsally
_ dlencephalon has pineal apparatus consisting of an anfcrior: paﬂeuthQ{pM eye) ¥ and a
posterior. pinest body The pincal cye 'ﬂm!@k’wmb%:' e to light. e.g.
Varanus. Behind this -occur posterior and Hbowular coimmissured. Side -wille sind floor of
the third ventricle are thick and are known as-optic thalami and llypoﬁaml respectively.
- Hypothalamus produces a downward growth, the infundibulum, at the tip of which the .
h_;pophysm is attached. The hypophysis (Rathke’s pouch) is an out growth of the stomodaeum,

Together thc lattcr two form the- pituitary body The optic chissma lies in front: of this body

an.l&&BminoEcam A.Dorsa.luewB.Vemralm L Olfactorylobelolfacwsypodmde&(hrebnl
hemisphere 4. Pineal body 5. Dmenmphalona.Opﬁclobe? Cerchellum 8. Medulla oblongata 9. Sp. 'al cord 10
. Opuccblasma 11. Infundibutum 12. Pituitary boidy.

*
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Two optic lobes are placed dorsally just touching the hemspheras Their cawtms, the 0ptocoels,

mutually commusicate through iter which is connected to fourth. ventricle behind. The crura

 eerebri situated below the optic lobes aré longitudinal fibres bands which connect dlcncephalon

to medulla oblongata. :
The cerebellum is feebly developad behind the optic Lobcs as. a thin band on the dorsal side.

" The medulia oblongata has a ventral fiexure from, where the spinal cord begins. The medulla

has a cavity, the fourth ventricle ‘its roof forms posterior choroid plexus, . the vascular fold.
The cercbrospinal fluid fills the ventricular interior of cavities of the brain which is sec: reted
by the choroid plexuses.
134.5 Spinal Cord

The spinal cord of Ca]otes is formed on a typtca] vetebrate plan and very closcly resembles
to that of frog. In general it is slightly dorsoventrally compressed extending from the mcduila
to the caudal region within the neural canal. Enlargements of the cord, are found in the '
forclimb region forming bram:lual plexus and in the hind limb region, thc limbo-sacral plexus.
It encloses a narrow cavity, the central canal which contains cerebmspinal fluid.

The cranial nerves are 12 pairs. Out of which 10 pairs correspond to those of frog, remaining
two the hypoglossal and spinal accessory arisc from hinder part of the medulla and innervate
the muscles of tongue and larynx. respectively

- Noteworthy sense organs of calotes are a pair of Jacobson s organs These are locatcd in- the. :

roof of bucccal cavity in front of the internal nares. They are lined by olfactory ep:thehum _
They smell the food in the = buccal cavity through their openings. - .

134.6 Excretory Organs

A pau' of metanephric kidneys of dark red colour are placcd in the posterior most abdominal

- region which occupy partly the base of the tail. Each kidney is two lobed (Fig. 13.7) anterior

lobes are free but posterior lobes are fused in the middle line. Each kidney midventrally
opens into urinogenital duct which in turnopens: into the urodacum. A urinary bladder,
situated ventrally also. opens into urodaeum. the kidneys excrete uric. acid along with a little

_ amount of water which is discharged into the urodaeum. It is picked up and stored in the

urinary bladder. There entire water is absorbed: lcavmg only solid uric acid to-be eliminated.
134.7 Reproductxve Organs

Sexcs are separate. In the male,there is a pair of testes, whitish ovoid bodles lymg in front
of kidneys(fig 13.7A).From the inner border of each testis a long convoluted tube, the latter

Fig 13.7 Calows- Unnogeml#l organs. A. Male B. Female 1. Epididymis 2. Testis 3. Vas deferenns 4, Kidney 5.
* Ureter 6. Urinogenital duct 7. Cloaca 8. Penis 0. Oviducal funnel 10. Ovary 11. Oviduct 12. Rectum 13. Urinary
bladder 14 Opcrung of ureter 15 Opening of oviduct.




- jomstheuretcrtofm;namogmtalductwhld}opcﬁsmdemﬂymm
Behmdthccloacalapermreonmthcrsndethenrsanmmde vaswlargromredandsac-like'
copulatory. organ, the hemipenis. Both hemlpenes are evertod during copulatmn as cylindrical
bodies, pass sperms ‘along their grooves into the clocal of the female.
hthcfemalehcrcmapauofovmes,whmshbbulatedbodleaTheyarewachedmﬂ:c
abdom:nalwallbymewvanum(F’xg.ll’?B) A. Pair of oviducts, one on each side extend
mfrontoftheovary Thcyarcthmwalled.ThcmducalfunnclsarcdnutedmmallyBach
oviduct open into the cloaca separately in front of the ureter: _
The fertilization is internal. the female lays about a dozen soft-shelled eggs in shallow, debns_- -
covered pit. Dlmng the development amnion allantois and chonon&reformed :

- 13.5 SUMMARY

Calotes, the garden lizard is a fast runner, mostly living on_trees and shrubs fcedmg on
insects. Body divisible into head, neck, trunk and tail. Trunk with 2 pairs of pentadactyl linsbs.
Body covered by epidermal scales incontrast to the dermal scales of fishes. Dlgestlve system
inlcudes the alimentary canal, liver and pancreas. The lungs are paired, clastic sacs with its
inner lining raised into septa which are richly vascularised for gaseous ' exchange. Verntricle
is partly divided by an oblique interveritricular septum dividing it into a dorsal and a ventral
fanctional cha:nbm Brain shows advancement over ammphibian oondihon. ‘12 pairs of cranial
~ merves present. Pineal eye | present-in Maranus, Angms and Sphenodon.  Jacobson’s orgdns
' present in the roof of the buccal cavity. Kidneys are metanephric, Sexcs separate males possess’
a pair of hemipenis. Thcfemalelaysaboutadmnwftsheﬂedewsmshaﬂowdebm

- covered pits. Embryomc membranes protect the dcvelopmg embryo

136 MODEL EXAMJNA_TiON QUES’!‘]_(_)_NS {

L 'Answér the l‘nllowhg questions in nbout 30 lines each
_1Describcthedlgesﬂvcsystcmof6'afotes | -
2. Gwe an’ account of the strucmrc and worhng of the ﬁeart of the garden hzard.
3 Dcsmbc thc bram ofCantes and showhownlsadvancadthanthaz ef&ma..___ |
IL Answer ﬂle following questlons in about 10 Jines each
1 Wntc anaccount on rcsplratxon in Calotes.
_ 2.  Describe thc arterial system of 'Cafal-fes : | o
: 3Describe male and female rcproductlve organs of Calotes
4 Dggeshve glands in Calofes. _
s Hepatic and rcnalportalsy‘tems ofCantes ' SR
6 DlenocphalonofCalofes R
7.. Jacobson’s organ. -
8. :'-Mezanephm hdncy |
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141 OBJECTIVES |

® Tomderstand the reptilian _organisation of the endoskeleton.

142 INTRODUCTION

In vertebrates the bony skeleton, the supporting frame work, lies within the body and hence
called as endoskeleton. This develops from mesenchyme or connective tissue. In embryonic
stages first, the skeleton is formed with: cartilage and is later transformed into real bone, after
passing through a series of changes. Dermal or membrane bones- develop from cranium
exteriorly, later incorporate inside the body. The endoskeleton components consist of:

1. The axial skeleton comprising the skull and vertebral column,

2. The appendicular skeleton includés-gii'dles and bones of limbs.

. Varanus  {common name, monitor) belongs to class Reptilia, order Squamata and Lacertilia

forming the group of lizards. The study of its skeleton not only explains the general organization
of the skeletal system of a vertebrate but also reveals the peculiarities of reptiles.

143 AXIAL SKELETON
Skull |

The skull of Varnus is well ossified and contains several more bones which are lacking in
amphibian skull. It has four regions (1) Cramum (2) Sense capsules (3) Jaws and (4) Hyoid
apparatus.

1. Cranium

The cranium (Fig. 14.1 A and B) consists of 3 regions from behind to front as follows:

(a) The occipital reigion is the posterior end of the cranium perforated by foramen magnum,

which is surrounded by three bones; (i) supra occipital forms the arched roof of magnum,

ii) Basioccipital forms the floor and bears a 'postcrior knob like occipital condyle, and-

(ii) Exoccipitals surrounded magnum laterally, giving out parocccipital processes. Thesc

three segments unite and form a protective covering over the exit of spinal cord. Thc
_single condyle is characteristic of Reptilia. :

{b) The parietal regien, situ_atéd in front of the -occipital, is made up. of (i) an. anterior
basisphenoid and (i) a pair of dorsally fused parietals make up the floor and roof of



©

thc cranium respectively. . A parietal formen’ is present. The mdcs are formed of soft -

tlssue as alispheneids arc ]ackmg in this place.

The frontal region has 2 components (i) a pair of tnangular frontal dorsally fused by a .

frontal suture in midline and (i) a parasphenoid, a ventral long, narrow rod-like bone
which extends forwards. This also forms an mcompletc cranium because of the absence
of onbttosphenmds and presphenoids. -

Sense Capsules

- The fo!lomng 3 sense capsules enclose and protect- the semse’ organs .

(i) Auditory otic, (ii) Optic aﬂd (m) Olfactory

()

(i) The optic capsules (orbits) are one pair on the sides of cranium. An interorbitral septim

3.

auditory CapsulE:S' c0n51sts of a signle prootlc bone in each. capsule.

divides the two orbits. Each orbit is surroundccl by five bones namely, prefrontal, Supra
orbital, lacrymal, post fronfal and jugal. All these bones arrange themselves around ‘and
form the orbit wiuch lodges ‘the cye ball.

' (m) Olfactm-y casule is made up of two tnangular ﬂat bones nasals Whlch fuse medmlly mto

one piece. A pair of vomers form the inner margnes of posterior nares.

Jaws.

(2) The upper jaw is fixed to the cranium. It consists of the following bones.

'Flgldlﬂﬂl]ofvmnush. Dorsal view B. Ventral viéw. L Scptmamllatyz. anal&lac:ymal& Jugal 5. Panetalﬁ. -
: mwmfmaﬂms -Supratemporal 9. Squan}ouuo Emempml 11. Basibecipitab12, Foﬂmﬂmagnum
13. Paroccipital process of exocicipital 14: Suprd occipital 15. Protic 16. Supra temporal afcade 17. Procltic 18,

Epipterygoid 19. Parictal forumen 20. Post orbital 21 Supraorbitat fmziSupnorbm]ZB Prefron{alm Frontal 25,

Vomer 26. Maxilla 27. Nasal process of premaxilla 28. Premandilla 29. Aperture for Jacobson’s orgad 30. Palatine 31.
Trinsvorie 32, Subitiial 53: Peorggoid: 4. Occipiiat condyle 35. -Baixphenioid 38 Orbitosphencia 37, Ventrdintcral ©
_mﬁmmxvmmdmomuptmw Memapenmﬂm:yp:mafhmmh_-
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(@) Pan-edpremmllaenreﬁxscdmmldlmetoformasmgleboneonwhxchonepauof

dorsal premaxillary, maxillary and foramina are present. Posteriorly a long nasal process’
and anteriorly a pair of vomeromaxillary processes are _prommcnt_ly scen. They bear 6-8
teeth. '

(i) Maxillae are broad, irregular vertical bones occupying major portion of the upper jaw,
just behind the premaxillae. Ventrally between these two bones, an aperture opens into
Jacobson’s organ. (iii) The Jugal is a slender curved bone which in addition to form the
part of the jaw, bounds orbit ventrally.

The above bones form the outer set. The elements of inner set formmg the uppcr ]aw oonmst
of (i) the pterygoids a wavy bone ventrally (ii) the transverse .or ecotopterygoid, a curved

.bone omn the inner side of the ]ugal(m) thc eplterygmd is a rod- like bone cxtendmg from

pteygoid to prootic,
(b) The Imr jaw is also semioval in shapc and conmsts of the followmg parts (Fig. 14. 2)
(i) The dentary i is the largest anterior part which bcars neural formmac and teeth

' (n) The supra angular is a flat some what rectangualr bone behind the dentary‘

(iii) The angularis below the denta:y and supraangular

(iv) The articular is a slender bone, forms posterior part of the jaw, its free end is txpped
with cartilage, it articualtes with the quadrate of the upper jaw;

(v) A coronoid with an upward process, is a small comcai bone;

(vi) The splenial is a flat, thin triangular bone fixed on the inner surface of dentary.

Fig 14.2 Lower j ]aw of Vamusouter view. 1. Coracoid 2. Foramen for branches of ma:ld&bnlar nerve 3. Dentary
4. Angular 5. Mental foramen 6.Supra angular 7. Asticualr 8. Articualr ridge 9. Teeth.

(C) The snspensonum of lower jaw with uppcr jaw and cranium is formed by (1) the quadrate, __
4 small stout rod, and (ii) ﬂ!b squameosal, a curvf:d bony rod

4. Hyoid Appamtas

The hyoid apparams situated in buccopharyngeal cavxty consists of a (1) basihyal cartilage
whose anterior process, os entoglossus supports the tongue, and produces (ii) two pairs of
long slender processes, the anterior and posterior homs (Cornua), the anterior part hcars a
distal limb:(Fig 14.3). - _ _

“The temporl region of the skull bas 3 pairs of vacuitics. (i) Supra temporal fossa on the sides.

(ii) the posteriod temporal fossae on the sides of owpilai region and (m) the hteral temporaI

. fossae, lang' spaces on the sides behmd the orbits. »




Fig.14.3 Hyoid appartus of Vamnus. 1. Os entoglossus 2. Ll&amentous sheet 3. Distal limb of anterior cornua
~ 4. Proximat hmb of anterior cornua 5 Postenor cornua 6. Baslhyal

Vertebral -'Coiumﬁ

The vertebral. cuiumn has a large number of vcrtebrac(about 83-85) all with procoelqus centra.
Forthe passagc of the spml nerves thcrc are inervertebral furmma in between the w:rtcbrae

[

Fig. 14.4 Vertebiae of VaranusA. Atlas vertebra B. Axis Vertebra C.Typicat ‘vertebra D). First sacral Véttebra E. Second
" sacral vertehra, F, Czudal vertebra. 1. Neurat canal 2. Dorso lateral piece 3. Ligament 4. Odontoid fossa 5. Cavity
for oceipital condyle 6. Ventral picoe 7. Neural spine 8. Pre zygapophsis 9. Odontoid process 10. Flooked Spine
11. Hyp&pophys:s 12. Centrum 13. Post zygapophsis 14. Facet for cervical rib 15. Transverse process
16. Mlctilar facet for ilium 17, Y-shiped chevron bone. . i



.;8

@ The Cemcals are 8 (11) the Thoracolumbar 22, (iii) the Sacrals and (iv) many Caudals
The vertebral formula is GeTL 22 S2 Cs1.53. o

(1) First of the cervical verbebrae is s atlas. I[ is ring-shaped with a facct for the smglc

* occipital: Qondyle of the skfulll. There is a tough ligment which stretches transversely across
the neural canal. There is no centrum. The $pinal cord passes through the upper neural
canal (Fig.-14.4A).

It is formed of a- median ventral and two dorsolateral pieces forming upper spinal canal and

-a lower central canal of atlas and fits into the odontoid canal of ‘atlas.

The second cérvical is the axis. It bears a projection, the odontoid process whick is modified

- centrum {pleurocentrum). Its neural spine is wider and anterior end of centrum has a hoolike

spine. Posterior hypapophysis is meant for articulation (Fig 14.4)

Other cervicals are regarded as typical vertebrae in particular, from 4thi'to 6th. All are similar
with a neural arch, ncural spine, zygapophyses, a ventral hypaposphym and articular facet
for ribs (Fig. 144 C)

(ii) The thoraco-lumber vertebrac are stout and resemble in aﬂorespects to typlcal
- ocmcalvettebraemmw ts for ribs. . “*j;ay tE

(ili) The sacral vertebrae have stout transvcrse processes, a smalil ncural “spine, and the first
ones bear facets for illia (Fig. 144 D and E).

(iv) The candal vertchrae progrcsnvcly beeome smaller in size.'Each vertchra has a Y- -shaped
~ chevron bone hanging down the centrym, oontammg the.h,acmal canal (Fig. 144 F).

The sternum is a thin rhomboadal plate, made of calaﬁod cartilags. An arrow shaped cartdagc
the interclavicle, attached to the sterum projects aateriorly (Fig. 14 5) The clavicles are applied
to interclavicle.

The ribs articulate with vertebrae starting from 4th cervical to the sa_crals. Each rib has a
dorsal bony vertebral part and ventral calcified cartilagenous sterrial part. Except the first 3
pairs of thorocolumbar ribs which ar¢ aitached to the sternum, the others are free. -

Fig. 145 Sternum of Calotes 1. Groove for interclavicle 2. Sternal plate 3. Sternal ribs.

o T—
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14.4. APPENDICULAR SKELETON

Pectoral girdle )

made up of calcified ceirtilage; The procoracoid and meso-coracoid processes of coracoid are

bony, but epicoraceid at the mid anterior end is cartilagenous. Coracoid region is perforated
by three fenestrae (Fig. 146 A).). h - .

Pelvic gﬁrdle

In the pelvic girdle; two similar halves the 0ssa innominata meet with each other ventrally.

Each half is a triradiate, of fused bones consisting of a rod like illium, directed backwards
to articulate with sacral vertebrae. It gives off a smail projection, the preacetabular process,.

Both pubis and ischium meet their counter part to form symphyses of their OWn. an epipubic

cord stretches forward from prci'_schml cartilage and divides the space in the girdle into two

ischiopubic fenestrae vertically. On each pubis there is an obturator foramen, The -acetabulam
is situated at the junction of the three bones ventrlly for articulation of hind limbs (_Fig.14.68_).

2 ' it

The fore limbs and hind Iinibs of Varanus are pentadactley. They have a Well. developed
- skeleton stronger than the amphibians, _ ' o

liones of the Fore-limb The sirht_:turhl bony elements of the forelin;b consist of (i) Humerus
(i) Radius and ulna (iii) Carapals (v} Metacarpals and phalanges, : :

(i) The humerus js & bone with a stout ‘shaft, flattened at head and trochlear ends, the later -

- (i) The. radius and ulna .are sepé;atc bones which join ‘each other only -at '-tlicir proximal

91,




(iii) The carpals arc ten arranged in three rows: The radiale, infermedium and ulnare in the

proximal row; a centrale in the middle; a distal row of 5 distal carpals and a pisciform

at distal end of ulna.

Figla.7 Varanus _ _Fore-limﬁboncs A. Humerus B. Bones of forearm and hand. 1. Medial process 2. Head 3. Deltoid
ridge 4. Shaft 5. Radiale epicondyle 6. Ulnare epicondyle 7. Olecranon process 8. Ulna 9. Radius 10. Ulnare
11. Intermedium 12. Meta carpals. 13. Claw 14. Phalanges 15. Distal carpals 16. Radiale 17. Centrale.

(iv) Five slender matacarpals of unequal size bear phalanges at their distal ends. The digital
formula: pollex (Thumb) has only 2, second 3, third 4, fourth 5, and fifth 3 phalangcs.
The distal phalanx of each finger carries a curved, sharp pointed, horny claw.

-

Bones of Hind limb

The skeletal elements in each hind limb are i) the femur (i) 'T:ibia' and Fibula (i) Tarsals
(iv) Metatarsals and phalanges. ' -

(@) The femur with a stout shaft, bear 8 proximally a round head process to articulate with

acetabulum, For insertion of muscles two protrubarances, the lesser and greater trochanters
are present. Distally the condyle is grooved (Fig. 14.8).
: ’ ) [’ s

. . . . ) .' B . ) " B N - N .
Fig 14.8aranus Tnind LimbBones A. Femur. B. Bones of shank and foot. 1. Head 2, Shaft 3. and_yles 4. Fibula
5. Tibis 6. Fibulare 7. Tibiale 8. tarsals.f4 +5) 9 Metatarsals 10. Claw: 11. Phalanges 12. 3rd distal "_I‘afsals )
. 13, Tarsals (1 +2) 14. Lesser trochanter. 15, Greater trochanter - : R



(i) The stout tibia and slender fibular are straight bones which are attached on both ends.”

(&) There are. fiine: tarsals which are rediced to five.  Tursal bone, aré arranged in two' rows.
The tibiale. intermedium and centrale all fused into one. The tibiale in the proximal -
row; a distal row of only 3 tarsals in which two, the mner ‘anid outer, are oompound
tarsals-cach havmg two tarsals fused. :

- {iv) Distally five metatarsals of varying size, terminate on phalanges The dlg;tal formula is.
the same as for the hand-hallux (first toe) has 2, second 3, third 4, fourth S and ﬁfth
3 thc termmal phalanx of each toe bears a horny pointed claw. :

14.5 'SUMMARY'

- The axml skeleton comprises of skull and Vertebral column while the appenthcnak tkeleton
includes girdles and Limb bones. Skull consists of cranium, sense capsule, jaws and diapsid.
Lower jaw composed of 6 bones. The vertebral column consists of abous 85 vertebrae with
8 cervicals and 2 sacrals. The axis bears the odoatoid process. The sacral vertebrae have
stout transverse processes to articulate with ilia. The caudal vertebrae bear a Y- shaped
chevron -bone w:th hacmal canal and become progressively smaller posteriosly. The steroum
is a rhomboidal plate. The two halves of the pectoral girdle embrace the thoracic region and
" each half consists of coracoid, scapula and Suprascapula. Interclaviice is a_circular anchor_

B shapcd structare, The: two' o3+ innominata ‘meet ventrally. Both: fmgers and' toes are. clawed

146 - MODEL EXAMINA’I‘ION 'QUES'[-‘IONS-

I.  Answer the following questions in about 30 lines each.

1.. Deseribe. the skoll of Yaranus.

2. Descrfbe the appcnd1c1ﬂar skclcton of Varanu: or Dcscnbe the, pectoral and chmc
glrd!es of Varamis. :

IL Answer the following in about 10 liues each
1 Cramum of Vammts _
2 Hyoxd apparms of Vamnus
3. Vertebral eolumn of Varanus

_ 4. Bones of- the fore hmb of Vmus ; 3
" 5. Bones of the hind limb of Varanus. -~

--'-'6' sensc capsules of Vm

7. Lower jaw of Varamus L
8 Aflas of Varanus. o e -oenine ol T
._:9 T)pwal Wrtehrz;of Vm e

X0 Stebmsnr O Varaniis,

. 1LPelvic gitdle of Varanus.
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151 OBJECTIVES

To present an analytical deseription to distinguish and identify poisonous and mon-poisonous
snakes. :

152 INTRODUCTION

India and Africa arc rich with snake fauna but a good majority of them are non-poisonous.
Out of about 216 species of snakes in India only 52 are poisonous. These include 33 species
of terrestrial forms and 19 aquatic. The former comprise mainly the Cobra, the Krait, the pit
vipers-and vipers and the latter sea snakes,

For the gencral characters and description of a few common snakes refer unit 12 (squamata).

Poisonous snakes possess a pair of poison glands that open into modified grooved teeth on
maxillac called fangs. In non-poisionous snakes these arc absent. A good number of people
die because of snake bite and it was found that a good majority of them died due to sheer
fnght -and_unscientific treatment out of ignorance fike mantras, plat medicines and magic
spells, This method of treatment cannot save a person bitten by a poisonous snake .and
unneoessary in case of a bite of harmless snake. It is, therefore necessary to have the knowledge

of identifying poisonous snakes from non-poisionus omes. "The following description for
identification is based on the arrangement of scales, plates, shields found over the body and
the shape of the head and tail (Fig. 151)

153 lDENTIFlCAT[ON' 'OF POISONOUS SNAKES

If the tail is laterally compressed, the snake is poisonous and is ‘marinc: snake. Fresh water

snakes are non-poisonous. If the tail is cylindrical (round in cross sectlon) and tapers postermrly
is a land snake.



.' 1t may be poisonods or non-poisonous. '_’To make sure, the scaies on the ventral surfice have

to be observed. L | | o
The presence of small vcntral scales resembling those of dorsals or if ventral scaly plates.:dp
not extend across belly and are bordered by small scales on both sides, the snake may be
recognised as non-poisonous (Fig. 15.1 A and B). . :
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Fig. 15.1 Differences betweén poisonous and ron-poisonous snakes, snakes A& B. Belly of non-poisonous - . *
snakes. C. Belly of poisonous or non-poisonous snakes. I, Dorsal body of krait B, Head of pitiess viper (dorsal
view) F. Head of poisonous or non- poisonous snakes (dorsal view) 1. Head of krait (ventral view) 1. ventrals 2,
SmaH scales (costals) 3. Small scales 4. Shields (parietals) 5. Fronal 6. Prefrontal 7. Rostral 8, Lateral.pit 9, Fye

10. Nare 11. Nasal scale 12. 3rd Upper labials 13. Vental 14, Labial 15. Fourth infralabial. =~ -~

Conversely if the ventral scaly platés extend fully across the belly covering the entire width,

without any small scales on the sides, .the snake may be poisoncus or non-poisonous. Then

- look for. the size of the scales on the head of the snake (Fig. 14.1 C).

Small scales or shiclds on the head givé"_ihc clue for_poi.ét;nous viper snake _.a_pi_t. between

the eyes and nostrils is the characteristic of Pit Viper (Fig. 15. 1 G). If only. small scales
spread-in between the eyes and & pit is absent, it is a pitless Viper (Fig.. 15.1.E). In.such-
case. with the help of single and dbublc_'sub-caudal'scales,--littel-Indian Viper and Russél’s
- Viper can be identificd respectively. In Cobras and Coral Snakes the: 3rd supralabial scale.

touches the eye and nasal scales. They have large scales or shiclds on their heads. Cobras -
have ‘a hood usually with a spectacic marking. When the meck muscles contract, the. cerviesl
ribs just behind the head are pulled outwards. They in turn expand the neck laterally forming. _

a bhood (Fig. 15. 1 H). Coral snakes have special spots on the belly.



If the vertebral scales in the middorsal rcg:on are largcr than other, hcxagonal in shape and
the 4th infra-labial scale is the largest, the snake is a poasonous Krait (Fig. 15. 1 and D).

In the absence of the above said characters of scales, if the ‘snake, has large shlelds on its I.
head. It is non-poisonous. For main points of distinction see tablc No 1, o

154 POISON APPARATUS

All poisonous snakes possess a poison apparam It includes a pmr of pmson glands a pair
ofponsonductsandapaxroffangs(Fig,ISZ) '

Fig. 15.2 Head of poisonous snake dissected 10 expose the po;mngland 1. Temporal muscles 2. Poison gland 3.
Nare 4, Sensory pit 5. Duct of poision- gland 6. Fang 7. Lower jaw 8. Tongue.

The po:son glands are sitwated one on- cach snde i the roof of the buccal cavity. they are
modified superior labial galnds (salivary) which arc homologous to parotid glands of mammals.
From cach gland a posion duct arises and carries the .venem secreted by the gland to the
fang. Each fang is a specialised maxillary tooth which becomes tubuldr and grooved. Some
snakes have a pair of reserve fangs behind the funcitonal one. In cobras the fangs are fixed,
whereas in vipers they are retracted into a membranous sheath when not in operation.

55  BITING MECHAMSM

The skull bones of a poisonous snake mvolvcd in bltmg mcchamsm havc g;rca{ly modifcd

* Chiefly the quadrate and pterygoid Lones work as levers. The other skull bones are manipulated

by these two bones along with squamosal. as a result of their movement the mouth is opend
wtdely The head is ralsed a httle abova thc rest of the body (Fig 15.3)

The next stcp is the forward thmst of the body this is brought -about: by contracting thf. '
musles on the bendings of the upper part of the body of the snal!z thn strmghtcned
abrnpﬁytheanwrlﬂtpaﬁofthebodythnrstsdlrcctlyformrds :

Theopenmgofmouthandformdthrustthcbody are accompamed,bythc contractlonuf
rymldmmde&mhmhtmoftbewmusdcswﬁhthemamﬂaeémgthefangsto-

.anercctposmonmordertostnkethemy



" Table-1

SNAKES
!
!
I
{ | - o
Tail laterally compressed and flat, Sea snakes Tail cylindricai and
o | ' ' not compressed -
| o Land snakes
: ' o ] :
-I-‘il'ead with {arge shields " Head with t\_viny granular i
‘batween .the eyes. scales between the eyes. |
Sea-snakes Non-poisonous snake |
poisonotis (found chiefly in creeks i
' ' & estuaries) - J]
3 o 4
- Smail scales on the belly as Belly scal_q_s:-not Belly plates cover-
on back. Non:poisonous - broad encugh to ing the entire

extend right-across  width of the

it. Nen-poisonous be[!ly

Small scales on %he head - Small scales or Shields on .
Russeil’s Viper "~ shields on the head the head
- Saw scaled viper . " and a pit between _
po:sonous o : nose and eya. pit viper i
I - Poisonaug
- 3rd Upper labial Scales in the central None of
- touches the eve and - row on the back enlarged the. characte-
‘nose shield : and hexagonal 4th Infra  ristics ' descri-
- L S labials are the largest. bed in either.
{ o - Bands or halfrings across No. 1 or 2.
|- : o

the back. Sub.caudals Non-poisonous
entire. Krait _

| Poisonous
'Cobfa - e .Coral snake
Neck with hood and -with coral
markings. Sub- .. . .spots on the
caudals divided. belly
Poisonious o . Poisonous

On striking, the fangs drive deep into the flesh, sphenophterygoid muscles relax ‘which is
immediately followed by a contracton of the pterygoid externus muscle and palatmc This
" action moves the fangs backwards violently and penctrates them deep into the wound. Then:

. the lower. jaw is closed by the- contractions of threc temporal muscles-the anterior, the middle

and the posterior. During this the anterior temporal,-located around the poison gland compresses - |

the1atcralongthhﬁsductsoastoejectthcpmsonthmughthefangmtothemund.ma
cnhrepmeessnscamedonmamoment . o e e

leave the head m%ctm. At the same time the continued, traction of the body m
upon the hcad and dxsentangle the fangs when snakc qmckly runs away

Thefangsa:e?eleasedmthcfoﬂowxngmanncr Thcmusclcsoftheneckrelaxsotha_t_




157 SUMMARY

Fig. 15.3 Skull of poisonous snake with jaws open 1. Fang 2. Maxilla 3, Nasal 4. Prefrontal S, Frontal 6. Parietal
7. Squamosal 8. Prootic 9. Quadrate 10. Stapes 11. Mandible 12. Basiocciptial 3. Prerygoid 14. Basisphenoid
: 15. Bctopterygoid 16. Palatine.

15.6 SNAKE POISON

The posion, secreted by the glands of a snake is a complex organic compound. Its colour is
yellow. It has no taste or smell. It contains 30% poisonous. proteins dissolved in organic acid.
Its dried powder is soluble in water or saline. The solution is poisonous. Venom secreted by
various poisonous snakes have their own characteristic toxicity. - '

As far the effects are concerned, the poison is of two types: neurotoxic and haemotoxic.

Ponson of cobra and krait is neurotoxic. It effects the respiratory system acting on the nervout

system, both optic and phrenic nerves arc affected leading to blindness and asphyxiatiost or
respiratory paralysis. ' : .

Vipers venom is haemotoxic. It effects the heart, breaks down the red blood corpuselés and
dissolves the endothelium of capillarics, causing haemorrhage and coagulition.

Antivengn sefa injecfions are given to a victim of snake bite.

India and Africa are rich in snake fauna. A majority of them are non:poisonots. Newzealand.
and ireland are free of snake fauna. Out of 216 specics of snakes, afly 52 ate poisonous, of
which 19 are aquatic (sea snakes). Among the 33 terrestrial forms afe the cibras, Kr#its #nd
Vipers. Kraits and cobras are neurotoxic while the vipers are haesiotoxic. thé snaké venom
contains 3% poisonous proteins dissolved in organic acid. It is yellowish in ¢olour asd without
taste or smell Many people die of snake bite due to psychological shock and wnsciéntific
treatment. Shake antivenom is a life saviour. Doctor should be given a _good description of
the snake to select specific antivenin, The poisonous snakcs_cﬁ be eaﬁ/ dlstugmshcd from
non-poisonous ones by colouration and by the structure, size and poskion of the scales.



158 MODEL EXAMIATION QUESTIONS

L Answer the follwoing questions in about 30 lines each.
1. How do you differentiate poisonous snakes from that of noh—'poisonous snakcs-

2. Explain the structue of poison apparatus and mechanism of biting of a po:sonous
snake. Add a note on snake poison, : .

1L Answer the follwoing questions in about 10 lines each,
1 Dcscrit;c the commonly occurring poisonous snakes of India.
2, Dcscnbe the nature of snake poison and explain how it affects the patlent
3. Describc the po:son apparatus of a snake.
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Unit-16 DINOSAURS

Contents

16.1 Objectives

162 Introduction

163 Order-Saurischia =

164 Order- Ornithishia

16.5 Extinction

166 Summary

16.7 Model Examination Questions

161 OBJECTIVES

To dlscuss the dominance of Dinosaurs on land and their cxﬁnction.

16.2 INTRODUC'I‘ION

In the Mesozoic era (about 225,000,000 years ago) the earth was dominated by several groups
of reptiles. During this period for a time there evolved a group of reptiles of gigantic size
of ferocious character which adapted themselves o different types of environment. They were
diapsids and were known as Dinosaurs (terrible reptiles). They made a great advance over
the reptilian locomotion on land. They had strong limbs to support and keep the body a little
distance above the ground level just fike a mammal. This arrangement paturatly increased
their speed and range of vision. :

A notable common tendency among Dinosaurs is the disproportionate development of hind
limbs and a counter balancing tail. These characters ¢ontributed more to their speed. and
vision. Long slim neck has further added to find out choice food. Because of these evolutionary.
advancements, the reptiles became very abundant and spread into all the habitats, from
semideserts through swamps to the open oceans. They varied widely in size - and appearance
and came to dominate the animal life practically everywhere, Consequently the Mesozoic €ra

-is considered as the golden age of reptiles.

Thc Drhosaurs include two distinct orders; onc with a reptilian ‘pelvis, Saurischia, the other
with a birdlike pelvis, the Ornithischia. In unit 12 under sub class Archosauria, diagnostic
characters of these orders have been described in detail



163 ORDER-SAURISCHIA

The Saurischia first evolved in Triassic and remained in existence until the Cretaceous, On

_ the basis of their feeding and hvmg habitats Saunschjans are dmdcd into . two sub-orders
The Theropoda and Sauropoda.

These Dinosaurs lived from upper Triassic thwugh Cretawous. Thcss were of small size,
slender and hollow boned reptiles which reached to a maximum length of 10 feet. Along with
such sma}l-s:md ones evolved collaterally the great dinosaurs which were big headed, carnivorous
with wide j jaws, equipped with long stabbing and tearing teeth. They reached a length of 50
feet and stood 14fccthxglLTheywcrefeedmgmsmalldmosaurs.‘Iheskpllﬂ10ugh
disproportionate was remarkable in providing anchorage for the powerful masticatory muscles
of the jaws. Hind legs were massive and were able to support several tons of huge body
weight, ﬂwseamalsvamshcdﬂthecndof&eﬂowus,pmblyduetohckoffmd.Eg.
T}mnosm (Fig. 16.1 A).

Fg161DmomsATymmonumoB.BlwhiouumcCShooaums '
Su ; o

ThcseDmosaumrcadmdtbcnlargcﬂmdhcaMmofaﬂhndamal&mydea

mmmumlcngthofSOfeetandwmghtprobablySOhmormThcyhved&omecm-
Cretaceous. Thcywereamphbmus,%getamnandmtedﬁorthmmmubn@ofnwk-

andtml hmbboneswerenonpncumamDmmﬂmrhuge,bulkybocﬁesthcypretﬁmdto
ﬁvemwaters Bmch:osmnsthebestmmpb(ﬁgl&lB)
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164 ORDER-ORNITHISHIA

These Dinosaurs appeared in late Triassic and became extinct during upper Cretaceous. In
them the public bone of the pelvis had rotaled becakward so that it occupicd a position
parallel to the ischium. In fact this condition is retained in modern birds- the bird-like pelvié.
Due to anterior prolongation of ilium the pelvis, as seen from the side, was tetraradiate n
contrast to triradiate pelvis in Saurischia. In majority there was a single new bony clement
on the front of lower jaw, the predentary, that formed the lower part of the homy beak. The
tecth were limited to the sides of the jaws only. All the Ornithischia were vegetarians which
fall into four suborders as following: |

Sub-order : Ornithopoda

These Jurassic ornithischians were of moderate size when compared with Saurischia. All were
bipedal with a reduced antorbital fenestra. The primitive forms which were medium-sized had
strong hind limbs. They gave rise to far more specialised types.

The Hadrosaurs or duck-billed dinosaurs’ whose well preSe_rvcd fossils spell out many peculiaritieé.
Their long beaks and jaws contained a large number of small teeth arranged in parallel rows.
Besides were several distinguished by unusual adaptati‘_ons in _the"nasal region of the skull.
The premaxillary and nasal bones were pulled over the skull to form a: hollow crest as in
Parasaurolophus, through wﬁich internal nares traversed in a Joop. These adaptations suggest
that they had some fimctlonal mportancc either concerned to food-procuring or grovel ‘under
watcer. S

The other specialised forms, Troodonts, were of dryland habitat. Their skulls were made of

a solid dome of bone with knobs and spikes. This stguctue possibly was used in defence
against their contemporary hunting Dinosaurs. K

Sub-order : Stegosauria

These Jurassic Dinosaurs grew la;gé'-'tga_lehgth of_'jlzsf_._.;ipct and adapted. four footed modc

of locomotion. They developed peculiar flattened, bony plates of triangular shape on their
back, neck, body and tail in two rows. These monsters tails were armed with four long bony

spikes eg. Stegosaurus (Fig. 16.1 C).

" Sub-order :Ankylbsauﬁa -

The ankylosaurs were armoured Dinosaurs of Cretaceous age. Ankylosauria was 2 bulky
quadruped reptile, about 20 feet in length: Its hind limbs were longer than f(_irq limbs. .Thé:
dorsal surface of head and e:;tifé back were protected by heavy polygonal bony ‘secutes which

gave a mosaic touch, The tail covered dorsally by scutes teminated in a formidable clublike

organ, Close resemblance to first world war tank the Amkylomm:scan 'b_p_called "_liv:_i_ng__ M'e_s'ozo:i_(_:

™ -
-
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Sub-order : Ceratopsia -

The Ceratopsia were horned Dinosaurs which evolved "dur'ing the waning perod of Teptilian
age. They were like rhinoceroses among modern mammlas. they were large quadrupedals with

huge skulls provided with long, sharp horns for protection. Triceratops fossil happens to be ’
- one of the completely known dinosaur wheih grew to a length pf_ about 20 fect. They had a
very brief histoyr which appeared and died out in Cretaceous (Fig. 16.2).

Fig 16.2 Triceratops. 1. Horns 2. Fore limbs 3. Hind limbs 4, Tai

16.5 EXTINCTION

The mighty race of Dinosaurs met with dramatic extinction by the end of Mesozoic era itself,
Several reasons have been ascribed for their sudden down fall. Primarily the dinosaurs failed
to respond positively to the changing and conditions of the mesozoic era. Further, the
appearance of the blood thirsty warm blooded ‘mammals another prime reason for their

166 SUMMARY

Dinosaurs were the giant reptiles lar-: sized but very ill-designed amimals with a very
diSpr_oponior_lately developed brain, Quadrupedes with a long neck occupied all the different
habitats dominating the animal life practically, hence golden age of the réptiles. The pelvis
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16.7 MODEL EXAMiNATlON QUESTIONS

L

Answer the following questions in about 30 lines. '
1. "Mesozoic era is the golden age of reptiles”. Discuss.
Answer the following in about 10 lines each.

1. Pelvic girdle of 'dinosaurs.
2. Mesozoic reptiles.
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171 OBJECTIVES

To understand the characteristic peculiarities of birds, suitable for aerial life and their broad
classification : S :

172 INTRODUCTION

The class Aves includes birds. Dinosaurs and birds have many resemblances. Therefore, birds
are described as "Glorified reptiles”. Birds arose in Jutassic period (about 130 million years
~ago) from reptilian ancestor, All birds possess feathers as 'their exoskeleton which. is their
unique feature. The forelimbs are modified into wings':'Wlii;ch ‘enable them to' fly. The Sh';iuld_e_r
gitdle is modified for the attachment of muscles of flight. The hip girdle and hind Tirabs are
modified i1 such a manner as fo support the entire body weight. The respiratory system is
geared up.- to a high metabolic-activity and high body temperature. This is possible because
of fuller utilisation of. oxygen. by the lungs. - o e -

Birds f:o_ssess certain unique characters such as the absence -of tééth, Teft aortic aorta and
right ‘ovary and oviduct. The olfactory-lobes are usually degenerate due to poorly developed

organs of smell. Birds show some remarkable <changes’ such as a higher - constant: ‘body

temperature, fo;mati_p_n_'o_f_ preumatic boncs, fus_ion of skull bones, fusion of some. vertebrae
and supression of tail. Birds by and large are more or less a homogenous group. There is
- less diversity of structure than in fishes, amphibians or other calsses. Birds are well known
for courtship and nest building. The migration of birds is a fascinating aspect of bird life,

Birdjs-'travel'thousmds of Kiiis; across continents. The migration could be seasonal in response ’

t6 elimatic conditions or tor the. phystological state of gonad.

Birds are feétheré.d and wann blooded bipeds. Exoske]cton.ﬁnd endoskeleton of birds exhibit .

a numbe_r of featurcS_ of acrial adaptations. Lungs are compact and non-distensible. Air sacs
maintain a contifinous Supply of fresh air during inspiration and expiration. Heart is #

chambered, ohly “right systemic arch is fourid. Nervons system is well developed with large
optic lobes, cerebral hemispheres and cerebellum. Howgver, olfactory lobes are poorly déveloped.
Eye with pecten and ear with organ of cortl. ' Birds are ‘classified into two sub classes:
a} Archacornithes b) Neornithes. - ' o
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173 GENERAL CHARACTERS OF BIRDS -

Birds outnumber all other vertebrates except fishes. They are widely distributed all over the
world. They are found virtually every where from the edges of the polar ice caps to the

1)

2)

3)

4)

)

6)

7)

8)

9) .

10)

highest Himalayas and Indian slopes to the roughest scas.

The birds are craniates characterised by the presence of epidermal exoskeleten in the
form of feathers which cover greater part of the body. The claws and beak are covered

by hormy sheath. The feathers provide a light insulating covering to prevent the loss of
body heat.

The fore limbs are modified into vﬁngs and provided with large feathers. The hind limbs
alone support the body weight when the bird is walking or in standing position. For this
purpose the articualtion of the hind limbs is pushed forwards. '

Endoskeleton is usually spongy with air cavities. The bones of the skull have become "
ankylosed carly in the life. There is a single occipital condyle. The premaxilla forms
almost the whole of the upper jaw. The lower jaw consists of 5 or 6 bones. Teeth are
totally absent.

The cervical and free thoracic vertebrae usually have a heterocoelous centrum. The ribs
are double headed, provided with uncinate processes. The vertebrae in the sacral and
lumbar regions fuse with some posterior thoracic and anterior caudal verfebrae. All such
fused vertebrae form a synsacrum which supports the weight of the body when the bird
is walking. The posterior caudal vertebrae are fused to form a pygostyle or ‘plough-share.-
bone’. - ' '

The pectoral girdle has a number of adaptive modifications, The: stemum is broad and
ventrally poduced into a keel called carina in flying birds, The muscles of flight are
attached 1o it. The coracoid is stout and pillar shaped. The scapula is flat and sabre-shaped.
The clavicles and the inter-clavicles unite to form a ‘urcula’ also known as ‘Merry
thought’ or wish bone. '

In the fore limbs carpals and metacarpals are united to form' a carpometacarpus. Only
three digits are present.

The pclvib girdle consists of large iliac bones. Ischia and pubes are directed backwards
and do not form sysmphyses. Acetabulum is perforated

The tibia Is fused with the proximal tarsals to form tibiotarsus. The distal tarsals fuse
with metatarsals to form tarsometatarsus fuse with metatarsals to form tarsometatarsus.
Only four digits are present. '

The digestive system has some unique features. the oesophagus is generally enlarged into
a crop. The stomach is usually divided into a gladulat pro-ventriculus and a muscular
gizzard. The latter is highly muscular and grinds the food particles. A pair of caeca are
found at the junction of small and large intestine. o

Lungs are spongy and non-distensible and attached tb_ vibs. Lungs are connected 0 a
number of thin walled air says, which maintain a constant supply of fresh air both during
inspiratibn-, and expiration. Some air sacs usually communicate with the pneumatic cavities
of the bones. At the junciion of the trachea and bronchi, the syrinx is found, which
produces the sound. '
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11) Heart consists of four chambers, two auricles and two ventricles. Only the right aortic
 arch is present. The right auriculo-ventricular valve is large and muscular. the renal portal
© system is poorly developed. the sinus venosus and truncus arteriosus are absent the
- sinovenosus is absorbed into the right auricle, The red corpuscles are biconved, oval and

cach with a well developed tiucleus, The temperature of the blood is maintained constantly
‘higher than other animals (42° 45°C). _ |

12} The nervous systcm is ch_arac'tcﬁscd by the great development of cerebral hemispheres
and cerebellum. ’I’he'enoromus size of the cerebral hemisphere is due to the presence
of thick corpora stri_é_:_i’tarpf its on_the wventral and lateral walls.

13) The olfactory lobes are poorly developed;-since the birds do not need them while flying
- high in air. The spinal cord has a wide cavify in the lumbar region which is called sinus
rhomboidalis, O
14) Eyes are usually large, needed for a clear vison over a considerable distance. The sclerotic
has bony plates. At the entrance of the ‘optic nerve a pleated and strongly pigmented
membrane, the pecten is found. It i ‘highly vascular and probably supplies oxygen to the
interior of the eye ball. It also-protects retina from sun rays particularly whei birds are
flying. Ear has large and usually curved ‘cochlea with the organ of corti for ‘hearing.
15) The kidneys are three lobed and métanephiric. Ureters open into the cloaca. The urinary
: bladder is absent. Urine consists of wric ‘acid in a semi solid state.

16) Sexes are separate. Testes and vasa deferentia are paired and found one on either side.
But the gvary and the oviduct of the right side are dtrophied. Gonoducts lead into cloaca,
which is usually three chambered.” Fertilization ‘is. intérnal. Males generally lack the
copulatory organ. =~ T R

17) Birds afe oviparous. ﬂ:e‘eggs_ contain ahrgcammmtofyolk encloscd in shell membranes

and a calcareous shell. The embryo has special extraembryonic membranes such as

amnion, allantois. Yolk sac and chorion. These membranes are very useful to the embryo,
the newly hatched young may be precocial ie., ale'to walk, rmin or swim and feed or

“they may be altricial i.c., naked (nio feathery covering) and dependent for the food supply.

upon the parent.

17.4_ CIASSIFI_C_ATION OF BIRDS

1. Archacornithes II. Neornithes - _
174.1 Sub Class Archacornithes (Gr. Archios - amcient; Ornithos - bird).
rog b class includes some primitive extinet birds from upper Jursaic poriod.”these birds

are found Archacoptery: lithographica ; (Flg..'lﬁ.l') and Archagomis simensi, Thesewere about

the size of a crow. Both the jaws bear enamel crowied teeth. They had-a long, tail with many
vertebrae and tail feathors arranged on either sides and is without pygostyle. Bones wercsohd

with 10 air cavitics. Vericbrae were having amphicoelus' centra unkike z the heterocoelos
condition found in present day. birds. Sternum was flat without a keel for the attachment of -

flight muscles. Skull and the large eyes were avian in character,
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Fig 17.1 Archacopieryx A. Sketch of fossit impression showing skeleton and feathers. B. Reconsttucuon of Archaoop&uyx 1

~ Coracoid 2. Humerus 3, Free metacarpals 4. Radius 5. Ulna 6. Ribs 7. Clawed toes 8. Tail feathers 9. Free caudal vertebrae

in lizard-like tail 10, Teeth in beak 11. Scleratic bones in orbit 12. Smpula 13. Wing feathers 14. Pree clawed fingers 15. Eye

These birds were not capabie of successful flight. The small sternum, thc small wing spread
and a long tail gave a clear indication -that these birds could only hop from one branch to

" another. Studies of the cast of endocranium revealed that the brain had smooth: cerebral

hemispheres and small cerebellum. The cercbellum occupied a positon behind the optic lobes
instead of overlapping them. The smaller size of the cerebellum is a further evidence of the
limited power of flight of these birds. The brain of Archaeopteryx. was predominantly reptitian. .
Thus it is clear that the birds arose from bipedal, arboreal, rcpulc ke anceswr5, which had -

hmlted powers of flight.

17.4.2 ~Sub Class Neornithes (Gr. Neos New- Ormthos. bxrd)

This sub class includes all living birds and the some cxnnct hirds. Birds bclongmg to this sub
class have an extremely short tail usually ending in a pygostyle. Teeth arc absent in all the
living birds. Carpals and metacarpals are fused to form carpometacarpus. For¢ limbs have



three digits wlthont claws. The
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with a keel for the attachement of muscles of flight. The birds belonging to Neornithes first
arose in the cretaceous period and were mostly water birds.

Sub class Neornithes inlc;udé,s:

A. Group of extinct birds belonging to stper order: Odontognathae. These are flightless
aquatic birds. eg., Hesperommis. . : : :

B. The hving birds- arc. mncluded in three super orders.-

1.

Paleognathae: Flightlcss birds, decended from flying birds. eg., Struthio Rehea and Aptery
(Kiwi) (Fig: 172 A-C). A

Impennae : These are-also flightlessbirds decended from flying birds. They have become
adapted for swimming dnd. diving eg., Fenguins (Fig. 172, D). S

Neognathae : They include the flying birds having most of the avian characteristic featires.

They show a great variety in the details of structure and habit, There are more than 20
‘orders belonging to Neognathae. Few of the important ofders with examples are .quoted

below:

“Fig. 172 A- Struthio B. Rhea C. Pateyx D, Penguins

‘pectoral girdle.ié characterised by a weli dcvelopéc'l\ sternum
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Bird

Albatross, Storm Petrel and Divi.n_g.petral etc.  Procellariiformes
Pelicans, Cormorants etc. Pclicaniférmcs ..
Herons,_Storks, egrets & Flammingoes etc " Ciconiformes
Duck,Gees & Swans ctc. | Anseriformes
Vaitures, eagles, Kites etc. (birds of prey)’ Falconiformes
Fowls, pheasants, patridges (Game birds) Galliformaes
Cranes & bustards | Gruiformes
Gulls, terns, lapwigs, plovers etc. Chardriforme:
Pigeons and doves. | Columbiformes
Parrots Psittaciformes
Cuckoos Cuculiformes

Order

175 SUMMARY

. centra, synsacrum and pygostyk.

