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PREFACE

This book deals with the topics

in Chordata, Histology and Pmi)ryuiugy incladed in the
syliabus for the Second

Upsersity, Thise iopiss goaer aﬂv cover ‘the “Core’ arca ol the subject to be suudied in the

Seeosd Year of the Three Year Degros Course ia Science (BSc.). The svllabus for the sake -

of converienys B divided i

subject. The nells are prepared by s sprsinkisis in accordance with a format so dmayn{,d a5
cnable the stwdent 0 read and enderstend them without muech di
with a stafement of 2s objec

heulty, Each unit begins
as followsd by syaopsis and has at Us end assigmment inlended
1o e the sudent’s m‘awpx bexawm of s sobjeci matter. Technical torms with which the
stederd may 6ol gone s faraifiar ave given at the end of each unit umler the bead
{:Eﬂmﬂg . ' '

The soursy material of this paper is divided ko three blocks. Hze“ Himm are in ten. dmded

be 36 woits, The first 30 ‘upity de caif mih the: Chordaetes, The 1355 AE Unils focuses on
Histology snd Bwbryology.

utin of vertabrates are briefly
atfintics of cyclostomes are
fishes Larisf;&gm’c-m hony. fishes
dhra Pradesh and fisheries ane incladed

in Unit - 1 the general ch wraciers, clnssiication, orign and
discszod, Yo Usit - 2
1

the gf:s:cmﬁ charzcters, classificas
weed. Fhe Uesits 3w 10 présonts a geocral sind
S, A special stady o adible fishes of

Ui - i1 prosemts A general study on Ampl

Under the . class Aves, {mpormm { hke mgh{ adaptaticas and migration of birds

jmciaded. Unils 22 1o 30 *);ciu%weiy @ with the class Mammalia. This includes gencrally

sitwdy of mammalia and detaled amﬂy of various systems of Rabbil, laying stress om its
pi-wfé ‘

The Jast six waits briefly gives an - accoun? ou mxinim-!, ..md m;l‘nfn!@ﬂy Under {,mhw(ﬂngy,
a study on the deveiopment of Armphionis s discussed.
General acenknis it vpe asninele like

ke seoliodon, calotes, pigeon, fnd rabbit are also discussed
sncder the rospective cha m: 5. o

The vniversity hopes that this material will help the sivdent 1o gl acqeainted with the pr incipal

ssues in Chordata. Hssmicuur and Embryology which make for its distinctiveness and significance,

war. of e Zovlogy couse offered Dy the Andhra Pradesh Open.

wto Bidcks: Haoh Block penerally covers a specific arca of the

?mnq Uaats 11 10 21 deals with EERES mies amj :
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'Uﬂlt -1 VERTEBRATA GENERAL

CHARACTERS AND CLAS SIFICATION

Contents

11 Objectives

12 Ihtroductio'n :
13- General characters

14 - Classification of vertabratcs '

14.1 Agnatha
- 142 Gpathostomata
14.3 Origin and evolution
15 Summary '
16  Model Exammatmn Questlons

11 OBJ ECTIVES

- To know the characters of vcrtebrates the:r diffc:rent groups, l;helr ongm and their dlvcrs1ﬁcauon

in geologlca,! time scale S ‘ _ .

11 INTRODUCTION o \

m.n - crain case), include, jawless animals
ndA

nammals. They possess a distinet skull, paired

Vertebrates _aléo referred as craviates (wil
(Agnaths) fishes, amphibians, reptiles, birds

- Limbs, a highly complex brain, the _hca?mng always ventral, is muscular with three or four :

chambers, red blood corpu’scles almost always found. .
Ny .

'_The vertebrata or craniata argyrefeired as Euchondata (in whnch the noiochord is not continued '
to the end of the snoi, bl

ds before the f(}n:nbram Some distance from the anterior end
of the body). - :

13 GENERAL CHARACTERS |

Vertebrates are bi]dtémlly symumetrical, trijplobla’stic metazoans. Thcy‘ have well defined bo'dy

regions - head, truok and tall There is a strong tendency towards cephahsatlon a concentration

Fig 1.1 An ideafised Vertebrate (diagramm-atic). 1. Mouth 2. Pharynx 3. Gill slits 4. Heart 5 Oesophagus 6. Lung 7. Liver
8. Stomach 9. Intestine 10. Coelomic cavity 11. Splezn 12, Cloaca 13. Kidney 14, Gonad 15. Neural tube 16. Notochord.



~ of structures. such as mouth, brain and functions at the anterior end of the body In lower
_water breathing vertebrates the neck is not present. In all higher land dwellmg vertebrates a
neck is present. Reduction of the gills and shifting to lung breathmg ‘habit might 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 in fishes. In Amphibians and Reptiles
the long tail is stout at the base. It is shortened in birds and i is lost completely as an external
'structure in some f01ms such as man (an 1 1)

Fig-1.2. Jaw suspension in Vertebrates. A. Amunphistylic svlic  C. Autoa';as{y!zc D. Awosysylic E. Holostyac

fyo
F Methysiylic G, Craniostytic 1. Otic region 2. Palatoptery rate bar 3. Hyomandibufar 4. Gill slit 5. Ceratohyal
6. Basihyal 7. Meckel's 8. Ligaments. 9, Hyoid arch 10. St ( mandibular) 11. Quadrate 12. Articular 13. Metapterygoid
14. Symplectic 15. Malleus (Articulary 16. Incus (%e) 17. Dentaxy. 18. Upper jaw. 19. P_tmygoid 20. Palatine.

Notochord is a long flexible rod like structure which is present in every embryo of a vertebrate.
It is an .outgrowth along the dorsal median line of the primitive gut It is subsequently
replaccd by the vertebral ¢olumn or back bone. ‘

All the vertebrates posseés endoskeleton consisting of skull, Lower jaw, hyoid vertebral column,
pectoral girdle, fore limbs pelvic girdle and hind limbs. The skull has three parts -
‘chondrocranium which is made up’ of cartilaginous cranium or brain box and the sense
capsules enclosing the sense organs Splanchnocranium. forming the skeleton of Jjaw,- and
' Dermatocramum consists of dermal bones of the skull. :

In the vertcbrates having jaws, the splanchnocramum plays an important role in suspcndmg
the lower jaw with the cranium.

I

The following' are the different types of jaw SuspenSions. (Fig 1.2)

(M Amphistylic - The upper Jaw is attached to the cranium dlrectly by llgaments Both
mandlbular and hyoid arches are attached to the cranium E.g. Heptanchus.



~ and mamrna]s

~ fore-end develops into a complexb

. 'attached to the otic regron of the chondrocramum =X g Elasmobmnches and bony fishes

ﬁshes under Acanthodu

- ways - the lower jaw is. articulated with the upperJ aw, Holostylice.g Holocephah) the lower’

. jaw is articulated to the upper jaw with the quadrate (Autosystyhc e.g. tetrapods except

mammals), the lower jaw is ‘suspended -from the symplectlc bone " derived -from- the‘

- hyomandrbula (Methyostyhc e.g. Teleosts), the lower j jaw is dlrectly attached tathe squamosal
of the osteocramum cramostyhc eg.M ammals : . - :

the intenstine is longer in herbivores. than in carnivores. Two dlgestlve glands arise as outgrowths

of the ahmentary canal - (1) Pancreas and (ii) liver. "The Jpresence of mternal gills in the . .
: embryo,flt not in the adult is the dlstmctrve feature ‘of vertebrates These are a paired series .
of clefts or potches leading outwards from an 1ntenor part of the gut (pharynx) - pharyngeal
. grlls slits. Gills ‘happen to be the ‘primary breathing organs . in lower aquatic vertebrates. In

higher vertebrates the: ngls are functronally replaced by lungs and the glll pouches are embryomc

The crrculatory system is of closed type The heart is ventral composed of three to .four

" corpuscles carries large amounts of oxygen to the,tiss The separation of the heart chamber

chambers and the blood contains red blood cofm$s Haemoglobm present in red blood
ib

seen first in the lung fish is mcomplete 1n , 5 and reptrles and is- complete in brrds
sight for getting food. The

excrete a solutron of urea

7 Among vertebrates, the sexcs are separate The general trend in the reproductrve systems “of

~ vertcbrates has been towards a ‘reduction in the number of zygotes which must be produced ‘
to maintain the species. This has been accomplished:by three factors. ). fertrhsanon is often -
internal rather than external (11) although many vertebrates lay cggs a large number of. forms . -
give birth to living young, (iii) many vertebrates care for the young -until the young are

suffierently grown to take carc of themselves

and in all but a very few mammals Among those forms whrch lay eggs there are dlfference.

(ii) . Hyostyllc - The: upper Jaw and lower J aw are. suspended through hyo-mandrbular whrch is
” (i) Aumdrastyllc The Jaws are attached to the cramum drrectly by hagments €. g extmct bony .l '

(1v) Autostyllc The-upper Jawis fused w1th the cranium, the lower _]dW is artrculated in dlfferent '

The dlgestrve tract of vertebrates is modrﬁed in various ways, related to the types of food _
utilised and the problems of absorption. The oesophagus is 'short in.fish, is- elongated in land !
*vertebrates with the development of neck... The stomach is quite similar in all vertebrates but l :

" The central TErvous system lies in- th?nsal 'median'lin'e, and" is tubular in its. origin: Its .
closed in a brain case or cranium, hence vertebrates « - -
- . are called craniates. Fore-brain ‘i el*developed in: those fishes which: find food through the
sense: of smell. The mid-b mMost developed in_birds and those bony fishes which use
' %aﬂ hemispheres become increasingly important as association
- centres. the olfactory sense rs found in aIl vertebrates ‘I‘here is a defimte system of endocrme
glands ‘ : : o :

Organs of nitrogenous excretron and osmoregulation in vertebrates are the pa1red krdneys o
- These are derived from mesodermal coelomoducts. The fishes excrete, ammonia, the amphibians
excrete urca. Most birds and many reptlles excrete unc acid crystals where as mammals. v

N the developmg zygote is retamed wrthm the female 5 reproductrve tract the new mdmdual_'_ :
- has an’ even better chance.of survrvmg This retention is found among_some’ fishes, reptiles



* homiothermy. Birds and Mammals exh1b
- world.

in care. Some fishes guard their nests and young carefully, but most reptiles srmpIy deposnt -

the cggs and show no care. Birds and mammals show the greatest care. durmg the penod of
development and early period of helpIessness of the young.

The evolution of the .vertebrates has been characterised,by four main features,
These are : .
(1) The appearance of palred appendages '

(i) The appearance of ]aws '

_ (m) The movement fo Iand

(iv) ‘The developrnent to homiothermy

Unpaired or parred fins serve as aceessory organs of locomotlon Probany they were developed k_
as stabiliser when animals moved from land to water, Paired appendages became vitally .
' xmportant as Iocomotrve organs, ' '

Jaws help in grasping and holding lhe food materlals in vertebrates They also permit mgest1on
Pharynx helps in sucking the food material in jaw-less forms _

- Some of the Vertebrates adapted several changes when they moved to land. The Reptlles have

. The embryos have a series of membranes around them, Manyhconsgtve body water by excreting
~crystalline uric acid rather than urine. Birds and Man@llke the Reptiles are well abie to

a thickened and cornified epidermis which resists water lossy@eggs have protective shells.

resist dessication ¢n land .

Colder -areas are closed to such terrestrial animal$, a8the Reptiles and Amphibians because

their internal temperatures' are close to those/Of the‘external ‘environment. Their activitics are

controlled by the environmental temperatures The ability to maintain body temperature constant-

through internal control despite the vagi temperatures of the land environment is.called
p 1’ P

i

14 CLASSIFICA’I_‘ION‘ OF VE_RTEBRATES "

Sub phylum vertebrata has two super. classes - Agnatha and Gnathostomata.

'141 ' Agnatha

< These -are the animals Wltl'l out jaw in the mouth. The hvmg agnathans are cyelostomes They

show an interesting method of feedmg The hvmg cyclostomes are parasites and suck blood
as adults. The larval lampreys feed on minute particles using an endostyle. They employ

 muscular contraction rather than ciliary -action to produce a food current. Agnatha have a
' distinet head and skull bu cephalisation is of a low order. The brain is primitive .and parts

of its roof are non-nervous. The paired appendages are absent. Notochord persists permanently.
The vertebral column is poorly developed because there are no centra. They are monorhinous

" having a smgle median nostnl which open mto a hypophysra] sac Aganthans are hence called

Meonorhina.

this phenromenon have spread to all parts of the -




g Super-classAgnatlla has thie following two hvmg classes.

RE Petl'omyiontia o

2. Myxinoidea- - .

1 4.2 Gnathostomata

: TI:us superclass includes all vertebrates Wlth upper . and lower jaws. It is dmded mto seven.

classes
1. _Placodermi.' " Extinct Jawed vertebrates
2. Chondrichthyes _'Jawed fish possessing cartllagmous skeletons and placoxd scales
' ' : (Elasmobranchu) :
3 Osteichtbyes. : Jawed fish typtcally possessing a. _skeleton- of bone scales may be .
C c : cyclmd ctenoid or ganoid. eg.Labeo ' :
4 ‘Amphibia. = 'Vertebrates possessmg a moist skin, usually without scales. Often
. : ~ with an aquatic larva and terrestnal adult ¢.g.:Rana (Frog) and
Salamanders ‘ :
5 "Reptilia.; .. o Vertebrates possessmg scaly skms . egps with well -.developed
: ' ' - membranes, ; - ' :
6. - Aves. Lo Vertebrates posse feathers eggs with embryomc membranes '
S - warm blooded %rliﬂ adaptatlon e.g. Columba (Plgeon) :
Apteryx (KI“Q thio (Ostrlch) ‘
7. Mammalia. = . Vertebr es havifig the body covered with hatr warm blooded:
S nourisha%m by means of mammary glands e.g. Omithorhyncus
( billed . platypus) - - ' : '

ropus (Kangaroo) |
’J’Ctolagus (Rabbit): - -
. ebus <p. (Monkey) ‘Homo sp (Man) ete.’

1. 4 3 Orlgm and Evolutlon

The first known vertebrate fossﬂs are those. of Ostracoderms as fragments of. bony plates from

- the Ordovician and abundant fossils in the extinct Silurian-and - Devonian about 400 million ‘

years back. They were charactensed by the absence of jaws and the possession of bony
armout. They could feed on the bottom detritus. A variety of forms cvolved in the leurlan
and the Pevounian. The cyclostomes are the .llvmg representatlves of this group.

The first jawed vertebrates, the placoderms have evolved from an ancestor like the ostracoderms '

" 'by a conversion of the first gill arch into the upper and lower jaws. Variety of prey was .

captured. when. the placoderms dwersnﬁed and became a wide spread heterogenous fish like

" group of vertebrates with one common feature, namely, the second gill arch bore a normal

gill and had no role in the suspension of the jaws. Some of the placoderms like the Acanthodlans . |

“had between the pectoral and pelvic fins a series of paired fin-lets. Tt mdlcated the origin of
~fins from the fin folds. There were other. forms like. of Arthrodires with an arficulation

between the thoracic and head sectlons of the armour. Stegoselachlans were ltke armoured
rays. Except Acanthodlans all beeame extinct by the end - of the Devoman '



Table 1 : Showing Geological and Climatic. conditions
and Animal Groups that have evolved during the period

Era .

Animal groups that have

development of lithosphere,

and ‘many reptiles - '

Earliest true mammals. o 7 S

Period Major Geological and -
chimatic conditions evolved during the period
Coenozoic Quaternary  Maintain building—emsion.‘_ Transition from primitive
' Short lived invasion of the  mammals to modern orders
Sea-cooler and glacial -in Mammalia - Evolution of
conditions. Temperate Man Co
forests to extensive grass ‘
_ lands '
75 Tertiary _ _
Cretaceous  Spread of epicontinental . . Extinction of archiac birds
_ g seas, extension of mountain
135 building, cooling of climate _
_ Jurassic ‘Warm and stable climate ‘High Reptitian diversity.
Mesozoic with ittle seasonal variation ~ First birds appeared.
- 165 Continents were high with
Triassie . shallow seas, Warm climate, Replacement of mammal
extensive deserts like reptiles by predecessors
. 205 ' - of dinosaurs .
Permian Higher land area " Diversity of Mammal like
g - -cool-progressive warming of  Reptiles - wide spread
230 the climate N xtinction -of Amphibians
Peunsylvanian Warm and “humid glaciationége arthropodfauna.
: in southern hemisphere pecialised amphibians,
) _ S ' O First appearance of Reptiles
Palacoezoic Mississippian Mountain Buildings,arid Radiation of amphibiahs,
‘ a conditions : :E . extinction of some fish
280 Devonian = Land was e Climates  First winged insects,
cooler. Fresh Water basins Disappearance of Jawless
325 _ forms, radiation of fishes
Silurian Uplifting 6f fand - Shallow  Eiruterods - First =~
seas - Warm climate terrestrial arthropods. First
: ' . ' gnathostomes appeared out
360 _ of Jawless forms -
Ordovician . Shallow seas - warm climate Variety of large :
Invertebrates, wide-spread
425 _ jawless fish fossils, _
- Cambrian Extensive shallow seas in - -Trilobites & Brachiopods.
the equatorial regions warm'  First remains of vertebrates.
505 climate ' ! ' :
Protcrbzoic Changes in litho sphere. Many- invertebrates,
High land masses. Shallow
‘ ) seas. o
' . Precambrian Archacozoic Formation of éarth, slow Development of life in the

i

hydrosphere

hydrosphere and atmosphere




From' the -Acanthodian-like anceqtdrs arose both the cartllagmous'ﬁshes and ‘bony fishes.
The sharks have evolved by degeneration of bonc or more probably by neoteny (retention o[
Juvemle characters into adult hfe) :

The. bony ‘fishes were of (wo distinct types from - the beginning fhe ray finned ones
(Acanthopte_ryéii) and the lobe finned ones (Crossopterygii). Allied 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 dlbtnbutron since the Jurassic.

The lobe finned fishes while flourishing in Devonian supposed to havc become extinct since
the Creraceous 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 clements and “they became the basis of penta dactyle limbs of their
descendants, the land vertebrates. Amphibia flourished in the Carboniferous period and formed
numerous varicties, One of the groups, Seymouriamorpha was more adopted to land life than
“other and it was so much like reptiles. Most. of the Amphibia became (,xtmct ‘Today we ﬁnd
only. frogs loads salamanders newts and a few 11mblcss burrowers.

The Reptilia spread all over the land throughout the Mesozoic era. They flourished on land
in- water and even in the air. The first teptiles were cotylosaurs. An- earlier branch of the
reptilian stock was the Synapsida; mammal like reptiles, By the end of Mesczoic the fantastic
: reptrles which were blpcdal carnivores, some weresherbivorous, huge and amphibious, became
extinct. The crocodiles are the only hvmg survi f the ruling reptiles, The ramnants of
‘another group of reptiles .are the hzqrd@i Sphenodon .The snakes are the modified

' desce‘nden_ts of the lizard group.

- Birds are derived from the ruling repn%‘ﬂle conngcting link Archaeopteryx from the Jurassic,

very much like reptiles but with f€ather Since the beginning of Tertlary {(Coenozoic era) with
flight adaptation, the bitds rulefhE%air, with their uniform orgamqatron they have “adapted
thcms_elve_s for life in all of ab:iar ;

Mammals have cvolved from”the mammal-like reptiles. The gap is bridged by the synapsid
reptiles. The last of them the Iétidosou‘ria of the Jurassic could hardly be dislinguished from
the first mammals. The living representatives of primitive mammals are found in the southern
lands, like Ausivalia and Newzealand. '

Marsupials - the pouched mammals of Australia radiated into .all environmental niches with
* appropriate. modifications forming groups paralle] to.the placenzals elsewhere. Outside Australia
they weressgplaced by the more advanced mammals, the placental mammals but in South‘America
which was 1solated. trom other Eandﬁ before the placenlals could reach 1t they flourished and
~are still numerous. '

The earhest placentals were insectivorous. One of the groupq of the placentals ddapted to
life on trees ‘and bécame 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
forelimbs for skilled manipulation. Another group of early placentals resulted -in the highly
specialised terrestrial “carniveres like the cat the lion, the tiger and the fox and an aquatic
group the secal, the sea lion and the walrus, The even toes ungulates evolved along another
ling starting from about the same origin as the. carnivora. 'All,dcveloped special dentition and
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some even specialised stomach for masticzttiﬂg and digesting their 'pa'rticular food. Other
mammalian hnes arc the ant caters with reduced dentntlon elongated snout and tongue and °
well developed claws, the htghly successful and the most numerous group was is the Rode'ltla' L

with dentition adapted for gnawing.

rd

An efficient mode of reproductlon with intrauterinc devetopment and a constant temperatuie :

) which stabilises the rhythm of vital functions and metabolism helped the mammals to- attain

SUCCESS

The development and functlomng of the cerebral eortex, neopallium and perfect double' '
circulation consisting of the greater (systenuc) and the lesser (pulmonary) -circulations have '
helped the Mammals to a greater success on the evolutionary ladder of vertebrates.

S SUMMARY

The vertebrate body is dlfferentlated mto head [cephallsatlon], trunk with two pair of appendages ‘
and tail. Gill breathing [pisces] is replaced by Tungs in tetrapods. laws suspended through

' ‘hyomandibular in lower vertebrates while in’ Dipnoi and tetrapods, the hyomandibular - is

‘modified into stapes. Anterlorly, the dorsal tubular nerve cord is swollen into brain. Cerebrum
reached its height in mammals. Kidney evolved in 3 stages viz., pro, meso, & metanephnc to
excrete nitrogencous wastes, Réptiles and birds are wriotelic. Sexes separate, fertilisation often

internal and parenilal care is well i 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] & Gnathost hata. (Jawed) The latter mcludes plsces

‘and tetrapods whlle Agnatha includes Cyclostom preys: & hagfishes]

1.6 MODELEXAMINATION &MONS .

L l' An'sw_en the following in ah 0 ltnes.' .
1 Describe tlte gener@tacters of vertebi'ates.l.
2. lee an account of o gin of vertebrates. =
,- 3. Out lme the ela551ﬁcat10n of vertebrates
l_l. Answer the t‘ollowmg in about 10 lmes
1. ' Types of Jaw suspensmn in vertebrates
Deﬁne .vertebrata .
Agnatha. - .
6strac0derms.-
V Placodermé.

‘_Archae:t)pteryx.

Moy moR W N

Marsupials.
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21 OBJECTIVES-

.~ ® Toknow the distinctive features of cyclostomes and thein\@s .ar_ld affinities.

2.2 GENERAL CHARACTERS | U

S,

The cyclostomata (Gr cyclo: circular: sto \ch) has been coined * for those primitive
agnaths which are in possession of a circularoral openmg These are- characterised by

Fig 2.1 Head of Petroinyzon A. Dorsal view B. Ventral view C. Lateral view 1. Nasal aperture 2. Eye 3. Intra oral
tooth plate 4. Mouth 5. Supra-oral tooth 6. Papillac 7. Lateral tooth 8. Tonguc 9. Bucclfunnél.

]




' (xiii)‘ The adults are either p‘arésites or scavengers but the larvag are micro-phagous.

23 CLASSIFI(‘ATION | " '
23.1 lClaSS° Petromyzo @ E

6. -_ Branehral basket com‘plete.

) Eel hke forms with rounded cylmdrrca] body, and laterally compressed taﬂ

() ‘The anterror end bears a suctorlal ‘mouth in the form- of a cucular aperture with ﬂeshy .
' paprllated margins and horny teeth The mouth maybe in the form of depressron edged w1th _

R tentacles Jaws absent.