" cerebelieum are well

The class Aves includes the Archeeapieryx and modern birds. “They are often described as
glorined reptiles. Birds are large bomogencous, warm blooded bipedal vertebrates. Skeleton
is pncumatic with a boat shapad Tarina. Vertebral column is peculiar in having heterocoelous
im:ﬂ: skeleton with carpomctacnrpous, tarsometatarsus and
tibiotarsus. Degestive system . ji“alse peculiar in having Crop ad- yzzatd Lungs spongy but

idid with air sacs. A;rsmaretﬂe source of frésh air for continuous

on and expiration.. A syrinx. is present. Lefi, systemic arch and

sinus venosus are abscnt. ‘Bgmse of olfaction” ﬁom‘lg devclopcd while optic lobes and

Joped. ségnephric. Only left ovary with oviduct is

prescnt. Eggs large sized vgti a cair,a:rcous shell. Eybryomxc membranes present. The class

Aves is classified into 2. subelasses. A;'Chaormthcs and Negwmmes The former includes lizard-like
arboreal formes while the latrer mdudﬁ ratite and Carinate modern birds.




176 MODEL EXAMINATION QUESTIONS

L

Answer the following questions in about 30 lines each.

1. Give an account.of the general characters of the Class Aves.

2. Classify Aves upto sub classes and give general characters along with examples.

Answer the following in about 10 lines each

1. Archaeornithes

2. Neornithes

m
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Unit- 18 : PIGEON - MORPHOLOGY AND
FXOSKELETON

Contents

181 Ohbjectives
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18.4 Habits
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18.6.1 Quill Feathers
18.6.2 Coverts
18.6.3 Filoplumes
18.6.4 Down Feathers

18.7 Summary
18.8 Model Examination Questions

18.1 OBJECTIVES

® To explain the morphological details and their significance. To describe the structure of feather
and different kinds of feathers,

' 182 INTRODUCTION

The pigeoﬁ or the common ‘Indian wild rock pigeon’ is scientifically known as Columba livia.
A number of varieties of pigeons are found with slight variations in size, colour, feathers and
other details, However, the following " descsiption will generally apply to all varietics.

18.3 HABITAT

It is a common ancestral rock bird found in mediterraian in Europe and Asia. But now a
number of domestic varieties are distributed all over the world, They are commonly found in

grain market, warehouse, old tall buildings .and in other such places.

184 HABITS

Pigeon is a gregarious bird and feeds on grains, seeds, fruits and young green shoots, These
birds are monogamous ie., one male bird and one female bird keep  company. The courtship
is very common, Eggs are laid in the nest. Both the parents incubate the eggs., The young
birds are fed by the parents by a fluid which is secreted by the crop during breeding season

and known as "pigeons mils". The pigeon flies swiftly, but cannot walk rapidly on the ground.

External Characters

The body of pigeon is divided into head, neck, trunk and tail. The colour of the bird is
blue-grey. The entire body is covered with feathers except at the feet and beak. The body is
stream lined and offers minimum resistance to wind.



The head is small with a round craﬁium. There is a prominent beak. The beak is formed by

the upper and the lower jaw and covered by horny sheath, the rhamphotheca. The mauth -

has a wide gap extending along the border of the beak. At the base of the upper beak on
each side, threre is a patch of naked, swollen and soft skin. This area is known as cere (Fig.
- 18.1). It is suggested that the cere may be a receptor organ, but there are no experimental
evidences to this effect. The external nostrils are oblique slits. They are situated close to the
anterior margin of cere, and rerha:kably backward in position. The cyes are very large and
round. Each eye has an upper and a lower eyelid. In addition each eye has a transparent
- nictitating membrane, which can be pulled over the cye ball. A little distance behind each
eye is the auditory opening or ear, which is concealed by auriculr feathers, o

‘Fig. 18.1 Pigeon (Clohumba livia) - External features. 1. Cere 2. Nosttil 3. Beak 4, Throat 5. Thorax 6, Breast
7: Abdomen 8. Stales (orvorueoscutes) 9. Clawed toeé 10, Hind toe 11. Leg 12. Tail feathers (or pecﬁ‘ioes) )
13. Wing feathers (or régines) 14. Black barbs 15, Wing 16. Back 17, Neck 18. External earopening 19. Head 20. Eye.

Neck is very long cylindrical and mobile and distinct from head and trunk. The trunk js boat
shaped due to the presence of a mid veatral ridge, the keel or carina of the sternum. At
the posterior end, the body is drawn out into a short conical projection, the uropygium or
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tail. A number of large tail feathers or retrices are found attached to the tail. On the dorsal

. side of uropygium is a small papilla, which bears the opening of a preengland or oil gland.

The skin of the bird is dry and lacks any gland. Preen gland is the only skin gland found in
pigeon. The cloacal aperture is a large transverse slit found on the ventral surface at the
junction of the trunk and uropygium. ' o

The fore limbs are modified into wings. Each fore limb consists of an upper arm, a fore arm
and a hand. The forelimbs bear long quill feathers. Only three digits, the first; second and
the third, are found. The second digit is -much longer than the other two. The three parts
of the wings are beni upon one another in the form a “Z’ during resting position. During the
flight, the entire wing is fully extended and held at right angles to the trunk. A fold of skin
stretches between the upper arm,and fore .arm, .which is known as alar membrane or
‘prechpatagiury’. Similarly a smaller fold of skin is found extending between the proximal
part of the upper arm and trunk, which is knwon as ‘post patagium’.

The hind limbs are used for balancing and walking. Each hind limb is made up of the thigh,
shank and foot. It is not directed outwards as in reptiles, but downwards and forwards. the
femur is turned under the body and articulates with the acetabulum, at a forward position.
Thus the movement is almost restricted to antero-posterior direction. There are four digits. -
All of them end in hormy claws. the first digit (hallux) is direected backwards and all others
are forwardly directed. The fect are covered by horny epidermal scales the carneoscutes while
the rest of the hind limb is covered by feathers. The-whhlé_ of the hind limb is parallel with
the sagittal plane of the trunk . = - . .- 5 v L

186 EXOSKELETON = oo

The exoskeleton of birds consists of scales feathers, claws and rhamphotheca.

Scales are horny and epidermal in nature and found covering the tarso-metatarsus and the
four digits of the foot. Claws ar¢ also of homy epidermal nature. They are found at the end
of each digit of the foot. Rhamphotheca, the horny sheath on the beak is also epidermal in
origin. _ | _- o

Feathers are also horny and epidermal in nature. They do not originate uniformly form'the
entire surface of the body. There are ceftain well defined areas - the feather tracts or pterylae,
from where the feathers develop. In between, the feather tracts are areas known as featherless
tracts or apteria. Only a few small feathers the filoplumes arise in these apteria. However,
the feathers (found in pterylae) are long enough to cover the apteria also and thus the entire
body is covered by feathers. o L

Kinds of feathers

The feathers of the birds are of seycral hndssuchas quill .feathers, contours, filoplumes

- coverts or down feathers (Fig."18.4). R

18.6.1 Quill Feathers

These arc the largest of all the types of feathers. They are found on the wings and tail. The
quill feather possesses a typical structure. Each feathes consists of a stiff long ocntr_a]. axds
called shaft or stem. The proximal part of the them is hollow, cylindrical and sbort which is

known as calamus or quill (Fig. 184 A). A small aperture is found at its ‘base which is

called inferior umbilicus. A small Gonical projection of the skin, the feather papilla fits into

T



the inferior umbilicus. The distal part of the shaft is solid and known as rachis, which bears
on either side an expanded membrane consisting of delicate thread like strucutres the barbs.
The expanded memberanous part of the feather is known as vexillum or vane. At the upper
end of the calamus on the ventral surface there is another smaller aperture, the siperior
_ umbilicus A small tuft of barbs is found near the superior umbilicus, almost covering the
latter. This tuft is kaown as after shaft or. hyporachis. :

Fig. 18.3 Pigeon-Wing bones showing fixation of feathers. 1. Humerusz. Radius 3. Ulna 4. Carpals 5. First digit
6. Ala spuria 7, Carpometacazpus 8. 3rd digit 9. Proximal phalanx of 2nd digit 10. Distal phalanx of 2nd digit
11. Pre-digitals (2) 12, Mid digitals (2) 13. Ad-dlgltals (1) 14. Meta carpals (6) 15. Secondanex (12).

The barbs cxtend outwards from the l‘aChlS All the barbs are fincly connected to each other
to form a continuous membrane. However, a little amount of gentle pressure can separate
them. each barb is a thin long structure arising from the rachis. The microscopic ¢xamination
of the feathers will reveal the structure of the barbs so that we can understand the mechanism
of interlocking of barbs The barbules arise on both sides of the barbs. Thus there are two

sets of barbules arising from each barb, A proximal set of barbules, directed towards the
base of the feather, bear _grooves or ﬂanges A distal set of barbules, directed towards the -

feather-tip, bear minute hooklet or barblcels or hamuli. The hooklets of each d.lstal ba:bulc
fit into the groove of each proximal barbule situated on the bar to in front of it. In. this
manner all the barbs are firmly connected to each other and form a connnuous surface to
withstand the resistance to air (Fig 184 D) : :

The feathers found on the wing. are known as remiges. There are 23 such féathers in each
wing. Of these cleven are attached to the bones of the hand or manus and known as primary
quills. The other twelve are attathed to the ulna and these ere called secondaries or cubitals.
Six of the primary quills are attached to the metacirpals and hence called metacarpal quills.
The remaining five primary quills are known as digitals. These are fusther distinguished into
ad-digital the feather attached to the only plalanx of the third digit; two mid digital attached

to the proximal phalanx of the second dlgxt two' predlgltahs, attached fo distal phahnx of
the second dxg:t : ' '

The quitl feathers found in the tml ‘region are knowu as rectrices. thcre are twelve such
feathers, arranged in_a semicircle around the uropygiurm. : Lo

The first digit of the hand ie., pollex bears a tuft of smail feathcrs Whldl is calledala spuia
or false wing or bastard wing: : S : L
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. L
Fig. 18.4 Pigeon-Different kinds of feathers. A. Quill B. Down C. FiloplumeD). A part of rachis magnified to show barbs,
barbules and hooklets 1, Rachis 2. Vexillum, 3. Umbsilical groove 4. Superior umbileus 5. After shaft 6. Calamus
7. Inferior umbilicus 8. Barb 9. Proximal barbule 10. Hooklets 11, Distal barbule 12. Proximal barbule
13. Flange or groove 14, Umbilical groove.

18.6.2 Coverts

These are like the quill feathers _cxcept' that they are smaller in size. They cover the gaps
between the bases of the quills. They are found amidst the remiges- and rectrices. '
18.63 Filoplumes

These feathers are found scattered on the body surface and' can be seen after the body
feathers are removed. Filoplumes are very delicate with a long slender calamus, bearing barbs
at the tip. There is no interlocking arrangement in the barbs (Fig. 18.4 C).

18.64 Down Feathers

These are very small and without a shaft. The calamus is very short. The barbs have no

" interlocking arrangement. These feathers are found covering the body of nestling birds (Fig.

184 B).

Feathers arise from the papiliac in the skin with an epidermal covering very much like the
scale of a reptile. The feather papilla grows into cylindrical tube and sinks into feather follicle.
The core of the feather papillae is dermal and vascular and forms the feather pulp. The
outer layer of the feather papilla becomes cornified and thickened. The malpighian layer of
the feather papilla: proliferates and forms a number of vertical ridges. Of these the two central
ridges unite to form the rachis and the remaining ridges form the barbs, with their barbules
forming the vane. o '

The feathers have twe important functions to perform. They provide an insulating covering
and thus prevent the loss of the body heat. They also serve as organs of flight by constituting



the wings in thc fore limbs. Protectlvc colouration is yet anothcr functlon of the feathers.
They also play an important role in sexual display. :

18.7 SUMMARY

The pigeon or the common Indian wild rock pigeon is a gregareous bird feedmg on grains,

seeds and young green shorts, It dips entire beak under water and drinks like a horse unlike

other birds. The pigeon is monogamous, It lays usually 2 eggs, incubated by both thcparcnts
for 14-18 days. Young are fed by pxgeons milk secreted by crop.

The body and wings are covered by fcathers Wings and tail covered by qmlls The barbules
of the quills joined by barbicles or hamuli. Eyes are with 3 eye lids. There are 3 figures
and 4 clowed toes. A Iold of skin stretches between the fore arm and upper arm is called
the prepatagium (alar Membrane)and a post patagium between the upper arm and the trunk,
The hallux is directed backwards. The urepygiuru (tail) with the love preem g]and '

The q'uill feathers arise as epidermal feather papiflac, grow into ‘feather germ’ embedded in
feather. follicle much as the reptilian scales. Flight muscles are well developed.

188 MODEL EXAMINATION QUESTIONS

L Answertlle following in about 30 lines:
~ 1. Describe the external features of pigeon.
2. Describe the exoskeleton of birds.
II.  Amswer the following in about 10 lines:
1. Explam the structure of Quill feather.
2. Feathers develolamcnt and functlons
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Unit - 19 ENDOSKELETON OF PIGEON
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19.1 OBJECTIVES

~ unique features as mentioned in the earlier paragraph.

In this lesson the endoskeletal features are discussed. There are two main divisions of

. endoskeleton (i) Axial skeleton (if) Appendicular skeleton.

192 INTRODUCTION

The endoskeleton of the pigeon like that of any other bird is highly spemahsed and. unique
in structure. The skull, vertebral column, the bnones of the girdles and limbs are so highly
modified that they can be easily distinguised from the corresponding bones of any other
vertebrate. Many of the bones are pneumatie, containing air spaces. The bones are light without
any marrow in them. Some of the air .cavities of the bones communicate with the air sacs
and ultimately with the lungs. The endoskeleton consists of:

i.  Axial skeleton comprising. of skull and vertebral column,

ii. ppendicular skeleton counsisting of girdles and the limb bones

193 AXIAL SKELETON

1931 Skull Structure

Skull of the pigeon is.characterised by large size made of light and spongy bomes: a complete
fusion of bones; very large orbits, a long and pointed beak; 2 single occipital condyle; lower

“jaw having two movable joints with the freely movable quadrate. -

The Skull of the Gallus (Fig. 19.1) the fowl is generally used for the study in place of the
skull of pigeon, because of its larger size which makes the study convinient in the laboratory.
The skull of Gallus is built on the basic reptilian patiteen, although there are a mumber of

A
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The occipital region consists of four bones:

(i) Supra-occipital (i) Two ex-occipitals (i) a lower basi-occipital. . Al-l these four bon;z |
surround the foramen magnum, a large opening which is directed backwards and downwards

and visible from ventral side. There is a single occipital condyle. On the frentral sndc below
the basi-occipital is a large basi temporal plate and little anteriorly, the basisphenoid is found
which is continued into a slender rostrum as-in lizards.

.- | B
Fig. 19.1. Skull of Galius, A. Dorsal view B. Ventral view 1. Premaxiifa 2. Nostrit 3. Lacrymal 4. Orbit 5. Zygomatic
- process of frontal 6, Quadrato-jugat 7. Supra-occipital 8. Lamboidal ridge 9. Parietal 10. Quadrate 11. Fugsl
12. Frontal 13, Nagal 14. Maxifla 15. Nasal process of premaxifia 16, Palatine 17. Jugal 18. Rostrum 19. Basispherioid -
20. Plerygoid 21. Tympanic cavity 22. Basioccipital 23. Occipital condyle 24. Foramen magnum 25. Exoccipital .
: 26. Basitemporal 27. Eustachian opening. -

On the dorsal surface of the skull large paired parictéls_ and fronta_ls_ are found. The :paﬁctal

and’ the supra occipetal are demarcated by a prominent ridge, the lamboidal ridge. The

tynipanic ¢avity “is' bound by the squamosal. The auditory capsule is supported by prootic
bone. The .orbits are large and separated by interorbital septum, which is fdrﬁié_d,by the
mesethmoid and orbitosphenoid. The interorbital septum is a partition partly bony and. partly
cartilagenous, It stands’ vertically between the two optic capsules. Anteriorly: cach orbit is

covered by a Iacrix_né_l boae,

The olfactory capsulé has a pair of nasals and vomer infont of each palatine. The nasals are

long' marrow bones, on (he dorsal surface and vomer is a slender bone .on the ventral side
and is the continuation of rostrum. The upper jaw has premaxilla and maxilla. The  two

premaxillae are very prominent and united to form practically the whole of the upper beak. . -
The maxilla is a slender bone.and produced on the inner side into palatine. Alongwith the
premaxilla and: maxilla, there are two other bomes, jugal and quadratojugil which form the -

arcade on the veatral side of ‘the skull. The quadrato-jugal is a bony rod and articulates ‘with
the quadrate. The quadrate is a stout; triradiate fresly movable bone, It articulates with ‘the

mandibles by two ofic ‘processes, so that the former bone has double movable joints as in
lizards and snakes,- pterygoid-is a stout bone on the inner side of tie upper jaw, which

articulates with the quadrate.’
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Fig. 19.2 Hyoid apparatus of Gatlus. 1. Entoglossal ceratohyal2. Anterior corva 3, Basihyal
4. Urohyat 5. Posterior cornua 6. Ceratobranchial 7. Epibranchial.

The lower j jaws of the two sides are fused anteriorly, but free throughtout and leave a wide
gap. Each lower jaw.consists of five bones, all of which are fused together. The four bones
are 1) a large dentary {the two dentaries are united anteriorly), 2) splenial, 3) supraangular,

4) angular. These four are investing bones. There is a replacing bone, the articular, which

forms the posterior expanded part having concave articular facet for the quadrate.

The hyoid apparatus lies in the floor of the buccal cavity and supports the tongue. There are
three bones in the median axis. 1) Entoglossal 2) Basihyal 3) Urohyal (Fig. 19.2). Entoglossal
has a cartilage infront. A. pair of short anterior cornua project backwards from the entoglossal.
A. pair of long posterior cornua airse from the junction of the basihyal and urohyal, which
are directed backwards. The posterior cornua consists ceratobrachials and epibranchials.

18.3.2 Vertebral Column

The vertebral column of birds is characterised by its rigidity because of fusion of vertebrae
in some regions. It is further characterised by the extreme mobility of the neck and shortness

of tail. The vertebral column of the fowl is divisible into 1) Cervical rcglon 2)Thoracic region _

'3) Sacral region 4) Caudal region.

1. Cervical region: There arc 16 cervical vertebrae found in neck region. The last one or
two vertebrae bear large ribs which are double headed and movably articulated ribs.
The cervical region passes into the thoracic region. it is not easy to recognise the transition
from the cervical region to the thoracic region. However, the first vertebra having its rib
articualting with the sternum is regarded as the first thoracic vertebra. Starting from the
third cervical upto 10th cervical vertebra, the structurc is -more of less alike and. these

 are described as typncal cervical vertebra. :

Structure of a typical cervical vertebra: Thc typical cervical vertebra is a shghtly an elongatad
bone (Fig. 183 A). A wide cavity or canal is enclosed in its entire length. This canal is called

the neural canal, through which the spinal cord passes. The main body of the vertebra is .

the centrum which is found at the floor of the neural canal. The centrum is very unique in
having saddle shapped surfaces. The anterior face of the centrum is concave from side to
side and convex dorso-ventrally. The postérior face is convex from: side to side and concave
dorso-ventrally. Such a centrum is described as heterococlus. Such articular surfaces of the

©maaclRe R
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centra allow grcatcr mobility of neck. The sndes and roof of the neural canal are thinner and
constitute the neural arch. There is a small mid dorsal projection from the neural arch, which
is called as meural spine. The transverse processes are short, outwardly directed projections
on both sides of the centrum.. Ventrally the centrum sends out, a short process known as
hypapophysis. At the base of each transverse processes, an aperture is found through which
the vertebral artery passes. This aperture is called vertebrarterial foramen. A backwardly
directed process is given out from the transverse process. This is known as the rib. Generally

from the margins of the neural arch articular surfaces are found extending, which are-called

zygapophyses. The anterior articular surface faces upwords and is known as prezygapophysis.
In Gallus however, the prezygopophys occur on the upper side of the transverse processes.
The posterior articular surfaces arising from the neural arch which face downwards are the
prezygapophysis.. The postzygopophyses of each vertebra -articulates and overlaps with
prezygapophysis of the succeeding vertebra. The first two cervical vertebrae are modified to
form the atlas and axis. -

Fig. 19.3 Pigeon-Cervical and thoracic Vertebrae. A. Typical cervical (dotsal view), B, Atlas vertebra (antcrior view)
C. Axis vertebra DD, Free thoracic vertebra 1. Post zygapophysis 2. Neural spine 3. Neural arch 4, Cervical rib
5. Prezygapaphysis 6. Vertebraterial canal 7, Transverse prrocess 8. Contrum 9. Neural canal 10. Facet for oceipitat

Atlas or First cervical vertebra: It is very small and ring like in apperance. The centrum is
poorly developed, The neural spine and the postzygapophysis is rudimentary. The neural canal
is large and is divided by a ligament into two parts. The upper, the spinal canal for the
spinal cord and the lower odontoid canal for the odontoid process of the second vertebra.
The anterior end of the centrum has an articular surface for occipital condyle of the skull.
Transverse processes and prezyapophyses are abscnt (Fig. 193 B)

Axis or second cervical vertebra: This is also a small bone but larger than the atlas. It has .

no transverse processes. Ribs are also absent. The centrum is produced anteriorly into a

slender process known as odontoid process which fits' into the odontoid canal of the first

vertebra. The odontoid process is considered to be the centrum of the atlas. This neural
spine is small and blunt. The anterior and the posterior zygapophyses are found (Fig.19.3 C).
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Thoracic region: This régioﬁ is characterised by its rigidity as a result of the fusion of

vertebrac. There are five vertebrae in all. The first fourth are fused, the three is free

and the last one is fused w;th the sacral and the first five caudal vertebrae to form the
synsacrum. The first three or four thoracic vertebrae are fused with the last cervical
vertebra to form a rigid girder. The transverse processes of these fused vertebrae unite
forming horizontal bony plates. Their neural spine forming a contimuous ridge in the
mid-dorsal region. The hypopyses are fused midventrally to form a compressed plate
for the attachment of the neck muscies. ' :

All the thoracic vertebrae bear ribs each oonsisting of a vertebral and a Sternal portion and
articnlatés with the vertebra by a double head. From the vertebral part of the rib arises a
small bony out growth, the uncinate process.

_Lumbar vertebrae are 6 in number and situated next to thoracic vertebrae. They do not have

free ribs and hence regarded as lumbar verterae. However, some. authors consider them ds
sacral vertebrae only.

3.

Sacral region: There are 14-15 sacral vertebrae (Fig. 19.4) 14th. It is by the fusion of
the following bones the synasacrum if formed 1) Last thoracic verterae 2} the sacral
vertebrae 3) The first five caudal vertebrae. The synsacrum provides surface for attachment .
to the heavily built ilia of the pelvic girdle.

Caudal region: The first. five caudal vertebrae are fused to participate in the formation
of the synsacrum. The next five or six caudal vertebrae are small and free. The last four
caudal vertebrae are fused and form a compressed upturned bone, the ‘pygostyle’ or the
‘plough shape boune’. T :

. g _
Fig. 194 Pigeon-S&nsacrum 1. Last thoracie vertebra 2. liium 3. Synsacrum 4. Acetabulum
5. Caudal sacrum 6. Pubis 7. ischium &, Candal vertebrae 9. Pygostyle.

Fig 19.5 Pigeon-caudal vertebrae 1. Free caudals 2. Pygostyle.’



1933 Sternum

Sternum is a very characteristic and highly modificd bone. It is a broad triangular bone

extending far postetiorly below the abdomen. The mid ventral part of the sternum is produced
into a vertical ridge, the keel or carina, The large muscles of flight are attached to the keel
of the stermum, On this broad ventral girder, much of the body weight of the bird is carried
during flight. The anterior end of the sternum projecis spwards as the manubrium. From
the anterior dorsal 'side of the sternum, a litde posterior to the manubrium are two flat
processes known as xiphoed - process. The shorter one is the external xiphoid process and
the longer one is the Internal xiphoid process. The distal end of these processes arc expanded
and plate like. Anterior to the external xiphoid process, dorsally there is a costal process
having notches for the attachment of sternal part of the ribs. Between the manubrium and
- the costal process there is a decp groove, the coracoid groove for the articulation of the
lower end of the coracoid (Fig. 19.6). ' '

Fig. 19.6. Stemum of Gallus. 1. Costal facels 2. Manubrium 3, Carina (kee)
4. Stemum 3, Lower xiphoiq process 6. Oblique xiphoid

194 APPENDICULAR SKELETON

194.1 Pectoral'Girdle _

The shoulder or the pectoral girdle is very distinctive mb:rds It consists of a scapula, ooraéosid
and clavicles. Scapula is a long, flat, sword like bone. It Lies over the ribs bracing them. The

scapula is produced internally into an acromion process. It is joined to the coracoid at its

_ anterior end at an acute angel by a ligament. The- corcoid is a stout, broad,: straight, pillar
like bone. The dorsal end of each coracoid is produced into an acrocoracoid. It articulates
with the sternum at the coracoid groove. On the outerside of the coracoid where it is
connected to the scapula, there is a cup shaped depression, the glenoid cavity. The head of
the humerus (bone of the upper arm) fits into the glenoid cavity: A pair of slender long
bones, the clavicles are attached to the coracoid. The two clavicles arc joined vemrally to a

small flat interclavicle forming a V-shaped ‘furcutum’ or ‘wich bone’ or ‘merry thought’. The .

apex of the furcula nearly -llgacl;¢§ the sternum. Each of its extermities is attached by ligament
to.the acromion and acrocoracoid processes of the corresponding side in such a manner that

a large aperture, foramen triossum is left, between the three bones of the gu'dleThrough

[h.lS formncn the tendon of :thﬁ pectora]is minor pa.SSCS [hl'bl.lgh and auachs to ﬂleh
(Fig. 197 A). CEET - 10 fle Tumerns




Fig 19.7 Pigeon A. Pectoral girdle 1. Scapula 2. Foramen friosseush 3. Coracoid 4. Clavicle 5. Stermuar:
B. Fore limb 1. Pncumatic foramen 2. HBumerus 3. Radivs 4, Ulna 5. Ulnare 6. Radiale
7. Phalanx of digit 1st 8. Carpoinctacarpus 9. Phalacx of 3rd digit 10. Phalanx of 20d digit.

1942 For:zlimbs

The .fore limb of the bird is modified into a wing. It consists of an upper arm, foreasm an

hand. The bone of the upper arm is humerus. At its proximal ‘end is the head, which is
slightly swollen and knob like. The head of the humerus articulates with the glenoid cavity.
There are two projections one on either side of the head of the humerus, a small lesser
tuberosity on the preaxial side and a greater tuberosity on the post axial side. The greater
tuberosity has a pneumatic foramen, through which the air sac gnters, making the bone spongy
and light. In Line with the lesser tuberosity the humerus has delioid ridge for the insertion
of pectoral muscles. The posterior end- of the humerus bears an articular surface, the trochlea
for the radius and ulna. The forearm consists of two separate bones, -the ‘radius and: ulna.
The radius is relatively slender and more or less . staright. Its preximal end articulates with
the trochlea of humerous. The distal end articulates with radiale. the ulna is longer, stouter
and slightly curved. At its- proximal. end it articulates with the trochlea. The distal end
articulates with radiale. The ulna is lobger, stouter .and slightly curved. at its proximal end it
articulates with the rochlea. It is continued as a short process beyond the articulation, which
is known as olecranon process. The distal end of ulna articulates with ulnare (Fig. 19.7 B).

There are two large free carpls in the proximal row of radialé and ulnare. The distal row
of carpals and the three metacarpals arc fused to form a compound structure, - the
corpometacarpus. Of the three metacarpals the first is much reduced. The second is elongated

and steut borie. The third metacarpal is slender and dlightly curved and joined to the second
metacarpal at both the cnds biut free in between. the first digit has a single phalanx, the
second digit has two phalanges and the third has a single phalanx. The fourth and fifth digits
are absent. The digital formula is 1:2:1:0:0 _ :

19.43 Pelvic girdle

The pelvic girdle is a massive bony structure. It is united to the synsacrum of the verbetral
clumn dorsally. The pelvic girdle consists of two similar and equal halves. Each half consists



of three bones. 1) Hium 2) Ischium 3) Pubis. All the three bones are wunited to form
innominate- bone. At the junction of the three bones a cup like depression is found, which
is known as acetabulum, The head of the femur articualtes with the acetabulum. A large

foramen is found at the boitom of the acetabulum, the acetabular foramen which is covered _

by a thin membrane (Fig. 198 A). .

The ilium and ischium have become elongated and wider, in order to distribute the body
weight evenly during locomotion on land. The ilium is a large; expanded bone consisting of
a pre-acetabular and a post acetabular portion of more or less equal size. - The pre- acetabular
part has a concave outer surface while the post-acetabular, part, is convex on the outer
surface, On the posterior edge of the acetabulum, the illium is produced into a process, the
anti- trochanter which works against the trochanter of thte femur bone. The ilium is a bioad
bone fused posteriorly with the postacelabula ilium. there is a foramen known as ilio ischiatic
foremen, which seperates ischium from ilium. The pubis is a long slender, curved rod like
bone. It turns parallel to the ventral broader _of the ischium. the pubis is separated from

the ischium behind the acetabulum by a slit like opening the obturator foramen. The pubis

is extended anterior to the acetabulum as pre-acetabular or pre-pubic process. The pubes
-and ischia do not form symphyses. The two innominate bones are united dorsally with the

. Synsacrum, Ventrally the two halves lie apart from each other. In all other vertebrates the

two halves are fused ventrally,

B

Fig19.8 Pig.eon A, Pelvic girdle, 1. Ischium 2, Post-acetabular illium 3. Ischiatic foramen 4. Preacetabular ilium
5. Prepubic process 6. Acetabulum 7. Obturator foramen 8. Pubis B, Hind fimb 1, Femur 2. Pstella 3. Fibula
: 4. Cnemial crest S. Tibio-tarsus 6. Tarsals 7. Tarso-metatarsus 8, Spur 2. 15t metatgrsal.

19.4.4 Hind limbs

The bones of the hind limb consist of a femur, a tibio-tarsus fibula tarsometatarus and
phalanges. Femur is a stout bone. The anteroir end is. differentiated into a smooth rounded
head and trochanter. The distal end of the femur is produced into pulley like condyles. The
two condyled enclose between them. an inter condylar. groove. A small sesamoid bone, the
pateHa is found in the intercondylar groove, on the extensor side of the koee joint. "I‘he

. 1
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shank consists of tibio-tarsus and fibula, The former articulates with the femur. Tibio-tarsus
is a long bone formed. by the fusion of tibia with the proximal row of tarsal bones, The
proximal end of the tibiotarsus is projected into two large ridges the cnemial crests, The
proximal end of the tibio-tarsus also bears two articular surfaces for the condyles of the
femur. The fibula is slender, smaller and tapering bone. It is closely applied to the tibio-tarsus.
The next part of the hind limb is the foot consisting of tarso- metatarsus. It is formed by -
the fusion of distal row of tarsals with the second, third and foruth metatarsal. The proximal =
end of the tarso-metarsus bears articular surfaces for the tibio-tarsus, The distal end of the

tarso-metatarsus bears three pulley like surfaces corresponding to the three metatarsals. The

ankle joint ic., comnecting the tibiotarsus and tarso-metatarsus is formed between the two
rows of tarsal bones and hence it is described as intertarsal joint. At the lower preaxial side
of the tarso- metatarsus the first metatarsal is found. The first digit or hallux is dirécted
backwards and contain two phalanges. The second, third and fourth digits are all directed
forwards and contain 3,4 and 5 phalanges respectively. The last phalanx of cach digit has a
pointed and curved claw. The digital formula is 2:3:4:5:0

195 SUMMARY

Endoskeleton of pigeon comprises of axial and appendicular skelctal system. Axial skeleton
includes skull and vertebral column while the appendicular skeleton embodies the girdles and
the limb skeletons. Skull includes cranium, jaws, sense capsules and hyoid apparates. Bird
skeleton is unique among vertebrates being pneumatic and ankylosed (fused). Almsot every
part of skeletal system is unique. Skull monocondylic and rounded posterierly with edentate
and pointed beak. lower jaw greatly reptilion. Sternum with carina (keel). Coracoid stout and
pillar like. Pelvic girdle is tetra radiate as in ornithischian dinosours. Synsacrum, pygostyle,
Carponietacarpus, tibiotarsus, tarsometlatarsus, are some pecuhanncs of the system.

19.6 MODEL EXAMINATION QUESTIONS

L  Answer the following questions in about 30 lines each:
1. Describe the skull of pigeon.

2. Describe the vertebral column of pigeon with an emphasis on the various modiﬁcations
found in its structure. :

'3, Describe the appendicular skeleton of pigeon.

"H. Anbswer the following questions in about 10 lines each:

1. Describe the st:ructure of a typical cervical vertebra of pigeon.
2. Describe the structure of sternum of pigeon.
.3. Describe the structure of pectoral girdle of pigeon.

" 4 Describe the structure of pelvic girdle of pigeon.
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Unit- 20 ANATOMY OF PIGEON
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201 OBJECTIVES

This lesson describes the various important organs like heart, lungs and those forming part
of viscera. _ : :

202 INTRODUCTION

When we begin to dissect the bird, first of all we come across the skin, then the muscles of
the abdomen, thorax and the broad stermum. Internally we find the body cavity or coelom, -
which is lined by peritoneum. Various organs of the body are found suspended in the body
cavity by membranous folds known as ‘mesenteries’. :

203 VISCERA

In the neckregion we find the long cylindrical, gullet or oesophagus running dorsally and
paralle] to the trachea or wind pipe. Mouth. is bound above and below by horny beak. The
buccal cavity is narrow anteriorly but becomes wide posteriorly. It contains a large tongue
which is pointed at the tip. The buccal cavity is followed by a marrow short pharynx which
in turn is followed by the gullet or oesophagus mentioned earlier. At the base of the neck,
the gullet dilates into a thin walled; large, bilobed sac, the erop. It serves to store hurriedly
swallowed large granules of food which undergo masceration and digested later. The epithelium
of the crop sccretes during breeding -4edson a highly mutritive fluid “the pigeons milk" which
is regurgitated and fed to the young bird. Both tho parants secrete this milk. ‘The crop is
continued into the stomach which consists of two parts (i) an anterior proventriculus (i) a
posterior gizzard. The proventriculus is slightly wider than gullet and. contains a nymber of
gastric glands in its mucous membrane, The gizzard is large, hard biconvex structure. Iis
walls are highly muscular. The inner lining is-made of a hordy epitheiial layer, A number of
small pieces of stones which are swallowed along with grains are to be found in the inuer
cavity of the gizzard. These small pieces of stones help in crushing the food particles. There
is a mesentery attached to the gizzard. The mesentery extends from the gizzard to' the veatral .
body wall towards the left of the median line. This is known as ventral ligamenit, which is
continued anteriorly to form the ligament of the liver known as falciform: ligament which
extends down from the mid ventral part of the liver to the miid ventral line of the bod;
These two ligaments are continuous with each other. They constitute a partition or septum,
which divides the peritoneal cavity into a larger right cavity and a smaller left cavity. Such a
septum is not found in other vertebrates. = : .




The gizzard is followed by a long small intestine, consisting of a proximal duodenum and a
distal part, the ileum. The duodenuni is ‘v’ shaped and receives two bile ducts and three
pancreatic ducts. The duodenum. passes_into the ileum without nay demarcation. The ileum
is coiled, very long tubular structure. The next part of the alimentary canal is the large
intestine or rectum. This is a very short chamber and more or less of the same diameter as
that of ileum. At the junction of the ileum and rectum there is a pair of small Colic caecae,
which also aid in digestion. The last part of the alimentary canal is thé eloaca which opens
by the cloacal aperture. The cloaca consists of three chambers, the anterior large coprodaeum
(receiving the rectum), the middle urodaeum (receiving remal and genital ducts) and the
posterior prectodacum which opens by cloacal oepning, Cloaca reabsorbs water from the urine
and faecal matter. : W

The liver and the pancreas are the two glands associated with the alimentary canal. The liver
is bilobed large, dark red coloured organ found behind the heart. The right lobe is larger
than the left. Each lobe has its own bile duct. there is no gall baldder. There is a small
spleen found near the liver. Pancreas is found in the loop of duodenum. It is a pinkish
~coloured gland of great significance. These ducts arise from the pancreas which carry the
pancreatic juice to the duodenum. _ _ o

20.1 Soft Anatomy f pigeon 1. Mouth 2. Upper beak 3. External nostril 4. Cere 5. Comimon eustachian opening
1lzi‘Gullt-.t 7. Eltc:;ny ear opening 8. Upper larynx 9. Tongue 10, Lower beak 11. Oesophagus 12. Opening of trachea
T Tliy'mus gland 14. Trachea 15. Crop 16. Pectoralis major muscle 17. Right wing 18. Doml aorta 19. He&.m .
'20. Right tung 21. Lift lung 23. Right lobe of liver 23, Left lobe of liver 24. Bile ducts 25. Spléen 26. Proventriculus

27, ileurn 28, Gizzard 29, Peaumatic ducts 30, Left kideny 31. Pancreas 32. Ureter 33. Duodénum 34. Bursa fabrici
L .- 35, Rectal cacea 36, Cloaca 37. Rectum 38. Cloacal aperture. - :
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The heart of the pigesn is very large in proportion’ to'the 'size of the body and consists of

four chambers. The-heart is found in elicate ‘pericardial s_ac lying " dorsal to the Ste'mu_m:.
The auricles are thin walled chambcrs_, situated on the anterior side. They are much smaller
compared to ventricles. The two ventricles form the major part of the heart which together
consitute a muscular thick walled cone with the apex directed down wards posteriorly. There
is an aorta on the right side starting from the left ventricle. The sinus venosus is absent.
(Since it is absorbed in the right auricle). From the right ventricle a pulmonary trunk originates,
which soon divides into two large pulmanary arteries. There is a complete separation of
oxygenated and deoxygenated blood in the heart of birds. The venous blood is. received by

the right auricle, conveyed to the right ventricle and pumped to the lungs. The oxygenated

blood is returned to the left auricle by two pulmonary veins and the left ventricle. pumps the
same into right aorta, then to all parts of the body. In birds, the left systemic artery. continues
as the left subclavian artery. = - o o : e
The trachea or wind pipe is found ventral to the gullet running in the neck region. The trachea
is displaced to the left by the crop. Tt soon divides into two bronchi  as. it enters the body
- cavity. There are bony rings supporting the trachea. The bony rings completely surround the
trachea. On the other hand the bronchi are supported by cartilagenous rings: which do- not
surround completely, At the junction-of the trathea with the paired bronchi, a swollen structure
is found which is known as syrinx. ‘This is a highly characterstic sound producing organ of birds,
Lungs-are very small compared to their body 'size ‘and lic in pleural civities. The lungs are
‘Ton-saculars spongy lobes and only slightly distensible unlike in frog and lizards. On the dorsal
surface the hungs closely fit into spaces between the ribs. The ventral surface of the lungs is covered
by peritoneum or pleura. ' : o ) B
A number of air sacs are found. connected to the lungs. Air sacs are expansions of the mucous
membrane of the bronchi. The air sacs are very thin and transparent. Of the nine air sacs,

four paired and one extra clavicular median unpaired. The interclavicular air sac is ‘median

and connected to the bronchi of both the lungs. An auxillary air sac from the interclavicular
air sac enters the humerus (Fig. 20.3) on each side. From the anterior side of each lung
arises a cervical air sac, which gives out small branches to the neck. The anterior thoracic
air sacs arise from the anterior lateral side_ of cach lung. Similarly the posterior thoracic air
sacs ari_s’c’froﬁ_l the pOSterior side of each lung. A pair of large aabdominal air saés, are found
lying amidst the coils of intestine. The ventral surface of the thoracis air sacs are covered
upto the pericardium. The oblique septa of both sides are united middorsally, The oblique
septum divides the coelom into two chambers, The anterior chamber containing lungs,
interclavicular and throacic air sacs. The ‘lower. chamber contaiiig dbdominal air sacs, heart,
liver,-stomach, intestine etc. Air sacs do not have any rolc in the gaseous ‘exchange as they

are least vascularised. They increase the efficiency of the lungs by providing them fresh air

during expiration. The air sacs also cogl the body by internal evaproation of the body fluids
from their surface. : L : S :

A pair of kidneys (metahephric) are found fitted in’ the hollows of the pelvis. Each Kidney
is three lobed, flattened and dark red coloured. They are covered by peritoﬂcum only on the
veniral sidc. The ureters are narrow ducts arising. ven't'rally between the aﬁtcri-oll""and the
middie lobe of. the kidney. They run straight posteriorly and open directly into the urodacum,
the middle compartment of the cloaca. The urinary baldder is absent.

A pair of testes are found, They are attached by'thc__.pgﬁtoncum to_the. ventral surface of
the anterior part of the kidney. The fold of peritoncum. is ‘called mesorchium, The size of
the testes vary considerably according to the season. They are ovoid in.shape. Narrow
convoluted ducts arise from the inner side of the posterior part of the testes. These ducts
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are called vasa deferein_ih, which run bachs parallel to the urétcrs; The antérior baﬁ of

_ each vas deferens becomes more densely convoluted to form the epididymis. Before opening:

into urodacum each vas deferens becomes enlarged to form a seminal vesicle. The seminal
vesicle serves the purpose of storing the sperms. The copulatoyr organ is absent in pigeon,

In the female reproductive organs, the ovary is found only on the left side. The one on the
right side is atrophied. The oviduct of the right side also atrophies and only a remnant of
the oviduct is found near the cloaca. The ovary is considerably increased in size dur"ing the
breeding season. The ovary is quite large and irregular in shape. It is attached to the kidney
at the anterior part on the ventral surface by the peritoneum which is known as mesovarium.
A large number of round follicles of different sizes are found studded within the surface of

the ovary. Each follicle contains an ovum. The left oviduct is long, convoluted and muscular. -

The anterior part of the, oviduct is enlarged to form a wide oviducal funnel, with large median
opening, having fimbriated margin. The mext part of the oviduct - is provided with glandular
epithlium where albumen is secreted for the egges. Then follows the uterus, which secretes
the shell of the egges. The terminal part of the oviduct is a small vagina, which secretes
mucus. The vagina opens into urodacum. ’ ' :

Adrenal glands or supra renal glan.ds._ are found as prominent, yellow coloured bodies of

irregular shape situated anterior to the kidneys, near the gonads. The secretion of adrenals
is known as adrenaline which is a hormone that controls the involuntary muscles. Thyroids
are paired bodies found on either side of the trachea, where. it branches into brochi. The
secretion of the gland is thyroxin which regulates the- general metabolism.

204 SUMMARY

The soft anatomy of pigeon includes the various organ -systems viz., digestive, respiratory,
circulatory, nervous and urinogenital. The digestive system shows peculiarities in possessing

crop, proventriculus and gizzard. The respiratory system too shows unique structures like air .

sacs and syrinx (sound producing organ). Lung is a very small, non-distensible lobe. Air sacs
pump fresh air into the luhg_s during expiration. Heart is ¢ chambered. There is only right

aorta. Sinus venosus is absorbod into right auricle. Kidney is 3 lobed and metanephfig:. There

is only left ovary with its oviduct which not only passes the egg down to vagina but also’

secretes albumen and shell to the ecgg.

305 MODEL EXAMINATION QUESTIONS

I, Answer the following questions in about 30 lines.
1. Giwe a general acﬁoouﬁt on the internal structure of the pigeon.
II. Answer the following in about 10 lines:
1. Describe the digestive system of pigeon. _
2. Describe hings and air sacs of pigeon. Add a note on the significance of air sacs.
3. Describe the genital system of pigéoﬂ. i ' |

4. Describe the heart of pigeon. '
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211 OBJECTIVES

This unit gives an account of adaptations in the structure of various organs in response
10 acrial mode of life and the significance of seasonal movements.

212 INTRODUCTIGN

We have noted the birds show very interesting structureal modifications. This is particularly
true, to fift and maintain the body in the air. Every part of the body accordingly modified.
In addition, the birds also show habit of migration from its home to another part of the
world and back scasonally for purposes of feeding and for breeding. Now we shall discuss th
flight mechanismis and mighty habits of these' aerial bipeds. '

213 - FLIGHT ADAPTATIONS |

Birds are the most successful animals. in adapting themselves to the aerial -mode . of life.

Adaptations could be found practically in every organ of a bird. Some of the major ‘adaptations
are as follows: : ' - : ' :

The body of the bird is streamlined so as to offer minimum resistance to air during flight.
The body is boat shaped and all the feathers are backwardly directed and lie flat over the
b;fody'. Such an arrangement of feathers would ensure minimum resistence to air, Another
remarkable -adaptation to flight is found in the modification of the forelimbs into wings. The
‘wings are covered by long feathers, the quills. The primary feathers provide the greater part
of the forward thrust, acting as propellers, while tlic secondaries are miainly responsible for
the lift. The air space that occurs between the feathers especially towards the tip of the wings,
serve as slots. The slots allow the air to escape thereby reducing the turbulence and results
in the smooth flight of bird in the air. Slots are conspicuous in slow fliers and mostly in such
_birds which soar on thermal up currents. Slots are also found in the wings of large birds
sucki as pheasants, which are fast fliers, T]{c alaspuria or bastard wing also asppears to act
as a slotting device. _ ' :
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The muscles of flight are enormously developed in fllying birds. A massive and powerful
muscle, the pectoralis major, which is about 1/5 of the total body weight is found. It arises
from the whole of _the keel of the sternum and from the clavicles, filling up the entire wedge
shaped space between the body and the keel. This muscle is richly supplied with blood vessels
and it is the chief motive force during.the powerful down stroke of the wings. The elevation
of the wings is performed by the supra coracoids (pectoralis miror also called sub clavius)
which arises from the anterior part of the sternum, dorsal to the pectoralis major. The- dorsal
supra-humerals or scapulo-humeral and coraco-humeral muscles cause the rotational movement
of the wmgs These muscles extend from the pectoral girdle to humerus (Fig. 21.1).

2 %
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Fig 21.1, Pectoral museles of pigeon. 1. Clavicle 2. Tendon of the subclavius 3. Humerus 4. Forainen triosseum
5. Coracoid 6. Coracobranchialis 7. Pectoralis major 8. Subclavius 9. Sternumi10. Pectoralis major.

Endoskeleton is well adapted to the aerial mode fo life. Various parts of the skeleton such
as vertebral column, skull, girdles and limb bones are highly modified to suit the aerial mode
of life. Many of the bones of the bird are light and do not have marrow. They are pheumatic
filled with air and communicate with the air sacs. the long pneumatic bones are provided
with struts, without sacrificing the strength (Fig. 21.2). This principle is often used in the
wings of the aeroplane. the vertebral column has undergone remarkable changes, such as the
great mobility in the neck region, the shorteness of the tail and rigidity of the trunk region.
The cervicle and free thoracic vertebrac have heterococlus centra, which provide free mobility
to the neck region. The rigidity of the vertebral - column is due to the fusion of vertebrae to
form two girders. The first girder is formed by the fusion of the anterior thoracic vertebrae.
The second girder, the syasacrum, is formed by the fusion of last one or two thoracic, lumbar,
sacral and anterior caudal vertebrae. This rigidity of vertebral column is of great advantage

to the bird for withstanding the pressure of air during flight.

1 5
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Fig. 21.2. LS. of long bone of vulture showing structs. 1. Air spaces 2. Struts 3. Base



Sternum is very characteristic part of the skeleton of bird. Thc‘ ventral part of the sternum is
produced into 2 keel of carina.. The massive muscles of flignt are attached to the sternum
and keel. During flight much of the body weight is carried by the sternum and keel.

The respiratory and circulatory systcms:. are very efficiently organised to meet the high energy
needs of th;;_\?ﬂight muscles. The most characteristic feature of the circulatory system is unusually

large size of the heart, beating rapidly. The oxygenated and the. deoxygenated blood is kept
well separated. Further the birds are warm blooded and maintain comparatively a higher

~ constant temperature. This can be correlated to a very high metabolic activity of birds. All

these- are the adaptation to aerial mode of life. The lungs are connected to the air sacs which
make the respiratory system most efficient (Fig 20.3). The air sacs act like bellows thereby
allowing an efficient . flow of air in and. out of the lungs. Birds are only vertebrates where
there is no dead space (containing unufcd air) in the lungs. '

. Co _ e T _ :‘;,:- .

Fig 21.3. The fungs and air sacs of a bird 1. Trachea 2.5yrinx 3. Bronchus 4. External branches 5. Recurrent

. Bronchius 6. Parabronchus.8. Abdominal air sac 9.Posterior thoracic air sac 10. Anterior thoracic air sac
" 1L.Air sac extending in (o0 humerus 12. Interclavicular air sac.

* The maintainance of equilibrium is of great importance for the birds during flight. The even

distribution of weight is ensured by the position of wings, which are articulated at a much
anterior point. The muscle of flight which are very massive are borne on the keel of the
sternum and the sternum in turn is attached to the ribs. '

The nervous system is very well developed. The cerebellum is unusually large consisting of
a median lobe and lateral flocculi. Transverse convolutions are found on the cerebellum, so
as to increase the grey matter. The great development of cerebellum is obviously in response
to the active flying habit of the birds (fig.21.4). Cerebellum co-ordinates the coplex movements
of the wings by regulating the equillibrivm, The sense organs, particularly the eye is very
well developed. It is. very large and reaches a high level of efficiency (Fig. 21.5). The muscles
of the iris and ciliary muscles are striated and concerned with the power of accommodation
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Fig. 21.4 Pigeon briain-Dorsal view. 1. Olfactory lobe 2. Cerebral hemisphere
3. Optic lobe 4. Medulla Oblongata 5. Flocculus 6. Cerebellum 7. Pineal body.

;

Fig. 21.5 'Ihe_._eye of pigeon 1. Sclerotic coat 2. Choroid coat 3. Retina 4. Pecten
-5, Optic nerve 6. Ciliary process 7, Iris 8. Comea 9. Aqueous chamber. 10. Scleratic plate. .

[he spongy bones with air cavities. the rigidity of vertebral column, fusion of a number of
sones in vertebral coloumn, skull and also in limbs, make the body of the bird lighter which
are of great advantage during flight. Besides the covering feathers, the muscles of flight and
structure of brain and eye are of basic adaptive valne. Further the efficient types of respiratory
and circulatory systems are in conformity with the high metabolic rates of the birds. Thus we
find that birds have a number of adaptive features in response to aerial mode of life.

214. MIGRATION OF BIRDS

' The migration of birds is a very fascinating aspect of bird life. It has attracted the attention
of mankind for centruries. However, extensive experimental study has been carried out only
in the present century. Migration referes to seasonal movement of birds from one region to
‘another to obtain the advantages of favourable conditions of life. Migration also implies a
return to the original place. The most common migrations are those of north to south and
back. Such migrations are described as iatitudinal. During summer northern regions offer
‘more favourable conditions of life. and so the birds ‘migrate from south to north. In winter
they return to south. Birds living in mountainous regions migrate to plains in winter (for
feeding) and in summer they return to mountains {for breeding). Such -migrations'arc referred -
to as altitudinal. . ' . .

‘In India, there are about 350 forms of birds which migrate to palacarctic regions Le., north
of Himalayas in Central and Northern Asia, for breeding during summer. The most abundant
and regular migrants are the ducks and geese, swallows, flycatches ctc. A mumber of birds
migrate to northern places such as Ladakh, Gilgit, Bhutan, Sikkim etc., for breeding during



summer, Most birds leave fbr northern places before hot weather commences in March/April
in oui country. They return in the early autumn between September and November when
there would be severe cold in the northern parts.

The direction ard course of movement during migration is not fully understood. Most migrating
birds follow prominent land marks, such as rivers, coast lines, mountain ranges etc. Soaring
birds migrate with the help of up currents and tend to use short sea crossings. Birds seem
to possess some sense of seneral direction. They do not learn the routes of migration from
their elders. Young birds without any previous experience of route of ‘destination, complete

the migratory journey with regularity and - accuracy without any mishap. Evidently birds are

guided by instinct impressed upon their individual memory, so that it has become hereditary.

Birds flying over the sea during the migration, do not go much higher, since they do not
mect with any obstacle. Generally birds fly at a height ranging between 400-900 ‘meters. Birds
. which have to cross high mountain barriers fly at a very high altitude. Many migratory birds
such as Geese, Waders and passerine birds have been observed over the Himalayan altitude.
Many climbers have observed the remains of migratory birds such as ducks, cranes, waders,
eagles etc., strewn in the Himalayan glaciers.

The Arctic Tern (Sterma paradisea) is a champion long distance migrant. These birds nest in
Northern Europe, Asia, and Alaska. The migratory ~ flight towards south starts between
September and November. They reach Antarctica in southern ‘hemisphere where they stay
from December to March, They return to north between April and May. During these migration
flights the Terns cover nearly 9000 miles each way (Fig. 20.6). The wood cock (Scolopax
rusticola) is capable of non-stop flight of 2,400 kms from Nilgi i, itsfeeding place to Himalays,
its breeding place. Storks and plovers are also examples of long distance migrants.

Fig. 21.6. Map showing the route and distance of lnigmtion of Arctic Tcrﬁ. 1..Alaska 2. Hawaii 3. 7455 miles (distance
between 1 and 3) 4. 9319 miles {distance between 1 and 4) 5. South America 6. Antarctica, I
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21.4.; Causes

Thg migration of birds is in response to some stimuli, which could be provided by the
physiological conditions of the gonads. The amount of day light or the photoperiod has a
direct influence on the physiological conditions of the gonad. - It has been observed that in

~ birds which are .caged in autumn and exposed to illuminatior to make up the ‘loss of day

light, the gonads do mot regress. Such birds when released, move away northwards where the
conditions are more appropriate for breeding. On the other hand the control birds which
were not provided with extra illumination, did not show any urge to move away towards north,

. when released. Obviously this was due to regression of gonads. These experiments by Rowan

suggest that séasonal changes in illumination may be an important facter in migration.

A bird enters a physiolog;ical-étate that triggers  the migratory instinct prior to the actual
migration. In this phase the day light which reaches the eyes of the bird, induces nerve
impulses. These nerve impulses reach the hypothalamus, which in turn induced the anterior
pituitary to secrete gonadotrophic hormones. The physiological state of the gonad of the bird
is changed because of the action of the gonadotrophic hormone, which provide a stimulus
for migration.

214.2 Significance

Migration confers abvious advantages to the birds. It helps the bird to live in favourable
conditions of life all through the year. By migrating from high altitude during winter, they
avoid. extreme cold conditions such as freezing of water and shortening of length of day.
During summer when birds return to northeﬁly regions or high altitude, they get the advantage
of longer day light for searching food. They avoid extreme hot climate. Further they get
enough food due to luxuriant vegetative growth, and suitable conditions for breeding.

21.5 SUMMARY

The birds are the unique vertebrates showing several adaptations for flight. Almost every
(organ) system is affected particularly the skeletal system. Even among the soft organs, right
from the digestive tract upto the urinogenital system, we find the modifications. The feathers,
flight muscles, pneumatic bones, keel, the air sacs, cerebellum, the absence of right ovary with
its duct, all contribute for the aerial mode of life. The origin of the migratory habii. of the
birds is_a disputed fact. Probably, of the several other causes, the day length may influence
the gonad condition, through the endocrinal regulations, thereby triggering the migratory
instinct. The scarcity of food, weather conditions coupled with hereditary instinct might put
the bird on migratory route. Interestingly, the young birds take the migratory routes without
receiving any sort of training or guidance for migration from their elders.

Several types of migration viz, altitudinal, lititudinal (arctic term, geese & some passerine
birds), seasonal, vertical, diurnal etc, are noted to occur in nature.

216 MODEL EXAMINATION QUESTIONS

I Answer the following questions in about 30 lines each.

1. Describe the flight adaptations of birds.



2. What is meant by bird mlgratlon" Describe the process of mlgratmnS, causes and

significance.
II. Answer the following in about 10 lines each.
1. Flight muscles
2. Brain of bird

3. Causes of bird migration

217. GLOSSARY

Acetabulum
Acrodont

AIr sacs

Alar membrane

| Ala spuria
Allantois
Amnion
Amniotes

Amphicoelous

Antivenin

Apteria .

Arboreal
Barbicles
Carapace .
Centrum

Cerebellum

Chaﬁon-
Cnemial Crest

Cochlea

Cohimella

Coprodaeum.'

A sack which grows from the hindgut in the embryo ammiotes

: Biconcave. A term used to describe vertebrae in which the centrum has

The socket for the articulation of femur in the pelvic girdle

Teeth fused to the edge of jaw-bone

: . Large bags acting as air reservoirs connected to the lungs'

: A fold of skin attached between the upper arm and fore arm of the bu'd,
- anteriorly.

A tuft of feathers attached to the thumb of a bird

The inner of the two foetal membranes of aniotes; the outer being the chorion

Reptiles, birds and mammals

dcprcss;ons on both anterior and postenor faces
Antxpo:sonous scrum

Spaces on the surface of a bird’s body where the skin is naked or covcred

- with only down feathers.

Animal dwelling in or on the trees
Smali hooked processes by which the barbules of the feather interlock

Doxsal covering of tortoises and turtles

:. A part of the bone which forms the chief part of the vertebra

Enl’argement of the hind brain in a vertebrate. It is lobed and convoluted in
birds and mammals. It is concerned with co-ordination of muscelar action

The outermost of the foctal membrancs in reptiles, birds and mammals
A ridge on the tibia to which the main tendon of the knee is attached

The spiral part of the inner ear containing complexreceptor by which varions
sounds are perceived

A single ossicle connechng the tympanic membrane with the inner ear

The part of the cloaca of a bird into which the rectum opens.
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Coagulation

. Crop

Cretaceous
Ciliary muscles
Desiccation
Dermal Bone

Ectothermic

Epidermis

Foramen Magnum

Foramen triosseum :

Falciform ligament:

Fossil :
Gizzard
Glenoid cavity

Gullet
Habcmﬂar

Heterocoelous
Vertebrae :

Hemipenis :

~-Heterodont :
.Hypapophysis :
 Hypothalamus

Infra;labials
Jugal
Jurrasic
Lacrymal

Marrow

Melanophores

Clotting of blood

A dilation of oesophagus where food may be kept stored for some time before
passing on to the gizzard ' '

In pigeon it secretes nutritive milky fluid. Geological period-lasting
approximately from 135 till 70 million years ago

A ring of small muscles at the junction of cornea & choroid in the vertebrate
eye. This helps in the power accomodation '

Drymg up of embryo due to evaporation

{Membrane bone)-Bones which do not replace preexisting cartllage but are
deposited independently in the lower layer of the skin

{Poikilothermic)-Having a body temperature which changes with that of
surrounding

The outer layer of the skin derived from the ectoderm

The large opening at the hind-end of a vertebratc skull through which the
spinal cord passes from the brain

-An opening enclosed by the scapula, clavicle and corocaid of a bird. The

tendon of the pectoralis minor passes through the opening

A short double sheet of mesentery connecting the liver with the ventral wall
of the abdomen of pigeon

Preserved remains of past animals; generally hard parts like bones, teeth etc

A part ot'the stomach havmg thick muscular wall oftcn with horny teeth. It

breaks up the food into small particles

A cup like hollow in the pectoral girdle into which the head of the humerus
fits -
Food tract in the neck (oesophags)

Transverse nerve tract running across the roof of the third ventricle (brain)

Vertebra having saddle shaped centra. Such articular surfaces of the centra
allow great mobility of neck

Paired, muscular male intromittent orgais in reptiles

Having several Hifferent types of tooth i.c,, incisors, canines etc]

A median ventral process on :he centruti of a vertebra

Thé floor of the third ventricle in the veftcbrzit; brain which is thickened
Scales on the ioﬁcr jaw of the snake or a reptile

Membrane bone forming part of the anterior border in the vertebrate skull
Geological period-lasted approximately from 180 till 135 million years ago
Mcmbranc bone in the anterior part of the 'cye orhit

Yeliow or red pulp in the ceatral cavities of the bone. In this tissue the red
blood corpuscles (RBC) are formed

: Cells containing pigment granules usually of black melanin



Mesozoic Era ©

Oblique septurt

Obturator Foramen :

 Occipital condyle

R

Rhamphotheca

Odontoid process
Ovipéflous -
Pa.rasphenoad

Panetal Bgdv

Parictal Foramen

 Parotid Glands
Plastorn

 Pecten

Pecroralis Major-
Pec tnrahq mmor

Pleus odom
Pré-ha:nsiis
Pfococlous
Proctodacum .

Pteryia

Pygostyle -
Quadrate

Quadruped

Synsacrum

Struts

Symphysis .

: Geologi 'caimim-;mi;m-w*_; d approximatelv from 225 till 60 milions

years ago, The age of great réptiles or "Golden age of reptiles”

;¢ Aseptam whichdivides the coelome into two chmbers in Birds. The asitefior

chamber containing lungs, interclavicular and thoracic air sacs. The.lqw :

“chaniber Ctmtains abdominal air sacs, heart,lwer,stomach etc
-A!argcopcnmgbetwecnthepubﬁandthensch:moneachsldeoﬂhepehc

girdle

:*" Bony kiobon the ventrat part of skull for amcu]auon with atlas vcrtcbra

A projcctron of the second vertebra, directed forwards ﬁt into the ﬁrst

.. ertebra .

Ammals reproducmg by Iaymg eggs

N : Membranc bonc, fonnmg part of thc ﬂoor of cranium _
{Pmaai eye)-An outgrowth from the roof of the forebram. In lampray it is

with lens and retina acts as photorcoeptor In other reptlles its funcnon is

" doubtful B
;A medum opcnmg between two panctal bones

' Sahvary glands in thechchk of mamma!s o

Ventral covering of tortoises and turtlés

A Vascular comb-like processes from the choroid in the eye of a bird. Its

fanction is not certain, Probably it suypplies oxygen to the inside of the eye

A very large muscle which is spread all along the keel of the sternum, The

_powerful down stroke is due to this muscle.

This muscle is responsible for the elevation of the wings. It arises from the
anterior part of the sternum dorsal to the pectoralis maJOr

¢ Teeth attached by their side to the j jaw

Organ capablc of grasping
Vertebiae whose centra are concave in front and cdm behind

The posterior chamber of cloaca which opens by cloacal opening

:' These are also known as feather tracts. The contour feathers of a bird are

arranged along these tracts -
The last four tail vertebrae of a bu'd which are fused

;- Cartilage bone at the hind end of upper jaw which articulates with lower jaw .
-Amimals walking on fore and hind limbs |

E The horney epidermal sheath surrounding the heak of a bird

A number of fused verfebrae supporting pelvic girdle of bird _

The long boncs in flying birds have cavities inside with a framework of bars
of the bones to reszst the pressure

A junction or union of two bones as for énstance l.he two publu: bom
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. Syrinx

Scutes o

Supra-labials

~ Sub-candals

Tl_:ccodont

Temporal Muscles :
‘Triassic

Unicinate process :

Uropygium

Urodaecum

Viviparous

Thmndbuxofabn'dlomtcdatthclowerendofthetmcheawherethe
tmbronclnarefomd

ngofsmallmlappmgboneswmntamundtheiris
Scnle;orshmld-hkeonthebodyformmgemskeleton

: Scales on the upperjaw of a snake or reptile

Oncormwmofventralséalesbghindlhedoadecfsnakcs
Having teeth in sockets

Muscles connecting the lower } jaw with temporal rcglon of the cranium
Geological pcnod—lasted anpronmatcly from 225 till 180 million years ago

Asma]lprocesspro;ectmgbackwardsfromtheribsofthcbudseach_
: owrlappmgthenextpostenorribandsohclpmgtostrcngihcnthewallof
- thethorax

: 'I'heshorttml—stumpofablrd
The middle clmnber orpartofthecloacamtowhlchthcuretersandgcmta]

ducts open
Anmals,whoseyouugoncs_dpvelops inside the body of the parent



Unit - 22 : MAMMALIA - GENERAL CHARA-

~ CTERS AND CLASSIFICATION
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221 OBJECTIVE

® To know the distinctive features and also the diversity of mammals,

222 INTRODUCTION

- Mammals arose from cotylosaurian reptiles. They originated in the Jurassic period about 150

million years ago. The transition from primitive repitiles to mammal fike forms took place in -

the upper carboniferous period but in Permian, they had a set back. In the Jurassic period
there were only a few mammals but in the Cretaceons, these small forms became abundant

and

‘before the,_ Eocene, a variety of different types of mammals evovled and the Tertiary

period regarded as the ‘age of mammals’,

223 GENERAL CHARACTERS

L

Due to the presence of mamméry glands unfunctional in males and milk sccrctmgm
females the class is named as mammalia, Mammary glands are present in females. for
suckling the young ones. Except a“few forms all give milk.to young ones; placenta is

developed as an organ for the nourishment of embryo from the mother’s,

The body is usually covered with insulating coat of hairs. The skin is glandular. The |

" body temperature is kept at a constant Ievel. Hence they are homiothermic or endethermic.

The vertebrae and the long bdpes have terminal ossifications. The centra of vertebrae

have generally flat or slightly tblmdc'd facets and there are seven cervical vertebrac with

_t_hc exception of sloths.

Skull dicondylic. Skull bones firmly united, sutures 'geucra!l'y persist. Lower jaw is formed
of dentary only. Middle ear with three ossicles viz stapes, incus and malleps.
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10.

11

12.

13.

14,

Nasal pa:t is usually long; teeth on both jav;ﬁ situated in sockets or alveol: (thecodont\

and are differeniated (hetrodent). Teeth are rarely absent. ‘The - tongue is ‘ssually nmblh,.'

Eyes are provided with movable Tids, ears with~ extcrnal ‘fleshy pmn.u, "The senses ol

sight, smeHl’ and hearing are: well developed.

Fore limbs and hind limbs ar¢ usually present except in few forms pentadactyle, adapted .

for walking, running, climbing, flying, burrowing, and swimming which are prowded w1th

horny claws, nails, digits, hoovcs or fleshy pads.

A muscular partition the diaphragm seperates the chest cavity contammg the heart and

lungs from the abdominal cavity and is of great importance in msplratmn

. Respiration is only by lungs Larynx is provided w1th vocal cords.

Heart is four chambered (two auricles} and (wo ventrlcics Only thc left aoruc arch
persists; red blood cells are circular biconcave without nucleus except in Lamchc_iac

Urinary bladder is présent for excretion of urine.

The brain is highly developed: The cerebrum and the cerebellum are large and complex.

There is a high degree of coordination in alll activities including the power of learning
and memory. Cranial nerves are 12 pairs.

Testis desend in majority into scroctal sacs in thc adult. Small ovaries wrth eggs graafian
follicles.

‘The male has a copulatory organ called pcms

Fertilization is internal. Eggs are usually small withouf shells Thc femalés have utcruq

for development (viviparous). Embryonic membranes are present.

224 CLASSIFICATION

The living mammals are divided into two sub classes: Prototheria and Theria

224.1 Sub Cléss : Pi'otothéna

Prototheria is rcprcsentcd by the primitive mammals comprl‘;mg the (}rder ‘monotremata.
Examples Omithorhynchus (Duck-billled platypus) and Tachvglossus (Echidna or spiny Ant
cater (Fig. 221 AB}) '

_Characters _
1. ‘They posses temporary pouchcs in which the yﬁung onf:a are hatchcd mto whlch they
are transfcred after hatching. _
2. Thc body is small and is covcred with halrs In Ormthorhynchus, fur Is soft In Tachygloasu:.
along with halr, short but sharp spines arc preseats, S
5. 'External car or pinna absent. Thu inner car is pntmhve . _ _
4. Calcified teeth are found. They are very bmtl{, and degcncratc Later on they are shed
and replaced by horny plates. o L
5. . Mammary glands are without nipples and are modlﬁcd sudunﬁc $lands:
6. Fore lcgs are short but ‘powerful. Hind limbs are less specialised.
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i0.
11.
12;

: 13..

14.

' Skulldicondflic.

Malletis, incus are well developed. Ribs are not double headed.

I 'Shaped interclavicle and’ epipubic bones are piesent as in' reptiles..

- Stomack is globular Intestine is distinguished into' sniall and large intestine.

Lungs are small in size as compared to the body size.

Heart is four 'chambered. Smgle left aortic arch is present.

Kldneys are’ meétanephric, ureters open into unnogentlal sinus and urine is passesd into

the cloaca, _
Testes are attached to the kidneys and are abdorinal.

Right ovary is less ‘developed or is seme what reduced.

Oviparous. egg laying without uterine gestation. Postnatal care of young ones is not found:

Example: Orﬁir}xor}lynéhus, Tuchyglossus (Fig 22.1 A&B).

Fig, 22.1 Prototheria A. Omithorhynehus B. Tachygtossus. 1. Eye 2. Ducklike beak 3. Webbed foot 4. Tail 5.
Muz.flc long beak tike 6. Spines 7, Hind limb 8. Fore fimb..

2242 Sub claSS° Therla

Modem mammals are included in the subclass Theria, Thls group is split into two mfra classes
as: (i) Metatheria (ii) ]:,utherla : '

22421 Infra Class: Metatheria

1.

Oldest placental mammals, A pouch, the marsupium, is on thc belly of female into. whu:h

- new born young one is kept and nourished.

Hind limbs larger than, the. fore limbs and are well de.vclope_d.-

Metatheria has only one order ie., Marsupalia.

- The brain case is small, orbit and temporal fossa confluent,

Inter clavicle is absent,whilc clavicle is lTarge. - T
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© ;o NS

1L

12.
13.
14.

15.

Coracoid is reduced and scapula is enlarged and provided with a spine.

| Epipubic bones are present in pelvic girdle.

The heart posSsesses membranous aunculo-vcntncular valve.
The brain is less developed and small, Corpus callosum is abscnt.
Testes are smlated in scrotum, in front of the. penis and are extra abdommal

Two oviducts remain separatc throughout their length and there is a pair of vagina and -
uteri.

Viviparous condition.The young are born imperfectly developed.
In some animals a true allantoic placcnta with nutritive function formed.
Gestation period varies from ammal to animal,

New born young ones crawl in to the pouch where they become attached to the mpplec
or teats for sufficiently long time. :

Exampies:_— Didelphys (Opossum) Macropus (Kaﬁgaroo) :

F:g 222, Some-Metatherians: A. Didelphys.B. Mecropus1.Eye.2. Nostril 3. Fore limd '
4. Hind lirab 5. Tail 6. Soft fur coat 7. Young one.

22422  Infra dlass.: Eutheria

Young oncs are nourished with in the uterus for a considerable Gime. .
Allantoic placenta is formed. There is no marsupium.
Epipubic bones are absent.

Tympanic bone is either ring like or in the form of a bulla.



Fig223 Butheria: A. Manis B. Lemur C. Rat 1. Pinna 2. Head 3, Eye 4. Nostril 5. Snout
6. Trunk 7. Hind limb 8. Digits 9. Naijl 10. Fore limb 11, Tongue 12. Tail 13. scales 14. Whiskers

5. Brain is well highly developed, large cerebral hemispheres which are connected by the

Corpus callosum,
6. Usuaily the number of the incisors, canines, premolars and molars in haif of each jaw
143 '

15 'cxprcsse,d és dental formula_ gl 3

7. Uterus becomes a single structure
8. Urinary ducts reach the bladder by passing outside the genital ducts,
9. Cloaca is almost absent and a common sphincter, if present it is only a remnant,

Example:- Manis, Lemu;l Rar (Fig223 A-C).

225 SUMMARY

Mammals are warm blooded, hairy quadreepedcs. It is a large heterogeneous group showing
adaptations to different habitats. The members of this group are uﬂique in possessing hair,
nails, glandular skin, milk, glands to nourish the young, intrauterine development, thecodont
and heterodont type of dentition, a muscular diaphragm, well developed larynx with vocal
cords, nucleated RBCs, right ariculo-ventricular bpening with the tricuspid valve, descended
testes and a pendant penis are some other diagnostic features of the mammals,

divided into 2 infra classes viz., (i)Metatheria (1) Eutheria. Kangaroo and opposum possess’

a brood pouch (Marsupialia) while - the horse, lion, dog caitle, rat and man are included in

the Eutheria,
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22.6 MODEL EXAMINATION QUESTIONS

I Answer the following in about- 30 lines. _' '

1. Discuss the gencral cﬁéra(;,t@r'sf:'éf- mammals.

2. Classify mammalfs'aﬁd mention the characters of Prototheria.
I Answer the following in about 10 lines: |

1. What are Eutherians? |

2. Give a brief account of Metatheria.
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231 OBJECTIVE

@ To know the external motphology of rabit 'Owefbfagus cuniculus about the skin and its

22 INTRODUCTION Y e

~ Rabbit can be 'handled__‘ anddomeshcatcd easily=Therefore it is used as a laboratory animal

‘to conduct experiments particularly doﬁccrning to'human'_ physiological aspects. Knowledge

on its morphology and anatomy throws light ‘on.all aspects of mammalian biology.

233 HABITAT

The rabbit is a very widely distributed animal. It is usually found in nature in various fields,
. gass lands and open wood lands; 1t leads a fossorial life i.c., digs burrows in the ground.
* The parental care is shown by female rabbit. It is a fast rugner and covers 32 to 40 km in
~ an hour. It is herbivorous and fecding on grasses and a large variety of plants. It is

polygamous, ‘one male lives in- the company of many females. The rabbit is useful to man
as game animal and harmful as it destroys crops. : ' :

234 MORPHOLOGY

The rabbit is a bilaterally symmetrical animal, can be divided into two equal parts. The body is
covered by a hairy coat which keeps the body temperature constant at about 388°C. Thus the rabbit
is warm blooded orhomeothermal animal. The bair posses pigments which are responsible for
imparting colour to the animal. ' S ' ' :

The rabbits are of different colours. The domestic varietites are commorly white and black.
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 andthe hand or manus consisting of wrist or carpu

" The body of thesebbit is like that of a typical mammalian form-and consists of head, meck,

trunk. and tail. The trunk is further subdivided into thorax .and . abdomen. ‘There are two
paris of limbs ie. fore and hind limbs. Head is large and extends anteriorly into a blunt
snout.. The snoit is made up of upper and lower jaws. It has a moyth at its lower and
anterior end. The mouth is transverse slit and is bounded by two movable lips. From the

~ upper tip of the snout tactile hairs, vibrissae or whiskers project out wards. These. hairs are

long stlff and tactile or sensory in function. On the sides of head are situated a pair of
prominent eyes. Each eye has an upper and a lower eye lid with a small nictitating membrane
which is movable. On the top of the head is a pair of large movable trumpet shaped external
ears called pinnac. . ' T '

5 S 5 _
Fig23.1 Rabbi. 1. Pinna, 2 Bye. 3. Vibrissae. 4. Mouth, 5. Hand. 6. Foot. 7. Tail.

Neck is a short extension of the body between the head and the trunk. The trunk is divided
into two parts (1) an antorior thorax which is protected by ribs and sternum and (2) a
posterior soft part abdomen. On the ventral 3ide Between the thorax and abdomen are sitvated
four of five pairs of teats or nipplcs or mammac on which mammary glands open out. Teats
are also found in males but they arc vestigeal ie., nonfunctional. '

' At the posterior end of WWUS, whicﬁ_is‘-tﬁe ‘e_;'xternal_opcning of alimentary

canal. Tn front of the anmislies a urinogenital aperture which in the male is situated at the
tip of the skin covered male genital organ penis while in the female it is sitvated within a slit *
known as vulva. - : c

235 LIMBS

The fore limbs ar¢ shorter than the hind
r brachium, the fore arm or antebrachium .
s, palm or metacarpus and five fingers

There are two paiss of pentadactyl Jimbs in rabbit.
limbs. Each fore limb is divided into upper arm O
or digits. Fore limbs are used for digging.
Hind limbs are much longer and more powerful than fore limbs. Each hind hmb consists
of proximal thigh, the middle shank or crus and 2 distal foot or pes. ' :

The type of locomotion found in the rabbit is digitigrade, i.c. it runs on digits.

Tail lics at the end of the trunk which is every short. The tail is usuélly turned upwards.



Rabbit is. a warm blooded animal. Therefore ‘the skin is modified for regulating the body
temperature. In rabbit sweat or sudorfférous glands ire found which secrete sweat on the -
surface of the skin for regulation of body temperature. - The skin of rabbit consists of two
parts an outer ectodermal epidermis and an inner mesodermis. S o '
2361 Epidermis o |

"It is made up of epithelial célls arranged in several layers. The outer layer is made up of

' flat “cells ‘and is ‘called stratum ‘cormew.’ This layer is completely karatinised i.c., made up
of keratin and ‘consists of dead cells and also another layer called stratum huetdium is sitbated
below that. " The inner layer of the epidermis is stratuz granulosum which consists of a
layer of granular cells. The inner thost layer is called stratuin malphigif or stratum germinativam.

" The cells in this layer contain protoplasm and give rise to new. cells on their outer side. As
the new cells are formed, older cells are pushed up and at the same time they become
gradually flattened and their ‘protoplasm is converted into horny substance called, the keratin,
‘The pigment cells are cliromatophores or melanophores Which are found in the basal layer
~or epidermis and are branched cells’ with long processes.  The colour of the skin is due to.

The Claws at the ends of the digits are the horny epidermal derivatives,

23.6.2 Dermis o

It is a layer sitvated below the epidermis and makes a tough flexible and elastic coveér over
thc‘ whole of the body. Dermis consists of connective tissue fibres, ﬁnstriped muscles, blood .
cap-lllaf'ies, herves and flat cels.  Dermis afso contains, lymph vessels and small hnger like
projections into the epidermis, which ‘possess loops of blood capillaries and tactile cérpusclcs |
haymg nerve endings, The _dc_cpgr part consists of subdermal, adipose tissue, which consists

of groups of fat cells, serving as a heat insulating layer, L ' oo

~ 23.63 Hair
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small protruberence called the hair papilla which is rich in merves and blood vessels: The
shaft of the hair is covered by a cuticle. - On the whole it is distinguished into two parts.
Thc. basal part lying in the dermis is called root, and the upper traversing the dermis and
| projecting from the epidermis is called shaft. R L

2364 Glands | o .
There are two types of glands in the skin called sebaceous and sweat or sudorifous glands.

Sebaceous glands : This gland is also called as saccular gland which consists of small branching
or alveolar sac opening by. the out pushings of the wall of hair follicle. ~The functibn of
sebaceous gland is to produce an oily secretion, the sebum for ‘keeping the hair and skin
water proof-and greasy. - o D

Sweat glands : These arc thin long tubes formed as tubular invaginations of the stratum
germinativom. Each 'glahd'opeqé with the help of a duct on the surface -of the skin. The
duct passes upwards through the dermis and epidermis and its opening is in the form of a
minute pore. The cells of the gland are large and columnar, while those of the ducts are
epithclial. The -cells of the sweat glands scparate sweat from the blood; this is conducted

along the ducts and passed out side onto the general surface of the skin. - ' .

Sweat glands are responsible for removing ‘the. metabolic waste of the body, in the form of
sweat consisting of inorganic salts and excretory products dissolved in water. Sweat glands
also serve to regulate the body temperature by evaporatihg the sweat. Thus by taking up its
‘latent heat of vapourisation, they extract heat from the body and reduce the temperature.

Other Glands : Mammary glands are modifications of sebaceous glands and consist of branching
system' of -tubes and alveoli. These are found in thoracic and abdominal regions. In female
they produce the milk which discharges out by ducts onto the teats. The milk nourishes the
young. There are other glands situated ander the skin called perennial glands between the
genital orfice and the anus. Meibomian glands are found on the margins of thcjeyelids
situated just inside the cyc lashes. _

23.6.5 Functions of the Skin

The skin is a complex structure baving a variety of functions.

. 1. The skin serves 10 ‘r.naintain a_dcﬁnitc.sh_ape of the animal. |

2. it is an important protective organ as it protects from the mechanical injuries due to
friction and blows.. ' ' :

.3, Skin is a germ proof membrane covering the entire body.

4, Skin is closclﬁ woven texture therefore it is pliable and can withstand under mechan_ical
pressure rather ‘than to rupture. - | _ - . :

5. The dcrmis of the skin produce, ﬁembranc bones, which give strength to various parts
of the skull. - oo - :

6. It also gives rise {0 claws, horns, hooves, nails which serve as useful too]s.

7. Tt also absorbs materials as.oil. and ointment.

8. It also Belps physical and pﬁysiological regulati_mi of the temperature of the Dody.



0. With the help of sweat’ gands whwh are. pre.sant in the skm the extra amount of the

heat produced after’ ‘muscular. activity is lost By evaporation of sweat produced by: sweat

glands. In this way the skin helps to mamtam ‘the body temperature oonstantly mﬂnn

a: limited range. -

10. Skin also acts as an organ of storage as large mounts of fat arc stored mTh'e form of
subdermal fat in the skin, :

11, Mammary glands produce nnlk, sebaceous glands secrete an oily substance called scbum
which is responsible for water’ prooﬁng thc hair and skin. The glands are dcnvcd from
the skin, S

12, Skm serves as- nounshmg, as it is capable of formmg Vitamm D in the przscnce of r-un
light. N |

13. Skin helps in sexval seleciio-.. Colour of the skin and various othcr'-integnimen;a'l' struqtmes
serve to attract opposite scx. - S

237 SUMMARY -

Rabbit is a hairy quadrupede feeding on grass iwnd other plant material, warm blooded (38.8°C)
and polygamous. On the Ventral sided or 5 pairs of mammae are present It exhibits

plantigrade locomotion i.c., touching the. ground). Skin is glandular, Epidermis is stratified
as in other vertcbrates. Stratum corncum is keratinised and hence comtain dead cells whil-
the cells of the stratum germmat}vum are living and actively dmdmg. Sebaceois or saccular

glands secrete. sebum while the sudoriferous glands excrete inorgamic salts etc., in the form-

of sweat. mammary glands are the modified sweat glands.  Skin serves in. .many ‘ways as a
protective, sensory, excretory, Tocomotory (bats etc.) and defensive (as claws, nails). Besldcs

producing bones and teeth, vitamin D in the presence of sun hight (U. V.hght), it also helps

in sexual sclectlon

238 MODEL EXAMINATION QUESTIONS

L Answer the following in sbout 30 lines. -
1 Dcsm-ib_é the external characters of rabbit.
- 2. Give an account of mammahan skin. - _
. Answer the follwwin.g'in #bout 10 Iin.es..
i. What are. the important f'uncti(.m.s. of mammahan skin?
2. Hair | |
3. Sweat glands
4. Scbaceous glands

5. Mammary glands.
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Unit - 24  SKELETON OF RABBIT
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241 OBJECTIVE

@ To explain the structure of ax:aland appendicular skeleton of rabbit.

242 INTRODUCTION

Skeleton of rabbit like that of any other vertebrate consists of the axial skeleton and the
appendicular skeleton. The axial skeleton consists of skull and vertebral column, while the
appendicular skeleton consists of limbs and limb girdles. ' o

243 SKULL

The Skull of rabbit consists of a eranium {or brain case), auditory, olfactory capsules, orbits,
and the hyrid apratus and the jaws. The skull elongated. Its length is greater -than the

width. The structure of the bones is prominent. The cranium which lodges brain in it has

a posterior opening called the foramen magnum through which runs the spinal cotd. The

four bones surrounding the foramen mangum constitute the occipital region of the cranium.

They are, 1) basi occipital, a flat bone lying at the base and bearing two prominent occipital

condyles, 2) the two lateral exoccipitals which also contributed to the occipital condyles. Each

exoecipital is produced below into a process called paraoccipital, which is closely applied to
the auditory region. 3) the supra occipital is a single large bone laying on the dorsal side,
-whose external surface is directed backwards and upwards and elevated in the middle into

shield shaped prominence. ' c ' :

All these four bones of occipital region are united in the adult rabbit to form a single ring
of occipital bone, : - : ;

The roof of cranium, i.¢. the dorsal part of the brain case, is formed '_by a pair of parietal
popes which lic anterior to the supra occipital and a pair of frontal bones lying anterior to
52 the parietals. The parietals are plate like bones, convex externally and cqncav_e"intcrnally.



The two panetal bones i.e. the nght and left benes, articulate with cach other by some. x
wavy sagittal suture, the parietals articulate with the supra occipital by a transverse

- lambdoidal suture. Anteriorly they are- connected to the frontals by a coronal suture. Between
the supra occipital and - Ihe parictal is a median ossification known as the inter parletal.

The frontals are united in the mxddle by l‘rontal suture. These are membrane bon&s forming

the roof and also the sides. of cranium amteriorly. Each frontal has a. ptomment crescent
shaped ndge called the supra orbital process whwh pro;ccts over the orbit,

F'g?A 1A Rabb:t-SLull (Dorsa] view). L.Incisor tooth. 2. Antenor nares. 3 Nasal . 4. Zygomatlc

process of maxilla 5. Frontat 6. Posterior supra-orbital process of frontal 7. Zygomatic provess of

squamosal. 8. Tympanic bulla. 9. External auditory meatus 10. Inter parietal 1 Supm ooc:pltal '
12, Parietal, {3. Squamosal. 14. Jugal

The basc of tﬁe éfﬁmuni is formed by the basisphenoid and presphenoid bones. Basisphenoid
is a honzoutal platc forming the. middle part of the floor of cranium infront of the bastoccipital

“but separated from it by a cartilage. In the middie of this plate towards the upper side ~
there is a deprcsmon called sella turcica which lodges in it a vital endocrine gland, the

pituitary. Just below thls depression there is a foramen called the pituitary foramen. - Antérior
to the bas:sphenmd is the preshenoid which is a 1atcrally compressed bonc

Thc a.ntcnor part of thz cranium is completed by an ethmoid bonc the cribnfosm:l plate _

cartilage bome which contains nuimerous perforatlons for the passage of olfactory nerves.

The sides of cranium are formed by the alisphenoids behind and the orbitosphenmds in front,

Alisphenoids are broad winglike bones, each produces a bilaminate process, the pleruoid
process. It is connected laterally to the basisphenoid and presphenoid on its. vent:al margm,
bul on the dorsal side 1& is separated from parietals by squamosals
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_ 4 SRR o
Fig.24.1.B. Rabbit-Skull (Ventral view) 1. Incisor tooth (I} 2. Incisor tooth (II). 3. Premaxilla
4, Maxilla 5. Prémolars. 6. Jugal. 7. Pre-sphenoid. 8. Pituitary foramen. 9. Zygomatic process of
squarosal 10, Tympanic bulla 11 Externat auditory meatus 12. Para occipital process of
‘exoccipital 13. Mastoid process 14. Formen magnum 15, Supra-occipital 16. Occipital condyle.
17. Periotic. 18. Exoccipital. 19, Eustachiah canal. 20. Basioccipital. 21. Basisphenoid.
22.Alisphenoid. 23. Pterygoid. 24. Supra orbital ridge of Frontai. 25. Palatine. 26. Vomer
27. Molars. 28. Zygomatic process of maxilla 29, Palatine plate of maxilla 30, Nasal.

Orbitosphencids are a paif of carﬁlag’c’,boucs extending _outwards' and backwards, forming the

sides of the cranium in the region of orbits.

Squamosals which infact belong to the upper jaw bones, complete the posteior dorso-lateral
portions of the cranium and kie in bietween alisphenoids, orbitoshenoids. frontals and parietals.
From the outer surface of the squamosal is given off a process called the zygomatic process,
which curves outwards, then downwards and finally forwards to meet the jugal_bone ofthe

upper jaw to form the zZygomatic arch, - Posteriorly the squamosal- gives off a post tympanic:

process.

The auditory capsules are interposed loosely between the squamosals and the ex—oécipitals of

‘each side. Connected with each auditory capsule are the tympanic and the pariotic bones.

Tympanic forms the bony part of the. wall of the external anditory meatus. It is more or
less a flask shaped structure, the lower swollen portion is called the tympanic bulla, and

' encloses the auditory (or'ear) ossicles the malleus, and stapes.

The periohc bone is an u-regular bone formed by the fusion of three bone_s%, the prootic, the

“epiotic and the episthotic. It is divisible into- two portions _t}ic stony petrous and the pours

mastoid portions. The petrous portion is the internal portion. It encloses the membranous



labyf'inth. Externally it presents two small openings, the fenestra ovalis and fenestra rf)tunda
visible only when the tympanic is removed. The mastoid portion of the periotic is visible on
the surface of the skull between the tympanic and exoccipital.

Between the tympanic and pcfiofic bones there are two apertures, one the stylomastoid 7th
cranial nerve and the eustachiati aperture, gives rise to . form eustachian tube.

The olfactory capsules, which' lie anterior to the brain case contain two bones, the nasals
which form the roof of oifattory cavities. They are flat bones, extending from the anterior
margin of frontals to the tip of external nares. The olfactory cavity is divided into two by
a median vertical plate of bone called the mesethmoid, which lies in front of dribriform plate.
Inside cach nasal cavity is a scroll like bone, the ethmo- furbinals which are fused to the
mesethmoid.  The vomer is a long median bone having lateral wings. It js attached to the
inferior margins of mescthmoid. '

The erhits are the pits formed in between the bones of crantum, auditory capsule, the olfactory
capsule and the upper jaw bones, The only circum -orbital bone is the lacrymal which lies
in front of the orbit and connects the frontal with maxilla of upper jaw. It contains a small
aperture. called  the lacrymal foramen. The upper jaw is made up of premaxilla, maxilla,
palatine, pterygod, jugai and squamesal.

- Premaxillae are the two large median bones forming the snout, They bear the upper incisor
teeth. Each premaxilla gives off three processes, the nasal process which runs backwards
upto frontals along the nasal bones. The palatine process which runs backwards along the
palatc. The palatine processes of the two sides meet in the middle and form the floor of
the nasal passages. The maxillary process runs along the maxilla,

‘Masillae form the greater part of the upper jaw. They bear premolar and molar teeth.
Maxillac like premaxillac give off palatine processes which meet in the centre, there by forming
the hard portipn of the palatc. . From the outer side of each maxilla arises the zygomatic
arch, which meets the:squamosal posteriorly, The zygomatic arch forms the anterior and outer
boundary of the orbit, B ' -

Palatines are a pair of thin vertical plates of bone lyihg internal to the maxillae to which

they are attached anteriorly, They articulate posteriorly with pterygbids and above with

presphenoid. They surround the posterior nostrils completely.

Pterygoids are a pair of narrow vertical plates of bone attached posteriorly to the base of
the cranium, the pterygoid process of the alisphenoid and anteriorly to palatines.

Jugals or mal_ars are a pair of laterally cdinprésscd bones’ extending between thc'zygomatic
process of the maxiila and that of the squamosal, - ' - '

The lower jaw {Fig.24.2) consists of two lateral halves joined by -symphysis in'the middle linc

'Euch..ha'lf___'is '_méde of a single bone, the dentary and contains a horizontal portion in the
a-nerior bearing teeth and posterior vertical, ascending portion, which bears the condyle for

articulation ‘xith the glenoid fossa of squamosals. In front of the condyle is the compressed -

comn_q_i_d_ process An angular process is given off at the junction of the vertical and horizontal
~ portions of the jaw. Both the lower and upper jawposscs sockets for the teeth.
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Fig 24.2. Rabbit-Lower jaw. 1. Incisor tooth. 2. Inferior dental foramen.
3, Premolar. 4. Molar 5, Coronoid process. 6. Condyle 7. Angular process.

244 VERTEBRAL COLUMN

‘The vertebral column consists of about 45-46 vertebrae.

The spinal column of the rabbit is divisible into five regions. The cervieal, thoracic, lambar,
sacral and caudal. Third lumbar vertebra is taken as typical vertebra. It consists of :

i) a centrum, which is flat at the anterior and posterior surfaces. The centrum . in the
embryonic condition contains a central piece, an anterior and posterior thin bones called -
epiphyses. These bones fuse with the centrum in adult condition.

Fig.243. Rabbit-Vertebra: A. Anterior Lumbar (Anterior view). B.Posterior Lumbar (iateral view)
1. Neural spine. 2. Prezygapophysis. 3. Metapophysis. 4. Neural canal. 5. Transverse process.
6. Hypapophysis. 7. Centrom. 8. Neural arch 9. Post zygapophysis 10. Anapophysis. .

i) nenral arch over the centrum encloses a neural canal for the passage of spinalcord

' (Fig24.3). Tt has at its base, in front and behind, a pair of notches called the intervertebral
potches, which leave passage of openings between the successive vertebrae for the passage
of spinal nerves. -' . :

jil) & median dorsal process wﬁch is called the spimous process, Neural spine is borne on
the apex of the neural arch. .

iv) -transverse processes, which arise from the dorsolatcrai' ends of ihe centrum and are
directed out wards and down wards. :



- Cervical vertebrae -

v) a pair of anterfor zygapophyses, a pair of posterior zygapophyses, certain atzcessory
processes, the metapophyses and anapophyses are also present. - Metapophyses hie above

" the anterior zygapophysés and project upwards and forwards. Anapophyses present at the
base of posterior zygapophyses are directed backwards.

Fhere are seven cervical vertebrae (Almost all the mammals including the long ned:ed&ra&e
contain only 7 cérvical vertebrae). The cervical vertebrac are characterized by the shortncss
of centrum, small size of the neural spine,and the presence of vertebrarterial foramen at
the base of the. transverse processes of the first six vertebrac. The first two cervical vertebrac
are specialized as atlas and axis. =

Atlas,'the.ﬁrst cervical vertebra is a ring like structure - with very much rc'clucc'd w@m
reduced ncural spine and wing like transverse processes (Fig 24.4). It bears om its anterior
face two lateral cbnca_\re' surfaces for the articulation of two occipital condyles. -

The second vertebra, the' axis, bears on its anterior face of the centrum, a peg like process
the odontoid pfoms, which fits into the ventral part of the ring of the atlas. It has a—'$pinc,
which is elongate and laterally compressed. Transverse processes are small, directed backwards
and are perforated (Fig24.5.A.) '

Fig.24.4. Rabbit-Atlas. A, Dorsal view, B. Anterior view, C. Posterior view 1. Neural’
+ canal 2. Neural spine 3. Noural arch 4. Vertebraterial canal 5. Transverse process
6. Facet for odontoid process 7. Facets for articualr surfaces on axis.

~ All the cervical vcrtébrac, except the last have their transverse processes bifurcated into dorsal and

ventral lamellae. The seventh differs from the: others in having a more elongated neural spinc, in

- having its transverse processes. simple and imperforate, and in the presence of a little concave

semilunar facet on t_h;: posterior edge of the centrum (Fig, 24.5.B.).

Fig.24 5 Rabbit-Vericbrae A. Axis (Lateral view). B. Typical cervical (Aaterior view) 1. Neural spine 2. Odontoid
process: 3. Articalur surface for attas 4. Vertebraterial canal 5. Centrum. 6. Cervical rib. 7. Post zygapophysis 8.
Neural arch. 9, Prczygapq physis 10. Epiphyis on centrum 11. Transverse process 12, Neural canal, -
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Thoracic vert_ebrae" |

The thoracic vertebrae are 12 or 13 in aumber. They have cldngatcd spines which are mostly.
directed backwards and upwards in the first nine vertebrae (F’xg.24.6). ‘The transverse processes’
are short and stout. Each bears near its extremity a small. smooth articular surface, the'
taberalar facet for the articulation of tuberculum of rib. Pre and post zygapophyses are small
but well developed for providing articular surfaces. A small facst born on either sides of the
centram is for the artiulation of the capitulum of rib. ' '

Fig.24.6. Rabbit-Anierior thoracic vertebra, A. Anterior view. B. Lateral view 1. Neural sﬁine 2. Transvers®
process 3. Neural canal 4. Centrum 5. Demifacets for capitulum of ribs 6. Prezygapophysis 7. Facet
for tuberculum of rib 8. Neural arch 9. Post zygapophysis 10. Inter vertebral notch.

Lumber vertebrae are six or seven in number and have typical structure described already.

Sacral vertebrae

The sacral vertebrae are 3-4 in number. They are fused to form sacrum (Fig.24.7) which is
wedged in between the pelvic arches. The first of the four vertcbrac is the largest and its
transverse Processes are expanded into wing-like structures supporting the pelvis; its ncural
spine is large. The vertebrac. in general resemble those of lumbar region, but anapophyses
are absent, and hypapophyses are absent, metapophyses are small.  The last two sacral
vertebrae resemble the candal vertebrae. - :

B. Dorsal view. 1, Pre- zygapophysts 2. Neural spinys 3. Post-zygapophysis

Fig.24.7. Rabbit-Sacrum. ALateral view. _
foramina 6. Anticular facet for illiem 7. First sacral veriebra.

4. Centrum 5. Intervertebral



246 STERNUM

continuous with it. Along the dorsal surface of the scapula runs a ridge, the spine which

Candal vertebrae |

There are fifteen caudal vertebrac. The anterior caudal vertebrac have meural spines much

reduced and transverse’ processes and are similar to those of the sacral vertebrac. There is

a gradual reduction in their size posteriorly and the terminal ones consist of on]y rqund centra

(Fig24.8). The spinal cord does not project in: the tail.
| ] 2

Fig.24 8. Rabbit-Caudal vertebra (Dorsal view). 1. Neural spines
2.vertebrae 3. Prezygapophyses 4. Post zygapophyses.

Ribs |
There are twelve or thirteen pairs of ribs, of which the first seven are considered the true
ribs. They are connected to sternum, The eighth and ninth are attached to the seventh rib
(true ribs), the remaining are free or floating ribs(false ribs). The ribs contain two articular
facets on- the dorsal side.- The ventral cxpitulum articulates with the centrum of vertebrae
and the dorsal articplar facet, the tuberculum, is attached to the transverse process (Fig.24.9).

Fig. 24.9. Rabbit-Rib. 1. Capitulum 2. Tubercutum 3, Vertebral porﬁon of rib 4. sternal portion of rib.

' Sternum consists of seven segments of strenebrae lying in the mid ventral body wall. It is

formed by the fused ventral edges of the ribs. ' The first. picce, the manubrium or presternum
bears a keel on the ventral edge. Second to fifth are much alike, but the sixth is small
The last segment is called the xiphisternum and extends beyond the attachment of the ribs
and bears a cartilage, the xiphod cartilage. ' o

Appendicular Skeleton

The skeleton of limbs and their girdles constitute the appendicular skeleton.

247 PECTORAL GIRDLE

Pectoral girdie lies outside the ribs and is attached to the axial skeleton by muscles and
ligaments. It consists of a broad, thin, triangular scapula (Fig.24.10). The base -of the scapula
or the vertebral edge of the scapula: comsists of a cartilage, the spura scapula, which is
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eads below in an acromian process. From this a posterior process the metacromian is given
off... At the narrower end of fhe scapula is the glenoid cavity into which fits the head of
humervs. Immediately in front of this is a smali inwardly curved process, the coracoid process.
This process is very much reduced in mammals. A siender rod. the clavicle,  lies obliquely
in the region between the presternum and the acromion process. Clavicleis 2 membrance
bone, which is connected to the scapula and sternum with the fibrous tissue, ; '

Fig. 24.10. Rabbit-Right pectorat girdle, 1.Supra scapula 2. Gienoid border 3. Metacromian process
4. Acromian process 5. Glenoid cavity §.Coracoid process 7. Coracoid border 8. Spine %, Scapula,

248 FORELIMB

The skeleton of fore limb(Fig.24.11) comprises the following bones:
Humerus (Upper'arﬁ:)
Radius and ulna(Forearm)

9 carpals(Wrist)

5 metacarpals (Palm) and

3 phalanges in cach of the digits cxcept the pollex which is with two only (2,3,333).

Humerus : At its proximal end the humerus consists of a rounded head for the articulation
with the glenoid cavity of the pectoral girdle, with two prominences, the lesser and the greater
tuberosities for the insertion of muscles. A groove, the bicipital groove,” occurs between the
two tuberositites. In continuation with the lesser tuberosity, there is a deltoid eridge. At

the distal end is a pulley like trochiea, over which Bies a supra trochlear foramen. :

The radivs and ulna constituliﬁg the forearm skeleton are firmly fixed together so as to be
incapable of movement but are not actually fused. Radius is shorter ‘than ulna. The radius
articulates proximally with the humerus, distally with the carpal bones. The ulna presents on

its proximal end a deep fossa, the greater sigmoid cavity for fixing of the trochlea of the

bumerus. The prominent process on the proximal side of this is the olecranon process.
Distally it articulates with the.carpal bones. ' '

The carpals of the wrist are arranged in three rows, the first row consists of three pieces,

namely scaphoid (Radiale), lunar (intermedium), and ceneiform (ulnare). The distal carpals



are four trapezinm, trapezoid, magnom and undi'om
in between the two TOWS. .

The eighth piece central is located

Fig24.11. Rabbit-Fore limb A. Humemus . Radius-ulna C. Bones of the haid 1.Lesser tuberosity 2. Coronoid

fossa 3. Bicipital groove 4. Head 5. Greater tuberosity 6. Shaft 7. Supra trochlear foramen 8. Trochiea 9. Claws

10. Olecranon process 11. Sigmoid notch 12. Radius 13. Ulne 14. Epiphysis 15. Ulnare 16. Inter-medivm 17.
Radiate 18. Trapczium 19. Trapezoid 20. Unciform 21.Centrale 22- Magnum 23. Metacatpals 24. Phalanges.