~ (i) : The tongue isa muscular rasping organ bearmg ep:derm::‘rl horny teeth

(iv) ~ No exoskeleton, the skln is soft, smooth and hlghly g]andular It is devoid of scales but rrcl ly _

supplied with unicellular slime glands.
W - The endoskelcton is cartllagmous wrth persrstent notochord in the vertebral column :
(vi) . Parred appendages are absent The medlan ﬁns provrded Wrth cartrlagmous fin rays

(vii) The nostrrl isa smgle medran aperture

: {viii) Resprratron by means of 6-14 pairs of mternal grlls Iodged ina pa1r of pouches hke gnll chamber

(ix)" Heart two chambered enclosed ina pen cardral cartrlage derived from the hinder vrsceral o

‘ arch.

' (x) : Internai ear with one or two semi-circular canals. Pineal body sensitive 'to'li_'ght. o

{xi)  Spleen and pancreas absent. Kidney has segmentally arl'anged t_ubules.

(xu) . Fertilisa_tion e_xternal, development either dlrect or with-a la‘rval'.form.

1. . Both fresh water and marine

. Fig2. 2Petromyzon 1 Nasal aperture 2. Eye 3 Fu'st dorsal fm
- 4 beeond dorsal fin 5, Caudal fin 6. Extemal fin apertures 7. Buccal funnel.

2. Fresh waler forms are free lmng but the others are ectoparasrtes on fishes and turtics.

3. Eel hke ‘forms having Cylmdncal_ bodres..

C 4, Range in size from a few centimetres to 120 ¢ cm. in length

5 Dorsal ﬁn well develdped Caudal ﬁn present



7. Seven) pmrs of g;ll clefts behmd the head. ‘ ‘ o R

8. The branchlal ﬁmnel possesses orz " teeth and a piston like raspmg tongue prov1ded wnth .
teeth,
9. Nostr11 isa smgle dorsomedian openmg continued into a nasohypophysml pouch whlch ends
" bhndiy ,

10, Eyes well developed.

1L, . Internal ear has two semibirculaf canals a

12, Sexes are separate. Theré is a larva in the life hlstory, which undergoes metamorphosi, v ik h
) is called an Ammocoetes (Fig. 2.3). The larva is without the sticking mouth, tongue or teeth of -

the adult. T.¢ head is small, with a hood like upper lip and sepai ate lower lip. Thereisa velum

at the top of the pharynx, cﬂnated bands a:.-! an endostyle. Seven pairs of i 1n01p1ent gill pouches
~open directly from the pharynx to the exterior. Pharynx and oesophagus 1 form a continuous
“tube. The eyes are partly hidden beneath the skin. \The delicate dorsal fin is continuous. i

Fi zg 23 Ammom,oete larva ofPerromyzon 1. Bye 2. Or:{lx Gill slits.

13, -The metamorphosm is compIete within a few weeks with

(i) ‘Buccal region elongates to form buccal funnel with t'eeth. . N

(i)  Paired eyes appear. . - S ?‘
(i) Velum disappears. Q-*»

(iv) Gills develop in the glll shts and (@to 'phafynst.. |

(v) The contmuous dorsa] fin becomes dmded into two dorsal fins and a smg]e cau,ial tm

lowing changes in the tarva.

{vi) The colour of the skin changes from h‘ght .brown-to mottled greemsh brown

14, It migrates from | river to sea where it changes mto aduit lcading parasnlc mode ui 1lﬁ. cg
' Petromyzon (Iamprey) Lampetru ‘ '

232 Class: Myxinoidea .

- L Eellike slimy bodies, with soft integument, without scales. -

S

Exclusively marine.
3. Live as.scaveng'ers mostly on the'dead :fislies.l ..
a. Sﬁckihg funnel'absent |
5. Mouth is terminal having four palrs of tentneles around the margin of the mouth, ’I e moa.u h :

is without jaws and is furmshed with a smgle hooLe i paldtal tooth.
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10.

11.
12.

13.

14.-

-{Bdellostoma)

. Dorsal fin is absent. A ‘continuous medlan fin is present whrch runs from the mlddle of the

dorsal surface up to the cloacal plt

" The eyes are rudtmentary

. Fig. 2. 4Mynne 1. Eye 2. Tentacles 3. Single extemakgm aperture 4. Mucous pores 5. Anal fm 6. Cloacal Pit 7.

Caudal ﬁnS Tall

" Nostril is termmal wh1ch opens mto hypephysial sac, openmg postenorly mto the mouth,
There are 6 to 14 gllls whrch open by ducts to the outsrde by external branchlal apertures

_ Internal €ar pPossesses a smgle semt-crrcular canal

A large number of mucus glands are present in the integument which open to exterior by :
numerous apertures srtuated in two rows from head totail.

' The method of feedmg is’ umque Bltmg is possnble by two prntrus;ble dental plates which

move against cach other horizontally.

Cloaca is an mvagmated pouch havmg openings :f anus, excretory ducts. and gemtai pores.

.Eggs ‘large,‘development is direct with 1o la tage. c.g Myxine .(Hag fis_h)..Epratren_:s, .

‘2.4 AFFINITIES OF CYCL(}%TB@KTA

others

1

2.

Cyclostomes are the living z%ans which are primitive in many respects but specialised in

24.1 Prlmltwe Features of Cyclostomata

" Trie jaws are absent.

True teeth are absent, which when present are actually the epidermal thickenings -

True stomach is absent.

“Gonoducts are absent

'Paired appendages of fins are absent. -

~ medullated nerve fibres are absent.

Conus arteriosus and’renal portal system ar¢ absent.

A dlphycereal caudal finis present

An meomplete cartrlagenous cranium is present



10.
11.

12,

13.
14,
is.
16.
17
18.

19.

20.
21.
2.
2.

24,

2.4.2 Features of A_dvanéement o.vei' Protoch_orda@

1.

2

10.
1L

12,

Pronephors is-present.

Unconstricted notochord is present.

S'egmental‘ly arranged vertical cartilagenous rods attached to the sides of notochord as neural
and interncural arches are present. o - ‘

Poorly developed pancreas is present.

Straight alimentary canal is present.

Intestine ié with or without poorly developed spiral valve,

Endoskeiefon is cartilagenous.

Myotomes undivided into dorsal and ventral parts except in branchial region.
Brain is small and cerebellqm- is poorly develéped. |

IX and X cranial perves arise from the brain behind the cranium; dorsal and ventral nerve

. TOOts are separate.

'Sympathetic nervous system poorly developed.

Ear with single semi-circular canal is preseat.

Heart is simple and in the form "S" shaped tube is present.
A single median nostril is present. . o 0
Ciliated groove and endostyle, velum are present.

A distinct. head is present.

Pborly dcvelo'ped cranium is present. Q‘”’ , _
Though pfimitiVe brain is ﬁresent, iter developed fhan that Qf Amphioxus. .
Heart is in the form of 7S shdpcd _tube. . . .
Pronephric, and mesonephric kidneys are present.

Many layered ep.iciennis is _p\resentq

Dorsal Spinal nérves are ganglionated.

Though rudimcntary, vertebral coiumn is present.

W - shaped ,m'yo_!orhcs are présént. -

Eyes and internal ear arfs present.

Sympathetic nervous system is present.

Definite liver is present.
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2.

24 3 Secondarlly Speclahsed Features in Accordance wuh Habltat
. Presence of suctonal mouth wlnch is uscd for attachmcnt e

' Présence of suctonal buccal funnel beset thh horny tccth along the margm for attachmcnt

and scrappmg of flesh from the host. -

e A raspmg tonguc bcarmg homy tecth
| Branchlal skeleton around the gms

: Sac hkc gills are prcscnt Cooa

Presencc of hypophysxal sac. .

. Nasal opening 15 a smg]e mid dorsal aperture through whlch the hypophysxal sac aIso opcns

Eggs are largc wnth large quantltlcs of yolk Clcavage mcroblasnc and mcompletc

- Dcveiopmcnt mdlrcct in Petromyzont:a o ;

‘ h cheneratc Features =~

25

Lo Exo-skcleton_ m.absen‘t.' |
2, Unoéé.iﬁed caftiiagenodﬁ endo-sl'(-clcto;l'is present. Ny
3 Poorly devclopcd hvcr is present. | _ ‘
4, Gall bladder, and blle duct are abscnt : 0 '\
5. Paired f'ms and’ gudlcs are absent.*
' .Muscles supportmg the mcdlan f areané'eht
A - Eycs are rudnnentary, w:t y‘c%:are presedt. |
SUMMARY Q)

Cycloslomcs are jawless cctoparasntlc (or scavengers) primitive vertcbratcs skm naked -with

single nostril, opening into ‘the nasohypophyseal tube. Pincal eye present. ' Endoskeleton -

cartilaginous with unconstnctcd notochord. Vertebrae importantly formed 5 to .16 pall‘s of -
marsupobranchi. Heart 2 chambered ‘S’ shaped tube. Dorsal and vertical nerve rools.remain

‘separate. Inmer ear with 1or 2 selmelrcu.lar canals. Adults w1th liver, sympathetic nervous -

system (poorly developed) and a ganglios on dotsal nerve root. Sex differentiation oceurs very

" late in life. Devclopmcnt dlrect or w1th a larval stage (ammoooetcs) It mcludcs Eampreys and

26,

rag ﬁshes
- GLOSSARY
Endostyle: ' R A c1l1ated glandular groove -in’ the vcntral wall of the pharynx ‘
~-Micro-phagous: Eaung wicro food matenal |
| Myotome: S o . ‘Musclc scg‘mcnts..:



Pineal body: - . ‘An out growthl on roof of diencephal'on.(part' of fore brain). It’s .

removal retards. growth.

: Pronéphros:‘ o _The first vertebrate kidney. to form in the ‘embryo functlonal in

most vertebrate iarvae and in adults of a- few fish. -

. Sympathenc nervous: - A division of autonomic nervous system.

System

Velum T A membrane or membranous partition., .

27

MODEL EXAMINATION QUESTIONS

11

Auswer the foilowing in about 30 iines;.

1. Describe the general characters of cyc]ostomes
2. Discuss the affimtles of cyclostomes

Answer the following_ih about 10 li_nes.

1. General 'charaéters of the cla_ss‘ 'Petr.omyzontia.
2. General characters of the class MSaxinoidea.l

3. Annocdctes.

17
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Unit —3  PISCES - GENERAL CHARACTERS

- AND CLASSIFICATION

Coritents

- 31 Ob]ecuves

3.2 Generai Character.s of Flshes
33  Summary '
3.4  Model Examination Questions

31  OBJECTIVES

® To know th distinctive characters of cartilagenous fishes and their orgainisation.

32 GENERAL CHARACTERS o s

Fishes are ac :atic cold bloodcd vertebrates pan‘ed appcndagcs are m the form of fins. They
breathe by 2 Eis - vascular outgrowths of the pharynx, bordering glllcldts and supported by

gill arches. i D_jpnox a single or double out grewth from the gut-the air or swimbladder -
functions ss & lung, air being inspired at @rface‘ of the water. Tn most osteichthyes
swimbladdcr is typically h)'(dr'ostatic._'l‘h‘ bears numerous scales maialy or wholly: formed
in the dersis, but covered by a layer ‘mermis, which may produce ¢namel. the skin also

bears sensury slructures, usually a ted on the head and arranged in one or more 'lateral
lines” along the trunk. the myatom persist in adult life.- In many the sut ends in a cloaca,

~ in others a distinct anus lics id*frent of the gm‘:mt(,z and urinary apertu-e, or apertures. The '
_nostrils -are paired and notscommunicate. with the mouth by the pe:ierior nares; they are

. purely olfactory organs. ¢ is no tympanic cavity or tympanum or ¢u ossicles. The heart
" ha$ one auricle and one“ventricle and contains only venous blood excep in Dipnoi. The

auricle shows hints of partition into two and receives arterlal blood from the lungs and-the
venous ‘blocd from the body. In case of Dipnoi, there is. a sinus venosus and there is often

a musculu: ~onus arteriosus. There is a bulbus arteriosus at the base of the ventral aorta in
. teleostel. E:.-:pr in Dipnoi the paired pesterior cardinal veins receive blood from the liver,

‘kidneys and ir:m the posterior region of the body. The kidney is u<ua11y a- mesonephros.
Cranial nerves ure ten pairs. Sexes are scparate. Most fishes lay eggs. which are-fertilised in

~ the water. Con tpared with the cyclostomes, the fishes show a distinc tion in the .o‘lowmg

points:

(i) Jaws fn' med from the: first wsceral arch. (11) thc scalcs (iii) occurznce of bone (w) the
_trug teeth (3) the paired nostrils (vi) the three semicircular canals (vil) the renal portadl system

fviil) the spie: (IX) and the gemtal ducts

Mishes have besa conmdered as Super- class which contains three class:s () Placodermi (i)

{hondricht ve. and (iid) Ostelchthyes The placodermi (Aphetohymdca) survived from Devonian

(. Permian peiod. They were known as armoured fishes. the hyoiden gill slit is complete.