-

The five metacarpals are all gmall but relatively Barro¥ and . elongated bones. The first
metacarpal is smaller than the rest, The five digits contain 3 phalanges each except polex:
which contain only 2. The distal digits are grooved for the attachment of horny claws.

549 PELVIC GIRDLE

The pchic girdle consists of two halves, each made up of three bones, llium, isehium and
pubis (Fig.24.12). The two halves unite ventrally in the middle in a symphysis. The three

" bones arc separate in YOURE condition, but in adult rabbits they arc fused together to form
os innominatum. Acetabular cavity is on the outef side of the o innominatum. The ischium

and ilium mest in he acetabulum.. A small intercalated bone the -cotylodd bone is present '
between pubis and ‘acctabulum, Iium is dorsal in positio jes in fro

It has wing like expansion anteriorly; on the inner, of which.is a rough surface for the
articulation of iransverse process of the first cacral vertebra. The pubis and ischium mect
at their ventral ends leaving 2 large aperture in betwecs. "This aperture is called the obturator
foramen. The pubes of oppesite sides unite ventrally in a symphiysis.
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24.10. HIND LIM

Fig, 24.12. Rabbit-Pevie girdic |
foramen 5. Ischium 6. Ischial tu

gh), Tibia and fibyly (Shank), Tarsus {Ankle), Metatargqi..

—_—

The hind imb bongs are, Femur (Thj
{Foot), Phalanges (Toes) (Fig. 24.13).




Femar: The head of femur articulates: with the acetabulam. External to the head is a prommcnt
process called the grester trochanter internally thére is a lesser trochanter and a th{rd
trochanter is situated just below the greater trochanter. . The digital end of femur contains
two prominences or condyles, with a depression between them (Fig.24.13), the pnlae!lar groove,

Tibia and fibula : These are fused at their lower (distdl) ends and are free above. The tibia

is a stout bone bearing, a large ridge called the cnemial crest. The proximal end of the tibia

has an articular surface for the condyles of femur. The fibula is a thin splint bone lying

outside the tibia. Between the femur and the tibia, there is a flat seasamaid bone called -

the knee cap or patella: it lics in'a depression called the patellar groove at the lower end

of femur and is kept in position by tendon extending form tibia. Distally tibia has two

articular surface one for astragalus and the other for calcaneum. o

The tarsus cosists of six bones arranged in two rows. In the proximal rows there are two
bones the astragalus (tibiale) and the calcanéam (fibulare), with a 'strong calcancal process
that forms the heel. The distal row contains 3 bones, the mesocuneiform, éctocuneiform

and the cuboid, One of the tarsal bones the navicular (middle row) is 'hl_tcrcalazcd between

" the rows.

 There arc four metatarsals, The ballux or first digit is vestigial and fuses with the second
. metatarsal of the adult. The proximal end of the second is produced into a process which
 articulates with navicular. Each of the four digits has four phalanges. Claws present.

All the digits of both the limbs have small nodule like seasamoid bones between the phalanges -

for additional strength,

2411 SUMMARY

The skeletal system of ma:ﬁma_ls-distingnishm itself from other vertebrates in some réspzct:'

The skull bones are fused and can only be distinguished by the sutures. The dicondylic.

- mammalian skull is characterised by the presence of the zygomatic arch and the thecodont
and heterodont dentition; diastema is seen in rabbit. Lower jaw is formed of dentary wonly.

Articular and quadrate have been modified as ear ossicles along with the stapes (hyomandibular)

‘moving into the middie ear. Pterygoid reduced and is scale-like. Vertebral column is
characterised by the epiphyses. Cervical vertebrac always 7 in number only, Sacrum contains

four fused vertabrae. . Typical lumbar vertebra contains metapophyses and anapophyses. . .~ ..
Strernum is formed of 7 sternebrae, the last one being the xiphoid cartilage. Pectoral girdle

is simplified into a broad scapula with a spinc and an obliquely placed clavicle. The pattern
of the os innominata and the jimb skeleton remained basically the samec.

| 2412 MODEL EXAMINATION QUESTIONS

L Answer the. following in about 30 lines
1. What do you know about axial and appendicualar skeleton of rabbit?
2. Give an account of skull bones, in rabbit.

3. Describe the vertebral column of ‘rabbit.
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L Anmthetollwhglnabutmm

Desa*‘nbcthcskeletonof[oremhmdhmbmmbbﬁ'
Desceibe the structure of lower jaw in rabbit.
Describe the pectoral girdle of rabbit.

Describe the pelvic girdle of rabbit.

Describe the structure of  typical vertebra of rabbit.
Atlas

Sacrum

- Sternum
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251 OBJECTIVE

@ This lesson describes the digestive organs of the rabbit and the process of digestion.

252 INTRODUCTION

For any organism on earth energy is required. Food is the fuel for energy. -Food is a’mﬁturc
of several complex ingredients like carbohydrates, proteins and fats. Cells directly cannot

deal with such complex molecules and require processing. Hence digestive organs have -

cvolved in nature. Digestion occurs. at two levels : (i) breakdown ‘of much larger complex

-molecules into some what small, molecules in mouth, in gizzard (i) furthor breakdown of °
thus formed smaller molecules: into. simple molecules (glucose, aminoacids, fatty acids and
glycerol which are better soluble in water) with the help of enzymes, ‘

253 DIGESTIVE ORGANS

I rabbit the mouthis relatively small and testiinal. Tt is bounded by the hairy movible

-uppcrandlm__ierlip& The upper lip is divided by a cleft in the middle, described as hare
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“lip. This exposes _the-_:-'frﬁﬁt teeth and helps in gnawing the vegctabic' matter The

buc'copharyngcal cavity 1s '_‘.séparate_d from the respiratory channel by the development of a
hopzontal portion called the secondary palate. It consists of an anterior hard palate strengthencd
by bony processes of jaw bones and a posterior soft palate. The roof of the buccal cavity

is formed by the hard palate which has transverse ridges of its mucous membrane, the rugae.

Posteriorly the hard palate passes into the soft palate which end behind as a small flap, uvula.
Many small mucous glands are locaied on. the palate. At the axitcrior' end of the palat'.e. is
a pair of openings of the pa_sopalaftine canals, They connect the buccal cavity with the ~asal
chambers above. The buccal cavity contains some important structures like the tongue, teeth '
and the openings of salivary glands (Fig.25.1). : o o

25.3.1 Tongue

Along the floor of the buccal cavity is the muscular protrusible tongxie. It is attached to the
floor along the greater part of its length and is directed forwards. The posterior part of the
tongue is hard and is slightly elevated. The upper surface of it is with various types of
papillae, which contain taste buds in them. Tongue is an organ of taste, besides it helps in

chewing and swallowing the food bolus.

Fig.25.1. Rabbit-Buccal cavity (wide open). 1.Vibrissae 2. Cleft lip 3. Two anterior and two posterior '
neisor teeth 4. Nasopatatine openings 5. Hardpalate with rugae 6. Three premolars 7. Three molars
8. Sofi palate 9. Bustachian tube opening 10. Lateral wall of phatynx 11, Posterior interior nares -

12. Epiglottis 13. Two premolars 14. Hard area 15. Tongue 16. Papiilac 17 Incisors. -

2532 Teeth

_ Teeth are present in both jaws. They are thecodont i.e., they are embedded within the. sockets

or alveoli of ‘the jaw bones. There arc two sets of teeth in many mammals Lfc. The' milk
tecth and the permanent teeth.  The milk teeth appear in the first set or milk dentition and




are replaced by the permanent secotid 5° of testh. The teeth of mbbltas mothcrmammms
are thus diphyodont. They are also heterodont, i.c., they are not all alike but diffe?enuafcd
into four types as incisors, canines, premolars and motars.. The incisors also called as cutting
tecth, front teeth have sharp cutting edges and are used in gnawing the vegetable mattcf.
Behind the incisors is a toothless region, the diastema. In other mammals this region is
occupied by pointed teeth, the canines, which are absent in rabbit. The premolars and the
molars are the grinding téeth. Molars do not appear in the milk set. :

They possess broad crowns on the tops. Thcy are similar in their structure but différ in one
respect that the molars are not represented in the milk dentition and appear in the permancnt
dentition only. The number and variety of the teeth is expressed by a dental formula. The
dental formula of rabbit is : i=2/1, ¢:O/O, pm : 3/2, m : 3/3, = 16+12=28, Human dental
formula is C 2/2 1 1/t pm 2/2 m 3/3 = 16+16=32. The letters i.c, pm and m refer to the
incisors, canines, premolars and molars respectively. The figures above and below the lines
indicate the number of teeth in one half of the upper and lower jaws. When doubled it gives
the total number.. o R T 3

Fig.25.2 Rabbit-Tooth (L.S). 1. Crown 2, Enamel 3. Gum 4. Dentine 5. Cementum 6. Pulp cavity
7. Periodontal membrane 8 Jawbone 9, socket 10, Apical foramen 11 Neck 12. Root.’ _

The mammalian tooth part that projects up above the gum (skin covering the jaw) is calied
(the crown (Fig 25.2). ' The remainder surrounded by the gum and lodged in the socket of
the jaw bone, is described as the neck and root respectively. A vertical section of it shows
that it is made up of three tissues which are harder than bone. The crown is covered by
the hardest shining white material enamel. The outer surface of neck and root is made up
of cement. But the bulk of the body of the tooth is made up of dentine Givory). It is
‘permeated by numerous fine canals. They contain the protoplasmic processes of the odontoblasts
(dentine forming cells) found along the periphery of the pulp cavity. It is. the central part
~ of the tooth and is occupied by the connective tissue, blood vessels and nerve fibres. Between
the root of the tooth and the alveolar wall lics a continuation of the periosteum of. the bone

which forins the alveolar or periodontal hlembrane_. e

There arc four pairs of salivary glands. Their ducts open into the buccal cav;ty They consist.
-of parotid glands, infraorbital glands, submaxillary or sybmamdibular and Lhe sublingual glands
(Fig253). - : \ o




12535 Stomach

Fig.25.3 Rabbit - Salivary glands. 1. Parotid gland. 2. Eye. 3. Infraorbital gland. 4. Submaxitlary gland.

The vestibule and buccal cavity are lined by ectoderm and is called the stomodacum. Similarly,
hinderpart of the rectum has ectodermal lining called as proctodeaum. ‘The remaining middle,

‘region of the roof is lined by endoderm and is known as mesodacum or mesenteron.

2533 Pharynx

The pharynx is relatively siort and wide. It receives the openings of the posterior nares of
the respiratory channel. Internal apertures of the Eustachian tubes from the middle ear also
open into the pharynx. Posteriorly, the pharynx leads to the larynx ventrally and the oesophagus
doisally. The entrance to the larynx, the glottis, is guarded by the epiglottis, It is cartilage
covered by the pharyngeal epithelium. ' :

2534 Oesophagus _

Thepharynxisfbllowedbythcocsophagusnmichisalongnarmwtubc;-ltpassesthrough
the neck (dorsal to the trachea) and the thorax perforating the diaphragm, enters the abdomen
and opens into the stomach. Oesophagus is very much folded lined by squamous stratified
epitlichum. At the junction with the pharynx it is having smooth muscles foliowed by the
striated or voluntary muscles. -

The stomach is the most dilated part of the digestive tract. It is more or less like an ovoid
sac lying transversely in the abdominal ' cavity(Fig25.4). Where the oesophagus enters the
stomach there is a cardiac valve. It prevents the regurgitation of food into the oesophagus.
This strongly rounded end of the stomach is called the cardiac region. Beyond the cotrance
of the oesophagus the cardiac part is prolonged as the’ fundus. The other narrower part of
stomach joining with intestine is termed the pyloric part. It has a pyloric sphincter., In the
lining of the stomach there are the gastric glands. Its wall is strongly muscular. The food
is stored in the stomach is churned and partially digested.. ' . :



Fig.25.4 Raobit - Alimentary canal 1. Diaphmagm 2. Oesophagus 2. Fundus 4. Position of cardiac valve
5. C-rdiac stomach 6. Position of spicen 7. Pyloric stomach 8. Pyloric sphisicter 9. lleum 10. Pancreas
‘11, panereatic duct opening into distat limb 12, Sacculus rotundus 13, Cascom 14, Yermiform appendm
15. Colon 16. Rectum Y7 Large intestine 18. Anus 19. Deodenum 20 Bile duct 21. Caudate jobe -
"22.Gall bladder 23. Right ceniral lobe 24, left centrat 25, Left iateral 26, Spigetian lobe.

253.6 Intestine

Next to the stomach is the proximal part of the intestine, the small intestine, a narrow tube’
about. 2 to 2.5 metre long. The first part of it which is in the form of U- shaped loop is
the duodcnum In the mesentery of which lies the. pancreas. - The bile duct. opens into
expanded begummg of the duodenum and the pancreatic duct into the distal Emb of it

Following the duodenum the small intestine farms a series of loops and coils, In the rabbit

the small intestine does not show much differentiation. But in some- mammals the region
immediately after the duodenum is differentiated as the jejunum from the more distal port:on,
the ileum. In jejunum, the villi and the intestinal glands are larger than in ileum.

Thcsma]lmstcsunescrvcstwomamfuncuons Comp,lchonofd@sumandabsorpumof
digested food. 'I'hegrcatlengthofsma]lmtcstmeprmdesahrgeareaforabsorpuan The

' mnersm-faceofthemteshnelsproducedmtoﬁngerhkcpm}ecuonscaﬂedthemtcsunalwﬂs

which increase the absorpuve surfacc of the intestine. (Ret'er Uit 31)
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253.7 Caecum - o | | | .

“From the small intestinie the direct course of the digestive tract is into the large intestine. In

mammals, at the junction of the two is a blindly ending diverticulum called the caecum. It
ends in a narrow vermiform appendix. it is 25 cms long. The three way junction is marked
by a swelling called the sacculus rotundas, within which is valve arrangement, an ileo - caecal
valve. It directs the food first into the cac before entering the colon. In a berbivorous
mammals like the rabbit, the caccum is associated with: the cellulose digestion by bacterial
action. Lo o

25.3.8 Large Intestine

The large intestine is about 1 metre long, It consists of twe-tegions the colon and the rectum.
Colon is wide about 45 cms. long with a sacculated appearance. The rectum is narrower
and about 75 cms. long gives beaded appearance. It includes the proctodacum and opeas.
to the exterior through the anus, which lies under the base of the tail. The large intestine

aids mainly in the formation and elimination of faeces and the absorption of water.

2539 Digéstive glands

-1n addition to the glands'p'resc_m within the variou#--regions_ of thé_ alimentary canal, there are

two important glands which lie outside the digestive tract. They are the liver and the pancreas.
25.3.9.1 Liver '

The liver is a very large red gland. It is made up of five lobes. The right and left central,
the left lateral, the caudate and the spigelian lobes. lis detailed structure is given in Unit 3L
The gell bladder is large and lies between the right and left central lobes. The main bile
duct or cystic duct arises from it, and receives subsidiary ducts from the various liver lobes
and finally opens into the beginping of the duodenum.

Functions of the Liver

" Liver is regarded as. the chemical w_orkshop of the body, in view of its important functions.
" It helps to some extent in digestion, but it is not exclusively a digestive organ. Some of its

important functions are stated. as follows : _
1, Tt produces a gfcenish alkaline non enzymatic watery ﬂmd called the bile. It carries on
the following functions. _ .
a. Itis an an_tisepiic fluid, destroying bacteria. |
b. It provides an alkaline médiﬁm in the intestine, ncﬁtr_aliﬁi_ng the 'chy_rpe._ '
c.. Tt brings about the cmulsif_ic__;_uion of ‘fat.
'd. It stimulates peristalsis.
e It -rcmoves .excrctory products.
f Helps in fast and fat soluble vitamins® absorption.

2. Liver stores glycogen converting the excess of glucosc '(glyoogt':nesié). ‘When needed,
glycogen rgc()nvcrtcd in to glucose. : : . .

3. Liver cells produce heparin wnich is an intra vachlaf anitwlaut.



| a4 K pmdnccﬂ Bbrindeen and prothrombin whrcﬁ?ﬁm e'ascnnal components of blood clottmg
5. Liver cells manufaotur{* icss harmiul urea from the [oxn, ammonia.

6. Vanmls enzymes are r.ynthesnzed in Iwcr

7. Kapffer’s celis of iht'. hw.r arc: phagncytm,

8  Excess of amlrso aCids are conversed into carbohydratcs and stored as glypqgcn _in" the
liver cells(glncﬂnengenesrs) :

9. Inthe embryo it produccs blood corpusc]es

253, 9 2 Pancreas

The Pancreas is an irregular, membranous, pinkish gland found in the mesentery between the

limbs. of the U-shapcd'ﬂuodenum The ‘pancreatic duct pours the pam,rcatlc juice with in

‘the dlstal limb of thé duodenum. It is both an exocrine as well as an cndocrmc gland.
s discussed in Unit.32. :

' Hlstology and ftu;

25 4 NUTR:!TIQN

_Ingesimn |

'ingcstlon is thc act of taking the food" mto the alimentary canal. The rabblt is herb:vorous
and gnaws the vegetable matter with its chisel shaped incisor teeth. Sliced off smaller p:eccs
of vcgetablc matfer are seized by the mobile lips and taken into the buccal cavlty

Tn the buccal c;mty the -food is further subjected to the action’ of the gnndmg cheek teeth.
Instantly the food is _tho_rdughlv mixed with the saliva secreted by the salivary plands. This
process is called mastication. By the movements of the tongue the food is turned round in
‘the buccal cavity till it forms a pulpy mass or bolus, The saliva is largely watcry but contams
mUCUS and dlgsstivc enzymes

Deglutltmn

After mastication, the bolus is swallowed. In this deglutntlon the bolus is pushed into pharynx
by the | raiging . of the ongue. It is prevented from entering the posterior nares by the soft
palatc. The epiglottis prcvents its entry into the trachea. By the contraction of the pharangeal
wall the bolus is forc.cd to the oesophagus. The proximal end of the oesophagus is vohmtarily
dilated to rcccwc it. ()nce it coters the ocsophagus further progress is mvoluntary

2543 Digestmn R

The food consists. of Larbohydratm,prolum‘., mineral salts, vuannns and watcr. With thu
exception of the mineral salts and some of the sugars most’ of the solid food of v mbmn

is insoluble. Even if it. mixes with water it forms a colloidal solution. Such 2 sclution ;.
‘incapable of passing through the lining membrane of the gut. The food musl thorefore be

-rendered soluble and diffusible before it can be of use to the animal, The process of

converting insoluble food into a diffusible form is called digestion. In this. process IL.c
molecular size of the substances is progressivcly reduced until a true solutiop is furmed,
a_colloidal solution is changed into a crystalioid form. Such a change 1s bmugm abou
the presence of organic bio-catalysts known' as enzynies, Enzymes are classified in accordanc.
with the food substance upon which they act. Thas the carbohydrates are- digested by diast:::




172

:);_aliinylolytic enzymes, proteins by preteolytic enzymes and fats by the lipolytic enzymes or
e lipases. o _

25.44 Physioloyy of Digestion

Mammals tetain the food in the buccal cavity and the digestion starts from this part of the
tract. During the process of mastication the food gets. mixed -with saliva. it contains. a
diastatic enzyme ptyalin. This acts on the polysaécharidc or starches converting them into
disaccharides such as dextrin and maltose. In the buccal cavity the food is in the for of
a soft pulpy mass - the bolus. It is swallowed and merely passes through the oesophagus.
In the stomach the bolus comes under the influence of the ocsophagus. In the stomach the
bolus comes under the influence of the gastric juice. The secretion of which is influenced
by a hormone gastrin secreted by the enterochromaffin cells. Further the appetite also
promotes the secretion of gastric juice. The gastric juice contains over 90% water, the two

enzymes usually present in it are the pepsin and renin. Both are a protéolytic chzyme, '
Pepsin reduces. the proteins to proteoses and peptones in the presence of the acidic medium
provided by the hydrochloric acid secreted oxyntic cells. Pepsinis. prcsént_in the peptic cells
of the gastric glands in the form of inactive precursor, pepsinogen. After _pepsinogen is
secreted, it is converted into pepsin by the action of hydrochloric acid. Further-it acts as

' an internal antiseptic fluid destroying bacteria. Reminbrings about the curdling (coagulation)

of milk forming clots. This is important to the young animal which is being fed on milk by
the mother. As curdling causes the milk to be retained longer in the stomach. The clot is
more fully acted upon by the pepsin. The tissue surrounding fat is dissolved a way, liberating
the fat in the form of frec globules. The pyloric sphincter is responsibie for retaining the
food in the stomach for some time (in man as long as for 2-4 hours). During this period,

the rhythmical contraction and relaxations of the stomach muscles churns the food. A thorough

‘mixing of the gastric juite is also ensured. This results in the formation of a thick creamy
acid fluid’ called chyme.

The muscles of the pjloric sphincter relax from time to time. Thus the peristaltric movements
force some of the partly digested food (chyme) into the duodenum.

With the formation of chyme, the duodenum is stimulated to secrete three horomones: Secretin,

.cholecystokinin and enterokinin. These threc hormones respectively induce pancreas, liver

and the intestinal glands to pour their secretions. The chyme in the duodenum is subjected
to the action of three juices: bile coming from the liver, pancrcatic jnice from the pancreas
and succus entericus from the crypts of Licberkuhn and the Brumner's glands.

Rile is a greenish alkaline watery fiuid. It has no enzymes in it. But adds water and prevents
purification. The salts present in it are very essential for the compietion of intestinal digestion.
They include sodiumbicarbonate, sodium tavrochoiate and glyecocholate. Sodium bicarbonate
reduces the acidity of the intestinal content and provides afkaline medium. The other two
brings about the emulsifiation of fats and aciivate the pancreatic Bpase. The bile is greenish
in colour owing to the presence of the bile pigments-bilirubin and biliverdin. They are in a
measure excretory products formed by the disintegration of the haemoglobin of the worn out
red blood corpuscles. ' S ' :

The pancreatic juice is an alkaline watery fluid. It is very tich in enzymces. 1 contains rypsink
(proteolytic) and chymotrypsin.. Trypsin is preseat as ag imactive PIEcurscs trypsinogen- It
is activated by another cnzyme-enterokiliase, a constituent of suocus entericus. Other is a
diastatic enzyme amylase or amylopsin. It converis starch and giycogen to maltose. Lipase
or steapsin (lipolytic) converts emulsified fats into fatty acids and glycerol, '



The succus entcncus is produoed by the glands of the duodenum and sma]l mtestmc It is

a watery alkaline secretion containing many enzymes and mucus. These enzymes bring about _

the digestion of all kinds of the food substances. The more important of them are erepsin
- consisting of amino pcpudases and dipeptidases (Proteolytic) transforming peptones into amino
acids. The enterokinase activates the pancreatic trypsin. The intestinal lipasc hydrolyses fats.
Invertase or sucTase, _maltasc and Tactase are diastatic e nzymes responsible for reducing the
disaccharides to soluble monosaccharides. Thus as a result of enzymatic action, the proteins
are all feduced to amino acids, the carbohydrates to glucose and other monosaccharide sugars
and fats to glycerol and fatty acids. While passing through the intestine the food received
more water from various secretions. Thls alkaline ﬂmd emulsxon is calied chyle Tt passes
through the rest of the. mtestme '

| 254.5 Absorptlon

In order to be of use to the organism, the food must be absorbed into the blood vessels.
Very little’ absotption. of the digested food takes place from the buccal cavity for the stomach.
After the completion of digestion, greater part of absorption takes place in ileum, The
absorptwe area of the small intestine is enormously increased by the development of villi (Fig.
24.5). Each villus is provided with a central facteal vesscl and is supplied with capillary blood
vessels. Villi are bathed within the fluidfood (chyle). Fatty acids and glycerol pass in to thc
lacteal. Capx]lary net work absorbs the othcr food substanccs

Fig. 255 Rabht-Vlllus showing absorptlon of food. 1 I_actcal 2. Artery 3 Vem 4. Cryptof .
Lieberkuhn 5. Columnareplthellumﬁ Connective tissue 7, Muscularis mucosa 8. Bruaner's glands

After the absorptlon of the digested products the fluid contents of the alimentary canal pass
into the colon. In this region chiefly water is absorbed from the fluid residue as the
conservation of water is the biggest problem with the terrestrial vertebrates. After the removal

of water, the. residue becomes semisolid in the rectum and form faecal pellets. Which gives.

a beaded appearance to the rectum region, The _peliets are discharged through the anus,
25.4.6 Coprophagy | | |

Jn order to obtain the maximum nutriment from 1ts ‘food, rabbit has adopted the habit of
coprohagy or coprophm The facces produced dunng the night are soft and moist. The
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_no_ctumal facces are eatcn"and"d:onsequent_ly subjected to all the digestive -.and.-absorplivc
processes. : : ' : R : R

25.4.7 Cellulose digestion’

In a herbivorous mammal liké.thc_ rabbit the solid food mdstl'y'céh_sists of cellulose. It is not

digested by any of the ordinary diastaic enzymes. In such animals, cellulosé digestion occurs
in thé large caecum. - '

The fluid intestinal contents are directed into caccum. It contains protozoa and bacteria as
symbionts, These and the cytases in the plants themselves help in digesting cellulose by a
very lengthy process. . _ '

25.5. SUMMARY

Rabbit is a herbivore. The digestive system comprises of the digestive tract, the digestive
glands and the associaled accessory structures like the teeth and tongue. Canines absent.
Tongue muscular and is beset with taste buds. Tongue also helps in the mastication of the
food. Respiratory channel is partitioned from the food chanmel by the palate. Protein
digestion will be initiated in the stomach and is completed in the small intestine along with
the break down of the fats and carbohydrates by the secretions of the liver, pancreas and
the intestinal glands. 1n herbivores, as in rabbit, the intestines are long and there will be a
caccum at the junction of the colon and the ileum where, hard undigested plant stulf like
the cellulose will be digested with the help of the bacteria and other protozoans that live in
the symbiotic association, getling in turn nitrogeneous foods. The ceflulose digesiion is carricd
out by the microbes by secreting cellulose and also by other enzymes of plants, the cytases.

_ Villi are the finger shaped processes present through out the small intestine to increase the

absorptive surface area. Fats are sphit up into glycerol and faity acids and are absorbed into
the lacteal vessels of the villi. Starches break down into simple sugars while the proteins

into amine acids.

256 MODEL EXAMINATION QUESTIONS

L. Answer the following in about 30 lines.
1. Describe the digestive system of rabbit.
2. Give an account of the process of digestion in rabbit.
- 3. Describe the digestive glan_d_s-and mention the functions of liver n rahk.ﬁ.t.-'
L. Answer the following in about 10 lines.
1 Menﬁon the various eﬁzymatic actian_s involved in the cohvc?sion of chyme to (I:hylc.
2. Describe the structure of tooth, .- |
3. Give a brief account on functions of lver.

4. The enzvmes of pancreas
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261  OBJECTIVE

e To apprecxal&the highly orgamsed brain and dlstribulmn of 1 m,rve for functlonal co-ordmauon '
in rabbl

in genéral the ver‘cbrate nervous system is divisible nto the fbﬂowing parts :

1. The central nervous system mcludmg the brain situated in the cramum and lhc stal
cord prescnl in the central canals of vertebrae. _ _ - S

2. The cerebro~spmal ':ystem including thc paired cranial nerves arising from the brain,
The spinal ncrves which criginate from the spinal cord.

3. The autonomic nervous systemu consisting of a pair of ganglionated nerve cords and
~ nerves. The nerves form two sub- qystems the ~ sympathetic and the parasympatheﬁc.

4, Sense organs consisting of Eye, Ear, organs of smell, taste and touch bring out co—ordmation : - i
between above mentioned nervous systems and the cnmonmcnt ST

263 CENTRALNERVOUS SYSTEM

Central nervous system consists of brain and spinal cord. ' ' 0 ' o !

1
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26.3.1 Brain

The brain lies in the cranial cavity. It is a soft whitish structure. 1t is divided into three
regions. The forebrain, mid-brain and-the hind brain.

1. Fore Brain (Procencephalon)

Fore brain is greatly developed id mammals, It consists of the olfactory lobes situated
anteriorly and very large cerebral hemispheres. The two cerebral hemispheres are separated
dorsally from each other by a deep groove the median fissure. In mammals the two cerebral
hemispheres form the cerebrum. They arc so large that they cover the olfactory lobes dorsally.
Only the anterior end of it is visible from the dorsal side. They project backward so that
the diencephalon and the optic lobes are overshadowed. The mid dorsal thickening of the
cerebral hemispheres formed of ncurons is called the cerebal cortex. Shperficially each
cerebral hemispherc is divided into a number of lobes by fissures. In rabbit there is an
oblique sylvian fissure about the middle of the hemisphere. It divides each hemisphere into '
an anterior frontal lobe and the posterior temporal tobe, Running longitudinally along the
ventral surface of the cerebral hemisphere is a rhinal fissore. It separates the. ollactory tracts
and hippocampal lobe from the frontal and temporal lobes. Internally the two cerebral
hemisphercs are connected with cz_ich'othcr' by a transverse bridge of white matter, the corpus
callosum. It is in addition to an anterior, posterior and middle commissure present in the

~ hemispheres of other vertcbrates. (Fig. 2,1)

Fig. 26.1 Rabbit-Brain. A. Dorsal view. B, Ventral view nerves origin. 1. Olfactory jobe 2. Median ﬁssurf: .
3. Frontallobe 4. Sylvian fissure S. Temporai lobe 6. Pineal body 7. Cercbral hemisphere 8. Four optic
lobes 9. Floculus 10. Laterailobe 1. Cercbellum 12, Vermis 13. Medulla oblongata 14. Ollactory tract
15. Rhinal Tissure 16. Optic nerve 17, Pituatory tody 18. Corpus albicans’ 19. Pons varoli. 20. 01l'act‘0ry
(First cranial nerve - 21, Optic [éccond} 22, Geulomotor {ihird) 23. T_rigeminal ([“;fth)_ 24, Abducens‘(s.;xth)
25. Facial (seventh) 26. Auditory (eight) 27. Gilosso-pharymgeal (ninth) 28. Vagus {1enth) 29. Spinal
accessory (cleventh} 30. Hypoglossal nerve {twelth cranial nerve ). .

Because of the enormous development of the cerebrum, the olfactory lobes ie. ventrally and
only the anterior part is visible. The thalamencephalon . or diencephalon is very n_ar.row.
Mid dorsally arises the tubular pineal ‘stalk. It extends backwards and epds in the pineal
body which lies closely against the roof of the cranium. On the ventral side of the diencephalon
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is a funnel shaped depression the infmditulum,  The infondibulurg and the hypophysis (of
stonodum) together form the pituitary body an endocrine gland. In front of the Pit_“_ltary body
is the crossing of the two. o;iti_c nerves forming the optic chiasma, The sidgs of the
thalamencephalon are thickened to form the optic thalami. ' The anterior choroid plexus
(capillary net work . in the piamater) arises in the roof of the thalamencephalon and extends
through the third ventricle into the lateral ventricles. . : '

2. Mid brain (Mesencephalon)

The optic.iobés are_-represépted'by four rounded prominences, the corpora quadrigemina on
the dorsal surface. Ventrally. there are two large bands of nerve fibres which form the crura
cerebri, ' : . _ .

3. Hind brain (Rhombencephalon)

It comsists of two parts-cerebellam and medulla 6blongata. '_Lil_:e the cerebral hemispheres,
the cerebellum is also very large. It projects forwards and meets the posterior margin of the

cerebrum. It extends laterally and is clearly divided into a median lobe the vermis and two

lateral lobes having a prominence the flocculi. The entire surface of the cerebellam is marked
by transverse folds. On the ventral side the two flocculi are connected by a transverse band
of nerve fibre - the pons varolli. The corebellum is connected with various other regions of
the brain by peduncles. - Medulla oblosgata forms the terminal part of the hind brain. If's
- 00f 15 :thi#and the piamater in this regisi: becomes greatly folded and richly vascular, to
" form the posterier choroid plexus. It is pushed into the cavity (IV Ventricle or metacoel)
of the medulla. - o ' . ' '

4. Ventricles of the brain
The brain of- the .rabbit appears to be a solid structure but the cavifies or ventricles are still

present. The rhinocoels in the oifactory lobes are not very obvious. The lateral ventricles
-~ in the cerebral hemispheres arc very much reduced. The two lateral ventricles communicate

posteriorly with the third ventricle in the diencephalon through an interventricular foramen
of Mouro. The third ventricle is narrow and joins the equally narrow iter or sylvian aqueduct.

It opens into the wider fourth ventricle in the medulla oblongata. Small cavities of the carpora
quadrigemina, representing reduced optocoels also open info the iter, All the ventricles are
~ filled by the nutritive cerebrospinal fluid. '

5. Meninges

The brain and the spinal cord are enclosed by membranes: called the meningeal' membranes.

The inner most is a richly vascular piamater. In the roof of the diencephalon arid the medulla
it forms respectively the anterior and posterior choroid plexuses. - It is covered by a tough
and protective membrane the dura mater, forming the lining of the cranium. Between the

piamater and -the duramater is a third, arachnoid membrane. The spaces between these
membranes are filled with cerebrospinal finid. \ ' ' '

6. Fun_(_:tions :

The Olfactory lobes.are concerned with the seasc of smell. In higher mammals the cerebrum,
- cerebellum and medulla oblongata are functionally very important. The cerebrai cortex is

made up of the vast number of neurons, They receive impulses from various receptors (eye, -

ear, skin) analyse the information and compute - appropriate respomses in the light of the

memories of the past events that are recorded. Thus the characteristic of the mammalian -

177




178

brain is that instead of local centres each concernied - mainly with one teceptor system there
has developed a cerebral cortex. Cerebral “hemispheres are the chief coordimating centres.
They are the sites of all voluntary actions, and of all conscious sensations. With ‘the cerebrum
are associated intelligence, memory, emotions and the ability to learn from experieacc. In
the human brain varioqs areas have been studied which are associated with special activities.
Thus there are motor, visbal, and speech centres. : .

The two pairs of opiic Jobes, receive the visual fibres. The posterior pair receives fibres from
the cochlea, which has greater importance as the orgaa of hearing. The bulk of the optic
fibres end in the thalamus or relaying impulses to the neopaltium {Cerebral Cortex). The
mammalian thalamus is cafled the optic thalamus. Crura cerberi carry sensory impnlscs from
medulla oblongata and spinal cord to the optic thalami and thence to the paflium. The
cerebellum is the centre for co-ordination of equilibrium, motor. co-ordination and muscular
tone. All the conscions impulses have their ongin tin the cercbral hemispheres, but they are
executed by the cerebellum, '

The medulla oblongata conirols the involuntary movemenis like {respiration, circulation, heart
beat, swallowing movements of digestive organs and glandular secretion).

26.3.2 Spinal Cord

The spinal cord is the posterior continuation of the central nervous system. It extends from
the medulla oblongata to the region, where it narrows to form thread like filum terminale.
It is a long, white cylindrical structure situated within the neural canal of the vertebral column.
It is stightly flattencd dorsoventrally and is some what thickened in the Ibrachial! and lumbar

~ regions to form the brachial and lumbar swellings. Histology of the spinal cord is discussed

in Unit No. 31.

Functions

‘The spinal cord conducts the sensory and motor impuises to and from the brain. It is the
center for the spinal reflex actions.” '

264 PERIPHERAL NERVOUS SYSTEM

The central nervous system, comprising of the brain and the spinal cord is copnected with

.afll parts of the body by the peripheral nervous systeml. A nerve which carries impulse 10

the central nerves is described ag afferent or sensory perve, Where a nerve which is carrying
impulse away {rom the central nervous system (o an effector organ is a imeotor or efferentt
nerve.. In a mixcd nerve both the afferent and cfferent factors are present. The periphcral
nervous - systom consists of the following sub- sysiemis. '

1. Cerebral or cranial nerves - nives arising from the brain.
2. Spinal nerves - nerves arising from the spinal cord.

3. Autopomic nervous system - consists of nerves controlling the functions of the vicera
~ (heart, lung, stomach, intestine etc.). '

26.4.1 Cerebral or Crahial nerves

"Thc.re' arc ‘twelve pairs- of cranial nerves in rabbit. _Of these, 1. I and VI arc purcly
sensory. 111, IV, VI XI X1l are purely motor and V, V1§, IX and X are mixed having both



L Olfn'c'torynerm Itansesfromtheceﬁsoftheﬁadwymbrancofthenasalcamy
- Iris comeeted to: the. olfactory lobes. - It is Mzsmmc {of receptors) seasory. -

ll.()ptic merve : The fibres of the optic arise q(he retina of the ‘eye. " These two
nervescrosstofmmwhcchlasmaalongthevemm]snrfaceofthebmm ’I‘henthey.
get connected with the optic thalamus. It is also_purely somatic’ scnsory : i

Il. Oculometor; : Rstamﬁ'omtheﬁoorofthemdhamandgoestothefonrmnsdes
-._.oftheeyeball ltxsasomahcmotornerve : O S

Iv. j'.mh" or Hltheﬁc nervé : This nierve stafts'fiimsu]ly and passcs at onoe_m:o thc
mblt to the supenor o!&l:que muscle of the. cye ball. Tt is somatic motor.”

V’Rigemlualm Itarxsesfmmtheantenorvenh;dendofthemedlﬂfa Itlsm;xed
.- omerve, It divides into- three branches

1 'l‘!wsensoqopthalmlc Itmnsabovethceye,s@pﬁesthcshnofthenoseandthe
upper parts’ of the orblt and the smout. .

s 2 J'I‘hesensm'ymax:l!my Itrunsventraltotheeyeandlsdxstributedtothcskmofthc_
snout; sf)edally to the tactﬂe wbnssac -

| 3.;: : Mandihular (mixed) It runs to thc low,r jaw. I gives.a sensory branch to thc tongue.-
- Thenitis dlstr;buted to the muscles of the lower jaw and to the teeth.

VL Abdums nerve - It arises from the floor of the ﬁie&:lla It dJstn'butes to the muscle
of the eye ball. It is a mictor. nerve.

VIL Facial nerve : It ongmates from the side of the meidnlla, _It is both senSOry and motor,
It has three branches : T

L Palatine branch to the roof of the mouth
2 Chorda tympmj to the tongue, snout and sahvary gland&
3.. ;Hyomandihular It supphes the muscles of the nowg; Jaw neck and pmna

;‘:*E':.’It is purcly somatic’ sensory,

IX. -G!ossupham merve : Tt arises. [rom the ventra! sﬂeaf the medulla It md:stnbnted
tothemdesofthepharynxaudﬂretongue ltlsammdncrve :

X. WgusorPneumogash-lc nisamlxednerveansmgfmmthemedu]la. Itdmdesmto
. .the follmngpnnmpal branches. C

{1)'_:" Sllperinr laryngeal It gOes to the muscles of the Iarynx. _ |
{2 'Cardrac depressor : 1t is dlsm'buted to the heart
(3) 'Recurrent lar-yngaeal It aIso reaches the lal‘ynx.

(3). The main Yagus, or - pneumogastric.: enters. the thorax and the abdomen. Gives.
-.._..branches to Desophagus,lungsandstm

' , (5) “The cardiac : plies ﬂ_le h_eart musc]es.-
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XI. Spinal accessory

_such actions, They are. performed in an automatic manner.

e - It is'a motor merve: - arises by:the union of tibris from the

anterior end of the spinal cord. It is distributed to the pharynx, larynx, neck. and
shoulder. ' ' ' o

XII.'Hypog_lossai . It arises from thé ventral surface of the medﬁila. “Ttis a mofof-ncrve'
controlling the movement of the tongue and innervates the intrinsic muscles of the tongue.

. Some branches reach neck muscle.

Spinal Nerves

Spinal nérves connect the spinal cord with the other parts of the body. Corresponding to
the number of vertebrae, the spinal nerves are very régularly arranged. There are 37 pairs
of spinal nerves.in the rabbit and 31 pairs in man. Of the 37 pairs in rabbit, there are 8
pairs of cervical, 12 pairs of thoracic, 7 pairs of fumbar, 4 pairs of sacral and 6 pairs of

- coceygeal. Most of them go to the skin and muscles of the same region. But some of them

go'to qthér parts of the body.. The third cervical sends a branch to the pinna or .external ear.
The fourth cervical, with the branches of fifth and sixth innervate the diaphragm. A brachial
plexus is formed by the uion of the fifth to the eighth cervical and the first thoracic. This

plexus gives nerves to the arms. Similarly the last lumbar and the first 2 or 3 sacral 2 or 3
spinal nerves together form the Jumbo-sacral plexis, suppiying. nerves to the legs.

All the spinal nerves are mixed in nature. Each consisting of the. sensory of. afferent fibres
in the dorsal root. They carry impulses from the receptor organs (skin) to the cells of the
central nervous system. “in each dorsal root thete is an enlargement called a gangliot which
contains unipolar neurons. - Fibres of the ventral root carry impulses outward from the central
nervous system to an effector organ like the muscle. This nerve is otherwise on cflerent or
motor, because it controls the movements of the stripe,d muscles. ' o '

%5 REFLEXACTION

The spinal cord conducts impulses to and from the brain. But under certain circumstances
the nerve impulses originate in the spinal cord. in response to external stimuli. If a pin is
pricked in the leg of an amimal or a weak acid is applied or.a hot body is touched then it
s noticed that the leg is withdrawn. In our daily lifc we arc performing a nurnber of such
movements, 'These are all.-know as reflex actions. In all these examples the movements are

produced by the agency of the central nervous system without the intervention of the will.
In brief reflex actions are automatic responses to ctimuli. An animal never thinks of performing

: Few exampies: of: reflex actions
are the eyes are shut when strong light falls on’ " thens, when - the hand accidentally. comes
in contact with a hot or cold object it is withdrawn, We are star_tl_ed by the retort o_f a gun.

- Many of our daily ordinary movements which were started by the will and arc thercfore voluntary
become  later reflexcs. Thus one walks willingly and are therefore voluntary, . hecamt
late as reflexes. Thus ome walks without thinking'abdut it and every step i proper_ly taken.
The necessary muscles receive impulses from the central nervous sysiem. and contract. The
central ‘nervous system itself receives sensory impulses from the eye or the car or due o the

contact of the feet with the ground.

The spinal nerves are mixed, that is they contain both the sensory and motor fibres (Fig-26.2).
When the: nerve approaches the spinal cord, the fibres scparate 1o form respectively the dorsal,
(affercot or sensory) and the ventral root (efferent _Ql'-.ljlfl()t(}l‘). inthe spinal cord. | .




Fig:26.2 Diagrammatic cross section of the 20fd (0 iffustrate a typical vextebrate reflex atc. The arrows indicate the
direction in which impulscs are tramsmitted. 1. White mattér 2. Dorsal bom 3. Ventral bom 4, Veatral fissure . Motor
‘neuron 6. CGirey matter 7. Dorsal septum 8. Géatral sanat 9. Dorsal root 10. Cell body of sensory neuroné 11, Dorsal root of
spinal 12. Axon o sensory neurone 13. Axon of inter umefhl neuron 16. Effectot muscle 17. Ventral root of spinal nerve
18. Avwon of matornevron 19, Spinal cord. | : o
ReflexAre . . ¢ LN |
The path followed by a stimulas during the reflex action is calfed a rellex-arc. In a reflex -
action the nerve impulse is not (famsmitted directly from a receptor to the neighbouring effector
surface. But it takes a certain course;.and the reflex action is produced in the following
- way. - : :

A stimulus on the: skin (a receptot surface) | is translated into a nerve impulse. This nerve
impulse is conveyed to a sensory néuron located in the dorsal root ganglion or the spinal
ganglion. Later this nerve impulse from ‘sensory neuron. travels ‘along its axon into the grey
matter of the spinal cord and terminates in the ventral korn.’ Here it is in synaptic contact
with the ‘dendrite of a motor neuron. From this motor petiron the impulse passcs outwards
‘along the axon“to muscle tissue or gland (an effectof organ) and stimulates the muscle to
contract. Many:reflex. reactions involve. more than two neurons, there being an -intermediate
neuron. The series of structures involved in the reflex. path, i.e., sénsory receptor, sensory
ncuron, relay centrcs, intermediate newron. ‘motor neuron and effector organ constitute the
reflex action. ' L - ' -

266~ AUTONOMIC NERVOUS SYSTEM

The mvoluntary actlvmcs ‘of-an animal, such as the ‘beating of ‘the heart, movements .of the
gut and, secretion of sweat are controlled by the autonomic nervous system. It carries efferent =
impulses to effector organs which are not under the control of the will.

The  autohomic’ nervous system comprises of two parts, the sympathetic (Thorasico-lumber)
~and parasymgmthetic {Crario-sacral) systems (Fig 26.3). In both cases ncrve fibres arise from

. 'the brain or spinal cord and ‘pass fo the efféctor organs: "Each of the two systems has many

such ' pith Ways aldng the’ course of whichi there ‘is @ complex set of synapses: constitating a




- ganglion. Thcncrveﬁbie?onﬂ:ebroﬁmalsidc-onheghnsﬁonm.  oeceanglion

the main festures of the mammalian autonomic nervous system.. 1. Parasympathetic
Tear gland

Fig. 26.3. Diagram summarizing
system (cranio-sacral) 2, Sympathetic sysiem. (’i‘horacieo-lumber);_&. Brain: 4- Spinal cord. - 5. Tris 6.
7. Salivary gland 8. Long preganglionic fibres. 9. Heart 10. Short postaganglionic fibres 11 Lungs 12. Siomach
13. Small intestine 14, Pancreas 15. Adrenals 16. Large intestine 17. ‘Bladder 18. Genital organs 19. Long
agtionic fibres 20. Short Preganglionic fibres 21. These ganglia are situated in the wall of the effector, 50
. pre-ganglionic fibres are long, postganglionic fibres short 22. Thesc ganglia are situated close to the spinal cord, so
pre-ganglionic fibres are short, post-ganglionic fibres are fong.  * S e

' Structurally the two systms differ in the disposition, of the ganglia. In the sympathetic system |
the ganglia lie by the side of the vertebrae, close 10 the spinal cord. -As such the preganglionic
' Sbees aro shot, -the post ganghonic fibres long Ia the parasympathetic system the, ganglia
182 are. embedded within the wall of the cffector; organ. . In this case the preganglionic. fbres are

W
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'léngandthepqslganghon:cﬁbrcsshort. Functlonally thetwosystamsd:ﬁermpmdumng-

different transmitter substances. The ends of the sympathetic nerve fibres produce noradrenaline.
The ends of (norephedrine) .the parasympathcuc fibres produce acetylcholine, It is: lateresting

to know that these two systems are antagonistic, ie., they generally oppose one another, I

_the sympathetic brmgs about contraction of a muscle, thc parasympathetlc relaxes lt

Some func’uons of the sympathenc and parasympathehc systems are glvcn in the follmng
table whlch show thc antagonzsuc actnons of the two: systems '

'Synmatheuc system’ [T "Parasympathenc syste.m
1 ;Accclcrates heart _ | _ - Slows heart ' '
2, Constricts arteries - _  Dilates arteries _
3. COhtracts -'bl'addéf and sphincters ~ " Relaxes bladder and anal sphm(:ters |
4 Slow down the gul movements Speeds up gut movements. '

Mozphologlcally, in the trunk region there is a segmental arrangoment of the gangha on cach.

side of the vericbral column. Successive ganglia are linked together by a sympathetic nerve

which arises from the brain. The nerve fibres rslay ‘impulses up and down' the body. Each-

ganglien is- connccted to the respective spinal merve (Ventral root) by a pair of slender rami

comimunicans, From each sympathetic ganglion nerves reach the’ respective effectors The

parasympathetic system or the cranio - sacral compnses of the whole of the vagus nerve and

its branchcs, plus certain other cranial and spinal nerves. There are no ganglia in the course -
of these nerves, and .the synapses between the pre and post ganghomc fibres are located

within the walls of the effector which contam gangllon

26,7 NERVE—IMPULSE TRANSMISSION

The message- transmitted by an axon is called the nerve impulse. It is an electrical pheromenon
and in certain rcspccts the axon bchavcs like an elecmcal cable.

-The expenments on the transmlsswn of nerve unpulsc in thc g:ant axons: (a millimeter in

~ diameter) of a squid has thrown much light on the events that ocMir inside the axons at the
transmission of nerve impulse. The details of these events arc discussed below :

The electrical nature of nerve impulse

It has been observed that when axon is in the resting statc, ie., when it is not transrmttmg
an mpulsc, a potential difference is mamtaimcd between the inside and outside of the axon.
The inside of the axon is negatively charged to. the extent. of approximately 60 millivolts and
the outside is positively charged. This situation is known as resting potential, It shows that
the membrane surrounding the axon is polarized which means that it is capable of. ‘maintaining
different electrical charges on its two sides. When an impulse passes due to a stimulus, the
above sifuation is momentarily reversed, the inside of the axon suddenly becoming positive to
the extent of + 60 millivolts and outside negative. This sudden reversal of the resting
potential - which accompanies the impulse iscalled action potential and clearly it involves the
sudden depolarization of nerve. membrane.  As indicated in the diagram (fig. 26.4) The

action potential \is extremely short lived.” It lasts for about a millisecond, after whick the

-. ;..'-onngmala rcatmg potcntnal is restored sgain. The nerve 1mpulsc thus is a pmpaaated nogatwe




charge on the outs:de of the mcmbrane caused by a wavc “of dcp(ﬂanzatmn which passbs
aIOng the axon : .

Iomc basis of the nerve lmpulse

More recent cxpcrlmcnls have prov:dcd an ionic explanation of the electrical events described
“above. When the axon is at rest, the concentration of ions on either side of the membrane
are very different. There is an- excess of potassium jons K' and, .organic anions inside the
axon and an excess of sodium jons Na +immediately outside. The Na ions are actively extruded.
across the membrane and their propertics of permeability prevent them from. entering the
axon' once they have been vrpelled from it. This active removal of Na + is called the sodium
pump mechanism which is the major cause of the resting potential.

Na+ Na+ Ng+ -~~~ Na+  Nas
: +_1‘ + ++T+++ + +e T - -T+-;-+?r++-T+++-
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Fig.26.4 Nature of nerve |mputse 1 Membrane po]ansed outs:de positive 1 sodium ions e,xpcllcd bysodmm o
pumps mechamsm 2. Sodium pump $tops, and sodium jons enter axon Membrane depolarised; Inside

'becom posuwe to outside negatm 3. Sodium pump operates again; membrane repoiartsed outside posuwe
: . © inside negatwc . .
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" When an impulse passcs along the axon the sodium pump mechaaxsm suddcnly breaks down
and the membrane becomes permcable to Na + ‘ions, which being about ten ‘times more
concentrated outside the membrane, rush into the axon by diffusion. This event-takes place
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Fig 26.5 Dlagram showing three stiges in the propagation of an impulse along an awéiv: 1. Resting potential 2. Action
potenual 3. Axon-4. Depolarized section of membrane. i




) dy and . . _Imchl,themsldeoftheambwomcs_
pcgltlve rclanve '.to.thc outs:dc resultmg in thc' action, _potencial. Small Tocal circufls on both
sndes of the membrdnc at thc lcadmg end of cfcpolansanon, exctte ‘the ncxt part of the amu,
SO thc action potcntial is p:opagated along it.

“As. outsxde axon, he:comes ﬂooded with thc sodmm mns, potasmum ions begin to rc-cnter'
inside and. }eaVc This marks thc bcgmmng of the recovery process in which the inside of
the axon regains.its negative charge Comp]etc repolarimtion of the membrane is achieved’
by the sodium mechamsm starting up again, the Na + jons being wgorously extruded - from

- the axon ohce more. The relanonshlp bctwccn these various events . is snmmanscd in Fig.
264 and 26.5 . :

Nerve impulse can thus bc ':cxplaincd in terms of changes occurring in the properties of the’
membrane surrounding the axon, The transmission of nerve lmpulse reqmred energy which
comes from’ A‘I‘P : :

The abovc aceount ts based on the gtant axons of the sqmd Expenmems camcd out sumt _
that the iopic: explanahon of the rcstmg and actlon potcnnal apphcs ln gcneral o all nerves.

26. 8 SENSE ORGA:N S

Sense Qrg_ansi-'-a're ear, eyc etc.

26.8. 1 Structure of the Ear

It is in mammals that the ear has reached the highest- degree of development. The tmddle_
ear and the inner ear havc become far more- complex and there is an additional external ear
Or pinna.

B

"The +outer ear or pmna is a trumpet hke structure of vartable size and shapc T 1s a ﬂap '
of cartllage “covered with skm. Jn rabbit ‘and in many other mammals it is provided with
muscles” which can move it in different ‘directions.” Thus the external car is useful only in -
collecting sound ‘waves and in dctectnng the direction of sound. - Leading froim the -éxternal
ear into the head is a small tubular auditory meatus (havmg Wax or ceruminous glands) which
f‘nd% in a chambcr the imddie ear or tympasic camy :

Thc mﬂdlc ‘ear.is an air ﬁlled space of megular shape contamed W1thm the tympamc bone.' .
and connected with the back of the buccopharyngeal cavity by the Eastachian tube. The
middle ear is. scparated from the- auditory meatus by the ear drum of the. tympanum, In
the inner wall of the middle car there are two apertures, the upper one is the féenestra ovalis

and the lower arcular apcrtu,rc is fenestra rotunda, both of them covered.- unly by the
membranes.. . R . : _

The tympanic membrane is linked to the fenestra ovahs by a chain of three small’ bones, the
audimry «ossicles, which are named. as the T-shaped. maileus, hammcr attachcd to the tympanum
- a long pear - shapcd incus and a stirrup shapcd stapes, with ‘its base set in the foramen
ovale or fenesira ovalis.  These three are connected with one another by dcﬁmte amculatmns

Tension on tympanic membranc is maintained by a small muscle msortympani wh:ch Tuns
from the inner wall of the tympanic chambcr to, the malleus

. The membranous labyrlnthorthe innerm is lodged in the periotic bone and i3 formcd by
thc semlcucular canals, ntm:ulus, sacculus and coehlea and the assoc:atcd structures 'I‘hc
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semi circular ducts are enlarged as‘"""al'ﬁpulh.té:at" one. énd' of each-camal. - Each ampulla: has

a sensory spot called crista. 5i slarly the Utriculus and sacculus, posses a sénsbi’y,s'po@t'.éach, .

similar to crista, called macula, Cristac and maculac arc. the “auditory sensory. spots.
1But the lagena or the cochlea which in other mammais is'rcprescnted-bja bud like outgrowth,
becomes fluid filled spirally round, blind sac and is enclosed within a’ part of the auditory
_capsule. A transverse section of the cochlea gives the impression of a bony tube. The
cochlear canal which is crossed by two membranous partitions so that it is divided into three
chambers, an upper scala vestibuli, 2 middic scala media and ‘a low scaln tympani (Fig.
26.6). ' - ' : . T

- Fig. 26.6. A. Generalised mammaliant ear, B. T.S. cochlea of rabbit. 1. Middle ear 2. Malleus 3. Incus 4,
Stapes. 5. Tensor tympani 6. Inner ear 4 Semicirculars canals 8.Utriculus 9. Sacules 10. Lagena.or
- cochlea 11, Bustachian tube 12. Fenestra rotunda 13. Fenestra ovalis 14.. Tympanic membrane 15. External
auditory meatus 16, External car 17. Scala vestibule 18. Periotic bone. 19. Reissner’s membrane 20. Seala -
media 21. Basilar membrane 22. Scala tympani 23, Supporting ceils 24. Receptor cell 25.Auditory nerve 26.
Organ of corti 27. Tectorial mémbrane 28. Auditory epithelium 29. Perilymph. 30. Endolymph.

. The middle chamber or scala media is a continuvation, from the sacculus. Is is filled with
“endolymph. The upper and the lower walls of the scala media are made up of two membranous.
partitions. The upper one is the Reissner’s membrane and the lower the basilar membraue..

The upper chamber of the cochlea which is between Reissner’s membrane and wall of the
‘bony canal is the scala vestibuli. 1t is perilymphatic space. The scala vestibuli is connected
at the top of the cochlea with the lower chamber of the cochlea which is known as scala
tympani by a narrow duct, the helicotrema. Scala tympani is also filled with perilymph and
ends blindly against the fenestra rotunda. : _ :

" The some what complicated arrangement of the canals in the cochlea may be visualised if
the scale made be imagined as growing out as a spiral tube from the sacculus and as it does
so pushing infront of it s portion -of the perilymphatic space and the-walls of the auditory
capsule so that the coiled tubular extension of the sacculus become enclosed in a bony tube
from which it is separated by perilymph. ' - ST '

Like the rest of the msnibranous :la'byri'nth the scala media is Tined by an ‘epithetium of
* ectodermal origin where it oveilies the basilar membrane is modified to form the orgam of




Corti contasmng suppomng and receptor cells of sense organ (Fig 26 B).

QOrgan of Corti consists of collection of tall pitlar- like supportmg cells and five long:tudlnal_
rows of receptor cells. The réceptor cells or the ‘hair cells are over laid by a gelatinous
ribbon like membrane the tectorial membrane, in which during life the sensory hairs (Sterocilia)
of the receptor cells are actually embedded. Components fibres of the branch of the audltory:
or VIII cranial nerve supplied the receptor cells of cochlca .

.Balance and Heanng

- The ear is usually described as a single unit sense organ But 1t is concemcd with the
perception of two totally different kinds of stimuli. By this sense organ the animial is made -
aware of its movement and of gravity. The animal is enabled to orientate itself and maintain

its balance. ~The upper part of the inner ear (membranous labyrinth) including the utriculus

" and semicircular canals are concerned with the appreciation of changes in velocity. The car

is alse a sound receptor. The sacculus are its outgrowth, the lagena or cochlea (specially

the organ of Corti) contain the sound receptor. The outer car is probably useful in dctectmg_
' the direction of the source of sound. The auditor meatus acts as an amplifier. The ear

ossicles transmit the wbratmns mduocd by sound falling on the tympanic membranc to the
fenestra ovalls

2682 Structuré of the eye

The eyes wre visual ofgas. “Yhe“eye talt Wﬂ‘h -lodpcd -im thc orbits.
Each is further protected by the upper and lower eye lids, which can close the eye. It is

only a smalfer part of eye which is exposed. In rabbit there is a third eye lid, the nictitating
membrane which is transparent and:can cover completely the front surface of the eye ball.
Movements of the eye ball is brought abaut by the muscles of the eye ball, which are six in
number. They consist of the anterior rectus, posterior rectus and the superior and inferior
recti., There is a superior and an inferior oblique muscle. The front surface of the eye ball
is separated from the outside.world by a thin transparent layer, the comjumctiva. This is
_really an area of the modified epidermis and is continuous with the epidermis of the eye lids
at the periphery. The conjunctiva is kept moist and. transparent by the secretion .of the
lachryma! or tear g_land.. They are sifuated at the upper outer angle of the eye lids.

_ F:g 267 <Jtrucl'.l.lres of mammalian eye 1. Ante:norchamber 2. Cornea 3. Lens 4. Postenorchamber '
5. Clharybady 6. Retina 7. Choroid: 8, Sclera 9, Optucncrve 10 Blmdspot 11. Cﬂuly.muscle.



The 'iertcbr_ate‘eye oorrespondsvery much with a photographic camera, thus there is light
proof box, a diaphragm, lens system and a surface senmsitive to light. The internal structure
of the eye ball can be seen in the vertical section. The wall of the eye ball is composed of
th.c’ﬁ M . la)"e,rs, P . ' ’

1. The outer firm opaque protective, d_e:nse white, connective tissue layer is the sclerotic.

: Bctwecn the eye lids it becomes transparent and is bulged out to form the cornea. It

is to this sclerotic layer that the six muscles responsible for moving the eye bal are
attached. _ -

2. The sclerotic is lined by a vascular, muscular and deeply pigmented second layer, made
up of comncctive tissue, the spongy choroid. In the region of the cornea it is mot
continuous with it but forms a sort of curtain siretched across the eye ball, the jris.
The blue, black and brown colour of the eye is due to the colour of the iris. The iris
is perforated by an aperture of variable size the pupil. The diameter of the pupil is
controlled by two scts of muscles in the iris. The circular muscles of the iris by their
contraction decrease the diameter of the pupil. The radial muscle - by their contraction
increase the diameter of the pupil. Thus iris regulates the amount of light entering the
eye ball. Lying in the outer margin of the iris of the choroid coat is the ciliary bedy.
This is a thickened zone of the choroid which contains larger blood vessels, glands and
smooth muscle fibres. . ' - L '

3. The inner most coat of :he cye ball is the retina. It does not form a complete lining
for the cye-ball. It is continuous only as far as the iris. It is the sensitive layer which
 contains nerve cells. The retina is a complex structure but it is only three neurons deep.

Immediately behind the iris lies ‘the lens, a transparent biconvex and elastic body. It is.
attached by the margins of its transparent capsule to the ciliary body by the fibrous suspensory
ligaments. There are radial and circular' muscles in 'the ciliary body. When the radial muscles
contract the lens is flattened. But when the circular muscles contract it assumes a more
‘spherical shape, thus can aecommodate for near and distant object.

Between cornea and iris is the anterior chamber and between iris and the lens is the posterior
chamber. They together form agueous chamber filled by a transparent watery aqueous humour.
Whilc the chamber behind the lens is vitreous chamber. It contains a jelly like transparent
vitreous humour. In the vitreous humour is the remmant of an embryonic blood vessel. It
extends from the blind spot in retiua to the back of the lens. Hence it perforates the vitreous
humour. ' ' ' '

26.82.1 Structure of retina
Beginning from the outside ie., next to choroid and ‘passing inwards, the retina is composed
of the following layers : '

.(a) Pigment epithelium. It is a single layer of polygonal epitheliai cells. "The cells contain
pigment granules. Functionally it absorbs light, prevents reflection.

(b) Beneath this pigmented cells Lie the photoreceptor or the visual cells of two types - Rods
and the Cones. The rods are single celis which bear at their outer end a long stender
cylinder. The cylinder contains a a purple pigments (visual pu;ple).'rhudopsin a substance
allied to vitamin A containing protein. From the inner end a nerve fibre passes inwards’
and links up with dendrites of the cells of the next layer. The cones possess short
tapering Processes and contain {visual violet) iodopsin, A nerve fibre arises from the
smner end of each cone as in the rods.
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Fig. 26.8. Section of retina (Armwshowsdlrocnon o[‘llght) 1. Receptorlayer 2. Relays mezve impulse
3. Impuises relayed to centres in brain 4. Pigments cetls 5. Cone cell 6xed cell 7. Position of packing and
suppomngneuroghaloclls 8. Bipolar neuron, 9; Direction of impulse 10, Ganglion cell 11. Fbres
converging to form optic nerves.
(¢) After the layer of the rods and comes, there is 2 layer of blpolar nerve cclls, which in

turn by their very short axons, relay the nerve impulses rccelved from the visual cells to

next imner layer
(d) the inner mozt layer consists of large ganglion celis, Their axons are the component ﬁbrcs of

the optic nerve

In addition to the nervous components of the retina described above there are packing and
supporting celis lying in between the essential components. -They are the neurogial ocll; and
the important cells termed Muller’s fibres.

The rods detect difference in the intensity of light but thcy do not discriminate ﬁner details
of objects. They are concerned with "twilight vision", Thus the eyes of nocturnal animals
and those living in darkness and deep waters have only rods in the retina. The cones are
concerned with the reception of stimuli of high intensity, "day lught vision". They as well
discriminate colours and are associated with colour vision. An imaginary line passicg through
the centre of the lens will strike the retina at a point. descnbcd as the yellow spot containing
fovea centralis. Tl'ns is mostly composed of the comes. The vision is sharpest at this spot.
The part of the retina where the fibres of the optic nerve converge is called the blind spot.
It is a non-sensory region where no image is formed.

The light rays which pass through the conjuncfiva, cornea, aqueous humour, the lens and the
vitreous humour fall on the retina, Al the above structures offer transparent media to. the
Hght rays.. The lens plays an important part in accommodation and focusing the llghl: rays

on the retina where a diminished inverted i image is formed at the site known as fovea centralis.

The impulses are transmitted through the optic merve to the brain due to which we can havc
the sense of vision with the actual size and correct posture of the Ob]CCI '

In addition to the ear aad the eyc whxch are nnportant Sense organs, a mention is to be_

. made about other receptors. The entire skin of rabbit is sensory and acts as the tangoreceptor

JI W



ie., it is senmsitive to the ‘touch and other stimali. *The tongue is provided _ﬁth taste-buds,
which appreciates various. tastes. Tongue is thus a gustatory ergan, The nasal cpithelium

of the nose is receptive to the olfactory sensation, OlfggtOreeeljtor. Smell and taste are closely

269. SUMMARY

“The nervous system can be classified into central, peripheral and autonomic nervous systems.
Mammalian brain shows its peak particularly the cerebrum ‘with its neopallium cerebral cortex’s
and carebellum with its vermis and two ventrolateral flocculi. Mid brain represented by
corpora quadrigemina. Peripheral nervous system comptfise of the cercbral (12 pairs) and
spinal (37 pairs) nerves. The autonomic nervous system comprisés_of sy'mpathetié {adrenergic)
and parasympathetic (Cholinergic) components which are antagonistic to each other. * The
living merve is said to be polarised. On stimulation, the live nerve gets depolarised (change
reversal) to give rise to action potential (nerve impulse) which will be propagafed along the '
perve fibre. A netve impulse can never be stopped (all or none law). * Mammalion car is
highly unique in several respects viz., pinna, ear ossicles and cochlea. The cochlea is elongated
and coiled with the organ of Corti which is the organ of hearing while the semicircular. canals
with cristae and maculae utriculi and saculi are the auditory organs. '

As usual, the eye has 3 coats, outer tough fibrovs coat, middle vascular uvea and the inner
SEnsOry reina.. The mammalian retina in formed of rods ad cones containing rhodopsin visual
purple) and iodopsin (visual violet) respectively for dim and bright (& colour) vision. Arca
centralis, is mostly composed of cones. The hereditary diseases, night blindness and color
blindness are the respective deficient conditions of rhodopsin & iodopsin.

26.10 MODEL EXAMINATION QUESTIONS.

| Answer the following in about 30 lines.

1. Sketch the dorsal and ‘ventral aspects of the brain of rabbit. Write a note on its
characteristic features. '

2. Describe the structure of the brain of rabbit. Enumerate the functions of its various

3. Give an account of the st

fﬁcture and functions of iha mammalian ear.
4, Describe the structure of the eye. Add a note on physiology of vision.
5. What is norve impulse ? How it is transmitted ? - | |
II. Answer the following in about 10 lines.
- 1. Describe the cranial nerves of rabbit.
2. What are the important functions of l:g_rain "
3, What is rcﬂex action ? Add a note on reflex are.

4. Give a brief account on the autonomOUS NEIVOUS system.

5. Descnbe the structurc of retina.'
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27.1 OBJECTIVE

® To describe the respirafory systen: of rabbit and to cxplain its fuaction.

272 INTRODUCTION |

For any living orgamism, encrgy is esscntial to carry out various vital activities. Energy is

obtained in the living bodies by burning food stuff (fuel). For this, oxygen is needed. In

vertebrates, special organs, the fungs have ‘developed to déliver oxygen to the various tissues
via blood. In Amphibia and Reptilia, they are accular while in birds and mammals, they are
spongy {extured non distensible lobes. In mammals; voice box is associated with it. Further

the passage is also f,epdrated from thc food passage in arnmotes The lungs are better evolved'

with alveoh '

273 RESP-IRATORY SYSTEM-'

' Extcrnal nares lcad fo the nasal passage which’ is dmded into rnghl and left chambcrs by

means of a mesethmoid partition. The epithelium covering the nasal passages is ciliated and

prevents the dust particles from catering into the lungs. The nasal passages’ open into the
pharynx by means of the internal nares. From the pharynx, the air passes into the trachea
or wind pipe through a glottis which is a slit like aperture present on the ventral wall of the
phdl'y‘ﬂX '

273  LARYNX

At the antcnor extremity of the trachea there is a chamber called lhc larynx {(Fig. 27.1). It

communicatcs with the pharynx” through glottis. Larynx is supported by cartilagenous pieces..

A large thyr(nd Larn}ag{: support the ventral and lateral walls of the larynx. A’ cartilagenous
ﬂap like epiglottis arises from' the ventral wall of the thyroid cartilage and protects the glottis.
It prevents the food from entering the glottis during swallowing, A ring like cricoid cartilage
lies at the posterior end of the thyroid cartilage. "It is broad at the dorsal side but narrow

on the ventral side. A pair or arytenoid cartilages support the dorsal part of the: larynx, A

191
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_' pair of small nodules, the cartilages of Santerini are situated at the apices of the arytenoids. -
The vocal cards extend between the thyroid cartiiage and the arytenoids. )

~ Two pairs of vocal cords are stretched 'dorsovéﬁtrally in the laryngeal cavity : one pair extending

between anterios part of t__hyroid and posterior part of any tentenoids are called the true vocal
cords. Another pair extends between the anterior eads of the arytenvide and thyroid cartilages;

these are called as paleovocal cords.

Fig. 27.1 Rabbit-Trachea and Larynx. A. Dorsal view. B. Internal structure

Larynx is essentially a mechanical valve at the entrance to the airway. It has capacity to
regulate the air flow from and to the bronchial passages and lungs in response to physiclogical
changes. The frachea extends from behind the larynx. It is-a long tube suppcirted by the
cartilagenous rings which are incomplete on the dorsal side. It runs through the neck, just
below the oesophagus, and enters the thoracic cavity, where it divides into a right and a left
bronchus, which enter the respective lung. ' ) :

2732 Lungs

Lungs are paired, pinkish and spongy masses of tissue lying in the pleural cavities of “the
thotax. Each pleural cavity forms the lateral portions of the thoracic cavity, The two pleural

" sacs are separated by a space called the mediastenum, which encloses in it the heart,

oesophagus, the arteries and veins of the thoracic region.

Eachk lung ié a lobed structure.  They are, in all, six lobes, four in the right lung and two
in the left lungt The lobes of the right lung are (i). anterior azygos. (ii) right anterior (iif)
right posterior and (i} the posterior azygos. The lobes of the left tung are (i) left anterior

- and (ii) left posterior. Inside the iungs, there is a met work of .alveoli. Each bronchus enters

into the lung of its side and divides repeatedly to form the alveolar ducts, which ultimately
terminate into small dialated air sacs or infundibulum. The walls of air sacs form the hollow
air cells or alveoli (Fig. 27.2). The capillary net work of pulmonary artery and i{éiﬁ surround
alveoli and facilitate the gaseous exchange (Fig. 273). The ar passages in the trachca are

" lined by the ciliated epithelium and mucous glands. They help in the 'preﬁenfibn of dust

particles and bacteria from entering the lung. These particles are entangled in ‘the mucous.
and the ciliary action helps in the throwing the entangled particles into the -pharynx from
where they are thrown out. ' ' a
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Fig. 27.2 Rabbit. A. Ventral view of lungs with a part of irached. B. Terminal branch of bronehus. 1. Trached. 2. Anterior

azygos. 3. Right anterior. 4. Posterior azygos. 5. Right posterior. 6. Left posterior. 7. Left anterior. 8. Bronchus. 9.
’ : bronchioles. 10. Alveolar ducts. 11. Alveoli. 12, Alveolar sacs. :

Fig. 27.3 Didgram showing capiltary net work around afveolus. 1. Alveolar 2. Part of pulmonary vein. 3. Braﬁc_h of
: pulmonary artery. 4. Alveoli showing capillary net work, -

2733 Mechanism of breathing

' The mechanism of _br_eathin_g consists of inspiration and expiration Inspiration is the intake of
fresh air into the. lungs. Expiration is the elimination of respired air out of the lungs.

The diaphrgm, that separates the thoracic and abdominal cavities, the ribs and the intgr_—coﬁia]. '

muscles investing the ribs participate in the process of respiration. There are two pairs of

intercostal muscles, the internal and the external (Fig. 27.4). The inspiration is' an active.

- process. The external intercostal muscles contract and drag the ribs forward. The diaphrgm
s pull;:d' forward and beécomes flat. The space in the thoracic cavity increases and the lings
expand. The air flows in through the nasal passages and the trachea, leading ultimately into
-alveolar spaces. The expiration is a passive provess, during which the internal inter-costal
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muscles contract and restore the ribs and diaphrgm to t_hé'ir resting position, The thoracic
cavity is reduced and the pressure on lungs forces the air out. . :

2 1

Fig. 274, Rabbit-Ri T ' L '
ig. 27.4. Rabbit-Rib movements duging Jgppiguion. A. Normal position.B During inspiration. 1. Vertebrae 2.

Ribs 3. Internal inter-costal muscles 4. Therdic cavity 5. Diaphrgm. 6. Fotenal inter-costal muscles 7. Sternum.

2134 PHYSIOLOGY OF RESPIRATION

The. gaseous exchange at the alveoli involves the intake of .'exyg'cn into the blood and the

passing' out of carbondioxide: The oxygen, thus taken, is "carried by the blood to the body

tissues where it is used in the oxidation of food stuffs liberaling energy and other metabolic

wastes. The respiratory of pigment present i the red biood cells helps in carrying Oz, from

 hungs to the tissues and Coz from fissues to the lungs.

Respiratory pigment and ifs role in carrying 02.. and COz

~ Hemoglobin (Hb) is the respiratory pigmem'.' It is a conjugated protein. {One important

propexty is its affinity to combine with oxygen {0 form an easily dissociated compound known
as oxyhacmoglobin (HbQz). When the oxygen tension is high as it occurs in lungs the
haemoglobin molecule picks ap oxygen,. but under low oxygen tcﬁsion in tissues it readily
gives away the loosely bound oxygen molecule to the surrounding medium. This property
helps in carrying the oxygen from lungs to lissues. o '

Each_hemoglobin molecule carries four oxygen moleculcs when fully saturated. In the lungs,
the capillaries of pulmonary arterics surrounding the alveolar spaces contain low oxygen, where
as the air in lungs contains about 21% of oxygen and has high oxygen tension, as a result
the oxygen diffuses into the blood capillaries and -the haemoglobin, present in the red blood
corpuscles readily picks up the oxygen molecule. The CO2 molecule is let out into the

* alveolar space.

" Jn the tissues the partial pressure of oxygen is low but that of carbondioxide is high. The

oxygeun bound to the haemoglobin is readily given off. The carbondioxide . produced in the

" metabolic processes in the tissues enters plasma and is hydrated slowly to forim the bicarbonate
_ ions (HCO3).- co
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Fig. 26.5 Events in transport of oxygen and carbondioxide. A. in fungs. B. In tissucs, 1. Red cefl, 2. Plasma.
] 3. Alveolar space (Air) 4. Tissve fluid -

COr + H0 === HyC0s S=——2H"HCO;
This process is accelerated in the red cells by an enzyme called the carbonic anhydrase. The
"protons produced in the reaction are buffered by the haemoglobin which forms the reduced
haemoglobin. - The sutplus bicarbonate ions produced in the reaction diffuse into the plasma,
andchloﬁdeionsmbvcintobalancctheimicmpoaiﬂm. When the venous blood is
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" oxygenated, the chloride ions shift back in to the plasma and the bicarbonate ions shift back

into red cells. The oxygen entering the cells combines with haemoglobin and releases protons,
which combine with bicarbonate to release carbondioxide and water under the influence of
carbonic anhydrase and the carbondioxide so released diffuses out into the lungs.

The events in the transport of oxygen and carbondioxide ar~ depicted in figure 27.5.

274 SUMMARY

The respiratory system of rabbit includes the wind pipe (trachea) and lungs. The glottis is
guarded by the epiglottis.  The trachea is supported by the incomplete cartilagenous rings.
The right lung consist of 4 lobes while the left one is bilobed. Each branch divides repeatedly
into bronchiocles, alveolar ducts and alveoli. The alveoli with. capillary network allows passive
gases exchange. Diaphrgm and the external intercostal muscles help in inspiration actively
while their relaxation and the contraction of the internal mtcroostal muscles bring expiration.
In human lung, about 75 crore alveoli, amounting to 100 sq. m. area, have been estimated.

The larynx (voice box) is the proximal dilation of the trachea. It is supported by the thyroid
cartilage ventro-laterally and with a cricoid, posterior to the thyroid and a pair of arytenoid
ca:t:lages dorsally with cartllages of Sautorml at their tips.

27.5 MODEL EXAMINATION QUEST[ONS

1.  Answer the folluwlng in about 30 lines.
1. Describe the structure of lungs and physlology of resplratmn m rabbit.
I Answer the following in about 10 lines.
leabnefaooountonlarynxmrabbll _
2. What is haemoglobm'? Explam its rolc m carrymg Oz and CO:
" 3. Mechanism of breathmg.
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28.1  OBJECTIVES

® To expaiﬁ the structure and functioning of heart and the details about blood .circulation in
the body. . N o

282 INTRODUCTION

Circulatory system of rabbit consists of heart, arteries and ¥eins, It is a double circulation,
and the oxygenated and deoxygenated blood circuits are separated completely. )

The heart is situated in the tho'r:_acic cavity and lies on thé left side of mediastinum, a space
enclosed in between the two plural sacs enclosing the lung (Fig. 28.1). It is surrounded by
a double walled pericardium enclosing the pericardial fluid. . ‘

: Fig 28.1 Mediastinum showing the location of heart. 1. Laryn, 2, Trachea 3. Bronchus 4. Lung's. Pleural cavity 6.
- ' Heart 7. Meidastinum 8. Pericardium
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283 BLOOD

The blood is a fluid connecting tissue containing the fluid matrix, plasma and several types
of corpuscles. The red blood cells are biconcave and anucleated in mammals (except in

- camel). The fluid tissue is mainly responsible for supply of oxygen, nutrients, hormones,

disposal of carbon dioxide and for body temperature regulation. The blood pigment is

- Haemoglobin.

284 STRUCTURE OF HEART

The heart is a conical structure containing two auricles and two ventricles (Fig. 28.2). Auricles '
arc smaller than ventricles and have thicker walls. The two airicles are separated by an
inter auricular septum. The right auricle on its dorsal side receives blood from the right and
left precavals, which bring blood from the anterior region and the post caval bringing blood
from the posterior region of the body. A membranous fold, the remnant of embryounic
eustachian valve guards the opening of post caval. The left precaval is guarded by the
besius valve, which is a crescentic fold. The right- auricle opens into the right ventricle
through the right auriculo ventricular aperture. This aperture is guarded by a tricuspid valve,
which prevents the backward flow of blood from ventricle to a auricle. The tricuspid valve
contains three membronous cusps, which are attached to the muscular processes of the wall
of the ventricle by means of tendons called the chordae tendineae. The muscular processes.
of the wall of ventricles are known as the ‘musculi papillares. The chrodae tendineae allow
the valves to be pulled into the ventricle, but when the ventricle contracts, the three cups
close the auriculo ventricular aperture and prevent the backward flow of the blood into the
auricle. From the left anterior angle of the right ventricle arises the pulmonary aorta s

.opcning is guarded by three pouch like semilunar valves.

1 . 2

Fig, 282 Rabbit-Heart A, Ventral view, b. Internal structure. 1. Right subclavian. 2, Right common carotid. 3.
Left common carotid. 4. Left subclavian. 5. Pulmonary artery. 6. Left auricle. 7. ieft ventricle. 8 Dorsal acrta 9.
Right ventricle. 10. Post caval vein. §1. Right auricle. 12. Right precaval. 13. Left precaval vein, 14. I_zfl
pulmonary veirt. 15. (bicuspid) 3Semilunar vaives of the aorta Semilunar vatve. 16. Right Septum 17. Auriculo

- ' ventricular valve. (tricuspid). .



The left auricle receives the oxygenated blood from the lungs by the pulmonary veins. The .-

right and left pulmonary veins open together into the left auricke on its dorsal side. The left
auricle opens into the ventricle through a large left auriculo- ventricular aperture, which is.
guarded by a bicupsid valve. it is also known as mitral valve. It containes two membranous
cusps attached, with chordae tendinear, are raised into the ventricle ridges known as the
columnae coroae. They are more strongly developed 'in the left ventricle than in the right

- ventricle. . The left ventricle is larger. The systemic -aorta arises from the anterior angle of

the left ventricle. Its opening is also guarded by the three semilunar valves. Snmlar to

those found at the entrance of pulmonary artery..

285 FUNCTIONING OF HEART AND REGULATION OF HEART BEAT

The heart beat is a regular and rhythmic cavity. The contraction .of heart is known as the

-systole, while the relaxation is the diastole. The systole ‘and. diastole constitutes a heart beat -
systole and diastole movements are wave Yike motions and are controlled by special centres.

In the dorsal wall of right auricle, there is a centre of specialized tissue, called the sinm

auricular node. This acts as the pace maker from which the heart beat originates. From

this the excitation waves are transmitted along with the purkinje fibres of the auricular wall,

The two auricles contract almost simultancously. The auricule ventricular node lying at the -

base of the right auricle but close to the interauricular septum gives off two fibres, the right
and left branches which penetrate the wall of the ventricle and break up into numerous
conducting fibres of the Purkinje net work. These branches are- called the bundle of His,
When the excitation waves reach the auriculo ventricular node, it is passed on simultancously
to the right and left ventricle through these fibres and the two ventricles contract almost
simultaneously. J . '

Gy

Fig. 285 Longitudinal section of the mammalian heart showing the sinu auricular and associated purkinje
fibms.;. Sinu auricular node, 2. Avriculo-ventricualr node. 3, Purkinje fibres of atrium. 4. Purkinje fibres of
: ' . ventricle. - o

' Although the heart beat is a myogenic and beat is initiated at the sinu”auricular nede, is also
. Innervated by two types of nerves, the sympathetic and parasympathetic which are antagonistic -

in their action.

Vagus is the parhsym'pathetic' nerve inﬁervating the heart. Its branches end at sinu-auricle -
node. When the vagus nerve sends impuises to the heart the rate of heart beat slows down. -
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Thb. sympathctiq nerves have many endings among the muscles of heart beat but the .:ncr've
endings are c?ncentrated in the sinu auricular and a arriculo- ‘Vf_:ntric_;ﬂar nodes., The rate
of heart beat increases due to the action of sympathetic nerves. These two nerves acting on
thc-hc'_art Erovndg for feedback loops- and the heart beat can be regulated very tapidly by
balancing: the activity of two nerves. : o '

286 ARTERIAL SYSTEM

The aott;_t takes the oxygenated blood from the left ventricié to the body.. Thc éoronafy
a;‘te_r_ies arise jl_lst at the base of the aorta and supply

rotid. 4. Left subclavian. 5.

id.2 Internal carotid. 3. Left ca
terior mesenterie. 10. Common iliac. 11. Intema! iliac.
Lumbar 17. Gonadial. 18. Renal. 19. Anterior mesenteric,
23, V's:nebfal. 24. Right subclavian 25. Right common carotid.

Fig. 28.3. Rabbit - Arterial system. 1. External carot
' lomominate. 6. Pulmonary artery. 7. Lung 8. Cocliac . 9. pos
© 12 Vesicular. 13. Femoral. 14. Caudal. 15. lio-lumber. 16.
20. Inter costals. 21. Internal mammary 22. Branchial.



blood to the heart, Thc aorta ﬁrst runs forward to form an arch and then bends towards
the left side. and passes | backwards along. the mlddorsal line close to the vertebral colu,mn to
become the dorsal aorta (Flg 283) ~ Within the thoramc region, . the aortic arch g;wca nsq
to;

i, An ionominate artery Whlch dmdcs immediately to give rise to thc rigllt subclavian and thc
' " ‘right common carotid. The right subclavian supplies blood to the right forelimb. The right
cartoid artery passes upto the neck and divides into the internal carotidartery which supphe&
blood to brain and extemal carotidartery which supphcs blood to thc head and facial reglon.

ii.  The left common carotid artery arise directly from the innominate from the aorta just after
the innominate artery. It runs upto the region on the left side and divides i into the left internal

and external corotids. There is a carotid sinus at the base of internal carotid both on the right -

and left sides. It contains barorcccptors and recognizes the changcs in the blood pressure.

iii.-  The left subclavian artery arises independently from the dorsal aorta and supplies blood to
the left forelimb.

iv.  Behind the origin of left subclavian, theaortaruns round the }i-{t bronchus to become the
dorsal aorta which runs along the middorsal line just beneath the vertebral column. Within
the thoracic region, the dorsal aorta gives off pmrcd intercostal arteries, which supply blood
to the mteroostal muscles of the ribs.

In the abdominal region the dorjsal aorta gives offt
i the coelia;: #rtery whiéh supplies blood-tb'liver': s@oﬁ;_lach aﬁd spleen,
i, the anterior mesente.ri(.:',"'w.hich supplicg'.b!m(ll to _fha ﬁitestine and pancreas,
. | the renal artery supplying to the kldncy. | | -’
iv. - thc gonadial artery supplymg to thc gonad.
V. the posterior mwentenc artery, which supphes to hmdet part of colon and the rectum
vi.  aseriesof lumbar arterla which supply to the side walls of the abdominal cavity.
the fliac arteries wluch supp!y to the pelvic camty and hmd Limbs.

&

vili.  the caudal artery whlch supphes blood to the caudal region the pulmonary aofta which arises
‘from the right ventncle, dmdcs into two artenes and supplies deoxygenated blood to the two
llmgs .

287 VENOUS SYSTEM,

As-already explained three .venacavae, brmg blood to the heart and empty into the right
auricle. There are two precavals (the right and left) and aposteaval (Fig. 28.4).

Each precaval is formed by the union of the external -jugular, internal jugular, and the
subsclavian veins. The external jugular collects*blood from the head and facial region. The
internal jugular collects from the neck and the brain regidn. ~Posteriorly the internal jugular
is connected to the external ]ugular The external jugulars of the right and.left side are
. connected. to each other by a jugular anastomosis. The subclavian vein collects biood from
the fore limb. The rght precaval receives blood from the intercostal vein bringing blood




- posterior intercostal muscies of the two sides and the lumber region. The left precaval

The'postcavalvcincbmmencesat'thepostcriorcndofthc-bpdyinthemudalvdn,itmns_.

anteriorly and reccives blood from: | ‘
i apair cach of isternal and exteraal iliac veins bring blood from the thigh region.
i apair of flio lumber velns from the hinder part of the abdominal wall.

il apair of gomadial veins from the gonads. o

iv . a pair of resal velns from the kidney, and renal portal system being absent and

15—
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| .Eg.mnnbbit-vmw;n.1.Eaemaljuguh}vﬁn.2.Pr'emvalhein3.Subchm' . 4. Locg. 5. Diaphragm. 6.~

P - [ . + . 3 a ml e 12‘ )
Hepatic- portal vein. 7. Postcaval vein. 8. Gonadial vein.9. Tlio-lumber vein. 10. Caudal vein. l'L_lutc ilinc. .
Femoral. 13. Renal. 14, Kidney. 15 Adreael body, 16. Hepatic vein 17, Liver. 18, Azygos vein {vertebnal). 19.
. Intescostal vein 20, Ocsophagus 21. Internal juguler vein, :
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The postcaval then passes thrbugh'tﬁe di"aphrag_m' along mediastenum and opens into the “Ehl | .

auricle. _
The blood from the digestive tract is collected by hepatic portal system which opens into
tiver and from there the hepatic veins carry the blood to the postcaval. The principal veins
of the hepatic portal system are the Yineo gastric, Juodenial, anterior mesenteric and posterlor
mesenteric which: unite to form a single, large portal vein. Thus hepatic portal system is well

developed to facilitate ‘conversion of nitrogenous wastes and cxcess sugars from the blood

before reaching the heart.

The pulmonary veins bringing blood from the lungs meet on the dorsal side of the left auricle
and opens through a common aperture. . - - - -

288 THE COURSE OF BLOOD CIRCULATION

The right auricle raceivés the deoxygenated blood from the three venacavae, two. précavals '

and one post caval. The kft auricle receives oxygenated blood from - the lnngs. When the
auricles contract the blood flows into the right and left ventricles. When the ventricles contract
the tricupsid and bicupsid valves are closed and the deoxygenated blood from right ventricle
enters the pulmonary artery passing through the semilunar valves which takes blood to the
lungs. The blood from the left ventricles enters the adrta to be circulated to the body parts.

the oxygenated and deoxygenated blood are scparated completely in the heart and there is

' no mixing of the blood in the arteries (Fig. 28.6).

Anteriot and

a Pulmonary OStErior gy
| f— veins 9. bl

Righit

auricle
- : pody parts
Lungs ! p‘ "
L3

Pulmonary ortery Acvia

Fig. 28.6 Course of blood circulation.

289 SUMMARY

The ammiote heart is devised to keep the arterial and venous blood separate. The thick
walled ventricle is separated into right and left chambers by developing intcrventricular septum;
however, it is incomplete in Reptilia except in crocodilia. The mammalian heart is characterised
by_thc presence of a right alviculo ventricular tricuspid valve. Only left systemic arch persists
as aorta in the adult mammal. Renal portai system has totally faded away in mammals while

2



the hepaucpostalsystemxswulldeveloped to removcweaandcxccsssngarsfromtheblood'_ o
beforcreaclnngtlwheart ' '

Thesystolcandadzastolcoonsututea ‘heart beat. Thoughtheheart:smyogcmcntns_
innervated by the sympathetic and the parasympathetic nerve fibres. - The pace maker is

situated in the sinuauricular node (rt. auricle SA node) where from the heart contrattion -
 initiates. Thewawofconuammspreadsthroughpnrhnjeluwrkofﬁbrcs,caﬂedbundle

of HIS. 'mewnveofoontract:onsprcadsﬁomngbtaundctolcftauncicwhcrcfromat
spreads to right ventricle and then to left ventricle. The rabbit heart bcats aboutZOOmncs
mammutewhﬂethehumanhembeatsonlynnmespermute : :

28.10 MODEL EXAMINATION QUESTIONS

L Answerthel‘olluwlnginaboutmlim .
1. Describe in detail the structure and function of rabbit he,art._:.l
lDesmbobrxeﬂythcartenalsystemofrabbat '

'3 Describe briefly the \{enous systeg: of rabbit.

~ II.  Amswer the following in about 10 lines.

" 1. Describe the arterial system of rabbit.

2. Describe the venous system of rabbit.

3Whatdoyoumeanbydoubleurculanon‘? -

4. Dm:bcthefunchonsofheanandreguhnonofhem bqau.'jg

5. Hepatic portal system. ; |
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_329.1 OBJECTIVE

0 Urnmry and gemtal o;gans ‘of mammals are d:scussed The rerﬁoual of tht.. Loxic mtrogcnous
- wastca frorn the body is also. diqcuased

e -;29-;2_? ﬁ iNTRGDUCTiON-

: _fThc cxcre{m 5 and gcmtai organs are closely assocaalcd and thcrcfore, the two sys&cms are
- studied 'together. -~ The kidney is mctanephnc, compact andbean shaped located dorsally.
- Mammals are urcotehc and henle’s loop is well developed to conserve water. In the evolution

of vartcbraies, we.will further notice - absence of cloaca, seperate openings of the genital

) duess and ‘ureters in females while in males the ureters join vasadeferens to form urethra.
" -_-_Mdmmais ar¢ rather unique in ensuring safe and harmonius growth of the young by

o dcvelopmg a-highly spcc:allscd and conditioned chamber;the ntérus. The uteruki: prepares: to

. . receive; unpiam and .maintain the embryo m the cvent of fertilisation. If the ovum fails to be
-'fcrnhsed the uterus regresses to its normal position, Such periodic cycles are call&d oestrous
-cyclc«; Whlch arc umquc 10 mammals :

| _293 ;. ExCRETORY'SYs‘TEM

ﬁ_-The mammallan k:dney is metanephnc. They are a pair of dark red bean shaped bodies
* situated in the anterior part of the abdomen. They are suspended by mesenteries on either
_ side of the vertebral column The kidaeys are asymmetrical in position, as the left kidney

“lies behind to nght oné.  This dlSpGSlthll may be duc to the position of stomach on the left

side, pushmg the left kldncy backwards. The k;dney has an outer smoath convex sm'face and

inncr concave, with a notch, the hilus, From the’ hifus the ureter Tuns backwards to open

~into the urinary bladder, - The ureter at the point of its origin from the ludney i shghtly

-eapanded and flattened, This part is cafled as pelvis. - The renal artery ancl the rcnal vem '

enter the kidncy through the hilus,
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The mammalian kidney is enclosed in a thin fibrous tissue capsule, the tunica fibrosa, enters
the renal sinus to blend with similar tissues of the remal pelvis, . The sagittal section of the
kidney shows an outer cortex and the inper medulla (Fig. 29.1. A). The medulld towards
the hilus is divided into a number of triangnlat masses called pyramids. The cortex is
continued inside between the pyramids in the form of renal columns of Bertini. The human
kidney may have upto twenty pyramids but the kidney of rabbit and carnivores has a singlé

_pyramid. The internal end of the pelvis is subdivided into small funnel like divisions called

primary calyces each of which is further subdivided into secondary calyces. The main oo!lecti-*g :
tubules of the uvrinary tubules or mephron into secondary calyces, :

0y _.

A B

Fig. 29.1. Kidney. Diagran"l to show the internal structure of kidney of mammal. B. Nephron of mammatian

kidney. 1. Rénalartery. 2. Glomeruti in cortex, 3. Cortex. 4. Pyramids. 5. Calyces. & Medulla. 7. Hilus 8.

Uteter. 9. Renal-vein. 10. Glomerulus. 11. Bowman's capsule. 12. Proximai convoluted tubule. 13. Distal
' . convoluted tubule. 14. Collecting tubule. 15. Loop of Henle.

Each kidacy is made up of numerous functional -units called naphrons or uriniferous tubules.
Each human kidney may have about one million mnephrons. SR : '

293.1 Structure of a Nephron

Each pephron consisis of two paris (a) Malphighian capsules an_d {b) Renal tubule or
convoluted tubule (Fig. 29.LB). ' L

(a) Malphighian Capsule : It is the anterior most part of the nephron. It is .found in the
cortex. ‘The malphighian capsule has two parts. (a) An invaginated double walled cup the
Bowman’s capsule and (b) a knot is made up of blood capillaries called the glomerulus,

Bowman’s eapsule : Tt is a dilated blind end of the monhron. it is invaginated to lodge the

capiflary tult called glomerulus. The Bowman’s two.-'avers consists of simple ' squamous
epithelium. : '

Glomerulus : It is a capillary tuft which closely fits into the invagination of Bowman’s capsule.
The afferent arteriole breaks up into about fifty capillary loops, and forms the glomeruiar
tuft. The capillary tuft reunite and forms the efferent arteriole. to emerge out of the capsule.
The vessel is short and wide, whe_reas the effernt vessel is narrow-and long, _This arrangement
makes the blood passing from the afferent arteriole via glomerular capillaries into efferent



arteriole, to flow under great pressure. This [aéili:ales ultra filter action of blood.

(b) Renal tubule or convoluted tubule : The second part of the nephron consists of much
convoluted tubule. It is conveniently divided into a) proxial convoluted tubule b) Henle’s
Loop and ¢) distal convoluted tubule, Co : S

a) Proxial convoluted tubule :This is much contorted itructure lying in renal cortex. It is )
tined by cuboidal cells with characteristic brush border. - ' :

- b) Henle's Joop : It is characteristic of mammals, It is U’ shaped loop dipping into the
medulla. It is distinguished into a descending limb and an ascending lLimb. The former is
- lined by squamous epithelivm, while the latter is made up of cuboidal epithelium. . The Henle’s
loop is meant to increase the surface for water absorption. It is well developed in desert
animals, ' ' _

) Distal Convoluted Tubule : This part is lined by cuboidal epithelium without brush
border. The diameter of the lumen is larger than that of proximal tubule. The distal
convoluted tubule joins with the collecting tubule and the latter opens into the pyramid.

Each :fubule .is profusely silpplicd with blood buy the efferent arteriole, whose b_ranches '
envelops the tubule for proper reabsorption. .

Ureters : The ureter are slender, transparent ducts arising from the hilus. They run backwards,
“berd inwards to open into urinary bladder. -

Urinary bladder : It is a median pear shaped sac, with thin transparent and muscular wall,
The bladder leads into the urcthra. In males the urethra forms the duct of the penis and
opens at its tip (a common opening for urinary and genital matter). In female the urethra
is short and opens into a vestibule. '_Thelf'e is a separate opening of the vagina. In both the
sexes the urethra has a sphincter of voluntary muscles that regulates the passage of urine.

-29.3.2. Physiology Of Excretion

The nitrogencus wastes are formed by the breakdown of various proteinaceous compounds,
The nilrog_enou's Wastes_ are in the form of ammonia, urea, uric acid and bile pigments. Bile
_pigments however, are thrown and excreted through faccal material. Ammonia, urea and uric
.acid are filtered in the kidney. mammals are ureotelics ic., the chict excretory product is
urea. The formation of urine involves thrge distinct phases. .

Glomerular pltra filtration

Ultrafiltration takes place in the malphighian capsule which acts as a biological filter. The
afferent arteriole is short and wide. It branches immcdiateiy_and forms the glomerulus, which
lcads to the efferent arteriole. When compared to the afferent arteriole, the glomerulus and
the efferent arteriole have high blood pressure. The wall of the Bowman’s capsnle being thin
and selectively permeable, allows substances to pass through except proteins,

In each afferent arteriole there appears a thickening containing granulated cells. These.
constitute juxtraglomcrula_r apparatus. These cells secrete a proteolytic enzyme - renin which
causes a rise in the blood pressure. ‘Thus the blood pressure is regulated.

When ultrafiltration takes place, the filtrate contain.§ many soluble substance such as glucose,
urea, sodium chloride and other salts besides water. This filirate is called glomerular filtrate.
The blood is now left only with blood. corpuscles and blood proteins.
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Selective reabsorption

The glomerular filtrate moves backwards by the action, of cilia. Some important substances
like glucose, amino acids, salts of sodium and potassium and water are reabsorbed by the
tubular part of the nephror, which is richly supplied by blood vessels from the efferent
arteriole. The reabsorption takes place by diffusion or by active. transport. - Diffusion being
a physicat process occurs automatically due to concentration gradient, Active transport on
the other hand is a vital process occuring against the concentration gradient, requiring an
expenditure of energy. Water is absorbed by diffusion in the proximal part of Henle’s loop.
The loop of Henle is chiefly concerned with the con;;crvatinn of water. mammals are the
only. vertebrates which can produce a markedly hypertonic urine. The desert ‘mammals, which -
have a longer loop of Henle, produce a particularly concentrated urine. ~

The formation of hypertonic urine by regulation of water content is explained by the principle
countercurrent multiplier hypothesis. As the renal fluid flows along the ascending limb, the
sodium chloride is actively removed and. deposited in the descending limb. Thus the
concentration is raised in the descending limb and the fluid in the ascending limb becomes
mote and more dilute. The term counter - current refers to the fact that the movement of
fluid in the descending limb and in ascending limb is in opposite directions. -

Tnblilar -secretion

Some important salts are absorbed by the tubules to be released into blood stream. Few
substances are added to the filtrate by the secretion of the tubule cells, such as creatinine,
potassium and hydrogen ions and ammonia. The filtrate thus modified by resorption and
tubular secretion is called urine. The quantity of urine is much less when compared to the
glomerular filtrate. The urine 15 normally light yellow due to 2 pigment called urochrome
derived from the break down of haemoglobin. Urine is produced and drained continuously
from the nephrons, into pcl\%is ureter, urinary bladder, urathra and then to the exterior. .

2933 Formation of .urea'

Mammals excrete their nitrogenous wastes in the form of urea. Most. of ammonia upper
normal conditions is converted into urea. About 80% of total urinary nitrogen is found in
the form of urea, Urea is actually formed in the liver. The biosynthesis of urca. involves
many intermediate stages and the cycle is called Kreb's Ornithine cycle.

_NH{"CG{ NH g

3

Fig, 29.2. Kreb's ornithine cycle. 1. Citrulline. 2. Arginine. 3. Arginsse. 4. Omithine 5. Urea.



Theammeandargnnnembrokmdownbythemargxnasc(foundmthehm) into
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The sources of urea formauon are :

a) from dcammahon of amino acids |

b)  from salt lxke ammonium carbonate, loctate ctc. in diet.
c) from the amino acid, argmmc

' IThcnormalvolumeofm'eamthcbloodusaboutm-domgper100mlofblood,anyexcess
may indicate malfunctioning of the kidney. :

293.4 Functions of the kidney.

The kldncy apart from being an cxc:etory organ pcrforms the follow:ng functions.

1) I plays an important role in hmncostasxs ie., mmntamancc of the internal cnvxronmcnt
2)  Itextracts nitrogenous waste: productx. N

3).  Itserves to maintain the pH of body fluids and'cleamlytes.

4. Itactsasanosmowgulatoryorgam.c 1tmamtmnswaterbalanceofthcbody

5 It mamtams the opumum eonccntratlon of certain blood constituents.

-6 It climinates certain toxic and dmg substam from the body.