The hyoideo fn,h docs not support the jaws., Suspensmn of ]aws is autodiastylic. Tail is

betarocerca’



33 SUMMARY

 Fishes are aquatic cold blooded vertebrates with ﬁns Body ‘covered by dermal scales. Theylr
breathe by gills. Swimbladder [hydrostatic organ] is present mostly. Heart is generally described

venous heart. Kidney is mesonephric 10 pairs of cranial nerves present. Tympanum absent

sexes separate. ‘The super class Pisces i is divided into 3 classes viz., placoderm, chondrichtlyes. .

& osteichthyes The placoderms were armoured and. with autodmstyhc or holostyhc jaw
suspenssmn : :

S

34 MODEL EXAMINATION QUES’HONS

1 Dlscuss the general characters of pisces pomtmg out the advancement over oyclostomes
in about 30 lines ' '

2. Write short answer on Aphetohyaidea.

19-..
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| Umt — 4 CHONDRICHTHYES

(ELASMOBRANCHII) e

Contents

Ca1 _ General Chafadte.rs. '
42 . Subclass: Selachii

421 - Order: Cladoselachu
422 -QOrder: Pleurocanthodii - - -
423 Order. : Protoselachii

424 - Order : Euselachii

_ 43 Slib‘Class:Bra'dyodonti

431 Order : Eubradyodonti |
432 . Order : Holocephali
44 Summary
45 Model Exammatnon Questxons :

41 GENERAL CHARACTERS

They have cartllagenous skeleton Voracious carnivorous ﬁshes Placoid scales are. present in
the *skin. ‘They have heterocercal tails, There arg claspers on the pelvic fins of the males.
Except in Holocephali there -is no gill cover. Antehor to these there is- often a spiracle with
a rudimentary gill. The gill clefts are separated omplete septa, and the gill filaments are
attached throughout their length to the sg The mouth extends transversely on the tentral -
side of the head. The nostrils are also fal. There is no air bladder. A sp1ral Valve is
present in the intestine. Into the clo. e termmal part of the gut, the genital and urinary

“ducts open. The ventricle of heart -has a contractile conus arteriosus. Fertilisation is

internal. The ova are few an rge’ie. with mich yolk.. Large egg-purses are common but

some elasmobranchs are {??mus

42 SUBCL_Ass: SEIACH.II

a

This subclass includes lmng as well as extent sharks, rays and dog ﬁshes having hyostylic or
amphlstyilc suspensonum Jaws are with several fows of sharp pointed teeth. There is no

" operculum. Nasal openings are pa:red This subclass has four orders- Cldosclachii.

_Pleurocanthodu, Protoselachii and Euselachii. -

421 Order: Cladoselachii

_ They existed from Devoman 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 unconstncted There were paired nostrils
and large scale like dentlcles surr ounded the eyes. eg: Cladoselache

They were slender,: fresh water, shark like fishes, which ‘extended from the upper Dévonian
until the early triassic. Scales have not been observed. The cartilage of the skull, the amphistylic
jaws and the branchial arches where some times well classified. The teetb were blpronged_

: and had a central cusp. e.g. Pleumcanrhus ‘



4.2.3  Order:Protoselachii

They were found in the late Palacozoic and Mesozoic ages. The pectoral fifs were no longer
fin folds but became notched at their poatenor margins. The pelvic claspers had arisen in
the males. e.g. Heterodonies

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 baving \numerous teeth
developcd 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 -inc;ludcs sharks in ‘Which the gill slits are lateral. Bodv is spindle
shaped. Tail is heterocercal. Suborder ‘Hypotremata includes skates and rays. The body .is
depressed i.c. dorsoventrally flattened. The gill sllts are situated on the ventral side. e.g.Scofiodon
(Dog fish) S

Sphyma (Hammerheaded shark) (F1g 3/A)

Squalus (Spmy dog fish)

 Spiracles are always present on the dorsal side. Pectoral fing are enlarged and jomted to the
side of the head and body There are five palrs of gills. e.g. Pristis (Saw ﬁsh)

7 Tiygon {Sting ray) _
'  Torpedo (Electric_ray) Fig 3. 1 S ' : L '
Raja (Skate o - _ >, o 0
43 ~ SUBCLASS : BRADYODONTI U

L e,

] Cfr_nimaera and its allies only ar.e surviving n@“yﬁdaﬁ contains two brders
4.3.1 . Order : Eubrodyodonti @ ‘

' This teeth were crusling plates. Afier petiod of successful expansion disappeared at about
‘the -end of the palaezoic. ¢.g. Helodus. - ‘ : :
\
432  Order: Holocephali ‘
. Thcy arose in Jurassic. There 15 a fold or operculum whlch covers four gﬂl clefts leaving only.
one extcrnal opening on each ‘side. Spiracles are absent. First dorsal fin with strong spmes
is situated far forwards. Tail is slender and whip like. Scales are absent in the adult. Each
jaw is provided with a large tooth plate Urmogcmtal aperture is separate from the anus e.g.
Chimaera (Fig, 3 LE)

21




Pelvic fin.5. Anal fin 6. Caudal fin 7. Secod
13. Trunk 14. Spiracle 15. S

- Subelasses .
B “Selachii Brudyod.nr-ui.
© Orders
Lubradyodont - Holocephali-
" } B (_J_ura\‘sic‘.-'rccenl)_
, c.g chimaera-
i |

Cladoselichii
(Devonian-.

d dorsal fin 8, Lateral line 9.First dorsal fin 10. Gill slits 11.H

Class Flusmobranchii

Permian)

2

Euselachii
{Jurassic - Recent)

Protoselachii
{Devorian -
“Recenl)

Pleuracanthodii
- Devonian - Triassic)

Suborders .
Plearotremata . -Hypotremata
c.p Dop lish e SKates and

rays

ristis C. Sting Ray . Electric Ray E. Chimgerat 1. Head 2. Eye 3, Pectoral fin 4,
j Iead jobe. 12.Rostrum
- Eleetric organ 17. Tail 18. Mouwth 19, Clasper 20.Frontal clasper 21. Daorsal-fin:.



44 ‘SUMMA.RY_

The class Eiasmobranchu mcludes the cartxlagmous fishes, They are pccuhar in several respects; o
skeleton cartilaginous, skin with placoid scales, males with claspers; mouth and nostnls ventral, _
intestinal spiral valve, cloaca and internal fertilisation. Ova few, large and laid in egg-purses-s mmc,_ _

_ elasmobranchs are vwiparous with yolk sac placenta eg. sharks rays skates.

45 MODEL EXAMINATION QUESTIONS

L Anmswer the following in about‘30 lines

1. lee an account of thc clamﬁcatlon of Elasmobranchs into orders with examples.

2. Out hnc the gencrai characters of fishes.

II. Answer the fdilowing in about 10 lines
L H'oloccﬁhali. o |
2. Euselac]:m .
3. Chondnchthyes

23
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51 OBJECTIVE :

‘ @7 To know the external features of Indian dogfish and the skin derivative Plag_‘qid Vsc_ales".‘

52 INTRODUCTION

Scoliodon is.commonly callc'd, as dogﬁsh as the niquth of this fish resembles the mouth of
the dog. They are found in all parts of the scas. \Scoliodon sorrakowah found in the seas of

in Red sea, Indian Ocean, Bay of Bengal angd also around the coasts of West Indies, Zanzibar,

‘India and in seas upto Malaya Archipelago. ‘1 !odon has a wide range of distribution occuring

~ Ceylon ‘and the Philippine Islands. ¥ as also been recorded in Eastern Coasts of South

America. Scoliodon is. carnivorous_and\§cavenger. They are very swift swimming forms as
the body is. pcrfertly stream lin out havmg rigid pro;ectlons

The SW’IHIIIIIHg is effecied -%ﬂaﬂernate contraction and relaxation of the myotomes df the -

two sides of the body. The aintain equilibrium. They are viviparous (give birth to young

ones). Fertilization is internal. During copulation, the copulatory organs are inscrted into the
: ‘body of the female and through its canal the male introduces the sperms 1nt0 the vagma of
- the female. :

Shape

It has a iong, lal:crally comprcsscd spmdle shaped body, which tapers at both ends. Adult

- §pecimen measurcs about 0.60 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, pomted snout.
" There are two large, circular cyes situated laterally on the head. Each eye is provided with
"a movable mctltatmg ‘membrane, Whlch is situated along thc antero - ventral border and can



cover the 'eyc in time of danger. The pupil is narrow and vertical. There are two obliquely

placed crescent shaped nostrils which are sitvated one on each side of the angle of the mouth.
Each nostril is partially covered by a small fold of skm on each 51de The function of nostrit
is only olfactory and not resplratory : ' :

Nostrﬂs are not- connected with the mouth. As such, there are no internal nostrils. Behind
ke eyes are situated five vertical skits called the bronchial or gill clefts. These apertures open
‘ato 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

zdges. They are homologous with placo1d scales. The-teeth of scoliodon are ‘not embedded‘
in the cartilage of jaws but arc anchored in the dermis by the fibres of connectwe tlssue '

They are polyphyodont ‘ie. there is an unlimited succession of teeth.

Jaws are helpful for catchmg the prey and thlS is possible by raising the snout and pushing
- the mouth forward. Trunk is elliptical in ‘transverse section and its thickest part is situated in

the middle of the body The trunk is followed by a tail which is gradually tapermg and is-

laterally compressed It is also shghtly bent upwards The tail i is heterocercal

~ A faint line runs on- each 51de of the body- from head to tail, which is called lateral lme
“underneath which a canal runs along each side of the body and possésses special receptor

organs.

11 1 o e

i P 5
Fig 5.1 Side view of Scoliodorn 1. Snout 2. Mou ye 47 Gill slits 5. Pectoral fin 6. Trunk 7. Pelvic fin
8. Anal 9.First dorsal fin lO.Second [T 11 Caudal fin 12. Heterocereal tail.
2\

54 FINS | - Y)

There are two types of fins in Scohodon (a) unpau‘ed or medJan fins and (b) paired or
lateral fins.

. Unpaired fins : First dorsal median fin is triangular in shape and is situated a little in front
‘of the middle of the body. The second dorsal fin is also triangular i in shape but is very small
and is situated bctween the first dorsal fin and the tlp of the tail. - :

Ventral medlan fin i is situated in the mid-ventral line just opposite the space between the two

dorsal fins, more or less in front of the second dorsal. The basal edges of the two dorsal
and ventral fins are produced behind mto basal lcbes, which are long, narrow and fleshy
processes. | :

Fringing the dorsal and ventral parts of the tail there is a caudal fin. The dorsal lobe is very
much reduced and starts by-a notch called the caudal pit, which is also on the'vei':t‘fal side.
The ventral lobe of the caudal fin is well developed and is divided into two parts, the anterior
which is large while the posterlor is smaller and less extensive.




, :-'5.5'::. EXOSKELETON |

o spiny pro_gectlons du'ected backwa:ds Erom the surface of the skm

~ cavity through thzs openmg The pulp cavity | cont

Paxred ﬁns : There are two palred lateral fins: the antenor peetora] ﬁns and the. postenor

_ pelvic fins. Pectoral ﬁns are- satuated behmd the gill clefts along the ventrolateral marg:tns of -
.- the body The pelwc fins are much smaller - ‘than the pectorals and are. placed close together_
from - thé ventral surface .at the ]unctton of the trunk and tail and enclose a cloacal aperture.

In males the pelvac fins possess on their inner sxde a clasper or’ myaptengmm

'The skm or mtegument conSISts of two layers an outer epzderm:s made up of* mauy layers‘ _'

: of epzthehal cells, among whtch are. 5:tuated numerous umcellular mucous glands and an inner

" derinis is composed of dense eonnecttve tissues together wnth smooth muscle ﬁbres ptgment'
- cells, blood capillaries, and neﬁfes ' :

' The dermxs is ﬁrmly attached to the under-lymg muscles and as such the skm is tlghtly fittecl-
over the body JIn hvmg condttlon the skin is smooth but, m ‘the preserved specimens, the .

skin i is ‘tough due fo the’ presence of plaCOId scales, which ‘are embed_ded in the dermls vnth_:":

Structure of the Plaemd Scales o

Each plac01d scale eonsnsts of a basal plate, Wl’.llCl‘l is. embedded in- the dern:ns and spme

" Basal Plate: It is rhombo:dal or dlamond shaped plate formed of a cément like substance

It lies.embedded in the dermis and is firmly attached to it by strong fibres of connective -

spine. In living condmon ‘the blood vessels - nerve ibres, and Iymph'. channels enter the pulp
ind of vascular tissue called dermal
cup containing numerous odontoblasts or dgnting forming cells, blood vessels, nerves -and
- lymph - channels, The basal plate is formed of —.-.-r | tissue similar to the coment. of our
teeth - -

- tissue: The. basal plate is perforated by a small op%lgkwhtch lcads into pulp cavity of the

thSZSlun of Dog ﬁsh 1, Eptdermlsz Derm|53 Spme4 Enamels Umcellu!ar epldermal gland o
6 Melanophore 7 Looseiayer& Compact layer 9. Root 10. Dermal papllia .

“The Spine Itisa flat backwardly- directed trident structure pr()]ectmg out of the: mtegument
“and. giving it roughness ‘The spine is composed of hard- canahcuhzed substance, the dentme
. coated- w1th enamel. hke substance called wtro-dentme o A



Fig. 5.3 Placoid scales of Scoliodon 1. Spine 2. Basa! plate.

56 SUMMARY

Scoliodon is commonly called as the Indian dog fish which has wide distribution. They arc .

fast swimmers with carnivorous habit. Body is divisible into head, trunk and tail. Head
dorso-ventrally compressed. Mouth ventral with backwardly directed, polyphyodont teeth. Tail

fin heterocercal type. Skin is rough due to the presence of placoid scales. Lateral line sense
organs present. e ‘

/57  MODEL EXAMINATION QUESTIONS

L Answer the following in 30 lines.

1. Describe the external characters of Dogfish. 0
I. Answer the following in 10 lines. . O
1. Write an account on "Placoid scales" . ?‘ i

>

-l
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61 OBJECTIVES

R i’I‘o_:s'tudy‘ the ax_i_él;and -'aljperid:iculz_lr skeleton and viscera of the Indlan dog'ﬁsh o

62 ENDOSKELETON

The cndOSkelcmn is entlrely cartllagenous There is no bone at all. It is dmded mto (a) Ax1a1 _ -
~skeleton - consisting of - the vertebral column, skull .and. glll arches (visceral ‘skeleton). (b)
Appendlcular skeleton c0n515ts of pectora] girdle, pelwc glrdle pclwc ﬁn and pectoral ﬁn

- 6.2.1 Axnal skeleton o

_ The vertebral column : The vertebrag dog fish are about 130 in numbcr These are
cartilagenous, solid structured, pierced t riotochord. ,Vcrtebrae are of twe types (a) trunk
vertcbrae'(b) tail vertebrae. Each vestgbra is hollow at both the ends. Such types of vertebrae -
are c':la_lled amphicoelous .(Fig.6.1 v‘ e o TR o

. Figé. 1 Vertebrae of Scoliodon A. Trunk vertebra (Anterior view) B. T.S. of trunk vertebra C. T:S. of Caudal veriebra
. 1, Néural spiti€ 2. Neural canal 3. Neural arch 4. Centrum 5. Transverse process 6. Passagc for notochord
- 7. Haemal arch. 8. Haemal canal 9, Haemal spme

_The vcrtcbra consists of & centrum whlch is concave at- both ends and\the hollows of centra

. are. filled w1th the remains of the notochord. The centra articulate with one zinother end to

_end. Each centrum bears dorsally the. neural 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 vertcbrae are distinguished from the tljuﬁk vertebrae by the




presence of haemal arches, cnclosiﬁg the candal artery and the éaudal vein. Alternating with .

- neutral arches, are the intervertebral ncural plates (inter dorsals) The ncural’ spines are.
formed in the spaces between the upper ends of vertebral and inter vertebral neural- plates.

The skuli of the Scoliodon is Fnﬂrely made up of cartilage w1th deposﬁs of caiv;:mm salts at
some places. Bone is oompleteﬂy lacking, The condition of the skull is not a primitive character

but is secondarily degenerate.. The skull s made up of (a) Chondrocranum having neurocranjum

'enciosmg the brain, olfactory capsule (ethmoid region) and an audltory capsule (auditory
region} (b} splanchnocranium or viscerat skeleton con51stmg of jaws, suspsnsormm and skeleton
of gllk. (Fig 6.2).

. y _ - BN ]
. Fig 6.2 Skull of Scoliodon A. Dorsal view B. Verntral view-1, Dorsolaterdl can ilage of rostrum 2. Ventro-median
cartilage 3. Olfaciory capsule 4. Preorbital process 5. Accessory cartihfra orbital ridge. 6. Floor of the
orbit 7. Post orbital cartilage 8. Auditory region 9. Anterior fonganelle 10"Parietal-fossa 11, Occipital crest 12.
Posterior vertical semicircular canal 13. Anterior vertical sem1c1r nal 14. Horizontal semicircular canal 15.
Articular surface for hyomandnbular 16. Roof of craniur Foraman for opthaimic 18. Opening for internal ’
carofid artery 19. Articular surface for hyomandibular en for tenth nerve 21, Foramen magnum 22.

Carotid canal 23. Qpening of st_ape al artery 24. Floor of craniuth.

Craninm isin the form of  a cartilageno der enclosing the brain.. The cranium cah, be
divided into four regions .(a) occipital (b) Aiditory (c) orbital (d) ethmoidal. The occivital

region forms the posterior part of the cranium forming the median, large opening foramen -

magnum through which the braie is continued into the spinal cord. On either side of the
foramen magnum there is an occipital condyle for articulation with the first vertebra.

The anditory region consists of an auditory capsule and a part of the cranium with which
they are fused. The large laterally projecied auditory capsules possess the - aaditory organs.
‘The orbit lodges the eye balls and muscles. The ventral side of the cranium is broad and
flat and possesses towards its posterior end two obliquely transverse grooves called carotid
canals situated one on each side. At the anterior end the cranium becomes narrower and on’
the vengral side, olfactory capsules are found anteriorly. The ethmoidal region of the cranium
consists .of olfactory capsule, and rostrum. The olfactory capsules -are separated by cart:lage
calied internasa sepum.On the dorsal side, the cramal roof is mcomplete duc to thc presence
of anterior fontanelle.

The visceral skeieton is composed of seven visceral arches. The first arch is the mandibular
arch. It borders the mouth and gives rise the upper and lower jaws. Each half of the arch
is divided into a dorsal segment, the palatoquadrate and a ventral segment meckel’s . cartilage.

29




The palato-quadrates . of the two sxdes grow forwards along the margin of the mouth and

glvc risc to the upper jaw snmlarly the meckels cartilages grow forward along the lower -

Fig. 6.3 Ventral view of the Viscesal atches of Scoliodon. 1. Basihyal. 2. Cardohyal 3. Eplbrané‘nal
- 4. Ceratobranchial 5. Fused IV and V pharyngeobranchial 6. Ceratobranchial. 7. Hypobranchlal

margm of the mouth; parallel to ‘the palato-quardrate and form the lowar jaw (Flg 6.3).

At their hind' ends, the palatoquadrates and meckel’s cartilages are hinged and move on one

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

" The second visceral arch is hyoid arch: Each half is eomposed of a dorsal segment‘hydmand_ibular

and a ventral segmient, the ceratohyal. The ceratohyals of the -two sides meet in a median
basihyal. The hyomandibular is a stout rod asticulatifig above with auditory capsule, and below
with the upper and lower jaws at their jn. The upper jaw is attached to the cranium
by ligaments and suspended from theyskuli By the hyomandibular this method of suspension
is terméd hyostylic. ?‘ : o S ‘

- The remaining five visceral arche termed branchlal arches and support the wall of the pharynx '

between the gill slits. Ea. of the arch is supported by four cartilages. They are from
above, the pharyngo branc the epibranchial, the cerato branchial and the hypobranchial.
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 medlan or unpmrcd and the lateral or paired, Both
arise as ectodermal folds into which extends the mesenchyme which glvcs rise to the supporting
cartilages. :

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

on somactidia attached to. the vertebral column by hgamcnt The pterygiophores support

distally the horny fin rays or cerato-trichia arising as a double series in the skin or éither

side of fin. The ceratotrichia, though termed horny rays do not contam true ‘horn, which is -

epidermal, but has elastin of mesenchymatous origin,




Fig. 6.4 Pectoral Girdle and fin of Scoliodon (Vi entral view) 1. Foramen for the branchial artery and nerve
2. Caracoid cartilage 3. Mesopterygium 4. Metapterygium 3. Ceratotrichia 6. Somactidia 7. Prop

Pectoral Girdle and Pectoral Fins

The pectoral girdle (Fig 6.4) is a hoop-of—cartilage, in complete dorsally-and embedded in

the body wall behind the last branchbial arch. The paired pectoral fins are attached to this '

laterally, more or less in the middle of each half, and the surfaces of attachment are the
glenoid - facets. '

The portion dorsal to the glenoid facet is distinguished as theNscapula and that ventral to it
as the coracoid. The coracoids of the two sides are continudys dcross the ventral line where
as the scapulae leave a gap for the vertebral column.@

The pectoral fins have for their skeleton, each three lare.basal cartilages named proterygium,
mesoplerygium, and metapterygium followed by a %ber of radial cartilages or pteregyophores
and the latter in their turn bear a series onr_at achia which support the web of the fin.

Pelvic Girdle and Pelvic fins -

The pelvic girdle is a transverse bar o‘lage (ischiépubic lying in front of the cloaca. The
pelvic fins arc attached to it on either side (Fig. 6.5). - :
. ) i } 2

1

Fig 6.5 Skeleton of Pelvic girdle and Pelvic fin of male Scoliodon 1. Ischopubis 2. Foramen 3, Pelvic fin {Dorsal view)
4. Siphon 5. Clasper (mixipterygia) 6. Accessoty cartilage. 7. Style B. Ventral plate 9. Dorsal plate
10. Axial cartilage of clasper 11. Ceratotrichia 12. Somactidia 13. Basipterygium.

~




Each pelv;c ﬁn has a smgle backwardly dlrected basal carm“° {basipterygium) artlculatmg-
with the pelvic. girdle. Attached to the: bampteryglum are the radial cartilages and- ’they are
followed by ceratotrichia which support: the web.In the male shark, the postenor ‘radial
. cartilage of cach side is enlarged and grpqmd to form the clasper (Fig. 6.5). ° :

63 SUMMARY

‘The endoskeleton of the shark is formed of cartilage. The endoskeleton ¢an be divided into |

" axial and appendicular -skeletons. The vertebrae : are- amphicoelous, numbering about 130.
Caudal vertebrae can. be identified by the presence of haema! arches. The splanchnocranium .
is composed of 7 pairs of visceral arches. The hyoriandibular acts as a lever suspending the

jaws from the auditory capsule, hyostylic type of jaw suspension. The pectoral girdle is hoop-like -

--while the pelvic girdle is a transverse bar. The postenor radlal cartilage of cach pelvic fin is
modlfied as a claspcr .