D It synthesxscs substances like ammonia, h:pplmc acid and i inorganic phosphates,

8 Juxtraglomerular cells found in affereat arteriole secrete an enzyme, the renin, which helps in
' ultraﬁltranon by mcrcasmg the blood pressure ' : '

294 REPRODUCT!VE SYSTEM

The sexes are: separate in mammals and the reproductive system is well developed.

- 29.4.1 Male Repmducme Organs

Male genital organs consiss of a pair testes, a pair of vasa deferentia, uterns Inascullnus,
wrethra and ‘penis. It also inchudes a number of accessory giands like postrate glands cowper’s
gland pcrcnmal glandc. and rectai gland :

'Atcstu:senchsedmatwgbﬁbrousooa,thctunicaaibugnm Outertothxsase.rous.
mcmhranc,thntuninvm whlchmfotmdconunuedoverthcgubemaculummdthen
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lmcs the scrotal sac. The tunica albuginca has a-n_umber of ingrowths called septa, which
divide the _testis into lobules. The lobules contain convoluted seminiferous tabules, The

- séiiniferous tubules are the functional units of testes. The inner ends of the seminiferous

tubules are straight and unite to form a net work knows as rete testes, From the rete testes,
fine tubules, the vasa efferentia are given off which unite to form a thick convoluted long
tube, the epididymis. ' -
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Fig. 29.3. Rabbit-Male urino genital system. 1. Kidney. 2. Left urcter. 3. Urinary bladder. 4. Uteter opening.

5. Uterus masculinus 6. Prostate gland. 7. Opening of utervs mascuinus. 8. Cowper's gland 9. Testis 10

Gubemaculum 11. Scrotal sac. 12. Urinogenital opening, 13. Gians. 14. Penis. 15. Urethra. 16. Perineal
gland, 17. Urethra 18. Vas deferens. 19. Spermatic cord. - o '

Vasa deferens : The vas deferens is a continuation of the epididymis and icaves the testes.
The epididymis Jies along the inner side of each testis and extends anmteriorly as caput
epldidymis and posteriorly as cauda epididymis. The gubernacotum connects the canda
epididymis and the inner wall of the scrotal sac. The caput epididymis is joined by a cord
the spermatic cord, consisting of spermatic artery, vein and verve passing though the inguinal

canal. The vas deferens after emerging from the scrotal sac enters the abdominal cavity,

" where it curves round the ureter of its side and runs backwards to open into vterus masculious.

Uterus mﬁsculinus : Itis 'a fairly large median sac _si;ua‘ted dorsal to the urinary bladder,
It is bilobed anteriorly. It _recéives_ the vasa deferentia on its ventral wall o o

Urethra : The uterus masculinus is posteriorly continued into urgthra or urinogenital chamber
leading into urethra. It is a straight tube and runs backwards just dorsal to the pelvic

i

symphysis, and ventral to the rectum. The urethra opens to the exterior.. ~

Penis : It is cylindrical, muscular, erectile organ hangiog from the ventral wall of the abdomen
infront of the anus. Its posterior wall is made up of a highly vascularised corpus sponglo um.



_’1 he tip of thc pcms 15 soft and obhqucly truncafcd and is called It s encl o a
-~ a loose retractlcle fold of skin called prepuce. '~ gians Oﬁﬂd

Prostate gland:- It is gland w1th four or five lobes, lying on the dorsal and latcral mdes of

the uterus masculmus It opcns into urethra by small ducts The sccretmn of the prostatc

gland nourishes and actlvates spermatozoa.

Cowper’s gland: Thcse are a pair of oval glandular bodies located on the roof of the urethra -

‘behind the prost,ate glands 'Thc secretion of these gland neutralises the acadlty of the urcthra
_and vagina 1hcreby protecting the spcrms from any adverse effect. .

Perinatal glands " These are a pair of dark elongated glands lying next to thc cowper ’s
'glands They open to the xterior through perineal pouches. The secretion of these glands
‘impart a characteristic odour to attract the other sex for copulation.

| 29.4.2 Female Reproductlon Organs

The femalc rcproductwe organs include ‘a pair of ovaries, oviducts, vagina, vmt:bule, litoris.
Barthorms glands, cowper’s glands and pcrmatal glands. There are no prostate glands

Ovaries : These area pair of small oval bodies attached to the dorsal body wall by mesovarium.,
They are whitish and measure about 18 mm long. They fie. behind the kidneys in the abdomen.

‘The surface of the ovary is marked by several small rounded transpareat projections called
~ gvarian foillicles which produce ova. For histological structure of the ovary see Unit_"‘3-1. The

ova are released into the coelomic cavity by the rupture of the Graafian follicles in primary .

gocyte condition. The follicles are also endocrine in Further producing . estrogen, ‘progestrone
and relaxin (sce Unit 30).

Ovideet :  The oviduct is differentiated into three regions. Iis anterior end is transformed
into a wide frimbriated funnc] the ovidecal funnel. The funnel lies opposite the ovary with
a central opening called ostium, to receive ova as they are shed. The funnel leads into a
slighlty narrow tube called the fallopian tube, which is convoluted and lined by ciliated
epithelium. The fallopian tube }eads into a wider, less convoluted part called uterus.

12

13 -
Fig, 29.4. Rabbit - Female Unnogcmla!system L Ureter. 2. KldneyS Mesovarium. 4. Fimbriated funnel. 5.
Fallopian tube. 6. Uterus. 7. Vagina. 8. Urmarybladder 9. Bartholin's gland. 10, Urinogentiat sinus. 11.
Rectalgland 12, Penncalgland 13, Vulva.
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Uterus : It is a distensible and vascularised chamber. The uterus and fallopian tubes are
suspended from the dorsal body wall by peritoneal folds called mesometrium and mesosalpinx
respectively, ' : ' o '

Vagina : The two uteri unite medially to open into a muscular sac the vagina. The vagina.
runs dorsally to receive the urinary bladder. It unites with the neck of the bladder to form
a common passage the. vestibule. B S o

. Vestibule : The vestibule is a..wide tube, which extends backwards ventral to the rectun.
“The vestibules opens to the exterior by vulva or urinogenital opening, which is a slit lixe

opening. The vulva is surrcunded laterally by two prominent folds called libia majora. Inside
the vulva, on the ventral wall of the vestibule, tkere is small rod like structure calied clitoris.

The clitoris corresponds to. penis of the ‘male. The vrinary opening and reproductive openings

" are separate in the female mammais.

2943. Glands

Bartholin’s: glands : These are a pair of small glands present on the vestibulc- opening into
it. These glands secrete a clear viscid fluid which helps in lubrication during copulation.

Cowper’s glands : They are reduced in size. | These glands may or may not be present.
When present they lie on the vestibule. I - '

Perineal glands: The secretion of these glands is strong smelling and helpful in attracting
the other sex for coopulation. The perineal glands- are like those of the male. '

295 SUMMARY

The kidney is metanephric in rabbit situated dorsally on either side.of the vertebral column.
The kidney in sagittal section shiows an outer cortex and the inner medulla. There are about
20 pyramids in the human kidney while the rabbit and carnivores have only a single pyramid.
The functional units of kidney are uriniferous tubules -or nephron. In human, they may
number about one million per kidney. The nephron. consists of malpighian capsule and
convoluted tubule [ascending & descending limbs with Henle’s Joop in between]. Glomerulus
cffects ultra filtration, when the filtrate is hypotonic; it becomes hypertomic as Nz;+ is deposited -
in the descending limb and in the Henle’s loop -water is drawn out; and isotonic in distal
ascending limb which is thick and iimpermeable to water and -also pumps out Na¥; besides,
the ascending limb secretes ammonia,” creatine, K*&H" . : ' _

80% of the ammonia is convc_rtcd_ into urea via ornithire cycle. . Ornithine is an aming acid

" formed in the body in the profcin metabolism’ or i the ornithine cycle. The ormithine
_combines with ammonia and Coz to form citrulling; it reacts with ammonia to give rise 10

arginine which in_the presence of an exzyme arginase, it gives off urea and ornithine, Now
the fluid on entering the common collecting “duct it may be termed the ‘primary urine’.

Sexes separate. Testes descended into the scrotal sacs. In males, a peadant penis is presest.
The prostate glands’ secretion provides nutrition and stimulus to the sperms. In females the
ovarics are studded with grafian follicles which harbour and nurture the maturing ova. It
also acts as the endocrine gland secreting estrogen. Progesterone and relaxin.



266 MODEL EXAMINATION QUE

Answer the following in about 30 lines.

1. Describe the male reproductive organs of rabbit.

2. Describe the female reproductive organs of rabbit.

3. Describe the structure of mammalian kidney,

4. Describe the physiology of excretion of mammals. |
Answer the following in about 10 lines. o
1. Describe the structure of a mephron.

2. How urea is formed ? |

3. Describe the glands associated with reproductive organs.
4, Malphigian‘Capsule o o _ '
5. Cousifer current muliiplics bypothieses.
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Unit-30: ENDOCRINE GLANDS - -
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" 30.1 OBJECTIVE

@ This lesson is about the ductless glands and their secretions. They aid in transmitting messages '
through chemicals hence called chemical messengers. _

1302 INTRODUCTION |

The endocrine glands are ductless glands located at specific regions in the body. They may
be modified forms of either nervous or specialised somatic tissues. Their secretions are called
as hormones (= L arouse) which stimulate an organ to carrry out a function to a stimulus
at a proper time. Since they are ductless, the secretions are directly carried by the blood,
to the parts where needed. : ' - .

The hormones are defined as chemical messengers or transmitters to co-ordivate various
activities of the body. Hormones are chemically complex organic compounds called proteins,
steroids etc., which disintegrate afier the desired effect is brought.

There are two types of endocrine glands. The first category inolu(\ies. pituitary gland, thjrmid, _

- parathyreid, thymus, adrenal and pineal glands. The second category includes those endocrine

glands which are situated in organs like pancreas, gomads, WuUCus membranes of alimentary
canal. - which are basically exocrine in their function such organs are termed as heterocrine

gands.

303 PITUITARY GLAND OR HYPOPHYSIS

1t is referred as the "Master gland of the endocrine orchestra”. It cuntrols all the other
endocrine glands as far as their secretions are concermed, The pituitary gland is Jocated on
the ventral side of diencephalon and is conveniently divided into three parts, vz, (1) Anterior

“lobe oi Adenohypophysis (2) Middle lobe or Pars intermedia aad {3) Posterior lobe or



':Flg. 30. 1 D:agrammanc representatlon of Iocatnon of endomuc glands in man. 1. Pmealbody

2. Hypothalamo - hypophyseal system 3. Parathyroid 4. Thyroid 5. Thymus §. Adrenal medulia
- 7. Adrenaf cortex 8. Pancreas 9. Owvarle 10. Testis.

' Neurohypophysxs. Each part is responslblc for the secrenon of a number of hormoncs which
not only activate some other ductless glands have direct effect over organs. The anterior
lobe of pltu:tary gland produces seven distinct hormones, of which a few are stimulating,

The hormones and the area of functmn they coordinate are as follows :

1) Growth Hormone (GH) or Somatotrapic Hormones (STH) The GH regulatcs the protcm'

metabolism, development and growth of skeleten. The hyper secretion causes an
_ unproportionate growth of body parts giving an awkward appearance called acromegaly or
gigantism. The hyposecretion of the same results in stunted grov-fth or dwarﬁsm or mfantlsm.

2)  Gonadotropic Hormone ; This hormone mlttates the reproductwc organs to producc thclr
own hormones. : .

a)  Follicle stimutating hormone ('FSH) The FSH stimulates the ovaﬁan' fqlliclcs to sectete the

female sex hormone, the oestrogen which causes to develop the secondary sexual chatacterq
It alsn mlhates oogenesm and avulatlon ' e
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b). . Interstitial cel stimulating hormone (IZSH): The ICSH produced by hypophysis initiates
the Leydig cells of testis to produce male sex hormones. They are calied androgens which

control the development of secondary sexual characters in males. It also regulates production
' of spermatozoa. _ : S

<) l&utinlﬁng Hormone (LH): The LH in fomale mamnials hielps iu the formation of corpus
:ute_ulm. The LH also causes ovulation and secretion of progesterone by corpus luteum in -
emales. ' ' " '

3}  Thyroid stimulating Hormone (TSH): The TSH stimulates the thyroid gland to secrete its
own hormone, the thyroxin causes metamorphosis in lower vertebratcs. '

4) Afireno - Carticotrapié hormones (ACTH) : The adrenal cortex of the adrenal gland is
stimulated by the above hormone. It produces the cortisones to regulate the mineral, protéin
and carbohydrate metabolism. ~ o S

5}  Prolactin or [.actogenic-hol__'n_lone : The lactogenic hormone initiates the secretion of milk in
mammary glands. It also brings the maternal instinct in birds such as nesting before laying
eggs. It stimulates ovary to produce progesterone. ' '

Tl_lle intermediate lobe of pituitary gland Sbcretes.' a single hormone caled intermedin or
melanocyte stimulating hormone (MSH). It causes the spreading of colour in chromatophores
of the skin. This increases the darkening of the skin and results in protective colouration.

The posteﬁor lobe or neuro-hypophysis produces three hormones,. they are :

a) Oxytocin or Pitocin : This hormone induces contraction of _ute'rils for the deliveryof the foetus.
It also causes the release of milk in mammary glands and also'induces gall bladder, intestines
and urinary bladder (Pitressin} '

b)  Vasopressin: It controls blood pressure. Coastriction of all blood vessels except those going
to kidney. C '

" ¢)  Anti-Diuretic Hormone (ADH): This hormone is similar in function to vasopressin. It

regulates the selective resorption in uriniferous tubules of kiduey, It prevents much loss of
water through urine, Its over production results in much absorption of water in nephrons and
concentration of urine. Its low production results in loss of water leading to dehydration and
causing a diseasc called diabetes insipidus. ' o

 Some authors consister ADH'_an'd' Vasopressin arc one and the same.

The above mentioned hormenes are actually produced by the neurosecretory cells situated in
‘the hypothalamus (floor of the thalamencephalon). From the hypothalamus, these secretions
arc transported to the cell of neurchypophysis (posterior lobe of pituitary}. So the
neurohypophysis stores these hormones, to be released into the blood stream later.

304 THYROID GLAND

It is a bilobed gland beneath the larynx. It is made up of numerous vesicles which are

secretory. It secretes thyroxine hormone. containing iodine. The thyroxine regulates the rale
of oxidation of food in the body ta liberate required quantity of energy for muscular activity.
It aiso regulates the metamorphosis in lower vertebrates, The hyper secretion of thyroxine
causes an increase in oxidation’ of food, high blood pressure, high rate of heart beal. It



" causes emphtha]nﬁc goitre. . The hyposecretion’ of thyroxine causes cretinism in children.

There will be déiéy._.ﬁ--denfﬁibﬁ,_"dé_lay in spec‘éh ami walking habits of infants. In adults it

causes myxoedeema where there is more accumufation’ of fats cheeks, feet etc, The idiéeic

looks, dribbling saliva and protruding tongue are all due to oversecretion of thyroxine; The .

deficiency of iodine iu dict results in the enlargemsont-of thyroid gland called s._i:':;ple goitre.
The hypoactivity reduces the basal metabolic rate, mental retardatian, deaf and ‘mutism in

" Fig. 302 Thyroid gland A. Structure (anaiay). BT, of thyroid giand (shawing histology). }
1. Thyroid cartilage 2. Rightlobe 3. Isthmus. 4. iefilobe 5. Trachea 6. Interobuiar oonnqctjvé tissue -

7. Gelatinous Colloid 8. Follieular epithelium.

305 PARATHYROID GLAN DS

The thyroids are swrrounded by four lobes on ei't_her;: side of it called para:'hyroid g_land’s.

. - They secrete a hornione__ called parathormone “¢olip’s” hormone, R regulates the metabolism
of -m_i'r_:_erals;particu-la;iy +that of caicium and phosphrous. ' It regulates the ossification of hones

and deposiﬂonaf calcium. phosphate. The parathormone helps in the -absorption of calcium
i the gut and prevents the loss of phosphorous through urine. The hyperactivity of parathyroids

-tesults in the brittle bones or osteotis-fibvosa, a condition in which bones loose calcium
. phosphate. _As calcium is required in muscle contraction and” blood clotting this hormone

regulates the calcium level in the: blood: . Hypoparathyroidism causes tetany due fo

hyperirritability of the nervous system. During this condition the blood calcium fevel falls
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from 10 mg per 100 ml to 7 mg_per 100 ml, if the level further falls, convulsions occur; urine

output also decreases. . During this condition, the blood phosphrous level increases, from 5
mgpcr-lmmltog'mgperlmmlﬂ - : . _. 1S

306 THYMUS GLAND ]

Thymus glz-md is well developed in the juvenile stages than in the adult. Thefe is a controversy
regarding its endocrine nature. it lies behind the upper part of breast bone and extends into
the neck. It is pinkish in colour and diminishes beyond recogpition in the adults. The outer

" region called cortex, though ljt_i'_lpho'd in its morphology secrétes a hormone. It -accelerates

the growth and division influencing the early growth. The thymits hormone also hastens the

attianment of ‘sexual maturity. Once the animal attains the puberty, the: thymus gland either

. disintegrates or remains incORSpICUOUS.

307 ADRENAL GLANDS OR SUPRA RENAL GLANDS

Adrenal glands are paired structures lying at the anterior side of kidneys. Each gland is
composed of an outer corfex {mesodermal in origin) and an inner medulla derived from
nervous  tissues. The cortex secrets the hormones called cortisomes, comprising -
glucocorticosteroids and mineral. corticosteroids. The cortisones also comprise aldosterone -
and sex hormones. 1t regulates the metabolism of carbohydrates, proteims and maintains the

'1cvcls_ of sodium and potassium in the blood. 1t also coutrols the development of accessory

reproductive organs. The hypo activity of cortex cause Addison’s disease where it impairs
metabolism of carbohydrates and profeins. The cortisones influence water and salt metabolism.
Aldosterone controls salt and carbohydrate metabolism. The hyperactivity of adrenal cortex
(glucocorticoids: Cortisal, cartisone and corticosterone) Cases Cushing’s disease- showing the

sympoms of hyperglycemia, high rate of ghucogensis, more protein catabolism; muscle weakness, '
hypertesion, diabetes and also precocios development of secondary sexual ‘chatacters in children
like virilism. : K - : '

The medulla 'produces two hofmones,_ adrenaline or epinepbrine andinoradrena_line or

norepinephrine. ‘The latter regoulates the blood pressure in routine CIrcumsiances. - The
epinephrine Of adrenaline is. also called as “fight or flight hormone™. It regulates erotion,

" ‘anger, fear efc. and preparcs an animal to face any type of adverse condition. Therefore,

the adrenals are also. reffercd as "Glands of Emergency’. Some neuro-transmitters like
sympathin and adrenaline are similar in their mode of action. Removal of adrenals results -

in immediate death.

30.8 PANCREAS

The pancrlcla's is a heterocrine gland. The acinar cells. are exocrine producing pancreatic

juice containing cnzynics. 'S_ca_t_t_crcd in between thc‘.'ac';ini' are the specialised groups of

endocrine cells called "Istets of Langerhans”, They have three types of cells alpha, beta and
gama cells. The alpha cells produce glucagon hormone. The beta cells praduce insulin.
Thcsé: two hormones are antégonié.tic to each other. Insulin helps in the oxidation of glucose
in the body. It promotes the glycogenesis Lc. conversion of glucose into reserve food in the

ljver called glycogen. The over scerelion of insulin causes hy.pa_glycacmia,__ where normal blood

‘sugar level is reduced. . The low activity - of insulin causcs an increase in blood sugar level

and its loss through urine. It results in a disease called diabetes mellitus or glycosauria.



Fig, 304. TS. of Pancreas. 1. Interlobular duct. 2. Pancreatic-acinus. 3. Islets of Langerhans. 4. Blood vessel.»

‘Glucagon produced by alpha cells elevates the blood sugar level and causes hyperglycacmia. .
Its low secretion results in fall of blood sugar level. Thus both these hormones are antagonistic
in their behaviour checking the acitivity of the other and maintaining blood sugar level. The
_ gama cefls are few in number and do not contain secretory granules. So far it has not been

proved to be the source of any endocrine factor. -

309 MUCUS MEMBRANE

The epithelial lining of the gut also plays an important role in the production of hormones.
“Thie epithelial cells of mucus 'membrane secrete enzymes and hormones, hence are. heterocrine

in their nature.. The mucus membrane of the stomach secretes hormones called gastrin and:

enterogastrone. This hormone gastrin stimulates the gastric glands to produce the gastric -
juice. Enterogastrone inhibits the pepsin production, Similarly in the mucus lining of intestine
- are present the cells which ‘secrete four more hormones. (1) ‘Cholecystokinin which causes
the contraction of gall bladder thereby releasing bile into dvodenum. (2) Secretin stimuiates
the acini of pancreas to produce alkaline pancreatic juice. The hyper or hypo activity of

these hormones cause gastric disorders. (3) Pancreozymn controls the secgetion of pancreatic

. enzymes. (4) Enterocrinin a protein in nature, controls secretin of the intestinal juice.

30.10 GONADS -

Gonads apart from being cytogenic also participate in endocrine secretions, .Hbﬁrev_cr,nthcy
are initiat'ed by the influence of gonadotrophic hormones produced by the pituitary gland.

. Testes

In the conmective tissue of testes scattered between the uypts are presént numerous celis,
These cells are called as Leydig cells or interstitial cells of endocrine function. They produce
the male sex- hormone called androgen or testosterone. This hormone is produced by the
influence of ICSH of pituitary. It controls the development and growth of the male sex
organs to their foll size, so that they become functional. It regulates spcrmatbgéilcs_is and
leads to the development of secondary sexual characters in malés such as change in voice,
appearance. of hair. on face etc. '

P




Ovaljr

The Graafian follicles of the ovary produce female sex hormonc called (Follick Stimulating
Hormone) oestrogen. - The production of this hormone is initiated by FSH/of pituitary. gland.
The cestrogen inifiates ovulation, enlargement of mammary glands. 1t also causes the appearence
of secondary sexual characters like enlargement of hips, soft voice, in female. Oestrogen -
develops the genital tract. The carpus iuteum of the ovary produces two hormones, progesterone,

which prepares the uterus for the implantation of the embryo and the: pelvic-Hpemggpts during
pregnancy. It also inhibits the production: of oéstrogen. The other hormone is relaxin whih
causes the relaxation of smooth muscles of uterus parturition and helps in widening of the
cervix. The placenta in mammals produce hormones to prevent ovulation. They also prepare

_- mammary glands to secret milk for the young. _
Thus the endocrine glands are internal co-ordinators of vatious -physiological activitics.

30.11. SUMMARY

Endocrine or the ductless glands secrete hormones releasing directly into ‘the blood stream
to be effective far away from its place of birth, Hormones arc the chemicai messengers in
regulating the various physiclogical metabolic activities. Chemically, hormones arc the complex
organic proteins insulin, parathormone, oxytocin, ADH, hormones of mucosa, trophic hormones
of the adenohypophysis or steroids (androgens, estrogens & adrenocorticoids and some others
kike ‘adrenaline or epinephirine are simple compounds, being: neither proieins nor steroids.
Hormones vanish as soon as their job is over. The endocrine glands in essence act-as
pace-makers for various activities and the pituitary gland or master gland thus acts a remote -
control organ for all thie other endocrine glands except adrenal medulla. However, even such

a master gland is put under the control of hypothalamus. . '

As vitamins do, any disturbance in the production of the. hormones causcs discases like
_ exophthalmic goitre', cretinism, myxoedema, osteitis fibresa, Addisons discase, diabetes
mellitus etc. . R )
Gonads also act as endocrine glands and are responsible for secondary sexual characiers and
“for proper functioning of the system. Corpus luteum produt:cs_ progesterone for the preparation
of the uterine bed to receive and maintain the embryo and relaxin, for parturition. '

30.12 MODEL EXAMINATION QUESTIONS

I Answer the following in about 30 lines.
1. Describe briefly the mammalian endocrinal syslc_in
2. Discuss the functions of pituitary, thyroid and édrenal glands._ o
3. Wha! are endoaialle: glaﬁds 7 Describe the sturcture and role of pituitary gland
Il Answer the following in about 10 lines. | o
1 D;sﬁnguish exocrine and endocrine glands with examplics.
_ 2. Write a brief account on the hormones produced by posterior lobe of pituitary gland.




'3, Deséribed the siructure ‘anid fanction of thyrowd ‘gland.

4. Give a brief account of adrenal glands.

5. ‘Gonadotropic hormanes.

1. Islets ofLangcrhans _

 6:Neurophysis

7.Parathyroid glands 12. Insulin
8.Thymus gland 13. Leydig cell - -

. 9 Cartisones 14

Corpus _'lut_eum

" Acromegaly

' Adrenal g!and

- Leydig cells
_ Melano‘p_horc's

3013 GLOSSARY

Mdason s dlscase

Coltip shormonc_ '

Corpus lutcum

N  Cretinism

Diabetes mitlitus

Diabetes insipidus -

Diencephalon

- Emergency glands  :
_. Epididymes
Graafian follicles :

: Guberna(_:ulum

Heterocrine gland

Henle’s loop
 Hilus |

queosmsis '

Inguinal canals

- 1. -Disproportinate growth of bones of jaw.and limbs giving an awkward

appearance

: A ductless gland present above'-kidncy :
A dcﬁucncy diseasc caused by wmsone lowering the rate of carbohydrate

and protein mefabolism

: Itis parathormone

An yellow tissuc filling up i ound follicles after ovulation
Dclay in speech and walkmg of the chx!d due to deficieacy of thyroxmc

 Delayin speech and walking of the c!uld ducto deficiency of thyroine
A disease in which there is loss of water due to dlficl_cncy of ACH

The second part of the forcbrain from where pituitary gland arisés
The adrenal glands which meet the emergency requiremenis of the body

A thick convoluted drct smroundmg the testes from wlnch vas defercns

" arises

Overgrowth of body parts

The proliferations of germinal epithelium surroundmg ova.
: The cord connectmgthetcstestoscrotalsac

A gland which secretes cnemal.ly as well as internaily

A part of convolutcd nephron to increase absorptive surface for water

: The concavc part of kidney from where ureter arises. ——_—
: Maintanance. of internal envircmment .

| The coeclomic canal j joining perivisceral coeclome and scrotal oaelom
R Thescﬂemtmhtﬂwﬂspr&ntm&ctxtestoprodma&w

"+ The pigment cells containing melanin. ' o




Microvilli S Cytoplasmic projections to absorb fluids

B A

] . S : Myxoedema "+ - Formation of fat below checks etc. m the adults
QOestrogen - : A female hormone regulating ovulation
Osmo-regulation . Regulating water level inside the ammal L

‘i Parturition :  Delivery of the child in mammals

1 - L _ Pelvis o The flattened part of ureter at its :originl_.
Pyramids : The lobes of medulla of kidney -
Scrotum .1 The coclonﬁc sac outside into which the testes descend

Ultra filtration . Tiltration under high pressur¢ im Bowman’s ca'ps'u]c'
'Uréthra . A coinmon passage in males for urine and gametes-
Uterus masculinus :  Seminal vc_sicics to__storc' sperms in i:il_élcs_ ' '
. Vagina - :  The pass age leading from the uterus to_fhc_ exlclrior in fgmale mammal.
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o 311 OBJECTIVE

® The objective of this lesson is‘to know about the minnte structures of the tissues and the
organs. : - -

312 INTRODUCTION

Histology is the study of the minute structure of the tissues and organs. Literally histology
means the study of the tissues. A ftissue is predominantly a group of similar cells (together
with their cell products), where the cells are specialized to perform a common function. The

- cells forming a tissue are bound together by an intercellular or ground substance. l_t is
present with in the inter celiular spaces. It is produced by the cells themselves.

There are four major classes of tissues which have a distinct structu_rc.and function.
1 Epifheliuni or 'Ep'iti_lelial tissue '. ' '
.2. Connectivé or supporting tissue
3. Musde of Muscular tissue




- 4 Nerve or Nervous lissue

The details about esdl kiﬁd of tissues are as follows. . B

313 EPITHELIUM -

Epithelium, ﬁ'éﬁally consists of closely packed cells. The cells are held together with a very
small amount of intercellular substance. This substance or the matrix is produced by the

_ cells themselves. The cells are arranged in° sheets and rest on a thm structurclcss non oeilu}ar

mcmbrane kuown as the basement membrane.

.~ Epitheha cover the outer surface and the inner and outer surfaces of various internal organs.
- They line the- wa]is of ‘most_ of ihc internal cavities. The sccrctory part of various glands of

the body -is: composed of the epnhclla

Eplthcllum may bé composed of one or more layers of cells. If it consists of oné'laye.r of

* cells, it is described as simple epithelium, If the epithelium is composed of many cellular
: laycrs of cells, it is described as stratified eplthehum. Based on the shape of the cclls slmpic

epitheliom is classnﬁcd as following,

: 'Kmd; of Simple Ep:thel:a '

3131 Simple Squamous Epithelium

Squamous epithelium consists of a-single layer of thin flat cells. The cells are plate like with
their sides fitted close logethn,r (Flg 31.A-B). Squamous epithclium is often called. pavemient
epithelium as the cells are Like coment slabs in surface view. The cell outline is polygonal.
In certain cases the outling of the cells is wavy, it is then said to be tessellated eplthellum

-' Squamous ep:thchum is found lining the Bowman’s Lape,ulc of the kxdncy, the body cavities,:
- Henle’s loop, .inner side of the tympanic membrane and alveoli of the lung. The blood and

lymph vessels and the peritonium are lined by the tessellated type.

- 31.3.2 Simple Cuboida) Epnthehum

'Slmple cuboidal epithelium is formed by cubical cclls e, the cells have ab(’:ul thc same

height and w1dth In the surface view, they have hexagonal in appearance as in the squamous
epithelium. In vertical scction they are like rows of squares (Frg 3.1 CD).

* Cuboidal cp:thchum forms. the lining of many glands ltkc the sweat gland, parts of the hver |

and the thyroid. It forms the free surface of the ovary and the lining of the uriniferous

' Iubulcs of the kidney. It also lines the pigmented eplthchum of retma, mncr lens Cdpsu!c

3133 Slmple Columnar Epithelium

In oolnmnar cplthehum the cells are distinctly taller than their wuith {fig. 3.1E- P') Thc
inner end of the cell towards the basement membrane narrows. The cells appear as smalt

" polygons in_the surface view. The nucleus is elongated parallel with the long axis of the cell.

The free surface of the columnar cells' differ in various situations. The alimentary canal frOm

-the stomach to the rectum is boed by columnar cprthehal cells. Thxs cplthchum is sccrctory

- or absorpuve




Fig. 31.1. Simple epithelia. A-B: Squamous epithclivm, C-Dx Cuboidal epithelium. E-F: Columnar epitheliom
1. Nucleus in the centre 2. Basement membrane 3. Flattened hexagonal cells 4. Bowman's capsule with SqQuamous

.epithelium 5. Cubical cell 6. Heéxagonal appearanice of cuboidal cells in the surface view 7. Elongated cofumnar
cells. 8. Blongated ceatral nucleus. 9. Cilia 10, Basat capsule. C

‘Specialized types of Simple Epithelia

-~ Simple epithelia undergo certain specialisations for performing distinct functions, There '_a_re _

four such {ypes. : .
3134 Ciliated Epithelium. | o
The free sorfaces of the simple epithelial cells bear tiny protoplasmic Jashes, the cilia (lerally

"eye lashes). The linings of the nasal cavitics, the trachea (wind pipe), the bronchi, uterine

tube and uterus contain cili:_ated_ epithelivm.
1

-31.3.5 Glandular Epithelium

Simple epithelial cclis. May become secretory and form cither the unicelinlar or multicellular
glands, thereby forming a glandular tissue.’ Generalised secretory cells of the stomach Tining
are unicellular glands. Likewise the goblet cells of intestinal lining arc aiso uniceliular. In
multiceliular glands, the epithelium invaginates to form a sumber of “tubules ‘in the form of

‘dilatations. Lung alveoli and pancreatic acini are ‘the good examples.
'31.3.6 Pigment Epithelium o

The cells of such _cpithc_lia contain coloured pigment pranules, as in the pigmentzd epithelium

~of reti:_:a.




_ 31.3 7 Neuro Epithellum _

Some simple colirnniar cells are specialised for re.oemng sensory stiruli. eg., Rcocptlvn cells
of taste, hearing and smell. : _ _

- 3138 Pseudostratlﬁed Eplthehum

Pseudostratified epithelium consists of a single layer of cells. All the cel!s touch thc bascment
membrane. But the free surfaces of the cells are not at’ one level and the nuclei of the: cells
- are at dlffcrcnt levels (Fig. 312 A) : :

Fig. 312 A. Pseudostratificd epnhclmm 'B. Stratified squamous epithelium. 1. Disposition of the nuclei at
three levels 2. Basement membrane’ 3 ‘Stratum corneumn (squamous) 4, Strautum spinosum (polyhedml fxlls)
3. Stratum malpighil {columnar). :

Such an arrangement ‘of the cells gives a deceptive appearance of many layers of cclls or -

stratification. Hence such tissue is described as pseudostratified epithelium. - The. trachea
and the bromchi are lined by a Pseudostratified columnar ciliated epithelium.

31.3.9 Stratified Eplthellum

Strauﬁcd cplthcha consist of many layers of cells. They, like simple epithelia, are classified
" into the following based on the shape of the cells : : ' '

a. Stratified Squamous Epithelium :  This is preseat in the cpldermxé of the skin, buccal
cavity, oesophagus, conjectiva and the vagma where the superfi clal layers are with squamous
cells (an 30.2. B).



‘any other connective tissues (Fig. 30.3. B).

b. Stratifled Cuboldsl Epitheliym : In this type of compound cpithelum, the superficial
layers of the cells are cuboidal in shape, as in the testis, tubules, Graafian follicles of ovary,
and epidermis of urodeles. ' S o
c. Stratified Colummar Epithelium : The superficial cells are tall and the deeper layers
consists of irregular polyhedral cells, This epithelium is rare. Pharynx and larynx in part have
this type of epithelium. - _ o ' ' h
31.3.10. Transitional Epithelium

In this type of stratified epithelium, the surface cells are large dome shaped (Fig 313 A),
somewhat. flattencd, but not as flat as the cells of squamous epithelium. The intermediate -
layers consist of polygonal cells, below which are small rounded cells. In the transitional
epithelium, there is no basement membrane. The most characteristic feature of the: transitional

- epithelinm is its elasticity hence it also referred to as plastic epithelium. That is way it is

also calied transitional epithclinm. This is suitable for the lining of hollow organs or tubes
which are expansible. It is present in the mucous membrane of the excretory passages of
the ‘urinary system, the pelvis of the kidney, the ureters and the urinary bladder. '

L

Fig. 31.3. A. Transitional cpithelium. B, Arcolar tissue. i. Superficial large cells 2. Cellularlayer 3. Nobasement
‘membrage 4. Capillary pushing into the epithelivm 5. Fransitional epithelium in bladder wali 6. Fat cell 7.
Fibroblast aitached to bundle of white fibies B, mast cell 9. Macrophage histiocytes 10, Amorphous ground
substance 11. Bundlé of while fibres 12. Net work of yellow fibres 13, Fibrocyle,

31.4 CONNECTIVE TISSUE

As the name suggests, connective tissue serves as a supporting system binding the tissues -
together. It acts as a packing and supporting clcments for the body. Some of the cellular

- components of the tissue are active in storage and phagocytosis, Connective tissues in general

contain large amount of intesechtular substances referred 1o as amorphous substances, i.c.,
matrix in which are found cmbedded various types of cells and fibres as Reticular cells,
Fibroblasts, Macrophages, plasma cells, Mast cells, Fat cells, Connective tissue fibres and
31.4.1. ' Loose-Connective Tissue ' _

This connective tissue is characterised by the loose arrangement of fibres. They serve 1o -
bind the tissues together and to form protective membranes round thé organs. There are of . _
threc distinct types : 1. Arcolar 2. Reticular 3. Adipose tissues.

'_1. Areolar tissue

The word areolar refers to the little areas or space occurring within the tissue, It s ‘a loosely
arranged fibro elastic connective tissue and displays a greater varicly of cells. and fibres than

”



“There are two typcs ofﬁbrcs ie (1) Soﬁ.strong. ﬂmiblebutnon-clasht:, strmght andunbranched
collagenous ‘white fibres® (ii) branched, elastic ‘yellow flbres’ formed of a protein called elastin.
Among the cells the mast cells produCe an anti coagn]ant, heparin while the plasma cells
prodace antibodies. : .

Itpromdessupportandallowssomcmobihty ltactsasapachngmatcmlbetwccnpans-
of the body. It provides path way for vessels and nerve. Insdcfcnsweandheahng tissue:

2, Reticular tissue

Reticular connective tlssuensmadcupof‘ﬁr'anchmg cells whose processes ar¢ usually in
contact with onc another, forming a reticulam or net work of cells.’ Thcreucu!arcellarc
embcddedinathlckﬂmdmamx.

In the matm: are fine fibres, the reticular fibres. Theyllccloselyassoaatedmththccells
Thmtypeof_hssucformsthc&amgmkofljmphglands spleen and red bone marrow. -

3. Adipose tissue

Itis a modlﬁcatmn of the fibro-elastic arcolar tissue, in which large numbers of cells have '
become active in sorting fat (Fig. 3.4). The fat stores in this cells is liberated by metabolism
and used as a source of encrgy. Adspose tissuc serves as heat insulating layer. There are
two types of adipose tissues : 1) white i) brown cells. of brown adipose tissue do ‘contain
‘mitochondria as that of white one but the cristae arc without the elementary particles. Hence
‘the ATP syathesis does not take place for future store.

Fig. 4. Adipose tissue. 1. Adipose or fat celis 2. Accymulated fat 3. Nudeuh:&edtothepenphery
4, Penphenlcyloplm 5 Co[lagmousm 6. Blood vessel,

Dense Connective Tissue

This tissue has anabundancc ofﬁbreswhlcharempadlyamnged Cellsarepropomonately :
fewascomparedtothcloosemnnemvehssue ﬁcbestenmplesofdenscconnectxvenssue
are tendons and ligaments,

.31'4'2' Skelet‘al Tissue

'Theskebtalttssue.:schéraamscdbythepomesmof'awughmm ltformsthe
endoskcletonofthcveﬂcbratessuppoﬂngﬂmsoftpartsofthebody “There are two types
of skeletal tissues.

Q) Larti]ngc and
(i) Bome



" i, Cartilage

The cartilage is bounded externally by a stiff sheath called the perichondrium. It contains .
blood vessels. Nutrient material diffuses into the cartilage. Cellar part of the cartilage consists
of chondroblasts which give rise to the chondrocytes. They are found in fluid filled spaces -
called lacunae or cell nest. The ground substance of the cartilage consists of a firm substance
called the chondrin and collagen fibres. On the basis of the composition of the inner celtular -
material four types of cartilages are commonly distinguished. They are :

(2) Hyaline (b) Calcified (c) Elastic (d) Fibrous

a. Hyaline cartilage : Living hyaling cartilage has' a clear, translucent biuish white and some
what elastic matrix. It often contains network of very fine collagen fibres. The matrix-consists

. - '
of chondrin secreted by the chondroblasts (Fig 31.5. A). The cartilage is surrounded by a

ﬁbrous mémbrane, the perichondsium. - The chondroblasts just beneath the perichondrium
are flattencd. Other cells lying deeper are found in group of two or more in la;ﬁunac. . In.

~ mammals xiphisternum, sternal ribs and the irachca possess this variety of cartilage

ge. C. Blastic cartilage. 1. Matrix of chondrin 2. Lacuna
3. dividing cartilage celt 4. Perichondriom 5. Cells parallel o the perichondrium 6. Matrix composed of
’ chondrim arid many white collagenous fibres. 7. Cartitage cells in lacunae: 8. Yellow elastic fibres, |
presents in chondrin 9. Cartitage cells lying in chondrin matrix 10. Lacuna. o
is impregnated with calcium salts
rigid suppoert. K forms.

Fig. 315 A Hyaline cartilage. B. Fibro cattilage. C.

b. Calcified Cartilage : Hyaline cartilage whose matrix

forms the calcified cartilage. It forms a much harder noanelastic and
the skeleton of some elasmobranches and supra scapula of amphibia.-
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c. “Elastic’ Cartilwe ‘The ¢lastic camlage ‘has muierous flexibic yellow fibres forming a net .
workmﬂlematmaﬁdmmngmalldlrecnons(ﬁg 31.5.C). * The yellow fibres increase
theﬁeﬁblhtyofthewﬁlage Blastrccmﬂagensfomdmthepmna(externalearlobeelac.):'

' Fig. 36. Bone. A. Crosssection. B Cross section of a pombn ofbone (magmf’ ied). C. Osteocyte. 1.
Periostenum 2. Endosteum 3. Concentric layers of famellac 4. Marrow cavity with bone marrow 5,
Concentric layers of lacunae containing ostcoqnes 6. Cahahcﬁlu with protoplasiic processes of osteocytes 7.
Inner layer of osteoblasts 8. Outer layer of osieoblasts % Pmrop]mmic process 10. Osteocyte 11 Canaliculi.

d. Fibre Cartilage : In this type zhere i a predonunancc of collagenous white fibres (Fig.

31.5. B). This kind of cartilage forms. the shock proof pads known as inter vertebral disc,

which lie between ad]accnt vertebrae

ii. Bone

Bone or osseous tissuc is a-very hﬁrd rigid form of connective tissue. It comstitutes the

endoskeleton of most of the higher vertebrates. The bone tissue tonsists of hvmg ce]ls the
osteocytes embedded i in a hard matrix. :

_ Each bone, except over its articular surfaoes is enveloped by a specialised connective tissue

' coat, the periosteum. A similar but less well developed connective tissue. layer, the endostenm
lines the narrow cavity . .and narrow: spaces. The periosteum and the endosteum. like the

perichondrium are richly supplied with blood vessels and nerves, It serves to nourish the

inner tissue of the bone. The matrix of the bone consists of an organic part. chiefly osteo.

collagen fibres “and an morgamc component which form approximately 2/3 of the weight of

~ bone. The' inorganic salts which are responsible for the hardness and rigidity of the boné °

inclide calcium posphate (85%), calcium carbonate (10%) and others Coﬂagcneous fibres
contribute to the strength and eiashcﬁy of bone. The most characteristic features of the finer
detail of bone is its lamellar arrangement of the calcified intercellular substance or bone
matrix or bone cells in eoncentnc layers around the central BArTow cav:ty -

The concentric layers of lamellae alternate with the concentric' layers of the osteocytes or the
bone cells, developed from-the osteoblast. They are found. within fiuid filled spaces called

‘the lacumae. Each bone cells - gives. off branchmg protoplasmic’ processes. these processes
are found withiin the branchmg proeesses of the lacunae called the canalicali.
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The processer of ad;aeenthpne cells like the canahcuk nhi_t-t_d_fqrm\'a; oonﬁnnﬁns:net work

" through out the matrix. Both lacunac and canaliculi contain a fuid which enable the bone

cell to live in a medium which is otherwise solidificd by the mincral salts. The fluid comes
from the blood vessels of the periosteum and the e_ndosteum. :

Harversian System

In a mammalian long bone there are‘addiﬁonaléhamélsrm_pgraﬂel to the centrally
located marrow cavity. These are the Harvesian canals. Each Harvesian canals is surrounded

by concentric layer of the lamellae and lacimae (Fig. 3L.7). '}_‘hus"t‘i_jrming a system called the
Harversian system. These cannals oontam marrow and arc connected with each other by

" the volkmanis canals.

Fig 31.7. TS. of mammalisn longbbne'-l-!mm system. 1. Periosteum 2. Concentric famella 3. Harversian
canal 4. Concentric Lacunae 5. Canaliculi 6. Inner connective lamellac 7. Endosteum 8. Marrow cavity.

Bone¢ MArrow

" Bonc marrow is a subsiance which occupics the ceatral cavity of the bone. It is a soft
vascular myeloid tissue. Its primary functions are to produce myeloid - cellular clements,
erythrocytes, phagocytic cells and to store iron. Yellow bone marrow is found in the marrow
cavities of long bone. It consists principally of fat cells. Red bone is marrow is found at-

the end of most of the long bones and in the flat bones of the cranium like skull sternum,

clavicles, pelvis 1ibs and bodies of vertebrae. . Red bone marrow consists of stroma and frec

cells within it. Red bone marrow is concerned with the formation of blood cells (haemopoiesis).

3143, Blood And Lymph
" Blood and lymph are the examples of liquid connective tissue.

Blood

' Vertebrate blood is red in' colour. It forms about 6-10 % of the body weight in mammals.

It_hésasﬂﬁshmstc_mda'féim-a!kaﬁneremﬁommaedbioodis'bﬁghtmdandpurph

" when non-acrated. The blood consists of a liquid portion the plasma, m which there are
cells or corpuscles. In plasma there are two types of corpuscles, erythrocytes or the red
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" blood cmpﬂsdcs and the leucocytes or the white blood oorpuscles. Thc plasma also: containg

blood platelets, which are the fragments of ceftain larger fragile lencocytes called the
magakaryocytes The blood forms a transport medim and a dcfenswe mechamsm agmnst
' ‘the microbes. - o

..Plasma

The plasma which represents the mateix is a faint yeflow fiquid. About 90% of it is water.
Plasma is a mixture of inorganic salts in true solution and blood proteins in collo:dal form.
The salts form 1% of the ‘plasma. These include the chlorides, bicarborates, sulphate and

phosphatés of ‘sodium and potassium. The blood proteins present in the plasma are albumins,
‘globulins and fibrinogen. They form 7 to-8 % of the plasma. Dissoived in the Plasma are -

~ various useful and waste substances forming 1 to. 2% of the plasma. They include the
: _nutnents absorbed from the ahmentary canal and also waste products of metabolism like urea

uric acid etc. Hormones, enzymes, vitamins and anti bodies are also found in the plasma '

: Gascs like carbon di oxicle and oxygen are also present.
Erythrocytes ( Red Blood Corpuscles)

The red blood corpuscles are'yelldv'v'ish when seen singly, but reddish when viewed in bulk.
Each is enclosed within an elastic membrane. The -cytoplasm contains a respiratory pigment,

' hemoglobm and inorganic jons of sodium, potassium, calcium magnesium chloride and phosphate.:

In resting slow flowing blood the erythrocytes form piles cafled rouleaux. The important: role
of erythrocytes is. in respiration carrying oxygen as oxyhaemoglobin from, a respiratory surface
~ to the tissue and to some extent CO2 in the opposite direction. In mammal the mature
- red blood corpuscles are without nuclei; biconcave, circular and disc like. In other vertebrates

they are oval biconvex and nucleated In adult mammals the red corpuscles are produced .

within the red bone marrow. Each is 7.2 ‘microns in width and 2.2 microns thick in man.
In other vertebrates, they are formed probably in the vascularized connective tissue of the
liver, spleen and kidney. in ong cubic millimeter of human blood there are 4.5 to 5 million

‘red ‘blood cells. They remain functional in circulating blood for about few weeks only
(approximately 120 days). After whick they are destroys cither in the blood ‘a or in the

liver and splccn
- 'lcucocytes (whlte blood corpﬁsﬂes)

Lcucacytcs or the white blood corpuscles are otherwise called amoebocyes, because of . their
1rregular shapc They are called: wandcrmg cells also, as they can squeeze through the

Fig31.8Blood corpuscles. A. Erythocytes.. 83, Eosifiophil. C. Neutrgphil. D. Basophil, EBiood platelets.
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capillary walls 'and reach other tissucs by 4 process called diapedesis. These cclis because

- of the phagocytic function are described as scavenger cells. Leucocytes are. much fewer than
the erythrocytes. Each cubic millimeter of human blood. contains cight to ten thousand of
white corpuscles. They are nucleated and each measures 10-15 microns in  size. T'he'y' are of
two types (i)} The granulocytes or granular leucocytes which contain graﬂulcs mn the cﬁbpla_sm
and originate in the red bone marrow in mammals. (if) Agranulocytes or non-granular leﬁédcyteS.
which lack the granules in the cytoplasm and they originate in the lymphatic nodules.

" Granulocytes o _
_' Th; granulocytes are of three types: 1. Néutropﬁils. 2. Basophils and 3. Acidophils.

Neutrophil: The neutrophils are stained by both the acid and basic dyes. They measure 10
to 12 micron. The nucleus is polymorphic ie.it is made up of three or 4 lobes which are
connected by thin strand. They are also called polymorphs. They form 60 to 70% of the white
blood cells. The neutrophils are very important phagocytes. The granules in them are mainly
a special type of lysosome which contain principally hydrolytic enzymes. There number increases
in pus forming infections, Live for 30 hours. ' ' A

Acidophils or Eosinophils: Acidophils are closely related to neutrophils, They have larger
granules that strain strongly with acidic dyes. The nucleus is less markedly polymorphic or
bilobed. They measure 10 to 12 micron and from 2 to 5% of the white blood cells. Acidophils
are also important phagocytes.. They incredse in number in allegic (asthma) conditions and
infections of digestive tract. :

Baso'phil's_ : The basophils stain darkly with dyes and the granuics are still larger and the
nucleus is slightly lobed. - They constitute 1/2% of the total white cells. They are not
phagocytic and their significance is not known. They ingest small particles like carbon.

* Agranulacytes : There are -two such types of the agranulocytes. Lymphocytes and monocytes.
" Both of them develop within the ‘ymhphatic nodules. - S

Lymphocytes :  The Lymphoeytes are about 10 micron in size with a large nucleus filling
the cell. They form 20% of the white cells. They produce antibodies and anti toxins which
neutralise the toxins released by the foreign micro organisms. - '

Monocyte: The Monocytes are the largest being 12 to 15 microns in size. They posses a
kidney shaped nucleus and are 5% of the leitcocytes. These are also very important phagocytes.
The monocytes leave the blood and enter the tissues Wher'_c their life span as macrophages
may be as long as 70 days. They are phageytic as the neutrophils and also are good scavenger.

Blood phm.pr-_m'rpmmﬁes_ - - . _ _
In the blood of mammals there are rounded or oval granular bodies. Flatelets which arise
as detached portions of peculiar giant cells of bone marrow- Megakarycytes. Platelets take

an important part in the clotting of blood. Each is 2 to 4 microns in diameter. There arc
as many as 200 te 300 thousand per millimeter. : S

Lymph

Lymph is fluid collected frorn the tissues and returned to the blood stream. It originates
from the fluid that occupies the tissue spaces of the body. Lymph has much the same
composition as the plasma but lacks red blood corpuscles and biood proteins. Lymph always
bathes the tissues. Lymphocytes are added to. the lymph as it passes through the lymph



nodes. Thelymph nodes also add nntibod'ies'td the'lymph and fromthcse (O‘the blood

- -stream,

Lymph from small . intestine (chyle) is tmlky because of fat globulcs taken up. Lymph from

-._;hehmunnusuanynchmprm L;mphooaguhtesbmtheprocessadvancesslowlyand

thedot:ssoft

’ Hemcpmesus '

Theprocessoffommgblmdceﬂmknownasﬂmpo&d&ﬁmmmthehemopowm

tissue. Lymphocytes and ‘monocytes are developed chicfly in the lymphoid tissues and -arc

termed Iymphoid element. Erythrocytes and granvlocytes are produced within the boae marrow
called myeloid tissue. There is also a view that monocytes and some lympbocytes arise from

. precursor. cells ‘within the bone marrow,

315 NERVOUS TISSUE

The nervous tissue forms the entire ‘nervous system. It is developed from ectoderm. It is
formed by a collection of highly specialised cells called neurous which dcvelop from the
neuroblasts and the supporting cells. .