64 MODEL EXAMINATION QUESTIONS

- I : Answer the .followin'g iiiléstion in about 3¢ lines.

1. Give an account of the 'appcndicular skeleton in dogﬁsh;
L | Answerl thé i;ol.ldu'i‘n'g‘-.ques.tionfs in ahoﬁt 10 'linés each N -
1 Describe the sku]l of Dogﬁsh J

2 Gwe an account of Chondrocramum andS hocranium.
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7.1 . INTRODUCTION

- Viscera includes all those vital organs of the body that lie within the space of the abdominal

cavity (coelom) and are surrounded by peritoneal tissucs. “The cavity around the visceral

- organs is also referred to as Perivisceral cavity. The body cavity is divided mto two unequal
compartments by a septum transvessum; exterior smaller compartments and the pericardial
cavity and the posterior larger one, the abdominal cavity. It opens out’ through a pair’ of
abdominal pores 51tuated on the pdpillae can be elther SIde of the cloacal aperture

72  HEART _ \)

Heart is a durso—vehtrally bent muscular tube maqe(sgf four chambers. (i) Sinus Venosus,
(2) Atrium or auricle, (3) Ventricle,(4). Conus- iosus. ' o

73 ALIMENTARY C_ANAL /}«\< |
YV

The Alimentary Canal consists of mouth, buccal cavity, pharynx, 0650phagus stomach mtestmc _

~and rectum. Mouth is a crescentlc.opemng) situated on the ventral side. Mouth opens into
spacious dorso—ventra]ly compressed buccal cawty ‘

Buccal cavxty is lined Wxth lhlck mucous membrauc raised vcntrally into" thick fold, so as to
form a non-muscular and- non- glandular tongue. The mucous membranc 1s rough due to the

presence of dermal denticle. 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, .

arranged in ‘several parallel rows. They are all alike in shape .and are homodont. and
polyphyodont. The buceal cavity opens into the pharynx. Interna]ly ‘the cavity of the pharynx
is lined WTth mucous membrane, Possessmg a large number of dermal denticles

Oesophagous is very short dﬂd has a .thick muscular wa]l W1dcns behmd s0 as to form a
large muscular stomach. The stomach is a shaped organ, having two limbs, proximal limb
is longer and is called cardiac stomach, whére: as the shorter distal limb- is called pyloric

stomach. At the junction of cardial and pyloric stomach there is a blind growth- called the

blind sac; a pyloric valve, which guards ‘the entrance of pyloric stomach in to a small thick
walled muscular chamber called bursa entiaria which 1s continuous with the intestine.
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_The intestine is a wide tibe; it runs straight backward and opens behind into the rectum.

The internal surfacé of the intestine is increased by the presence of characteristic fold, a
mucous membrane called the scroll valve; one edge of the scroll valve is attached to the

_inner wall of the intestine and the othér'is rolled up longitudinally on itself so as to form a

scroll, having an anticlockwise spiral of -about two and half (2 1/2) turns. the scroll valve
increases the absorptive surface and also check the rapld passage of the food through the

. mtestme

Intestine opens in to the rectum which in turn opens behind into the cloaca. In the rectum '

the rectal gland opens dorsally. Into the cloaca the alimentary canal as wcll as the urino-genital

“ducts will open.

Liver is a l(mg yelldWish gland made up of two lobes which extend backﬁards along " the

. 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 gall bladder.- It’s functlon is to store

~ the bile sccreted by the liver.

Pancreas: It is a Compa‘ct and bilobed gland situated between the two limbs of the stomach.

The dorsal lobe is to parallel to posterior part of the cardiac stomach, whff:h the ventral lobe .

is applied to the pyloric stomach. The pancreatlc duct opens into the mtestme ]USt opposite

to the ‘opening of the bile duct.

'-Spleen' Spleen is bilobed non-digestive gland (a) Proximal lobe extendmg along the outer

curvature of the cardiac stdmach while (b) the other elongated, distal Iobe is situated parallel
to the,pylonc stomach. Spleen is a lymphoid orgamy, structure. it such produces lymphocytes
and filters out invading' foreign bodies. ' 6 L

‘The food of the Scohoa‘on is mainly conf other fishes but it also feeds on lobsters,

*produces mucous which Iub

rock-crabs etc.

its food. There are no sahvary in the mouth and therefore digestion does not take
place in mouth, buccal ca 0 d “oesophagus. The mucous membrane of the buccal 6avity
Q s the food. Digestion begins in the stomach which . contains

‘Scoliodon cannot masticate its fo@tz teeth are not suited to this purpose; but-it swallows

: hydrochlonc acid and pepsin, which convert the proteins into peptones and proteoses where
. the semidigested food enters into intestine, it is affected by -the bile and pancreatic. juices.

The bile juice makes the food alkaline and helps the action of the pancreatic juice: The
pancre¢as 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 othcr vertebrates the organs of reproduction and those of excrctlon are
closely associated. Therefore they are- stuched together, :

Male Urmogemtal System: Thc kldneys in the male are a pair of long strap shaped structures.

_They extend almost entire length of the body. They are mesonephric in origin. Each consists

34

' ~ of anterior slender part genital mesonephros and posterior thicker part called renal or caudal




mesonephros. This type of kidney is called opisthonephros kidney. Testis are pairs of elongated

structures. Each testis jointed to its anterior end with kidney of its own side by a few minute

ducts called vasacfferentia which open in to the greatly coiled wolfian duct of vas deferens.
Behind the thicker part of the kidney vas deferens enlarges to form the vesicula seminalis.

The two. vesicula seminalis open into a large triangular c¢hamber called urinogenital sinus *

which opens iuto _cl_oaca On either side of the urinogenital sinus is situated club shaped
sperm sac. Siphons arc a pair of long glandular sacs are also personal (Fig 6.5)

Female Urinogenital System : In the female there is no direct connection between kidneys -

- and genital organs. The anterior part of the kidney i is extremely reduced whllc posterior part
extends into the cloaca. Urecters are long. They open dlrectly into c]oaca

Ovaries are paired situatéd on either side of the vertebral column behind the base of the

liver. The oviducts of the Mullerian ducts are independent ducts having no connection with.

the kidneys. Both the anterior ends of the oviducts meet to form a longitudinal slit ‘called

oviducal funmel. Just behind the funnel, oviducts curve around towards mid-dorsal line till -

each enlarges to form a shell gland, which is the dilated part of the each oviduct. In-the
posterior region each oviduct expands into uterus in which 4-6 embryos develop. The two
uteri unite to form a vagina which opens into cloaca by a large median aperture.

7.5 SUMMARY

. Viscera includes all the vital organs. The digestive system includes the fongue, digestive tract
~and the digestive glands like liver pancreas and the intestinal ‘glands. Teeth homodont and
polyphyodont and intestines with scroll value. '

The shark kidney is mesonephric. K is differentiated int anterior genital and a posterior
renal part. A pair of iestes in males and a pair of ies i females are present. The wolfian
duct or vasdeferens enlarges into seminal vesicle m%ﬁ :

(oviduct) enlarges into a shell gland and utel@&w pair of claspers, sperm sacs and siphons
are present in male shark. . Cloaca is also secH ' ) :

76 ~ MODEL EXAMINATION QUESTIONS

I.  Answer the following q@estion in about 30 l_ines,"
1. Describe the alimentary canal of dogfish.
"IL  Answer the following in about 10 lines.

1. Out line the female urinogenital 6rgahs of Dogfish

7.7 GLOSSARY

Clasper Organs of copulation
Heterocercal Unsymmctncal tail fin, It is two Iobcd with termmal part turned upwards

Ligament : . Band of collagen conncctmg two bones

¢S while in female, the mullerian duct
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Mesonephros o
" Olfactory organé
Polyphyodont

'Spiracle' 3

. A type of kldney found in the embryos of all vcrtebratcs and rctamcd as the -
functional kidney m animates : '

EE Organs pertammg tothe sense of smell

o The teeth are replaced contmuously throughbut hfe a phenomenon seenin

lower vertebrates -

' Remnant of the first gill slit in many .ﬁshes (in case of vertebrates)




Unit —8  OSTEICHTHYES — GENERAL |
' CHARACTERS AND CLASSIFICATION

7
Contents '

8.1  Objectives
82  General Characters
82.1 General Characters of Actmopterygu
, 82.2 General Characters of Crossopterygii
83 Summary —
84  Glossary ' ' ‘ ¢
8.5 Model Exammatlon Qucstlons o

8.1 OBJECTIVES

@ Toknow the distinctive features of bony fishes and their diversity of forms.

82 GENERAL CHARACTERS

first bony fish was found as fossil in the early Devonian ageyas Such the class is older than
Elasmobranchii and their bony skeleton is a retention of their stral forms specialised and
perfected for moderd needs. They are found  in mard fresh waters. The exoskeleton
is in the form of cycloid, ctenoid or ganoid scales, The fouth is usually terminal. There is
_always a gill cover operculum. The interbranchial sépta ‘are much reduced. The gill filaments
project freely from the gill arches. There is ally a swim bladder. Therc are no claspers,

The Os’tei_chthjes comprise the bony fishes which form the E§W of the living fishes. The

small.

The caudal fin is diphycercal The ova are small and numerous. Cleavage usually meroblastic,
some times holoblastic. The oviducts are contmuous with the ovaries. Fertilisation is usually
external

The class dsteichthyes has two sub classes 1. Actinopterygii 2. Crossopterygii.

82.1 . 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 paired fins. The modern forms have the fins with
basal supports. (bony) reduced almost to vanishing point. The structure of the scales is ganoid.

- Absorbing surface of the intestine usually. enlarged by elongation of the intestinal tract. The -

respiratory arrangements ‘Have changed from a gill condmon near the laminar type to the

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

is characteristic in having the large cerpora,striata, cerebellum and medulla, presence of the

valvula cerebelli and in the absence of cerebral lobes. There is no trace -of internal nostrils.
~ Little muscle or other soft tissue extends into the paired fins. These depend essentially ‘on
flexible dermal rays for their support. Example: Acipenser (Fig. 8.1 A) Polypterus (Fig. 8.1 B),

~ no naso-buccal grooves There is no cloa§ adk, spiracles. Olfactory lobes and cerebellum are 7
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Lepisosteus. (Fig.: 81 C), -dmia (Fig. 8.1 D), Anabas (Fig. 82'B), H_’ippocampus ‘(Fig. 82 C), .
-, Exocoetus (Fig. 82°A), - 4~ . B R A P
¢ ' -:1-3..'?-
=3
4
|
.
i
.
L S s g T
g 8.1 Sbmc’Aptinoptergili fishes A. Acipenser B. Polypierus C. Lepidosteus D. Amia 1. Eye 2. Mouth )
: 3. Operculum 4. Peetoral fin 5. Pelvic fin 6. Lateral lirie 7, Dorsal fin 8. Caudal fin 9. Anal fin 10. Scutes” 7
- 11 Trunk 12. Head 13. Rostrum 14. Nostril 15. Dorsal findets 16, Upper jaw 17. Ventral fin . '
o -18. Lower jaw 19. Nasal tube 20. barbels. - - .. oo
E 8.22 - General Characters of Crossopterygii- - _ _
' This ‘sub class was once abundant but it is .rc&uccd_t(';): one, recently di_scd\iéred coelacanth
and"to a few. species of Dipnoi. - They have -paired fins with-a scale covered lobe around
- which fin rays arc attached. Skeleton of pectoral fin is with central pointed axis having radial - . .
JEEES _ -~ extension on.each side. Tail is diphycercal Internal nares or choane are present. . - . .
o 38



Examples.:

(1) Latimeria (Living fossil)

(2) Neoceratodus .

(3) Protopterus Lung fishes (Fig. 9.1))
(4) Lepidosiren :
Latimeria 7

In 1938 a fisherman collected a curious fish frkom the east coast of South Africa. It was five -
feet long weighing 127 Ibs. This was sent to Miss; Cairtenary Latimer who sent a sketch of
this to Dr; J. L. B. Smith, Ichthyologist of Rhodes university college at Grahamstow. He
recognised it as a surviving member of one of the main divisions (coclacanthus) of the
crossopterygii and named it as Latimeria Chalumnae is named after the discoverer and locality.
. Another coelacanth was captured in the same locality in 1952 by Dr. Smith. Latimeria is said -
to be the living fossil. The entire body is covered with cosmoid scales with an enamelied
surface. The tail is diphycercal with smali central projecting lobe. The paired fins are lobed. -
There are two dorsal fins. The anterior one is supported by a bony plate and the posterior
by an osseous structure not unlike that of pectoral fin. The anal fin is also lobed. The
notochord is persistent and unconstricted: Its anterior end projects as far as the region of
forebrain. The vertebral ¢olumn is unossificd ¢xcept the spines. The skull possesses a powerful
and freely movable hinge on’the dorsal surface between the parietals and post parictals. ' The
© air bladder is very 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 anterior nasal
~opcning lie at the tip of the nasal tibe. The kidneys are fused. The ureters are synnne_trical‘
and each dilates behind to- form a bladder. B '

Lung Fishes

There are three living genera of lung fishes groﬁpéd as\Dipmoi, are discontinnously distributed.
These genera arc  Neoceratodus from Burnett and rivers, Queensland, Australia; Profopterus
from the. rivers of West Africa and Lepidosiren ?%m swamps -of Apiazon basin of South
‘America. Thddét-ails are described-in Ianj 10. - . o '

Fig 8.2 Some Actinopterygii fishes. A. Exococtus B. Anabas C. Htppocan.qms 1. Eye 2. Mouth 3. Nostrit4,
Operculum 5. Dorsal fin 6. Pectoral fin 7. Pelvic fin 8. Caudal fin 9. Upper jaw 10. Lower jaw 11. Ventral ftn 12.
Anal fin 13. Snout 14. Head 15. Ring like plates 16. Prehensive tail 17. Brood pouch.




Class Osteichthyes

" Subclasses

diphycercal. Cleavage m'eroblas'
subclasses viz., Actmoptc ed fishes) and crossopeterygii (lobe ﬁnncd ﬁshcs) The

N —
Actinopterygii _ Cros§(?pterygn
P (choanichthyes) - -
Orders - |-
0 Rhlp1d1st|a ' D1pn01
" e Latimeria e.g. Pmtopterus
o _ _ o Lepidosiren
- - L ~ Neoceratodus
-._'-Super order o . Super order T *~ Super order -
Chondrostei . qubs_tei : v Teleostei
| . e.g. Hippocampus
- Order | - : - Clarias
L _ 1 - Anabas
_ Semionotoidea . Amioidea
: .. Lepidoste £ Ami
Orders - o ©8 Lepidosteus _ o8 S .
L - I ‘ 1
Palaeosiscoidea . . Acnpensermdea ' Polypterini -
ao . eg Aczpenser - 'e.g. Polypterus -
§3 SUMMARY \\

Ostc:chthyes (bony fishes) enjoy wide dlstrl Body covered by cycloid, ctenond or ganoid-
scales. Gills are covered by opcrculum?Q hlaments are free and usually a swim bladder 15

present. Neither cloaca nor spiracles séfn. Cerebellum is small. Caudal fin homocercal or
ation external. Osteichthyes .are- divisible into two

paired fins of crossopterygi bmlt on basic plan of arclnpteryglum B

8.4 GLOSSARY |

‘Barbel & - ' A bend like appendage present at the mouth

Continental Shelf : The zone extending from the line if pcrmanent immersion to the depth :

© - usually upto 120 meters.
Estuary : The mde lower tidal part of a river '

Plankton :  ~ All the floating or drifting life of rthe'p'clagi'c division of the sea.




8.5 MODEL EXAMINATION QUESTIONS

L

. L

II.

Answer the following-que'stion in about-30 lines.

Describe the general characters of class Osteichthyes. What are the main differences
between Actinopterygii and Crossopterygii. )

Answer the following questions in about 10 lines.
“Describe the general characters of Actinopterygii. Give few example.

Classify Osteichthyes into sub classes with, suitable examples.

4]
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o (Epme)phelus sp) and the spade fish. (
" of Andhra Pradesh are dealt m lesson, whlch are found in marme and fresh _waters.

' the bottom feeding fishes like rudder ﬂsges (Lot

Uni_tf -9 COMMON EDIBLE FISHES OF
_ANDHRAPRADESH

Contents
Sl Objectives

92 . Introduction

93  Marine Fishes - .
. 94  Fresh Water Fishes
95 Summary
96 Model Exammatlon Quesﬁons

91 OBJECTIVES

-To know the edlble ﬁshes > a major resource’ aud thelr avallablhty in the state of Andhra

Pradesh

92 'INTROD._UC'_I"_ION.

Both marine and fresh wafer ﬁshes exist in Andhra Pradesh The annual landmgs of marine,

fish in Andhra -Pradesh were  28.846; 29,464; Q0 metric tons during . 1958, 59 and’
“60 respectively. Important shoaling fishes caug ht are”the oil - sardines (Sardll_lella longiceps) -
mackerellsilver béllies, ribbon fishes, cat fishes ad soles. Catches by travelers include: mostly

nus sp.) snappers (Lutinus sp.) rock perches
us orbis). Some of the 1mportant edible fishes
(nvers tanks and ponds) B n M o . o Y

W

93 MARINE FISHEV

R

Elwthemnenm teu'adactylus (Tel Buddatamaga Boddumaga and Magasahala)

It is abunduntly available in- coastal walers. The Dorsal surface ‘of the fish is green with sﬂvery'- o

shadow. The ventral and lateral surfaces are’ whitish yellow. It attains a length of 1.8 metres,
weighing ‘140 kllograms Itis a dehcwus edlble ﬁsh These fishes when caught in Iarge numbers

are_preserved in salt .
Trachmatus (Tel Talepara)

This ﬁsh has blunt: ‘snout. Small scales cover the body Tail is spht into two, Tl:us fish feeds
‘ on molluscs crustaoeans Found in Ganjam. . Tlns delicious food' fish has good smell

Lactanous (Tel Sudumu, Sudumbu)

-1t -lives in saltish waters of Pucmﬁpeth Gopalpuram and Uppada Lower Jaw is extended a
- little. There is a black spot bchmd Operculum Couvalescmg people hke thxs fish as- food



' Leiogumhus (Tel : Karachepa Karalu)

Body is rectangular and sllghtly compressed the surface below the opcrculum is saw hkc
Dorsal fin has a spine. The surface of the head and dorsal suiface do not. contain any spots

Caudal fin is black. It feeds on insects and crustaceans. They are abunduntly available from .
- August to April. This is common man’s food. Along Konada, Puccilipeta, Bhimunipatnam, -
Gopalpuram, Pudimadaka Uppada, Polavaram and Kalingapatnam these fishes are available .

{Fig9.1B) -

Latis calczfer ('Ibl Panduchepa)

Its body is covered with large scales and is rectangular in shape It is an. inhabitant of estuanal'- “
water. Caudal region is round. It is a domestlcated fish ‘of frcsh water. It is an ¢dible fish.'

It is found abunduntly in Ganjam.

Plectorhynous niger (Tel Kurantl)

The stout lips are turned backwards. Lowcr portion of the operculum has saw like mar/gm .

It feeds on prawns, crabs and small fishes. It is a food fish taken with great pleasure. Because
of its good taste there has. bcen a_local proverb "Have tlus fish even by sclhng the child”

Sardmella longtceps (Tel : Nunekavalu)

The ventral surface is covered w1th spmy scales. The dorsal surface is bluish green and ventral

“surface is silvery white. Gold colour. A spot” is present on the operculum. It is extcnswely
used as food in the fresh and cured conditions, apart from\Slsage of oil.

* Mugil cephalus

It is the largest of grey mullets It is widely dxstrlbuglong the coastal waters nligratihg
into estuaries and rivers. It attains a length of a ) ' = - '

Chanos chanos (Milk fish) - —

Palabontha Body is comprcssed bea@ shapped,- scalcs small, mouth small and toothless _

- It breeds in estuaries. It is of great blo valuc .

‘94  FRESH WATER FISHES |

Puntius sargna . '('Ihl : Kangoo) :

It isa cdmmon fresh water fish of ponds, lakes and rivers of our state: The opercilum.is

- stout with goldcn colour. The body is covered with large scales, Scales are absent on the.
head. Small barbels are present., The dorsal fin is opp051tc fo anal fin. Caudal fin is blfurcated. )

 this fish is also uscd as food

Calhchrous bmmculatus (U. patroo)

The body is elongated and compressed. Head is small, broad and depressed. Snout is bluntly.

rounded. Caudal fin is' forked. There is only one pair of mandlbular barbcls Anal ﬁn is very
long, It is found in tanks and nvcrs
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' Fig. 9.1 Some of.the edible fishes of Andhra Pradesh. A. Catla catla B. Leognathus Sp. (Sea fish) C. Clarias D
bairachus D. Labeo calbasu E. Notopterus Sp. F. Hilsa ilisha G. Ophiocephalus Sp. H. Wallago aiu 1. Mouth 2, -+
Ey¢ 3. Pectoral fin 4. Pelvic fin 5. Dorsal fin 6. Caudal fin 7. Anal fin 8. Operculum 9. Lateral line 10. Nasal | - 3
S aperture 11. Barbes'12. Scales 13 Maxillary barbel. - o '

Catla catla’ (Fig'; 914A) -

“The body is late'rally coinp_rcsseél‘ fusiform. Scales are cycloid. There 'arb no barbels without
- teeth Jaws and protrusible pectoral fins are without spinous fin rays. Dorsal fin is large. This
fish is found in Godavari, Krishna, Manjira and Tungabhadra rivers. s
“ C:_'rrhim; mrigala” (Tel : Moyyz) . | . ' - S R
Body is elongated ar}d {comprésscd. Abdomen is rounded. Lowcf Jaw is sharp with a small
tubeicle at the symphysis. Caudal fin is forked..It is found in Krishna and Godavari rivers.

L




: Laheo calbasu \Rohu) (Frg 91 D)

Mastacerbelus anmatus (Tel" Pogra')'

- and tuft _like. Anal ffn is \?e 1

. Clanas batrachus. (’Iel Marpoo) (Flg 9.1 C)

It has-an elongated and compressed body. Head reglon is covered wrth 0sseous plates LlpS

are ﬂeshy papillated and subequm Pectoral fin has strong spine. Caudal fin is almost’ rounded.
It is fouud in blg and- small tanks usually covered w:th weeds, not common in rivers.

Heteropneustes Jossilis ('Iel Mapu;ella)

Head is ﬂattened The body is elongated and laterallly compressed Dorsal ﬁn is short w1thout .
sptne Anal fin is elongated Pectoral fins are with po:son spme Barbels are long and in four -
‘pairs. It is found ini -estuaries and fresh waters. ‘ -

i

It has an elongated body w;nth a moderately rounded abdomen Upper lrp is prov1ded with a -
pair of barbels, Jaws. are without teeth Pectoral f'ms are w1thout spmons rays It is found in

: Godavan and’ Krlshna TIVErs.

fbody is eel like, elongated and compressed Snout is long u comcal mthout transversely strrated

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

- It is found in tanks and ponds often hiding about An cracks and. crewces near the banks It
is the 'spiny eel. o : R

Mystus vittatus (Katama) T S

: The body .is short and compressed Abdomen w@ded Snout is rounded or obtuse Four -

pairs of barbels are present Pectoral ﬁns ‘wit a sprne These fishes are found in fresh
waters ' . . o e .