A typmcal nerve cell or neuron consists of a. cell bodv or cytom or penkaryon It has two or

more protoplasmlc processes. Functionally the proceses are of two types - dmdmns and axoas

Fig. 31.9 Neumn sl fieurofitiil (myehnnled). 1. Cell membrane 2. Cylsoplmn containing le’s gmnules mitochondria
- cte, 3. Nucleus 4, Dendmns Dendrities 6. Axopiasm 7. Thin membranc surrounding axoplasm
8. Schwann cell 2. Myetin sheath 10. Neusilemma 11. Node of Ranvier 12, Schwann cell aucleus 13. Inter node
e T . 14 EndoneunumlSAxonlﬁ.Gelxbody




(Fig. 31.9). Dendrons carry impulses to the cell body. Axon which is a single long process
conducts impulses away from the cell body. :

Nerve impulses can travel in only one direction through a neuron from the dendrites thro
the cell body to the end of the axon. Impulscs can travel from one neuron to another by
passing from the axon of one to the dendrite of another neuron but they must cross a spaoa
_callcd a synapse, between their peighbouring processes. Thus a synapse is a functional and
not an anatomical contaci between an axon and a dendron. | '

Neurons vary greatly in size and shape. Each consists of a cell body or perikaryon covercd
by axolemma enclosing neuroplasm with one or mare large nuceoli. In addition to the other -
cclllar contents a merve cell possesses Nissl bodies. They are present in the dendrons also
but in the axon these granules are associated with protein synthesis. Another prominent feature,
of neuron is the presence of ncurofibrillae prescnt in the neuroplasm and extending into
dendrites and axons. There are three types of neurons: 1) Unipolar with a single protoplasmic
process 2. Bipolar with two protoplasmic processcs and 3. Multipolar with more than two
protoplasmic processes (Fig. 31.10). Certain of the specialised neurons of the multipolar variety
are the pycamidal cells of the cerebrum (Cercbral hemisphere and Purkinje cells of  the
cerebellum} ' -

A

) S . f .C

Fig, 3110 Types of neurcas A. Pseudo unipotar B. Bipolar neuron C. Multipolar neuron
1. Dendron 2. Cyton 3. Axon 4. Cell body. -

Nerve fibre sheaths

The.nerve fibres are Wrappcd in one or two sheaths,The axis cylinders are ensheathed within
one or two sheaths-1. Myelin and 2. Neurilemma, The myelin sheath is a soft, whitish fatty
material which is almost-fluid in character. Nerve fibres which have thick myelin sheath appear
white and are called myslinated or medullated fibres. All the fibres in the central nervous
system, ie¢., brain and the spinal cord and ensheathed within myelin covering. Myelin sheath
insulates the axon and from the nerve impulses traveling along the nearby fibres.

The meurilemma is a sheath composed of a single layer of cells with elongated auclei known

as Schwann cells. The neurilemma and the Schwann colls surround the myelin sheath and -
form a continuous outer layer. Nerve fibres in the central nervous system have no_ncurilemma.



-

The myelin sheath is a not a continuous one and is absent at places in the peripheral nerves
to form the nodes of Ranvier At such comstriction, since there is no myelin sheath, the

neurolemima touches the axis cylinder: The portion of nerve ‘fibre between two nodes is an
internode, In the nerves of the autonomic nervous system (responsible for regulating involuntary

activities within the body. The nerve fibres are enclosed within the neurilemma only, there
being no myelin sheath. Such nerves are described as the non medullated or unmyelinated

nerves. The neurolemma itself is surrounded by very thin sheath of fibrous connective tissue,

the endoneurivm. The Schwann celis produce myelin. The neurilemma is derived from

Endoneurium of the nerv_e.'

31.6 MUSCLE TISSUE

The most important functional feature of muscle tissuc is the capacity to contract. On account
of this contractibility, it plays an important part in all movements of an organism. Associated

with this functional feature are greatly clongated muscle cells known as myofibres, They

contain intracellular thread like structures, the myofilarients which are embedded within a
more fluid cytoplasm, the sarcoplasm. Protcins called myosin and actin have been extracted
from muscle fibres. There is very small amount of intercellular substance, and like the
epithelial tissue, the muscle cells are very closely bound together by connective tissue.

Types of Muscles -

There are three types of muscles. They differ in structure, locition within the body and the.

type of inmervation (nerve supply).

A

Fig. 31.11 Types of muscies. A. Unstriated muscle B. Striated skeletal muscle. C. Cardiac muscle
1. Longtitudinal myofibrillae 2. Rod shaped nucki 3. Tapering end of the cell 4. Cytindrical muscie fibres
5. Sarcolemma 6. Transverse striations 7. Sarcoplasm 8. Oval flattened pucleus 9. Longtitudinal myofibres
10. Cylindrical fibres of cardiac muscle 11. Cross striations 12 Oblique cross 13. Myofibrits
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1. Unstristed ~ Smooth muscle - Involuntary o viaceral

3. Cardinc - Heari muscle
1. Unstriated Muscle -

In this variety of muscies there arc no cross striations in the cells, hence known- as: unstriated
or unstriped. It reccives its nervous from the autonomic nervous system. Hence its contraction -
is not under the control of the dnimal and designated as the involuntary muscles. This muscle .
occurs.in the digestive tract, genital tract ducts, blood vessels and urinary bladder and hence.
called as viscera muscle. Meseodermal myoblast cells are responsible for forming the musdle -
cells. The Unstriated muscle cells arc spindle shaped. Each elogated cell tapers 0 a fine
point at the end. The cell contains a single central nucicus (Fig 31.114). The sarcolemma
is so thin that it cannot usually be seen. In addition to the myofibrillac or myofilament there

are granulcs near the nucleus in the sarcoplasm. o o

The visceral muscles contract slowly, but ¢an remain contracted for a long time without gettmg |
2. Straited Muscle

- ‘The myofibrils show alternating dark and light cross band or stripes, hence stnped or ‘striated

muscles(Fig31.11B). This type of muscles is found in the ‘body, wall and limbs and is
responsible for the movements of the. skeleton, hence the name skeletal muscle. It is under .
the control of the voluatary nervous system (supplied by cerebo spinal nerves) hence is called

~ as voluntary muscle. skeletal muscle makes up the lean meat of an animal and constitutes

nearly half the animal’s body weight. Striped muscle is very complex in structure. It consists

of long, cylindrical fibres with blunt ends. The fibres are bounded by sarcolemma and contain
many nuclei forming a syncitia. In mammals the nuclei are present just bencath the sarcolemma

in the sarcoptasm. The Skeletal muscle is enclosed within a shealth of connective tissue known .
as epimysium, which is continuous with tendons attached to bones. From the epimysium "
further connective. tissue membranes extend into the muscle tissue and surround the bundles

of strtated muscle fibres (fasiculi of fibres ). This is the periiysium individual muscle fibres

are surrounded by a thin sheath of the same connective tissue the endo’q:ySlum. This connective

tissue aliows blood vessels and aerves to. reach the muscle, tissue for pourishment and norve
3. Cardiac Muscle o |

The cardiac muscle is involuntary but siriated: It is confirmed to the walls of the heart and
the large vessels joining the heart. Cardiac'musde'_' «consists of short columas ‘of cylinders,
united into a closc. mesh work (Fig 31.11 C). The mesh work forms a syncytinm,because cell
junctions are not-easily seen. The columns ‘are connected by slanting branches. A cell contains
sarcoplasm and myofibrils like skeletal muscle but only one nucleus. The cell is enclosed in
sarcolemma. Sarcoplasm is in abundance. It is_correlated with the capacity to with stand

 fatigue. The myofibrils are distinct. The transverse light and dark bands arc faint. There are

intercalated discs at the junctions of the cardiac muscle cells. Contraction of cardiac muscle
is not under the control of the.will. It contracts quickly but not get fatigued. It rezeives both
the cranial and aufonomic nerves. - e . o



The study of the tissues consutute hlstolagy and the ftissue is an aggregation of cells, that

| ‘perform a specific functions on nervous and muscie tissues. There are 4 ma]or classcs of
_ tissues vxz epithelial oonneetive,nervous and muscle tissaes.

Epithelial tissues arc generally seen lining the organs ecither internally or on the surfaoe or ;\. e

both. They are secretory or absorptive and protective in function,

Connective tissues are mesodermal in -origin and are characterised by posscssmg a ground

substance called matrix. As the name iindicates, these tissues bind or connect d:ffcrcn( tissues

as the blood ligaments,tendons, Adipose tissue serves in ‘storing the fats, Skeletal tlssue has. -
a tough matrix. Mammalian bone is characterised by the presence of Haversian system. Red
bone marrow is hacmopoietic (production of blood celis). Blood is ‘red river’ of the body. k-
Contains RBCs,leucocytes and p!alclcts kept circulated in the plasma. Neutrophils and monocytes
fight infection. Lymphocytes produce antibodies and antitoxins. Lymph is similar to bicod with -

_cotpuscles and proteins.

Muscle tissue is contractile in nature. Cardiac muscle keeps up rhythmcity as it is synanai much: .
" wider \mb'*sarcopiams, with larger and more numbcr of muochondna oompared to the smooth'

and skeleta!l muscle fibres.

~ The nervous tissue is formed- of highly specialised ceHs called curens wnth dendntes and
- axong, The axons are medullalled. or myelinated to act as insulation. The dendrons lacks m.ssl -

granulcs while the nutochondna are more at the axon lcrmmals _

318. MODEL EXAMINATION QUESTIONS

l-._,.;_;_Am tbc toliowlng in about 30 llm : o
L What is an eplthehum T Descnbe the various- types epltheha.
2. Describe the various Kinds of muscle tissues, .. -
% Bescn.be the various components of b!ood
L Anmrlhfolloninginabomlﬂlim -
1 What are spec:alrsed types of snnple ep:theha'? '
2. Give a brief account on connectwt tissue, .
3. Give a brief accouu: on cartilage.
4. Describe the structure of bone .

4

5. What are granulocytes ?

6. Dcscnbc the general structure of muscle.
7

. Neuron

-
.
|
i



Unit - 32 HISTOLOGY OF ORGANS OF RABBIT
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32.1 OBJECTIVES

® To know the microscopic details of the Liver, Pancreas, Stomach, Intestine, Kidney, Testis, .
Ovary, Nerve, spinal cord, Lund and Spleen of rabbit. ' S R

3

322 INTRODUCTION

In the previous unit, we bave learnl about different types. of tissues and their fanctions, In
this unit, we will be learning the histology of the. various organs and organ systems.. The cells

together constitute tissucs. The tissues in their turn.give rise to organs and organ systems.
The study of organs is called organology or special histology. It deals with the structure and
tissue adaptations. An organ is a complex, structure of different tissues arranged in a definite -
pattern, performing a specific function.  Typically, an organ is developed by a sheet of
connective tissue fibrous capsule (eg. Glisson’s caps ) an interstitial connective tissue or

stroma The stroma contains blood vessels, fymph, nerves and the epithelial lining. Organs -
are linked together into. organ systems. The organ systems are interdependent as for example, |
the digestive tract is cffective only when coordination of mervous and circulatory systems in -
conjunction with the accessory digestive glands is possible. The system can be classified as;

(i) Integumentary ( skin & its derivatives),

@ Digssi
(Gii) Circolatory

" (iv) Lymphatic

(v) Nervous



| (i) Endocrine & |
(Vﬁ) U K . L

323, LIVER R R v

The liver is the largest gland in the body. It is a dark red solid gland found within the

dome shaped concavity of the -diaphragm on the right side of abdomen. It is.made up of -

five lobes (refer the digestive system of rabbit). It is enclosed within a fibrous connective

tissue. The tissue eenters into each lobe and divides it into the hepatic wnits called the liver

+

'lobules.

Fg. 321 Seclim.ofhu;nm liver, 1. Classic iobule not surrounded bya mpsuleiﬁ man. 2 Position of Glisson’s
- capeule in pig. 3. Portal ares. 4, Liver cords-usually one cell thick with kupffer’s cells S. Central vein (intralobular
_ brageh of hepatic portal vein ‘6. Hepatic artery. 7. Bile duct. 8. Hepatic portal vein. o
Histologically. each liver lobule is a polygonal prism bounded by the fibro conceive tissue
called, the Glisson’s capsule ( Fig. 32.1). It contains in it blood vessels (branches of hepatic
portal vein and hepatic arteriole). and small bile- duct which together forms portal arcas.

The liver lobule is the it of hépatic structure.in mammal: Each lobule i roughly five or

six sided polyhedral prism in form and is composed of anastomosing and branching plates of
- cords of parenchymal cells' (Hepatocytes) radiating outwards from the center like the spokes
of a wheel from a central hub. Hepatic cells are polygonal with six or more surfaces cach
-enclosed within a clearly defined cell membrane; The surfaces of cells are related to sinusoid
space or-partially separatéd from an adjacent cell to form a bile canaliculus. '

Nuclei of liver cells are spherical .or oval. Each nuclens has scattered chromatin grarules.
The cytoplasm stores glycogen and fat droplets Pigment granules may also be. present.

Blood supply

Liver receives blood both by the hepatic portal vein (foodtaden blood) and the hepatic artery
(Oxygenated blood) (Fig. 32.2). The hiepatic portal vein and the hepatic artery forms branches
which run though the Glisson’s capsule in between the lobules. They are described as the
/interlobular veins and the bepatic arferioles. The inter lobular veins are connmected with-a
centrally situated intra lobular (Tributary of the hepatic vein) or central vein of the lobule.

241
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This conncction s by the siumsois which form exiensive” sponge work between the cord of
hepatic calls. Blood enters the sismsoidsl mesh-work at the pesiphery of-a Iobule from inter
lobular branches of the hepatic portal and hepatic artery und pesscs in a radial fashion though
sinusoidal spaces to drain from the lobule by the intralobular of central vein {Tibutary of
hepatic vein). In the sinusoidal lining of the adult liver, two types of colls with intermediate
forms are prescat. Large part of the sinusoidal lining consists of endothelial type, secreting.
bile. Among the endothclial cells aré the Kupffer’s cells with cytoplasmie processes. These

i oclls are actively phagocytic and frequently contain engulfed and- degenerating erythrocytes,
pigment granules and iron containing granules. ' R '

ksl g 41 ¢
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Fig, 32.2 Lives, A- Strocture of 8 liver Iobuie. B. A portion maguified. 1. Lobule. 2 Liver cord. 3: Canaliculus. 4.
Simssoid. 5. Endothelium of sinusoid. 6. Bile ductile. 7. Branch of Iepatic portal vein. 8. Branch of hepatic artery

Bile canaliculi

Between the adjacent rows of liver cells are tiny channels, the bile tanaliculi, which drain
peripherally into bile duct. “The bile canaliculi are simply spaces between adjacent Liver cells
and have no other lining epithelium. The liver cells secrete bile into the bile canaliculi from
where it passes into bile duct. - . : - o

The liver is a very important gland of the body. in view: of its. functional importance, it is
regarded as the clie_mical work shop of the body. (Ref. digestive system of rabbit for functions)

| (-Unit_ 25).

324 PANCREAS

The pancreas is a large, clongated miembranous gland lying in the U-shaped concavity of the
diodenum, In the fresh condition it is pale pink or white. It is covered by the areolar
tissue. This tissue extends into the gland and divides it into lobules or end pieces or acini
(Fig. 31.3). : ' o :

Pancreas. is both an exocrine and endocrine gland, The two functions being performed by



Theaamorbbuhsfformthcemmpnnofpaﬁﬁ:m Acamaretubularurpeardqnd,

surronndedbya thm ooqﬁecuvnt:ssne emtmnmgbloodmis, lymphatics, nervumd m

ﬁg.ns'rs ()f!hepam-reasofmbb:t 1 AmmZ.Duct 3.mdaloel!sofm4€onnactmtme S Blnod
weysel. 6. blctsoﬂ..angerhans.? thood capillary. :

lnanmarcellthcnuclcusmsphenmlheswwm&hehase mbasalcytopiasmshom ’

riation; owing to the presence of numerous clonsated mitochondria. The’ apwal
_cympiasm mntmns mdophlhc secreuom (zymogen) droplets or granules. ‘The important
- function of the gland cells of the acini is the synthesis of the digestive enzymes (refer digestive

_. ) _- system of rabbit). The pancreatic juice” Gontains trypsm (protcolwc enzyrie), amylopsin or
s 'amglasc (Dmstatnc enzyme) and stepsin or lipase (Lipolytic ¢nzyme) thozymm ® hmmne_'

xtsonmecﬂs,whwhmlcaseenzymcnchpanmamm
Endocrine mrtim

-_";'lslet of Langerhais: The section ofpancreas is ldemaﬁed w the prcsence of thc Islcts of
'-Langcrhans They form"the endocrisie part of paitcreas, | . They are . spherondalmassm o '33"5 .
. They arc pale staining cells, in the. form .of irregular, cords. between. the cords ofcells"arc

capn!lanes The islets ‘of Langerhans is separated from the rest.of surrounding ammnc_ acini,
byathmca'psuie ofreucukr%res. Tmetypasofwﬂs mmsm‘dmi“
| 5_"a cells* Alphaceiis sccmte lhchormonc g.‘lucpgou. lt ramﬁie blOOd sugar h‘-’*"l, bvwomﬁwa

:,'__5.;.
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Fig 32.4. Diagram of a sinali portion of the pancreas a8 secn by low-power elcctmn RCTO-6C0PY- .1‘ Acinous
{exocrine). 2. Acinous. 3, Mitochondria. 4. Nucleus. 5. Nucleolus. 6. Zymogeh dropiets. 7. Eadocrine Islet of
langerhans. 8. Alpha cells. 9. Beta cefis. 10.Capiliary 11.'¢ ¢ell. 12 Delta Cell 13, Con-ective tissue. 14, Ducts.

B (Beta) cells: They occupy central position in an “let. Beta cells produce insulin glocogenesis
conversion of glucose into glycogen and also. Insulin promotes the transfer of glucose across
céll membranes, particularly those in muscles and lhiver. Subsequently blood sugar level is
lowered.. Glucogon and insulin are antag(mistic in their functioning.’

& (Delta) cells: These cells are found among alpha celis. Approximately they. form 4% of
{he cells. They secrete gastrin in small atounts. It is similar to the gastrin severed by the
stomach. ' \ o ' : D

2.5 HISTOLOGY OF STOMACH

Stomach is the widest part of the alimentary canal (Ref. digestive .' system of Rabbit).
Distinguished into three regions as the cardiac, fundic and pyloric. Histologically it consists
of the following four regions_ (Fig. 31.5) - _

Inner most MUCosa Tegion i thick and fofms a mass of the gastric gland which open on the
surface by gastric pits. The gastric glands are simple tubular or branched tubular gland which
extend deeply to reach the muscularis mucosa. The lamina propria (Aerolar conneclive
tissie) spreads to occupy the spaces between glands. The frost important glands of the

" stomach are the fundic glands in the fundic region. They. produce the majority of the enzymes
“and hydrochloric acid and some mucous. The mucous is secreted by the mucous neck cell,

‘between which arc parictal cells oxyntic cells secreting hydsochloric acid. The base is composed
mainly of chief or zymogenic of poptic cells which secrete the enzymes pepsin and rennin.
Throughout the gastrointestinal tract there are endocring MUCOs: cells that bave been termed
enterochromatffin cells. In the stomach one such cell type secretes the hormone gastrin (Ref.
the physielogy of Digestion). The lamina propria (oohnectjve'tisSue)- is scanty, owing to the
masses of cardiac glands. Muscularis mucosa is composed of the smooth muscles, arranged
into imer circular and outer longitudinal layers. It is better developed in the stomach. Its
contraction squeeses the gastic juice into the lumen. o -



FE3R5A TS ofstomach B. Porhonol's(omach(ma;mﬁed) LMmaZ.Submuoosa 3. Muscularis. 4.
Seroza.-5. Simple squamons epithelinm, ﬁlmptudma! muscle fibres. 7. Circular muscie fibres. 8. Blood vessel,
9. Muscularis mucosa. 10, :Peptic cells. 11 Tubula:glands. 12. Oxyntic celis. 13. Simple columnar eplthehum

Sub mucosa: This is the ﬁbro connccuvc tissue - rcgon with collagenous, reticufar and elastic

fibres. The cells present in the mycosa. are: fibroblasts; macrophages, plasma cells, lymphocytes -

‘and some fat cells. The sub mucosa conéaing blood vessels, lymph and peripheral nerves.

* Muscularis: The smooth muscle ﬁbrcs are onentcd m tllrnc different planes The inner most

layer is obhquc, the middle one is circular and the outer most is longitudinal. .

Serosa: The serosa is covered by a mesothtﬂial fayer. of flat cells. The peritoneum is joined

' to the ‘muscular coat by a thin sheet of loose areolar tissue. It contams vessels and nerves.

326 'IN'I‘ES_IINE

Mucosa: The ‘mucosa of thc small miestme is spccmhsed to form small ﬁnger like or leaf
like projections of the mucousmembrane called, villi (for increasing the surface area absorption).
Each villus is covered, by columaar epithelium and has a core of lamina propria. Crypts or
intestinal gland (of Lxeberlmhn) are tube like structure formed by the mvagmat;on ‘of ‘the
~ interstinal cp:thehum and openmg between the bases of villi. Between the a'ypts is thc lamma

propris.

To further increasc the absorptlvc ‘'surface of ‘the intestine, the colunmar absorptwc eells.

covcnngvﬂhandhnmgcryptshavenumeronsnicroﬂﬂmsprm The cpithelium of the
~ intestinal mucosa is simple columnar in type. There arc more than onc cell type in it,
-consrs&ngofthecolumnarccllsmhstnatedbordcr gobletcells,cnterwhmmaﬁncé]lsand
: othcrsasdxswssed below: R _
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UM“"’ hmm“‘mm{m@.mﬁemmﬂd
ceﬂs‘hnhrcplaceothercaﬂsbolhmayptsandonvﬁ'-;f

iatec w&mm&hmlk. Thcyaropreoent

lysozyme,anenzymewhlchbreaksdmbaam_

Goblet celis: hulcrshnalwﬂg,theremgoblu wﬂsfomdmttcredbetwenmhnnmrcells. .

s, Gropac: they aeqmre the goblet shape.
affig oellswhad: are. endocme in nature are found both

MAmmo(d-oécnmnmpnﬁed 1. Stmpiea]uamouiepuhdM2 Setosa.3 chuhns.tl Blood
veml.s ngtmdmallayerCuculanayerTCryptsorbebcmm 8. Submucosa. 9. Lacteal. 10. Simple
_ oohmepuneﬂnm 111,,.npboqnes1zvau 13. cxmmmuscbﬁbmumgmamammrmw
- Muscularis puscosa. 16. Mucoses 17, Gobletcells. -

Sub mucosa: ‘The sub mucosa is made up of ‘the connective tissue. It contains blood vessc]s,
nemﬁbresandnsalreadydiscussedmthescctmofstmmch. The submuc,osaofthe
duodenum is having compound tubular diodenal glands, termed the Brumner’s glands; They
open into the crypts of Liebcrkuhn, The secretions of these glands along w1th that -of the

.'cryptsoflmbcrknhniormsthcmtcstmal]mceor;msenwrkus

Muummmmmlarmm@msuofthemrwwaﬂymmmedwmmmlmmd

thckm@mdmallyarrmsedlong:mdinalmusckﬁbres.

Serosa.Asmstomach,serosalsomnposcdofmesothehnm(pmtoncm)andwmemvemuc -
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aortamtheabdomm&l

' bean shaped Kidneys; qge__oq,qth_a_r side of the dorsal
A cross sect:on of;tﬁc cidne "I.rw:ais that it is endoscd \mthm a mnwtme tissue capsule.
The idierior oftheixdncyudlffcreuuamd mtoapcnphe:doroutcrcom:xregwn and an
inner or cemtral medulla region ‘with striated appearance. The glandula: part of each kidney

is compowd of a _mmpltiﬂstm of - coited uriniferous tubules or ncphrons There are as
' ' ﬂc:h kldncy of rabbﬁ Nepbron is’ &n excretory unit. (For

dmgrams refer \umf‘

Tﬁerﬁrsapalrofdarkred'_ o

) ﬁ@nv TS ofkidnzy(apoﬂhﬁmaplfed)l Capsule_l&dlomdmnvdmedpmofuﬂntfemtubuh"'."” '

B .3"6%&%wmmscamk 5. Connective tissue with blobd capitlaries: 8. loopcdyeponofumfetous'
' - tubules.?McduIla.&(brm: n .

Each uriniferous tubule stafts as a double walled globuiar Bowman’s: capsule (wnth squamous

.'--cpnhehum} from the cortex regioh.. 'Hze cavity of the Bowman's capsul¢ contiins & bunch

of cipiiaries known 4s the glomerulus. - the’ bowman’s capsule and a glomerubis togl:ther- :

 constitite & Wp’ﬁlghian body. ‘ From the Malphighian body the  uriniferous tubule

as a proximal convoluted tubule (with cuboidal ciliated epithelium). Then it is cmmnucd in

' the medullary regiom as the U shaped Henle’s loop. From ‘otber limp of the loop of Heale -

forms the distal convetuted ‘portion in the cortex region. After this the wuriniferous tubules

~ join with one another to form the collecting - tubules.. The collecting tubules converge at a

pomttoformacnnlmlp}nmld. Tmpyrmdxsapphcdtotheexpandedboglmmgofthe -
*ureter called the pelvis ofthehdney .

The” nnportant function -of the: kidney is the Separation of thc urea (manufactured in’ lﬂcr).- -

from thbblood and 1ts rcmoval from the body (Refer tunt 29 for anatoumcal de‘taik.}

328 TESTIS

Awmhefuﬁsmmpﬁsemommmmm aaehonemmpm

byagermlnalepithdiumcomposedofcuboﬁalcellsmthfewpymmidalseﬁollorsuhtﬂtac&r' . .-
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Fig. 32.8. T.S. of Testis. 1. Tunica albuginea. 2. Seminiferaus tubule or crypt. 3. Connective tissue. 4. Sersoli cells.
5. Nucleus of sertoli cell. 6, Spermatozoa. 7, Spermatids. 8. Primary spermatocytes. 9. Spermatogonia.
10. Interstitial ceils (of leydig). 11. Capillaries. 2. Basement membrane. -
nutritive cells among them. Mitotic division of the germinal epithelium produces rounded
cells, the spermatogonia. They multiply by mitosis for some time and develop.into primary
spermatocytes. The meiotic division of cach primary spermatocyte forms two haploid secondary
spermatocytes and from each secondary spermatocyte two haploid spermatids are produced.
The latter attach to the sertoli celis and undergo metamorphosis to form spermatozoa by a

- process called spermatogenesis. In the cross.section, various cellular layers exhibiting the
‘different stages of spermatogenesis described above are seen within the gbr_minal epithelium.

329 MAMMALIAN OVARY

The mammalian ovary is solid, small, round or oval body. It is situated behind kidneys one
on each side nearer to the dorsal body wall. It is covered by visceral peritoneum, Inner to
the peritonéum is the germina epithelium of cubical oclls. Interior is differentiated as the
peripheral cortex with follicles and deeper medulla. The stroma is composed of fibrous
connective tissue with a little: unstriped muscles. The stroma contains blood vessels, nerve
fibres, Graffian follicles in various stages of development, corpus luteum or its degenerating
stages called corpus albicans. .

Germinal epithelium . undergoes mitotic division to form new cells the oogonia towards the
‘stroma. The ocogonia in the form of ovigerous tube or egg tube project into the stroma. It



ot e e b e i

Ia:&detachesfmmthegcrmmalep:tbef‘umasﬁmafeeﬂs,theegnesl Oné cential

. cell of the mass becomes the primary oocyte. 'I‘heremammgocllsformaregular]aycri:f'

the follicular epithelium round the oocyte and nourish it. This strucfure so formed is called

‘the Yoling or primary: foificle. “The ‘folticular cpithitliom becomes several layered thick by the
* continved d:vls:on of its celis. Thc developmg fom‘smks to oecnpy a decper ‘postion in
g 8 medulla SREIEHE

There develops a cawly in the follicle-the follicular cavuy or ‘antrum, filled with a scmiviscous
fluid the. liguor follicull secreted by the follicular cells. The follicular cavity widens and is
surrounded by a compact granular cells forming membrana granulosa at the perq;u]:cr}T Thc

membrana granulnsa contains theca laterna, ‘consisting of spindle shaped oel.ls, dense conncctive

tissue and small blood vessels. The inner rounded cells form theca interna with connective:

“tissue and a met work of ‘eapiflaries. .

Fig.329Sect|onofthcovsxy1 Ovrgcmustube epithelium. 2, Stroma. 3.Stlgma 4. Germ cells, 5. Oocy-tc
6. Follioiar cavity, 7. Membrane granuiosa. 8. Basement membrane. 9. Corpus luteum. 10, Follicular cevity.
11. Manylayers of cells 12. Foilicular cells. 13. Young Graffian follicle. 14, Genmnal epathelmm '
: " 15. Msture Graffian follilcle. .

Thc oocyte along wrtﬁ a fcw layers of follicular ce]ls is found attached to the membrana
granulosa on one side by a.stalk of follicular cells, the discas proligerus or cumualus protigerus
. or cophurus. or simply germ- hill. Such a follicle is a matured Graafian follicle, "The matuse
- Graafian follicle. being lighter (due to accumulation of watery fluid) riscs to thc surface of

the “cortex and. occuples thc eatirc width .of the pit in cortex. It bulges at a point called -

stigma.: .

~ The oocyte acqmres two membranes ’I’hc inner thin vitfelline membrane and the o olifer tlnck '

~ cleat non-cellular zona pe]luclda.' The latter 'is surrounded by corona radiata ‘made up of
__';cn]arged folhcufar cells with' fing processes between them. It imparts a striated appearance
.._"v".m the corona radlala and allows passagc for nounshhlent to the developmg oocytc; G




Each peripheral nerve comprises. of husdyeds of nerve fibres. Each nerve fibre. is-made of

a.oentraly placed axon surrounded:by myelin sbeath and neurilemmm. . Single fibre is enclgsed
within a thin connective tissuc covéring called the endonenrium. Many such fibres are grouped
to form perineurism or internal perineurium which is also made up of connective tissue

‘and forms fasciculum. The connective: tissue' cnclosing togethér numerous sich- fasciculi is

kaown: as epineurium or "é'x_i:erna'l_ perineurium. The connective tissue contdins ‘sections of

Fig. 31.10. A T.S: of nerve; B. Transverse section of spinal cord. 1. Axon2. My¥ine and neurilemma. 3.
Endoneurium. 4. Peringuriunt. 5, Fascicules. 6.Vein 7. Artery. 8. Epincucium.9. Pia mater. 10, Arachnoid
miembrane. 11. Dura mater. 12. ﬁp@!.‘fuqigpﬁs: 13. Dojsat septum. 14, Dorsed hom. 15. Grey malter. 16. White
matter. 17. Veatral horn. 18:Central cansl. 19, Ventral fissure. 20. Bltiod vessels 21. Ventral funiculus. 22, Lateral

. L ' funiculus. REPRERS -

(Ref. Nervous tissue 31)

32.11 - SPINAL CORD

Spinal cord is the posterior continuation of the - brain (medulla ablongata). It is a long
cylmdncal structure, which passes thr_.pggh the newral canal of_ the vertebrac. o

" A cross sedtion of the spinal cord shows a contral camal in it, which is continuous with the

ventricles of the brain. It is.lined by cuboidal epithiclial cells: with few cilia forming the

~ ¢pendyma. Central canal contains the cerebro spimal fluid. "It ‘is suirounded by two fypes
" of nervous tissue, Inner gray mater and the outer white matter. ‘The gray mater is H-shaped

in cross scction and is composed of multipolar nerve celis in groups, mon-medullated nerve
fibres and neuroglial cells. The anterior and posterior limbs of the ‘H’ are called the anterior

_and pesterfor horns. They extend into the surrounding whltematter and ‘a’ire_.'coil't_ihﬁéd"'_into.

the spinal nerves. The white matiq,:'forfh_ed by medullary nerve fibres and neuroglia surrounds
the -gray matter and is divided into three such funicult: a dorsal funiculus on the dorsal side
of the spinal cord, veatral fumiculus between the ventral dorsal horns, and pair of lateral



funiculi between the dorsal and ventral horns on each side. In the mid dorsal region the

* white matter has a dorqal scptum and another situated mid venirally, the ventral fissure.

Meninges

Three protcctxvc mcmbranes {meninges), thc inner vascular pia mater the mlddlc arachnoid
and the outer thick dura ‘meter cnclose the brain and spinal cord. Space between the pia
mater and arachnoid miembrane _m_ﬁlled by the nutritive cerebro-spinal fluid.

32’.12' LUNG

The hings are paucd organs situated onc on each side of the thoracic cavity, They are
invested by the visceral pleura. On entering a lung the bronchus undergoes repeated divisions

to form 3 branching system. It consists of bronchioles terminal bronchioles, respiratory

. bronchioles, alveolar ducts, alveolar sacs and alveoli. This branchmg shows a: rctrogrcsmon
in the size of the tubules and their histological structure.

The epithelium changes gradualfy from a pseudostratified variety to ciliated columnar type

in the terminal bronchlolc The comnective (issug around the epithelium is rich in elastic
fibres. There is a region of smooth muscle fibres surrounde.d\by the adventitia consisting of
a thin layer of fibro elastic connective tissue. Distally in the respiratory bronchiole, there is
cuboidal epitheliuom. outside the mucosa, the wall is very thin. Containing elastic fibres and
scattered smooth muscle cells. Af the distal end the respiratory bronchioles divide into two
or more short cone shaped, thin walled, irregular alveolar ducts. The simple squamous
epithelium is supported by a very small amount of fibrous tissuc. The alveolar sacs consists
of a cluster of respiratory of pulmonary alw,oh The wall of the alveoli is formed of a single
layer of moist, squamous epithclium and is covered by a network of capillarics. The alveoli
_ capillaries other blood vessels and branches of the. bronchus are all held together by an elastic
- connective lissue having smooth muscle.

3213 SPLEEN

Spleen is the largest of the lymphoid organs, It is the only organ specialised for filtering

blood. - It consists of a soft pulpy mass surrounded by a capsule, which itself is composed

of a densé fibrous connective tissue containing numerous elastic fibres and smooth muscle

fibres. From the inner side of the capsule, strands extend jnto the pulpy moss as trabeculae

“and divide it into compartments or lobulcs Artery, vein and nerve a}so accompany the

trabecu]ae

The pulpy substance is of two types: the white palp and the red pulp. The bulk of the
pulpy mass is made up of the red pulp in which are the patches of white pulp. Both the
- pulps arc formed of reticular tissue and splenic cells. Comparatively the red pﬁlp is having

less of reticular tissue but more of free erythrocytes which give it red colour. In the white

pulp the reticular tissue is dense and contains white corpuscles. Splenic cell act as phagocytes
and destroy worn out red corposules. . It is an important haemopoictic organ, producing
lymphocytes. It acts as a storage organ for red cels. it filters the blood. The producuon_
of anti-bodics is anpthcr lmportanl functlon of ‘the spleen.

251
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Fig. 32.11 T. S. of spleen. 1 White pulp. 2. Red pulp. 3 Artery of malphighian venous corpuscle. 4, Sinus
o 3. Fibrous trabecala 6. Penicilti of white putp. 7. Capsule. ' '

3214 SUMMARY

In this unit, -the microscropic detailed structure of the _Varipus organs is discussed. The

‘mammalain_liver is composed of 5 lobes, cach lobe consists of several rows of cords of

parenchyamal cells (hepatocytes). Each lobule is covered by a fibre-connective tissue called

Giisson’s capsule. Glisson’s capsule ‘is absent in man. Kupfler's cells are found lining the

sinusoids which are phagocytic i.e., enguif the degenerating erythrocytes, pigment granules and
iron containing granules. Liver is an important organ regulating various chemical metabolic
activities and is often described as chemical work shop of the body. Pancreas is a endocrine
organ and consists of several acini (lobules) and islands of cclls called langerhan's islets with
3 types of cells viz, a, B & y. The wall of the digestive tract consists of 4 layers viz, Serosa,
muscularis, Submucosa and mucosa. Lamina propria is well developed in the stomach wall.
Tubular gasiric glands contain chief and oxyntic- cells in addition to goblet cells. oblique
muscles only seen in the stomach, The intestinal mucosa consists of column, paneth, goblet
& enterochromaffin cells. Villi crypts of lieberkun, payers’ patches arc charactéristic of '-
intestinal wall. Kidney is differentiated into outer corlex and inner amedulla, The Malphighiaa

. capsulés and ascending conveluted lobule lic in the cortex while the descending coﬁ_volu{cd

lobule, the Henle’s loop and the collecting tubules li¢ in the medulla.

" The testis is formed of the seminiferous tubules consisting of cuboidal cells with cells .of

setroli.

There also lic lhe_. interstitial cclls (leydigs cells) in th_é stroma which are _cndbcriné.s in function.
The ovary again contains outer cortex studded with graffian follicles with maturing and matured

_ova while the medulla with the vascular stroma.

Theca interna seems o secrete estrogens.. The. graafian follicles after ovulation produces

~ corpus luteum which in turn produces progesterone.

The Jung alveoli are lined by the squamous. epithelium, ..'S}')lcen is the largest lympboid organ.

v



The spleen pulp is composed of whlte and red pulps. The . spleen is haemoponellc as we]l
as the phagocyt:c organ for thc worn out cells.

3215 MODEL EXAMINAT!ON QUESTIONS

" L Answer the following in sbout 30 lines. 3 |
“ 1 Descrﬁ)e. the histology. and enﬁmerate the functions of fiver or pancreas of rabbit.

2. Sketeh and label the section of the mammahan ovary desmbmg the process of
maturatlon

I Answer the foﬂowing in about 10 lmes

-
B

What is the cndocrme part of pancrcas"

2. Sketch and tabel the section of stomach or mtcstme Write a notc on its charactensuc
features.

Dcscribc' the microscopic structuse of the testis

.r:"}

4. _Dcscnbe the minute structpre of spmal mr¢
5. ‘Writc a nozc on the hastolegy of rabblt lung

- 6. Write a note on the splecn

o —— .
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331 OBJECTIVE

® This urut describes the kinds of cggs, process of fertilization and later development of Zygote. .

332 INTRODUCTION

Orgamsms develop, grow and die. In nature however, their numbcr is mamtamed for

. perpetuation of the race. This multiplication is possible by way ‘of reproduction in several
successive processes like gametogenesis, fertilization, cleavage, organogenesis and growth, Thus
the transformation of a single fertilised Zygote celi into the muylticellular, well-orgamsed adult
like its parents [ontogeny] -constitutes an important branch of biology, embryology. This study
of dsve.lopment of a species i.c., ontogeny reveals the evolutlonary path way [phylogeny). This .
paved the way for the Muller and Haeckel’s biogenetic or recapitulation law which is popularly
stated "ontogeny recapitslates phylogeny”, “Embryology now a days is calied as ‘Developmental
Biology’. To a medical student, developmental biological studies are of particular interest.

333 TYPES OF EGGS

The ovary has an eplthehal laycr consisting of gmninal cells. Each germmal cell undergoes
the stages of proliferation, growth 4nd maturation in a sequence which has been understood
in the foundation course already, as the. oogenesis. During tho growth and maturation stages,
the egg cell accumulates resérve:food materials, in particular the - yolk, which consists of
proteins and lipids. The volume of nucleus increases hence it is known as germinal vesicle.
This increase is because “of the deposition of large amount of nucleoplasm in the nucleus.
When two siccessive maturation divisions take place, the homologus chromosomes. exchange -
their genetic components and reduce half to original number specified for a -specics.
Consequently, only one set of chromosomes, the Laploid, remains in the cgg. Second polar.
bodylsextrudcdsoonaftcrthefernhzahontakesplaoc Allpolarbodlcsdlsmtegrateand
dlsappear Thus: only mature oyum remains at the end of oogenesis.

-An- egg-cell is enclosed by a thin vitelline membrape, Mng ocoplasm zud a large nucleus,



The ooplasm is filled with yolk or deuteroplaws which is meant for nourishing the ‘growing

“embryo. A large ‘nucléolus of several nucleoli dre oftén present in.the nucleus. .

P |
= 4
F

Fig.33.1. Types of eggs. AMesoiecithal (Teiolecithal) BMicrolecithal(lsolecithal or

homolecithal) C. Centrolecithal I. Macrolecithal(Discoidaf) 1. Animal pole 2.Vegetal

pole 3.Germinal vesicle (Nucleus) 4.Yolk 5.0aplasm 6.Vislline membranc 7.Nueleus.
On the basis of amount of the yolk and its distribution in ooplasm there are chiefly three
types of eggs. namely microlecithal, mesolecithal and macrolecithal {Fig33.1-AD) When'
yolk quantity is less the egg is said to be microlecithal. In ‘such ‘eggs if the distribution of |
volk in the - ooplasm is uniform the type of egg is homolecithal or isolecithal eg. Ascidia,
Amphioxus; eutherian mamimals, Mesolecitbal egg contain moderate quantity of yolk as in.

~ Amphibia and fung fishes in which yolk is concentrated at vegetal pole of the egg hence the |

term 'teiOIet_iithai is applied' to such gas. - Macrolecithal eggs possess a very large amount of
yolk almost filling the ooplasm cntirely leaving only a' small amount of ooplasm with nucl-us
at the ammal pole like a migute disc. Such eggs are otherwise known as discoidal eg. Reptiles
and Birds. In insects beavy améunt of yolk accumulates in the centre of the epg when it is
called as the centrolecithal. The ooplasm envelops the yolk in this case. '

The egg is surrounded by cgg membrancs. Immediately outside is primary gL membrane
or vitelline membrane which is secreted by follicle celis or ooplasm itself. In tunicates and
fishes this is called as chorion. - Zona tadiata and zoua pellucida arc the primary membranes
which develop in mammals. - o o |
Secondary egg membranes are secroted by oviduct which. ihclude.the'shel],_ secreted by shel'

glands. of oviduct as in sharks, reptiles and birds. In-Amphibia the cgg is surrounded byi
layers of jelly to make the egg to adhere to one another, and to submerged objects in..._w_atcr.}

" In birds many secondary membrancs -are formed as seen it a hen’s egg. The outer moslr
" membrane is a porous shell, next two are thin shell membranes. followed by thin' and dezse:
albuminous layers (White of egg) surrounding the vitelline membrane. . .

L
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334 FERTILIZATION

Fertilization is a process davolving ihe approximation of male and female gametes followed
by the fusion of their nuclei. and cytoplasm (Fig.33.2 A.C)). - According to the place and
. medium there are two kinds of fetilization processes: esternal fertilization occurs in water
' ‘outside the bodiés-of parcnts e.g Frog. In reptﬂes birds and mamshals spérms are discharged

| into the cwduct where the eggs arc intermally fertilized. On coming in contact with the =

" ovum, the spermatozoan attaches its head to the egg and becomes motionless. The ovim
'produccs a glycoprotem called fertilizin (species specific) and another species specific protein

' called autifertilizin is produced by the sperm. Both react like antigen antibody and form a

- chemical-Jock betwccn the two. Thus process is called ‘capacitation’ and as a result many

sperms adhere to the surface of the ovum, The sperm’s acrosome now produce an enzyme, -

_hylurldinase which seems to dissolve the egg mcmbranes A fertilization cone protrudes from
the egg and receives the nucleus of sperm along with its middle picce.” Both pronuclei (sperm
and egg nuclcl) fuse with each othcr {amphimiris) to form a zygote nucleus.

_ Flg:i?» 2 Procm of femhzamn Asperm approachmg the egg B.Fusion of mal¢ and
" femalé pronuciei C. Zygote 1.First pelar body 2 Egg nucieds 4.Male and femaje
pronuclei 5. Fertitization cone 6. Zygnte nucleus 7.Seoond polar body.-

_Fcrt:hzatmn actwatcs the egg to start further development, The fusion of male and female

pronuclei ensure the specific. diploid munber of the animal species, further introduces genetic
variations in the specws . ' o o

| ess_s;'c:LEAvAGE.

Immedxately afwr fernhzatlon, the actwated zygote passes through a series of clcavagcs throug;h
successive mltonc cell chvusmns The  resuit of the cleavagc is the formation of a complex
multicellular body from a umcellular Zygote, Durmg the whole process the general shape of

_ __cmbryo does not changc Thcre is -an mcreaac in the numbcr of ce]ls whose size decreases

pmgresswcly
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' Thc .dcavagc of: fertilized cgg is initiated by the division of nucléu_s and is followed by the
division of cytoplasm so that the zygote divides into two daughter cells known as blastomeres.

In each division cleavage furrows appear in various planes. First fow cleavage planes are

 veitical passing through animal-vegetal axis. Later on cleavage planes are formed equatorially

or transversely.

The plane of cleavage. is decided by the position of miototic spindie formed' during the
cleavage. As a rule the place of cleavage remains always at-right angle to the long axis of
the spindle. If the spindle is oriented transversely to polar axis, cleavage will be vertical,
conversely if the spindle is parallel to polar axis the - divisions will be horizontal or transverse. -

Usually the plane of first cleavage is vertical passing through central axis of the zygote.  The
second is also vertical but at right angles to the first plane giving rise to four blastomeres
in the same lane. The third cleavage plane is tranisverse which is at the right angles to the
first two planes and polar axis. Thus eight blastomeres are¢ formed-four usually of smaller

~ size at the top (animal pol¢) the micromeres and four usually of large size »* the bottom
- (the vegetal pole), comprising the macromeres (Fig.33.3 AF). T

The arrangement of blastomeres in a cleaving egg show various patterns. When upper tier

of blastomeres lies over corresponding blastomercs of the lower tier, the cleavage is said to

be radial eg. Echinoderms and Amphibians. Spiral dleavage when all blastomeres of upper

tier come to lic over junctions between each two of the vegetal blastomeres. This is because
of the oblique position of the mitotic spindles. - During third cleavage four oblique spindlé.s

are arranged in a spiral manner in respect, to the main axis of zygote. Spiral blastomeres

tier may take a turn in a clockwisc or anticlockwise direction when they are said to be dextral
and sinitral cleavages respeciively eg. Annelids, Molluscs, Nemerteans, Polycladia. ' '

~ The differences in the size ‘of biastomeres in the first two divisions establish in some animals

_bilateral cleavage. Two of the first blastomeres may be larger than the other two. These .
two establish bilateral symmetry which becomes more obvious in subsequent cleavages eg.
Tunicates, Nematodes.. ' ‘

On the basis of total range of developmental pétentiali_tics of the blastometres cleavage is

~ defined as determinate and indeterminate. The formation of blastomeres with fixed embryonic

development is known " as determinate cleavage. When such blastomeres arc separated, each
blastomere is capable to develop only fixed part of the embyro eg Anneﬁqa, .Moll_u.sca,._On
the contrary in indeterminate cleavage such separated blastomere has the capacity to form a

- complete embryo €g. Echinoderms, chordates.

The role of yoik can not be anderestimated in the process of cleavage as it is always present

" in the egg in lesser or greater amounts. Cleavage occurs. rapidly in ggs containing less yolk.

When yolk quantity -is more in an egg. It retards the process of mitosis and prevents the
cleavage plane to extend over dense regions. Thus the yolk influences the course of cleavage.

‘The result of this influgnee is that the zygote nucleus is displaced owing to the ‘heavy

deposition of yolk at th? vegetable pole. - The cleavage rate in this area falls which results
in -unequal sized blastomeres. When zygote undergoes total division forming separaie
blastomeres right from animal to vegetal pole at a time, it is called as total or holoblastic
cleavage cg. Amphioxus, Placentals. This occurs in microlecital egg. .In highly telo__lccit_hal
or macrolecithal eggs, the cleavage remains restricted to the discoidal area of cytoplasm of
the egg at animal pole eg. Bony fishes, Reptiles, Birds. Such type is termed meroblastic. In
centrolecithal eggs, superficial cleavage occurs; the cleavage planes are restricted to the surface



“layer of the ege cytoplhsm'-as observed mmsects.

" Fig333.Cleaige. AZygote B.Twocell stage: C.Four cell stage DEight cell stage
© -~ ESixteen cell stage FThirty two ¢ell stage 1.Blastometre 2.Micromere 3.Macromere.

336 BLASTULATION

~ The repcatéd'cleavagg.s result in a mass ‘of blastomeres which form into a ball of minute
cells. . As the cleavage proceeds further, the blastomeres arrange themselves into a single cell
thick fayer known as blastoderm, Inside the blastoderm a cavity appears, the blastocoel, -
which is filled with a fluid: This hollow, spherical embryonic stage corisisting of single

- layer of cells is called as blastula (Fig.33.4 A), and the process of its formation is called.the
blastulation. The blastula of different animals are named differenty, Blastula of Echinoderms
and Amphioxus is called coeloblastula and that of Amphibiass. 4 amphiblastula and that of
insects superficial blastula and that of fishes, reptiles and birds as discoblastula.

L " Fig334. A Blastula B.Gastrullation Isvagination 1Micromeres 2, Blastoderm 3Blasiocoel
iy e 4Macromere S.Animal pole 6 Vegesgl poke 7 Ectoderm 8.Endoderm 9. Archenteron 10.Blasropore.
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337 GASTRULATION

Gastrulation is the process during which the single layered blastula s transformed into two

" layered form known as gastruls, In higher forms of vertebrates (discoblastula) three distinct

germinal layers are.cstablished by the end of gastrulation. The process involves the displacement
of the cells (blastomeres) of the blastoderm by morphogenetic. movements, from one place to
another. These movements can be grouped under two heads : '

. (A) Epiboly: These marphogﬁncﬁc movements occur in ectodermal blastomeres {micromeres) |

which flatten, divide rapidlly, expand, eventually spread over and envelop inwardly migrating
blastomeres of prospective- endodermal and mesodermal cells. : ) o

(B) Emboly"l‘hese morphogenetic mavements are concerned with mward migration of future |
notochord-mesoderm forming and esdoderm forming blastomeres fromn the blastodermal surface

of blastula and their cxtension to form ‘the main axes of the embryo. In different groups

_of animals-this may occur in the faﬂowmgways which are very common:

@ lﬁvnglnation:. This term nnphcs‘m tuchng’ m‘ ‘insinking’ of layer of endodermal cells
(vegetal region) into the blastocoel, the process resembles to that of a balloon which has
been pushed in with a finger in a region (Fig334 B). - .

(ii) .Ingression: The endoderm forming cells migrate from the surface of blastula inwardly in
a simple manner by amocboid types of movemeats. 1., several different and separate inward
migrations of one or more cells. Hence it is also calied polyinvagination (reptiles, birds and
(iif) Delamination: Endodermal cells either bud off or. éeparate_ as a wl_lolc 'she'c; mto the
interior of blastula from the blastoderm as scen in meroblastic cggs (Fig33.5 B).

A
Fg11S. Gastrulation AJnvolution B Delaminati
'3 Bndoderm 3Blastoporsl lip. 4 Ectoderm. 5.Trophoblast 6.Yolk

(iv) Involution: This method -invohrcs. rolling of endodermal biastomeres ﬁ‘om vegetal region

" of blastula and spreading of such layer underncath the surface layer of blastula, The cells

of outside surfacc of blastula converge towards external margins of the blastoporal lips
wherefrom the cells gradually rolt inwards. This can be well illustrated in the movemeats of
chordamesoderm cells in Amphiaxus, birds and frogs {Fig32.5 A). o

Ultimate result of emboly :_-'i‘S' the production of an embryomc stage in which the embryo is

* two layered - an extermal ectoderm and “an internal endoderm. - Further. morphogenetic

movements of endodermal cells bring about & new interior ;avity, the archeateron (primitive



“gut), roof of whlch possesses chorda- mesodermal cells, Extenor opcmng of the archentcron

is known asthe blastopone whose dorsal, venl:ral and lateral margins are named as Tips’
" which particularly play an’ important role in the ‘morphogenetic movements and mesodesm
formation. As a consequence of gastrulation blastocoel is obliterated. In late stage of gastrula
~ all the three primary germ layers appear along with notochord. . By staining with vital colours
' to moving cells, charts are drawn up, named fate maps, showing in pamcular the fate of
cach part of the embryo at late blastula stage. Thesc maps show the limits of organ
forming substances. : o

.. The three germ layers give rise to the various tissues of the adult. Ectoderm gives rise to
the integumentary system, nervous system, sense organs, anterior pitutary, having of stomodacum
- and proctodacum, endoderm gives rise to the lining of digestive tract, Tiver, pancrease, :

- respiratory system, bladder, certain endocriie glands (parathyroid, thyroid, thymus), lining: of
vagina, urethra and associated reproductive glands, auditory tube and middle ear etc. And
the femaining tissues like skeletal, cirailatory, excretory, gonads, genital tracts, coclom, dermis
and muscles dcvclop from mesoderm.

338. SUM_MARY

In this unit certain general principles of embryology discussed in brief. The eges are broadly
 classified into 3 types viz, mlcroleclthal, mesolecithal and megalecithal ‘depending upon the
quantity of yolk present in the ege.  The amount of yolk present will determine the cieavage
ferrow {holoblastic -or meroblastic] after fertilization or amphimixis. The acrosomal part of
. the sperm produces an enzyme called hyaluridinase paving its way.to make entry. The position
* of the mitotic spindle determines the type of the cleavage viz, radial or spiral cleavage results
in the morula. a ball.of mass of cells which transform into a hollow ball of minute cells,

biastula with the cavity blastocoel. The blastula ‘now converls into gastrula, obhteraung the -

 blastocoel. ' The gastrula encloses archenteron [primitive gut] lined by endoderm, opening out
by blastopore with. dorsal, ventral and lateral lips. Soon there develops mesodérm in between
the outer ectoderm and inner endoderm. Thus now the gastrula is with. all’ thc three germ
layers which give rise to thc vanons ‘tissues of the future adult. '

i

339 -MODEL EXAMINATION QUESTIONS

L Answer the following in about 30 Lines.

1. Describe. the structure of various types ot' cggs wuh regard to quantnty and d:stnbutlon
of yolk, . _ .

- 2. What:scleavagc?Dnscussntsvanoustypes.
II Answer the l’ollmng m abaut 10 lmes. '
1. Explam the process of’ gastrulauon in geueral
.2 Write a note on fcrtlbzanon.
3. Blastula & Blastuiatlon _ _
4, Morphogenetic movements and Gastrulation.

v
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341 OBJECTIVE

® This Jesson describes the basic embryology of a-prirhitive chordate, bb_irig' very simple. The study
will throw light on all basic stages of development. I R U

342 INTRODUCTION

Amphiomé is a marine chordate living in shallow sea waters forming buﬁdws in sandy cqaéts.'

'Though it is not a vertebrate, yet the process of its. development reveals enough of basic

features of any vertebrate embryology, it also exhibits resemblance o the development of
echinoderms. ' ' :

As in all higher chordates the scxes in Amphioxus are soparate but are. in distinguishable
externally. In both sekes gonads, the testis and ovaries, develop from the antero-ventral parts
of the somites, in two rows. These two rows are situated one on cither side of the body.
Germ cells develop,undergo gametogenesis and differentiate into spermatozoa or ova according
to the sex. Spermatozoan of Amphlioxus is of very sninute size (18 microns) contains a head -
possessing a beadlike acrosome in front, 2 short middle piece and a long vibratile slender
fiagellum or tail. The cgg is small (0.12 mm) and spherical. It contains a very small amount
-of yolk and is said to be microlecithal - homeolecithal. It is surrounded by a*vitelline membrane
only, .secondary membrane being absent (Fig34.1 B). ’ o

343 FERTILIZATION

The gametes are shed by contractions of muscles of body wall, first into the atrium then into®
sea waters through atriopore. A sperm enters the egg whick is at the secondary cocyte stage.



- The entry of the sperm catises actl\?at!on of egg. The ooplasm contracts, plasma ‘membrane _
- separates from vitelline mcmbrane, a Hmd is secreted in between th W.eomemberanes when
the latter is known as’ fertilization mcmbtanc which bars then entry .-‘_mo‘re sperms from
outside. The egg which is: mase.cmdm'yoocyte stage undcljgocs mam‘mby extrusion of
asqcmdpolarbodyncarthcammalpolﬁ, Thespcrmandegnuclclenlargeandbecm ,'
male and female promuclel.  These two pronuclei migrate. towards the-equator, of eggs and -

fuse to form zygotae nudcus. Thss nuclcus is surrounded by yolk free, transparcnt nucleophsm :

34.4._ ORGANIZATION- OF ZYGOTE

- Soon after fertilization  the cytoplasm of the zygote rcarrangcs its substances into various
regions. Near the vegétal pole’ there is greatest amount of yolk and hcnee it is dark. The
animal hemisphere of the egg having less amount of yolk, is transparent.. " On the posterior
side of the egg there is a crescentic cytoplasm., Opposite to this crescent there are two-more
crescentic areas. - On the basis of these four presumptive areas’ fatc maps have been drawn_
whlch rcveal thc prescnoe of thcu' respectwc organ formmg substanccs -

.(1) The dark area, oontammg more yolk deve,lops into cndoderm
(i) Clear cytoplasm develops mainly ‘epidermis. -
(iif) Posterior crescentic area forms mesoderm.

('W)Outofthctwoareasoppnsnetomsodermalmscentthconebclwdcvelopsncrvws
systesy-asid- the. one above notochord. In addition, bilateral symmentryandonentauonofthc :
-mnbodyans:sa]socstabhshedase:dnbstcdbythcclcavagc

35 CLEAVAGE

: The ﬁrst vcxtlcal cleavage is holoblastlc wlnch passes through ammal vcgntal axis tnscctmg the
mesodermal crescent. (Fi g.34.3) It is of indeterminate type. First two blastomcres which arc
equal in size establish bilaterel symmctry of the adult. Each biastomere produoes c;thcr right

_or left of the adult. The second vertical cleavagc at nght angles to the first gives rise to 4
blastomeres. Out of these four two belong to the anterior and the other two to the posterior
part of the adult.. The third cleavage is horizontal as usual, passing slightly above the
midregion, diwdmg' :hc blastomeres transversely into four small niicromeres at the top and
four large macromeres “placed below_ther. - A fourth vertical, fifth transverse and a sixth
vertical cleavages - in"the zZygote- produce 64-blastomeres when ihe cleavage pattern becomes
mcgular and canmot be followcd systemancally, as macromcrcs divide : raptdly

346 BLAST{JLATION S T

As thc clcavagc is- gomg on, the inner surface ot' blastomeres wlnch are in close contact start
secreting a semiftuid, jelly like substance. TThis materisl’ gradually accumulates in the centre
of the mass of the blastomores. This jelly serves to push all the blastomeres outward so to

~ as to arrange them in a single layer of cells (monoblastic) called the blastoderm. The interior
space, b!astocoel or segmmtation uvity is ﬁlled unth ﬂmd. Blastula has one cell



e

A B Amphm:s A.VSofeaﬂyblastula B.Lateblwuhshamngpmmpmmasand
symmetry 1Blastocoel 2 Micromeres 3.Macromeres 4.Notochord 5.Neural plate 6.Endoderm
T.Swond polarbody SVit:llme membme 9.Bctoderm 10Mesodermal cresaeent '

- tinck wall consisting partly of micromeres and partly of macromeres (Fig34.1.A). It is shghtly
- pear shaped. Its pointed and being posterior. The distribution of organ forming substances

(presumptive areas) which are destined to produce organs and systems in future embr}'o are
destined are shown in the fatc ‘map of blastula(Fig.34 1B). :

347 GASTRULATION

As gastrulation begins, six hours after fertilization, the dorsal surface of the blastula. flattens

‘to form an endodermat plate. This then invaginates into the blastocoel to such an. extent
that it almost meets the future ectodermal layer (Fig.34.2A):- Blastococl is obliterated owing
‘to the invasion of endodermal cells. - Thus a two layered gaslrula is formed with a new cavity,

the archenteron which open exteriorly through is known as the blastopore.. Its edges are
termed as lips of blastopore (Flg.34 2B). At this stage the ectodermal oe}ls (micromeres) of
the animal hemisphere divide rapidly and spread out by epibolic process over the invaginating

blastomeres. The blastoporal lips now become main centres of morphogenctlc movements of

_ the blastomcrcs The chorda cclls at the dorsal hp roll in by the process of involution to

form -the roof of archcnt_eron. Venl:ral and lateral hps of blastoporc mvolutc ncarby thc

m“\*gl - Y
s

1
W

2y

R

: mzmﬂmhﬁmwhmwﬁmlm B. Lawg;utnﬂamwmlsecuonlmasmel
2 Micromereés 3.Anterior face 4. Archenteron 5.Posterior face 6.Macromeres 7.Endoderm
' 8.Ectoderm 9.Blastopore 10 Blastoooel(reduced) .



1 mesodermal oclls, wim:h :mgtate up dorsally to a pos:tmn on cather side of the chorda cel]s

formmgapm‘t ofrooi ofarclae;_ngron. Thus eplbolybrmgscoordmmlbpmfen invaginating
fis, ‘result ‘being the &hifting of blastopore to a more. post "pos:ltmn (from.
carly antcro-dorsal) its wductmn in size. It evcntually rcducas mto an- mslgmﬁcant

'-fracnon of ongmal mde opening.
* Now, the late gastrula is shglﬁly clongated and two layered Outcr layer is thB actoderm

which sprcads a!l over except a- ‘broad band of presumptive neural plate dorsally. - The inner’

layer cans:sts of Mm‘e notoehm‘li tmddorsal}y flanked on both sides by . mesoderm bands and
andodcrmal cells spread: M laterally and ventral!y Blastococl oomph:tcly disappears due to
" c.lose cm!tad of these two: iayers

ORGAN OGEN ESIS

_The threc germ layers, (Ecto, Endo and Mesoderms) formcd by the end of gastmlanon, are

- the sources for the development ofallthcorgansofadultammal Theorganogmuislsa
' 's:debyﬂécmﬁmnmspmeessofshamgdlﬁﬂcntmgansystems Therefore, for acmmament
_ mdersmhgm mgatr systcm is mdmdnmiy dssaibcd usder scparaxe hcadmg.

" '34.&1 Formatmn of neural tube

" The neural tube is farmed by the band of presumptive cctodernial cells dorsa!ly At first
these cells_flatten and thicken and separate from the test of the ‘epidermal cetls as neural

" plate; Thas plate smks below so that its sides rise up as neural folds cnck)smg neural § groove.
Soon these folds grow tquia:ds each cther and meet togcther and glvc rise to the neural tube

thh mtemal cavity, the neurocoel. The meeting of the folds bcgl.ns from the posterior md_

and gradually extends forwards. For somictime the neural tube communicates with the hinder

~end of arehenteron by a short neuroentenc canal, Later the blastopore closes. Aanteriorly
the newrocoel opens to the exterior through an aperturc called the neuropore. Later this .

. also closed by the end of embromc penod (Fig.34.3) The process is termcd nenrulation.

: 34.8.2 Indﬁction

Inthcformmonofncuraltubeandmmanyothcrorgans,abas:cpmecsslsmvolvedknm

as the induction, Onc embryomc tissue layer induces the ad}acent one so that the latter

- develops in a parmular way. In all chordates the chordamesoderm(dorsal lip of blastopore)

..hesmtheroofofamhenteronofthela:cgastrula Itlsca]ledasneum!indnctoraslt

mduoesthcneuralplate tobcoomefﬁuraltubc Th:slspossiblcwhenthesetwolaym's

(chordamesoderm and neural plate} come in physical coritact with each other.. Somc chemical

. substances diffuse from the chordamesodermal cells into neural platc cells. 'I‘—hcsr, snbstances
are mlled evomtors (stlmnlators) :

'-Thc anterior’ part- of ‘newrsl plate: induces head organs bcnoe callcd as the Iwnd Indnctor
“The postcnor paft bceomcs the tronk- or spinocaudal inductor which dlﬂ‘prenmtcs trunk
" organs and tait- bud. “The head inductor-in turn induces forebram, ¢ws, ears etc, - The
i chemlcal nature of thése suhstances is' still - not Known. - e
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Fig. 34.3 Amphioxus-Formation of seural tube, notachord and mesodermal sacs. AEarly sﬁgc. Blatcstage
1.Ectoderm 2.Newral plate 3.Notochordal ceils 4. Mesoderm 5.Endoderm. 6.Archenteron 7.Neurel tube
8 Neural canal 9.Myocosl 10.Notochord 11.Mesodermal sac 12.Eateron 13. Mesodermal somite,

34.8.3 Formation of notochorﬂ or Notogenesis

Side by side with the neural tube formation, the chordal cells forming the roof of archenteren
stretch and become arched over archenteron by rolling down movements or evagination. These
cells then separate off from the archenferon, their edges meet with each other in an
interdigitating manner t form the notochord. This is solid rod with vaguolated cells containing
jelly like supporting system (Fig34.3). and this rod is" covered by a fibrous tissuc called
wotochordal sheath. This rod extend through out the length of the body. '

34.8.4 Formation of mesodermla'lssac's

While the above describetl processes are going on, the' mesodermal cells arranged on either
side. of notochordal cell in dorsolateral portion of the archenteron evaginate, Their edges
roll in gradually ill they meet with each othier and cut away from the archenteron as
mesodermal sacs, Each sac contains a part of archenteron as its cavity, hence they are also
named as enterocoelic sacs. “Thesé sacs further grow down between ecotoderm and endoderm
layers, till the right and left sacs meet each other in the midventral line below the archenteron
or gnt. The fusion wall between the sacs soon breaks down to formi one continuous cavity,

‘the coelom or the enterocoel. This process of formation of coeiom is -called as enterocoelic

method. It 45 bounded by two mesodermal layers, namely, the somatoplear made up .of
ectoderm - and somatic layer of mesoderm outside and the splanchmopleur consisting of

_endoderm and visceral layer of mesoderm inside. The mesoderm_which.coﬁei's'thc dorsal

part of coelom, remains intact as mesodcrmal somites. The somites contain a cavity known
as myocoel. The wall of each somite nearer the notochord and nerve cord-becomes thickened
and gives rise to tiuscle cells forming the myotomes. The outer wall or myocoel which is
thin forms the dermatome, from which develop the parts of skin below the epidermis. ‘From
the ventral ends of myocoel form the sclerotomes which give rise to thick connective tissue
membranes, like myosepta or myocommata. o : :

34.8.6 Formation of allimentary canal

" After the formation of notochord ard mnesoderml sacs from the wall -of archenteron a gap

is left on its dorsal side. The margins pf"_the endoderm move up-in middorsal line and fuse.
Now- the endoderm is a closed tube. From this tube arise the major part of the alimentary
canal and its anterior diverticulum (Fig.34.3 and Fig344). .

-



Fig.34.4 Amphnmms annahonofalmentuymnal 1. First somite 2.Neumpare &Mmdetmal_
" somnites 4Neuralcaml S.Epderms ﬂEndoéem “T.Gut mmdmlundpl. R

33 9 Development after hatching

ThehmotAmphixoushatchesoutbythemptmofwt\:lhncmembrmwhennhas
. completed the. formation of nerve cord, 13-18 hours after the fertilization. Long flagella cover
thebodyoflarvawhnchmdmswmmngfreelymthesurfaoemters Ithasmmouthor
. anus and thercfore, xt:softcnreferredtoash‘eeembrwratheralarvaasltmmcapableof
feeding, %bewmeadukthelammdergoesthefoﬂmngpost-hatchmgchanges,almostm >
.8 SeQLEDCe T
Amonthappearsatth:antcrwrcndonthelcfts:deofthcmdventralhncbutsoonshfts
on to the mid ventral line. The anterior d:vemculnm I:ransforms mtowhcelorpn, Hatschek’s -
~pit. and Hatschek’s nephridrum. _
Anammpcarsmasmxlarmanncratextremcpostenorendofthegtuncarthcregwon
-~ of blastopore. A small area of endoderm: fuses with the. ectoderm. At the point of fusion of
the two a pea'foratlon accurs the anal opening. Jt shifts on to the left side. '

Thcre arises on nght side a dwcrncuium from the antenor end of the pharynx wlnd: grown
out into a coiled tube to form a club- shaped gland.

in front ofthcclub—shapcdglandanmvagmanonofdhatedglandular oeﬂsdevclopsonﬂ:e
nghts;deofarchenteron the larval endostyle. Feodmgbegmsalthxsstage :

By the fusion of endoderm of archenteric wall with ectoderm in the phnryngeal rewn
=m1clvcntrally fourtccn primary gillslits appear. Eventually they shift to right side, the fitst
andlastﬁvecloseupleawngonlye:ghtca]ledprmarygdl stits. Dorsal to this set appears
anothersq;ofelghtseoondaqgtﬂshts Now the primary slits remarkably migrate to the left
side of the pharynx. Thusclghtglllslitsareleﬁoncnhcrsxde Fhrthcrmoregﬂlshtsare
. added afterwards on both sides.
Nephndlaappearasblindsacsatthedorsalendsofthcgtﬂshtsandaeqmopcmngto
outside. Hatscheck’s nephridium develops as a small blind tube.
Onthevenlra]mdeofthelarva apmrofsohdcctodermalmetapleuralfoldsansepostcnoﬂy
enclosing a groove. These folds grow anteriorly eaclosing the gill slits. They develop solid
-medmmshclves,callcdeplpleum,whlchgmwtowaxdsmd ventral line to fuse and form the
atrium, Atﬁrst1thasbothopenendsbutlatcronthcpostcnoropemnglsretmnedasthc
atriopore. Finally it grows upwards and surrounds. the pharyngeal region. Dug 10 its growth,
thecoehmrspmhedupandbecomesmsﬂﬁedonthedmalndeofthcpharyuxm
metaplenral folds soon become hollow enclosing lymph spaces in them. '

‘Most' remarkable feature of the larval development is its characteristic asymmetry, (i) mouth
up the left side (i) 2 dmverhculaele&dwerhculumsma]lerwhﬁenghtonelslatgesﬂed



(ifi) Primary, Seoonda:yglllslnsonthcngl__ﬁofthcbody Withregardstothlsasymmctryno
satisfactory explanation kas been suggested. * The mmcal larva feeds on planktonic
food material foraboutthraemonthsiﬂdundwpesmphos:s to become b:laterally

symmetncaladult. ' . _ :

34.10 SUMMARYZ' -

The development of Amplnoxus reveals the enough basic features of any vertebrate embryolog,
Oogenms:specnharmthesensethematurauondmsmsoccura&erovulanons The unfertiliséd
" ovmim is microlecithal 10 to 12 mm] and covered by plasma membrane and another
mucopolysaccharide layer calfled vitelline membrane.  Fertilisation is external. The fcrtrhacd'
eggslwWSWeIlmarkedcytop!asmlcorgamaum Theavnmattachestoovaryby ‘animal pole’
side and according to Conklin, this is in. contrast to the condition seen in invertcbrates.
Conklin further suggests that this reversal may also signify the reversal of the ventral -position
of the nerve cord to dorsal side. * Gastrulation begins after 6 hrs. of fertilisation and the
balstodermal cells show various types of morphogenetic movements like epiboly, invagination
and involution, The gastrula now comes to contain two layers ic., the outer- epiblast[peural

' & epidermal ectoderm] and inner hypobla,st [prospective notochord, mesoderm and endoderm.
Later, ncurulation, notogenesis, mesogenesis, enterocoelic pouches{coelom] ete., occur making
out a well formed ‘free embryo’. ~ At this stage, themouthandanus areycttobeformed
and hence it is not a true larva, as it cannot feed. - .
Mouth and anus appear at 16-18 pairs of somites are formed. - Snnultaneousiy other structures
ke wheel organ, HatscheK’s pit and nephridium, midgut diverticola, primary and secondary
gill shts on right sidefasymmetry), nepliridia, ectodermal atrium -with -atriopore and hollow
metapleural folds with lymph spaces develop. The darva’ swims freely for about 3 months
feeding on. plankton and metamorphoses. * Embryologically, it is interesting to note the-
influence of certain tissue inductors to mduce thc adjacent one to develop in a particular .
way, eg. ncural inductor.

3411 MODEL EXAMINATION QUESTIONS

L mmr«nmmabmsoum |
1 Describc the early devck)pmnt ot' Amphioxus npto the formation of gastrula. :

2. What is organogenesis? Gwc an account of formation of the nerve cord and notochord :
-in Amphioxus .

IL Answertllel'ollowlngmaboutlﬂlines
| IDmmssthcmethodoffmmanonofcoelomandmesodcrmmAmphioms
2. Write a note on mduchonandﬁsmﬁues_weonthcprgccs&mof development
3. Describe briefly the process of dévalopmcﬁt after hatching in Ampbiexus
" 4. Fate map S .
5. Archenteron.
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| ® To make thie student aware of the protective and autritive devices in a chick embryo.. -

Lower vertebrates in their c\?oiutionary process left water and invaded land for food and
protection. . The amphibians have to a large extent succeeded in their attempt to come. on
to the land and move with their well organised pentadactyle limbs. However, they failed to

-breed “their progeny on. land ‘because of the adverse ‘enyironmental . conditions, like

dryness,mechanical injury less protection from temperature, air cﬂrrents and encmies. Naturaﬂy
there is no other way for them than to return to waters. This problem has been successfully
meted oat by their successors in the line of evolution, the reptiles, birds and mammals, by

. developing protective membranes from the structures lying outside the embryo. These structures

are extra-cmbryonic hence they are called as extra-cmbrysuic membranes. Since these
membrades are enveloping. the crabryo all ‘around they are -named a5 embryonic or foetal

- membranes (mammals). The above named three classes of vertebrates which develop such

membranes are grouped -together under amniota i’ contrast to the anamnia such as fishes

" Foetal membranes are auxiliary organs which bave mn partlyfor protection of the embryo

and more specially to provide for its nutrition, respiration and excretion until the cmbryo
becomes independent. The embryos of fishes and amphibians remain fumersed in water’
during development, In these embryos large endodermal cells contain yolk which is used for
nourishment and is quite sufficient to last until independent fife is énsured carried of. In
reptiles, birds and mammals ‘foctal membranes are”formed_\- which are of use during the period
of embryonic development alone. o e _ . _

The fundamental set of embrysnic or foetal membranes in. amniotes include (1) the yolk sac;
(2} chorion (Serosa); (3)-amnion, and (4) allantois. The following descriptions is mainly
concerned to the chik embryo, _ S

353  YOLK SAC

Yolk sac is formcd by a [ay_ei of extra-embryonic sphpéhidﬂhre (endoderm . visceral msodenn) |
which spreads over the yolk mass, This layer " ultimately encloses the entire yolk and forms
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~ the yolk sac. - This is. connected. to the embryo by 8 marrow yolk stalk whicki is costituous’

with the gut of the embrjo. The endodermal cells arc in contact with the yolk, The surface
oftlnslayermfurthermcreasedbyasenesofseptawhlchpenetratedecpmtothcyolk
The endodermal cells of yolk sac sccrete digestive enzymes, which make the yolk- solible.

Thmprc&g%tcdyolkmnow&anspoﬂedtotbeembryoofchwkbyusmchncvem& A large
_amount of yolk is utilised by the fime of hatching. Lastly the yolk sack is. sucked .into the -
gutoftbcembryoandtbewaﬂsofthcabdommalcavﬁyclosebchmdm Thedewlopment

of }'olk sac begins before the egg is laid (Fig.35.1.A).

354 AMNION AND CHORION

At about 30 hours of incubation amnion and chorion are developed simultancoiusly. The
exira embryomc somatopler (Ectoderm + Somatic mesoderm) in front of the head of cmbryo

rises up as the head fold of the amnion. This essentially consists of a double fold of -

somatopleur - drawn ouf 1pon tsef. On the third day, the tail fold of amnion arises in the
same manner. These two folds start growing over the embryo in opposite directions, They
are soon joined by similarly formed lateral folds of amnion, Thus all thesc folds meet with
gach other over the back of the embryo. Hcadandtaﬂfoldsmcctbehmdthcmddleof

the embryo; this junction is called seroamniotic conmection. After the mectmg both ammon

- and chonon bccomc scparated (Fig.35 1.AB.).

The amnion cnclows lhe embryo Its wall has the ectodcrm inside and somatic mesoderm
outside. It contains nutritious amniotic fluid in which the cmbryo floats. :

W%immmmmdmmmﬂmembnnumM(w@mplme}. .
1.Embryo.2.chd&rm.3.Mﬁodcm4.Endoderm.5YolkSoc 6.Gut: T.Amniotic folds, S Allantois, 9.Extra -
ubmwdmmw 10.Amniotic cavity. 11 Amnion. 12.Exocoed. 13.Chorion. 14.Seroamniotic -

© conpection.

—



Thechononulhmatelysurroundstheembryoandtheamnmnalso Itswallhaseetodum
out side and somatic mesoderm inside. Thespaoebetweenthcamnmandchoronucaﬂed_.

chormmccawtymneethcchononmcawtymhnedbysomahcandsphnchmcmmm

also kaown. as - lextraembryomccavlty. It contains a fliid, The chorion at a later stage
becomes pressed against the shell membranes. and playsannnportantrolemgasewsewhﬁp_

| through the porous shell. .
Functions |

L Evmthmgkthehmlaysltsegsondqhndthede\ebpmgembryohesmthemmom z

ﬂmdandhenceusprotectedfromthedangerofdesxecabon

2 m‘chickmnbryompromaed&omthemechamcalshockswhmhareabsorbedbythe
ammotlcf_lmd. : A y

3 The amnm and chonon ‘isolate. the embryo from the shell to avmd adhesnom or fnetnn
of the embryo with the shell surface..

4.-. The chorionic - cavlty or - extra embryomc coelom: provides a spaee for the anantms to
: expand '

355 ALLANTOIS

" Allantois develops as a blind evagination from fhe floor of the hind gut which grows dowpwards
into the extra embryonic coclom. This arises on the third day of incubation. It is formed
of splanchnopleur, having cndoderm on the inner ana splanchnic mesoderm on the outer side.

It grows very rapidly from a pear shaped structure to a very large organ wlneh extends into
chorionic cavity and almost fills the latter. ‘The mesoderm of allantois fuses with that of the

. chorion forming a composite mesodermal membrane, the allantochorion. Allantochorion
becomes pressed against the shell membranes and receives a pair of allantoic blood vessels.
Allantois is connected to the hind gut by a narrow, hollow allantoic stalk. Later the allantoic
stalk and yolk-sac stalk are surrounded by a common somatepleur of ventral body wall, formmg

~ the umbilical cord. The allantochorion coatinues to expand and surrounds the albumen

substance of the egg and forms in it an albumen sac and aids in absorption of water and -

-albumen. At the time of hatching the umbilical cord: breaks and allantois dries. up.
Functions o
1. It acts as a reservoir of embfyonic.- excretory wastes, suchas uric acid.

2. Allantochorion membrane acts like a respiratory surface of the embryo. |

Thus the four foetal membranes are devices which pr(mde adequate nutnt:on, protecuon and

meet the metabolic requirements of the developing chick embryo

35.6. SUMMARY

In course of evolunon of vertebrates, right from the stage of fishes onwards, attempts to
‘invade land have had been made and ultimately succeeded in adapting to the terrestrial mode

of life. One of the severest problems faced by the tand vertebrates is the development during

- the most delicate embryonic life. Desiccation, ‘mechanical shocks, autrition; respiration and

excretion are some problems the -delicate embryo meets durmg its -course of development. _

phee

2
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- As a measure to counteract the problems, the foctal membranes have evolved. Thc walls of '

amnion and chorion are formed of somatoplcur while the yolk sac and. allanfois are composed
of splanchnoplcur ‘Since the chonomc cavity contained between: the ampion and chorion is
lined by the mesoderm and’ heénce it is also called as extracmbryomc coclom.  The amnion

surrounds  and bathes the embryo with its amniotic fluid ‘which provides nutrition and protection

to the embryo. The mesodérm of the chorian and’ the ‘allantois fuses to form chorio-allantois
which. eventually forms. the albrumen sac for absorption of albrumen and water. Allenfois
also stores nitrogenous, wastes and hence is also called as ‘precocious urinary bladder’. The:

-choricallantois also prov;des respiratory surface for gascous exchange through the porous shell.

The éndodermal. lining of the yoik sac secretcs enzymes for dxssolmg and absorptlon of the

‘nutriments,

35.7 MODEL EXAMINATION Q_UESTIONS" h

I.  Answer the fo!lowing in about 30 Iines.

L Namc various kinds of foetal membranes of chik. . Descnbe their . development and
significance.

H. - Answer the following in about 10 lines. -
1. Amnion |
2. Chorion
3. Allantois o

. 4 foefal mcmbranés.
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36.1 (iBJE_(j:TWE_ |

® To cxplam the embrycmc adaptatmns in thc mammal § dunng devclopmcnt

- 362 INTR‘ODUCTION

“In all viviparous mammah ('{he.na) the dcvclopmcnt takcs piacc ms:de the uterus Of thc
~mother. Eggs of such snimals are microlecithal having less amount of yolk which is not

o *mﬁacnt for the development of embryo till it can lesd an independent life. "Therefore, the
embryo ‘has to depend on the mother for nourishmert and oxygen supply. Such- -embryos get -

attached with the uterine wall to draw their required substances from the ‘mother by méans
-of an_organ called p]acenta. In other words, placenta is an organ built up of matcrnal and

foetal tissnes jointly. It serves for the cxchangc of nntnents and gases betwcen the tlssues |

of thc mothcr and the cmbryo

- ;::nmahan placenta is.a componnd structure consxsung of foetal part and. matcmal part
' foetal ‘part. of placenita is furnished by chorion, aud allantois whereas matcmal ‘part: is
’cimmbntcd by the wall of uterus consisting of its compact and spongy layers. In between

these tivo parts, a huge blood ' sinus known as intervillous space is present which' contains &

large number “of chorianic villi anid crypts in the uterine wall. ‘The distribution of substances

between mother and foetus is done by diffusion which include oxygen, carbondioxide, water,

) morgpmc compounds, hormones, vitariins anid” waste' produicts such as urea, P]acenta serves
as a barfier against transmission of bacteria. ‘It also serves to store iron fat and- g!ycagm
- - As an endocrine gland it releases relaxin (in rabbits) and other hormones which -gid it the
bmhofyoungonc Italso*checksonthepassageofharmfulsubstancesmtofcetushkcscx
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hormones, blood protcms etc. '. o
'IThemaretln:eetypesofplamntaonthebas:softhcnamreoffoetalmcmbranﬁtakmg

part in its formation: thc yolk sac, allantoic or chorion.

'363 YOLK SAC PLACENTA

Consists of yolk sac. and chorion as the allantois is elthcr absent. or degencratcd The yolk.i
sac grows very large and almost surrounds the embryo. The placenta supplies materials from

the uterus through foetal vitelline vessels. This type is found in metatheria (Kangaroo)

(Fig.Sé.l.A)

Fig.36.1.A. Yolk sac placenta. B.Chorionic placenta. 1.Blood vessel. 2.Chorion. 3. Amnion. 4. Embtyu 5.Allantois.
6.Yolk sac. 7.Wall of uterus. 8.Placenta. %.Chorianic vifli.

364 ALLANTOIC P[A_CENTA

Allinioac Placenta is composed by allantois and chorion or allantochorion. Here the allantoic

"blood vessels of embryo carry the supplies from the mother through allantochorion. 1In

advanced condition the allantochorion is found in all Eutheria. It is firmly connected to
uterus by an interlocking system of villi, small proccsses on chonon, and the crypts, deprcsmans
in utcnnc wall to’ ﬁt the vzlh . : _

365 CHORIONIC' PLACENTA

| .Consists of only chorion, allantois being small and degcneratcd Allantmc blood vessels grow

and vascularise chorion. The villi appear on the chorion and penetrate - erypts in uterine
wall formmg chorionic placenta Th:s type is found in human beings (Fig36. LB) '

IL As far the d:sm'butmn pattem of chorionic villi and intimate connection. between foetal
.and maternal parts are concerned there are five types of placentas, grouped as deciduate and

non-deciduate, Intheformercasewhenplacentatsmstoﬁatthctsmeofbu‘ththcrc:s
knsofbothembrymwandmﬂmalhssucsmtheﬁenswehaomonhagc In the latter form

_smoefoetalandmatemalussucshavenomnmatecounmﬂddonotﬁsse no bleeding
ocmdurmgthcbmh : _ :

4



Fig.362.'l‘ypuofplwcnta mmmmals.A.Zmuy nmwnmz
' : 1mﬁmmz&m«mﬂmmmmﬁm4mmm

Thcdmoo:dalpiambearsvﬂhonqsmandmshapedmdthem kbmwsm'
. rabbits, bats, insectivores snd rodents(F’lg,Sﬁ.Z.B) : S :

B o TADISCOIDAL PLACENTA

Tl:c metadlscou!‘ﬂ“ founﬂ i llumm bemg and’ dpes is: duractemed i

-_mosedinthelumanofutcmsdurmgdmbpmdm (F’ C)

T b N

"-'hmmmmmmmmmmﬁm ‘l'hsﬁ".-

e mmmmm)

"'nfmplantedenbryo,bmmthevﬂ:dinppmmﬁnmfm-
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_IlI TS'PCS of placentae based on the dcgree of contact ‘and nmmte ':'

_ 36.11 EPITI-IELIO*-"' "

ootyledons For their inscrtion small thickened areas, the mm <53 by e ’
Remammg Chonomc surface is smooth. eg_ Cattle, Shﬂﬁ’ (me) M

relanons betwwn

thechomonandthcutemsa:easfo]lm

PLAGE‘NTA

.'In this type of pla.centa exchange of numents etc. ls dom: from mo;her to foetus throu.gh tbe

follcwms txssucs (Fig.363.A)

1) Endothelium of uterine blood vessel

u)' Uterine connective tissue:

iif) Uterine epithelium :
iv) Allanto-cherionic edpithelium ('Irophoblast)
v) Chorionic connective tissug: (Foetal mesoderm)
vi) Endothelium of foetal ‘blood wesscls

Theremnoeromofmatemalorfoetalussueshencethw;&ofdﬂfuwtype eg.Horse.M

(Fig,36.3.A.) etc.

36.12 SYNDESMOCHORI&L PIACENTA

~ In syndesmochonal placenta the utcrhcepithelmm 15 eroded, hence chonon_lc v:lh come into- -
'direct contact with the maternal connective tissue. Onlyﬁvcbarmshe between: foctal and’
_ utenne blood streams. This non-diciduate type ‘of placerita 1s found in cattie an&shaep wlmh

have cokeledonary type of distribution. of vzih (Fig.36.3.D) ol e o

36.13 ENDOTHELIC CHORIAL P[_ACENTA
R E ﬁ'

In tlns ca.se two. t:ssues, the utenne clpﬁhehnm and uterine oonncctnve tissne ‘are eroded

. this is. the*chﬂammnc of: the may plaoenta. cha this 1& a deciduate We&%m

(F15363 (o)

Ductomore CTRE) PEING] G LIE S -
uterine wnnemvc tissue and endothelium of uterine blood vessels are eroged. -

dncc;lybatc]:ed in n;;gtcmal blood, ﬂ(mng into siDUSES- Consequently the exchange is done through
three tissues only. This, to somi extent, 15 the c’haractei'isnt; of Elismmaai typc of plaocnt&mdw




. 1mwzmmm&mm e ' ; _
o mm 7U&emma.&yp 9V1H: mmmmn.mm%m

Cimn Sl s e

= 3‘-16 S’U

'Mmkmmmwmmwwwmmmmmm: P
for pusposes-of nutrition, gas transport and cxcretion. 'mepemdofgmtmmfrm; -
'.‘spems (6, species. Mmmummmmumm Stipetus; Salpa
{Mcam,mj smoloraich mm«.wmm_.,_,.ﬁrf yolksactypa. -
hnds quﬂmm&(ﬁ)m% PaT
Mym&aﬂeu&eﬁan&hmdnpm&emof“&&mcvmm

e A gy e ans T




_ dnscmdal[mmm bats,mdénts] and metadiscoidal friroike
" it is classified into 5 types viz., epnhehochona], syndesmochona], endathehechonal, haemochorial

' 36 18 GLOSSARY

_nephridingy . : mdﬁnembulﬁ

Depending upon ﬁy: mt:macy and the d.egme ‘of damagc causcd to either s:de at the t:lmc of
parturition, placenta can be termed non-deciduate o m:placentaeg Cattle and damduous or
placenta vcra[tma plncanm eg. higher eutherians]. In tlg

ing 'I'hm'elssu!ianotﬁcrtypﬂ}
only maternal but also foetal partion of the places
Talpa[mse&ﬂm's] Basedwﬂmdlstr"bntlon ofthe Ch
[Pig, horse, femur ete.}, cot ylcdenary[cattlc,’“il

"‘_ﬁualc placentawhere not .

as iwvgaramoles [marsupial] &
ceiita s classified into diffise
@guary [car[carmvores}, B

and hacmocndoﬂwh&l placenta

36.17 'M(_)DEL EXANHNATTON QUESTIONS

L Ansierthetolidwingiﬁaboutsonm
‘1. Dm;&mwnstypesofplacentammmmaﬂs

2. Dehephﬁchsaﬂ;emhndsbasedonmadmrﬂmmnofwmandmmmm

Sollowing in about 10 lines it
1. Desctbc 'the"general structure and functlons of plaoenta

Apf:& N -Anthropo:dpnmatcscg Ch:mlaanzec Gon!lactc.

Chordacells : :'Ceﬂsnfmrtcbmteembr}vowhdlmmetonotochmdu

Crypts : :"'Smaﬁpltsintkewalhofnmns#ﬁowhxhﬁtthemﬂl '

Club-shaped gland :  First gill-cleft which forms glandnlar mbt;_ and d..sappeam afterwards in
. Amphlo)mslan'a C e

_Endostyls Glandular c:haledgroove on t.he ﬂoor of pharynx. Muoous produccd by it

"‘."]lelpsmfeedmg, Tﬁyfmdglaudhasmlved fromlt I -*_1.

Endothehum Ahycrofthmmllslmmstheblmdvessck

Embrymw T '_ ' Protcctlvc devmes oﬂembryos ('m rﬁptﬂes’, bu'ds andmmmals) whwh also

adaptatlons .. aid in nutrition érnd rqspzratuon -
Eutheria : (Placentaha) H@er mammals whose embryos dcyelop aBantmc piacenta.

_ | -Extmembryomc' _-Coclom outside the'hmltsofcmbr_yo ie., betwcepthcammonandthc

' Hmmrhage : Bleeding dwm

i

Haischeck's . Anunpmredémctorymganofmmwsmtsnfmemnsﬂm-wﬂs

1@“‘“’ WP% the maternal tissies willbe -

"”jys,am@’&man] Based on histology, .°



Presumptive area

": '_Smallmmmals molatswuilamml cusps egShreWs, mole&, hﬂd@w

(Marsupmlza) Mammals usuﬂﬂ?‘havmg a pouch on thc bclly to carry and -

_\II____i:':.nurturcthcammauncyoungog.mgnroo
E _(Myosepta) - Anterior and post : wallsoftheenvelopeenclonngthcbody

or myotomes of -

:  "I‘hc cytoplasm of theegg. - - ,
’Thefomahonandd:ﬁemntauonoftheorgammemhryo

_Floatmg miicroscapic orgamsms on the siirface of waters,

. Imaginary central axis oonnectmg the animal and vegetal poles of the egg.

Part of an embryo, cells of which become a particular organ or tissue later.

E Mammalm order comprising monkeys, apes and humans.
1 The niicloﬁs._of amale or female gamete containing haploid chfomommcs.

: Gnawing mammals which include rats,ollice, sqﬁi:fels elc.

A layer of cells enclosing early mammalian embryo which develops villi for
implavtation of foetusin the wall of uterus. :

Fine ﬁngor-hkc pro;cctlons arising on foetal placenta which fit into the

corresponding crypts in the uterine wall.

E A complex system of ciliated ridges with grooves in the buccal cavlty under_
 the oral hood in Amphloms

: (Zonc pellucida) - str:ated Iayer which normally surrounds the ovum of 8.

mammal, is formed by the follicle cells. It is replaced by zona pelluclda ata

' : laxer stage.

36.19 "SUGGESTED-BOOKS |

1. AW & Varma Chordatc Embryology

3 Balmsk}' B.l Anlnn'oductlﬁnofEmbryology

3, Charles J.Price FAO & Josephinc E. Reed : Hlstology
4

‘Deihi.

IDhameS&DhmJK. CﬁrodateZoologyvolumc lI RChand&CoDaryagan},New

5. Freoman, WH. &BllanBraccglrdle AnAtlasofostory TthnghshLanguageBookSomty
: & Hemcm&nn Educational Books, London

6 Grom& Newell : Animal Biology, University Tutorial Press Ltd.

7. Lesson & Lesson Histology; WH. Saunders Company, Ph:ladclphail..ondouf
Toronto/Holf- Saunderslapanudﬂbkyo '
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: 'McEm:,R.s WtebntcEmbryolog | |
_ Robeﬂs,MV.B mobgy-aﬁmcuomlappmmh. Thcmﬁlal Book

Nelson. -

Sancoa, KR.: A'IbltBookonnology Vol.II,SnSarasmﬂuBouchpot,HydeM
Vidyarthi, R D.: A Text Book of Zoology. Agrmpuwshmnmz,Agm s
Waddington,CH. : Principles of Embryology. - |

William, A, Haswell Revised by Marshall : msookofzoo}ogywn,vmemtes Enghsh

_LanguauaaookSoaety&Mmillan.




? ORDATA msm'

AND EMBRYOLOGY

- mnb&ib}e ﬁshes 91’ Andhira’ Pradcsh
. ;General charaéters and afﬁmtles of D1pn01

5 and classﬂcanon upto Ordcrs with smtable cxamples A
9@ and Ana(omy excluding skeleton), _

o ) stmbus shakes (with a note on the_'importance of sné_kg ‘poison).

_ CLASS AEVES o L
- _Genbmi charactcrs and classaﬁcatlon upto sub ciasses with smtable example& .
-~ Pigeon — Morphology and cxoskeleton :

Skeleton, of Pigeon.
-Anatomy of Pigeon.
i !‘Tight adoptatwhs and mlgrahon of birds,




CLASS MAMMALIA

Gcneral characters and classrﬁcatwn upto sub classes. and the ﬂxagnostlc features of

prototheria, metatheria and eutheria.

Rabbit morphology, structure and function: of skm

Skeleton of Rabbit.

Diges{ive system of Rabbit and Physiology of digestion.

Nervous system of Rabbit. . |

Functions of different parts of brain. h

Nerve impulse transmission.

Respiratory system of Rabbit and Physiology of respiration.

Respiratory pigment and its role in the transport of Q2 and CO2.
 Circulatory system -of Rabbit. Physiology of rcgulatmn of heart beat. - _
Urinogenital system of Rabbit. Physiology of regulation of heart beat R
Urinogenital system. Physiology of excretion, with a note on Urea formatlon

. Endocrine glands and their functions.

" HISTOLOGY (Rabbit as an example)
Epithelial, connective, muscular and DETVOUS tissues. _ -
'Hlstology of liver, pancreas, stomach, intestine, kldncy, testis and ovary, spmal cord and

nperve, lung and spleen.

EMBRYOLOGY

Types of cggs, fertilization, cleavage and gestation.
Development of Amphioxus. '

. Foetal membranes in chick.

Placentation in mammals.

g
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Dr B.R.AMBEDKAR OPEN UNIVERSI‘I‘Y

Faculty "of Science

- ZOOLOGY
COURSE ~2 CHORDATA HISTOLOGY AND EMBRYOLOGY

~ BSC, Il YEAR
“MODEL EXAMINATION PAPER

* “Time- : 3 Hours o - ~ Max. Marks : 75

Section - A _
: Answer. any 3 questions.
) Each question carries 15 marks. :
_ Answer the _following_ in about 30 lines each.
1 Describe-the gehera.l characters'of Verte'brates. _
How do you d:fferenuate poisonous snakes from that of non- pmsonous snakes
"~ describe the structure of the brain of rabbit. Ennmcratc thc funcuons of its various paxts

4. Describe the hlstology and enumcrate the . ﬁmmon of hver of rabbit.

5 ‘What is organogenesis? lee an aceount of formation of the nerve cord- add notochord o

in Amphioxus. _
6. Dlscussthevanoustypesofplamntammammalm

Section B

. Answer aty 5 questions.
Each questions carries 6 marks,
Answerthefoﬂowmgmaboutmhnescach,

: Gencral characters of class’ Pctromyzonha.

i Outlme the female urmopmtal organs of Dogﬁsh.
Gmhona- '

"Desmbcatrsacsofpxgeon.Addanotconthcumgmﬁcance
Describe the, structure of bone

 Describe the structure of tooth.

Give a brief account on Metatheria.

Explain the process of gastrulation in general.

Amnion and Chorion.

=g oc -~ =

10. What is nerve impulsc? How is it transmisted ?






Faculty of Sc:ence

| - ZOOLOGY
COURSE 2 CHORDATA HISTOL@GY AND FMBRYOLOGY

B.SC., Il YEAR
ASSIGNMENT -1
Do not copy the answér' direcﬂyfrom any of the books.

" As far a8 possibie try to answer the questions indcpéndently in your own words.

1
2
3 | If it is necessary to quote from any source give the correct rcfereucc
4 Use- your own foolscap pages for writing the ass:gnmcnt

5.

Leave sufﬁaent margms for the comments of the evaluator.
6. .Complenon of th:s assignment should not take more than two hours time.

' EDKAR omN UNIVERSITY

| L Aogwer the following in about 30 lines.

““Prescribe the general characters of Cyclostomes.
2. 'D&scz'ibc.-thc alimentary canal of Dogfish.
3. Outline the general characters of Dipnoi.

1. Writc an awount on ‘Placoid Scales’

|

!

i

| 11, Answer the following in about 10 lines.

i

!

i 2. Types of jaw suspcnmon in Vcrtebrates

3@}_\_: Descﬁbc the ongm and evolution of amplnbaans
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Dr. B.R.AMBEDKAR OPEN UNIVERSITY

Faculty of Science

: ~ ZOOLOGY :
COURSE -2 CHORDATA HlSTOLGGY AND EMBRYOLOGY

' »
|

‘ B.SC, I YEA'R _

~ ASSIGNMENT - 2

Do not copy thp answer dlrectly from .any of the books.
As far as poamble try to answer thc gquestions mdcpcndcntly in ‘your own words

Use your own foolscap pages for writing thc assxgnment
 Leave sufficient margins for the comments of the evaluator. _
'-Completlon of this assignment should not take more than two hours time.

wer the following questlons in about 30 lines,

|

'

I

I

{

i

1

I

|

|

¢ i

B

12

F

¢ 3 If it is necessary to quote from any source give the correct reference.

b 4

s

| 6

I

i

[

1

I

T Mesozoic era is called the "The Golden Age of Reptiles” comment.
: 2. How do you differentiate poisonous snakcs from theat of non-- pomonous snakes _
; _ 3.  Describe the cxosk_el_eton of birds.

} IL  Answer the following in about 10 lines.

| ' . L ' - 4

: 1.. Differentiate between Lacertilia and Opnidia.

! L CailScs of birds migration

3 ""Desmbe the tcmporal fenestrae in reptiles and cxplam how thc classﬁ'icatlon of
: rcpules is ‘based -on this character.
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m n.nmnnm enEN UNWEI!S"H
- Faculty of Science ' _ :

' . ZOOLOGY y
COURSE -2 CHORDATA HIST@LOGY AND- EMBRYOLOG

B.SC, 11 YE’AR '

ASSIGNMENT - 3°

N.B. - .
1.~ Do not copy the answer directly from any of the books

2 As far as possible try to answer the questions independently i In your own words.
3 M it is ncoessary to quote from -any source give the corrcct reference,

4 Usc your own foolscap pages for wrmng the assignment.

5

6

: _Igave sufﬁclcnt nmrgms for the comments of the evaluator _

: 6 'Complel:lon of tln.s asszgnmcnt should not take morc than two hours tzme
. A_nswer the rc)llowing_ in ab‘ot_lt‘ 30 lines. .
F T hat s nerve impulse? How is it transmitted, o
]
' 2.  Describe the digcstive system. of rabbit.
l 3.. Sketch and label the section of the mammalian_ ovary, _
: _ 4. Write a note on evulation. ) _ . ’ :
! IL Answer the following in about 10 fines,
I . .

S -1.  Describe the structure of retina,
."-1;\_I.'_,. . o i . . .
0 2, Deseribe briefly the process of cleavage,
N 3. 'What is the endocrine part of pancreas?
b

| K
I |
|
; J:
i !
1 .
_ ]