_Nor0ptems notopterus (Satwa) (Flg 9.1

The body is obloug, and laterall@npressed Snout is obtuse and convex Dorsl ﬁn is small
ow and ribbon llke Scales are small, Pelwc fin is rudlmentary h

Oplucephalus Sp (Channa) -9 1 G)

_ One row of spmes on each 51de is “present along the spmal column; The body is -covered -

with scales. Dorsal fin is long. Anal fin is long. Caudal fin is rounded. Phool murrel is O. °
marulius. Tt has white dots arranged like flowers on each side, Kali-murrel has black serration

- along the side. It is found in tanks and ponds. It attains 3172 feet in length. Some peopleA
~shoot-it ‘bv gun when- it comes to the waler sutface for air. breathmg 0. Punctatus is. dhoke

O. striatuy is korra meen. They provrde nutrltlous food
Hilsa ilisha. ('Iel Palasah) (Fig. 9 1 F) :

Thet body is laterally compressed Abdomen is serrated Snout is rounded. Upper Jaw has‘

-median notch at centre. Cauaal fin is forked. It is the largest. among sardines. It is found in . -
_the waters of Krishna and Godavan rwers : . : :

Wallago attu (1&1 Va.luga) (Frg 71 0

It is-also called fresh water dog figh. Dorsal surface is pomted Barbels are four and roughly' (

X equal. Dorsal fin is short and wrthout spme Skm is smooth and naked (It has ‘1o spmes and

is smooth)




Tor tor ( Mahaseer)

The body i is elongatc Abdomen is roundcd Head is smalf, bma;ﬂy pomted Snout- is angularly

.rounded. Mouth is inferiorly arched. A - scaly sheath is present at the base of dorsal fin,

Caudal fin is deeply forked.

' 'The ﬁsh diet proviges proteins, fats and vitamins A&D. It contams i3 to 30% of proteins
'and provides 300 - 1600 calones energy per gram. They are a good source-of phorphorous,
calcmm and Irou The fish consumed in India is 3.9 Ibs per pcrson

9.5 SUMMARY

Somie mportant edible ﬁshes .of Andbra Pradesh are described in this umt. About 23 fish
species of both fresh and salt waters have been mcludcd There is a substantial increase in

" total catch from 28,846 mctnc tons {mt) in 1958 to 56, 720 mt in 1960. In recent years,

. séveral fishes like catia, rohu are cultured in villages also. This solves the problem of malnutrition

‘among the peoplc partmulaﬂy enhances thc intake of wtamms, protems and fats _

96 MODEL EXAMINATION QUESTIONS.

L Answer the l'ollowmg questions in abont 36 lines each
1. Wnte an essay on common edxblc fishes of Andhra Pradesh.

2. . Wnte essay on edlble fresh water fishes of An Pr esh. Enumcrate thelr food

value. _ _ O




- _' Analys:s of some Fresh Water Flshes for F(md Value -
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10.1'--'tOB-JEG1?1vE;s R

@ To knos-xj:r:the 'éeheral features ahd affinities of lung fishes.

102, GAE',‘NERALCI?IARAC.TERS"

N\
NS/

' The pecultar lung fishes are a Dievonian, offshoot fro r% crossopterygian‘ stem. They &sti‘il"".a '
seperated tropical or subtropical, .

survive as three degenerate and specialised forms in wid
fresh water, habitat of a special kind: Lung fishes %@r‘ first in mid Devonian deposits,and
were well d:fferentlated even then They flougished ‘moderately’ in the Permian and Triassic,
and ‘then. became rare. Q‘M ) ‘ '

‘Dlpnoaris are commonly known as lung% because they breathe not only'by gills but also
h a coordmated arrangement of blood c1rculat10n '

by means of hlghly developed lung or lun,

- They dig into ‘the mud leavmg small openings, for breathmg and can remain m this state for :

“at least six months during aestivatton SR B

.

. Remains of cylmdncal burrows found aseocmted ‘with dlpnoan bones show that ‘this habit of
aestlvatton has been adopted by the group at- Ieast since permlan times. ‘

The lung fishes have bony cycamd scales which dtffer among genera - “but thelr relattonship '

with the ancxent cosrmne scale seems well estabhshed

Dermal fin rays occur. The palred fins however unhke those of any other ﬁshes are construct’ed

on blserlal plan That is each fin has a _]omted bony axis- bearmg pre and post - axial radlals‘

The notochord is persnstent There are no vertebral centra and primary cranium perststs ‘with
~ little ossification, but thh a number of investing bones _ ‘ '

. There are four -to six carttlagenous brauchlal arches. The dermal fin rays are slender more

or less ossified fibres and are- supported by numerous cartilagenous .or ossified pteryglophores

The caudal fin is often apparently diphycercal The pectoral arch is a smgle carttlage w1th a -

i
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. pair of superﬁcral mvestmg bones on each . srde The pelvrc arch is well developed and

- cartilagenous.. The gills are covered by an operculum Thete is dermal skeleton formed by
-over-lapping . cycloid  scales. The heart ls pecuhar The atrrum and sinus -venosus: are- each

mperfectly drvrded into, two parts

. The Lttle contractrle conus arteriosus whrelr has a sprrally twisted form is partly or completely
: drvrded by a longrtudmal partltlon : .

A pulmonary artery is glven off from the efferent branchial system on each srde, and a -

pulmonary vein opens ‘into the left drvlsron of the atrium.

The jaw suspensrons is. autostylrc In the gut there is no dlstmct stomach and the. intestine is

- with a spiral value. The. food consrsts of small mvertebrates and decaymg vegetable matter
; which: is’ eaten in large amounts - . 5

“The central nervous -system is with a well developed brain. the parred ovrducts open antenorly

into- the coelom, and in male, vasa effereutra carry sperms through the excretory tubules of

‘the mesonephros

' "The three survrvmg genera of Tung’ ﬁshes are mamly mhabrtant of rivers (1) Pmtoptems from

tropical Africa (2) Neoceratedus lives only in the Burnett and Mary rivers in Queensland of ™ '_

Australia, (3)° Lepidosiren form the rivers of troplcal South America. Thus they exhrblt

. discontinhous dlStl‘lbl.ll‘.lon berng confmed to small 1solated regions.

| Neocemtodus (Frg 10. 1 A)

1. Found i in. the staguant pools or water hol@he rivers of the Austraha

2. It does not aestlvate a.nd is said to @It only permanent- waters. It resorts to aer1a1

.. respxratron when the water becomes in dry season. It dies if removed from water.

3."_ ‘_About five feet in length. .

| 4 The scales are of cyelord

5. Fiveparrsofgrllssh@ o

6. ‘Pair‘ed fins are leaf like.

7. The male 'does not POssESs vascular pelvic ﬁlaments

8. Fin rays are well developed (archlpterygla)

9. Arr\bladaer smgle (lung) (Monopneustra)

50

'_1., 'Found in swamps of Amazon and Paraguay basm of South America. -

10, Krdneys are more elongate

AL Larva is devord of external gdls

t.eptdaslren [Frg 10.1B)

2 Tt aeshvates durmg the dry season in' borrows constructed for the purpose The. entrance
~of the. burrow is plngged wrth a. mud stopper ventllated by several round holes '

3 About four feet i in length
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11,

L

2.

. 6 '
Fig. 10.1 Lung fishes. A. Neoceratodus. B. Lepidosirén C. Protopt n@outh 2.Eye 3. I_ateral. line 4. Caudal_ fin - ‘ -

. 5. Pelvic fin 6. Pectoral fin 7. Q?@n 8. Dorsal fin.
1l ' .

‘The scales are of 'cycloi‘d fype and very@ all.

Five pairs of glll slits.
Paired fins are ‘reduced 4t(_> styliform appexidag_eé._ .

During breeding scason the pelvic ﬁn's of the male develop accessory gills.:

" Fin rays are reduced.

Air bladder, double. (lux;gS) (Dipneusﬁa).

Kidneys are not so elongate.

‘Larva possesses four pairs of external gills.

Protopterus (Fig. 10. 1 C) -

-

Found in swamps near rivers of central Africa.

It :also_aeStivate_s during fhe'dry season in a cocoon, perforated by a hole.

About five feet in length. A specimen -qf- seven feet has also been ‘recorded.._ ‘

 The scales are of cycloid type and * very small.

51
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5. Four pairs of gill ‘sﬁts.

6 Paireti fins arei- reduced and are .]ong and filament hke :
7. Male does not posseSS vascular ﬁlaments on pelvic ﬁns '
8. Fin rays arc absent N |

9, Air bladder double. (lungs)

10.. Kndneys are not S0 elougate

11. Larva possesses four pairs of apparent external grlls
In some species, vestiges of those may be found in the adult just above the opemng of
- the opeculum : :

103 'AFFINITEES |

" Dipnoi are a group of remarkable fishes that show affinities wrth bony fishes on. the one handJ

and thh the amphrblans on the other,

10.3. 1 Resemblance wnth Amphlbla o

1. _D1pn01 are capable of hwng in. marshy places and possess pulmonary respn'atrou for

e 'hvmg in addltlon to the gu]is

2 Larvae of Protoptems and Leptdasrren p(@ external grlls and can be compared wrth

the tadpoles of frog. 4 , : : o

3. The ‘heart of Dipnoi resembles withot an amphrblan in having two aurlcles and a
~conus divided by a long1tudmal valve. - ‘ ,

4 A puhhonary artery -and’'a 2ulm ary vein are present-'

An inferior vena cava:an anterior abdommal vem are present as in amphrbxans

A pair of external o@ are present and open mto buccal Caw.ty

‘Jaw suspensron is autostyhc

. o L ‘ : ) .
8.  The brain resembles that of the amphiblans in the structure of the cerebral hemxsphercs ,
and a small cerebellum ' ' :

More over antphlblans drffer from Dlpno1 in the abseuce of scales and in rays and in possessing

pentadactyl Timbs, .

10.3.2 Resemblence with Crossopterygﬂ ','

~ Early Dipnoi resemble closely to the primitive Teleostoml in general structure Both possess

similar lobate fins a layer of cosmine on the scales .and power full palatine and splenial teeth '

. They also resemble ActmOpterygu in the structure of the pmred fins, scales and form and

funchon of the air bladder.

P




10:3.3 ~ Primitive Characters of Dipnoi

A number of characters of Dipnoi may be considered as primitive, such as presence of cloaca
a contractile conbs, a diphycercal tail and a spiral valve in intestine. ‘

10.3.4 Secondary and Speciaiised. Characters -

L Ncufoéranium is cartilagenous with no ossification. \

2. Maxillae and premaxillac are absent Erém the skull.

3 Antcrior Vertébrac' are fused with the skull. |

4.  Dentitiony is peculiar and is in thé form’ of tooth’ piates. '

5 Lungs are dorsal in position.

;

10.4 . ANCESTRY

Thus D1pn01 constitute a very unstable group. of animals which although fish like in a number
of characters possess certain features that are nof present in any other fish but are found in
Amphibia. However they do not dppear to be related to Amphibia and can not be 1ncluded
in that group. : -

Accordmg to Jarvik (1955) Dipnoi show structural resemblances \gﬁamderms,- Elasmobranchs

and Amphlbla as much as with the Crossopterygii but a closer ty with the latter has not
_ been established. According to Romer on the other hat ng fishes and the Rhipidistians
of the Crossopterygii are clearly derived from a common“anCestor.

Modern Dipnoi, thus appear to be a group thathas not undergone much change during the
long period of its existénce after the permian“tifiesr It is true that they are not ancestral to
Amphibia but the ancestors of these twosgroups® were possibly derived from some common
stock. Dipnoi are therefore of great signi@

vertebrates. -

10.5 SUMMARY

The lung fishes share the charactcrlstlcs of fishes on one hand and- that of amphibians on o
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) bas one lung.

Larvae of Protopterus - and Lepidosiren possess external gills and resemble frog tadpoles. They -

_also resemble amphlblans in having 2 aurlcles a conus arteriosus, brain and autostylic jaws.

-Cloaca, conus, diphycercal tail _and the spl_ral valve are some primitive features. Absence of
maxillae and premaxillae, fusion of vertebrac with the skull and peculiar dention in the form of

tooth plates, and lungs being dorsal in position are some of the specialised characters.

“and help in tracing the evolution of terrestrial .
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106 MODEL EXAMINATION QUESTIONS .
L Answer the folloving In sbout 30 lines. - :
1 Oufline-ﬂm :ge-aicrlgul-cha_raciters"bf, Dipn‘qi. ) _'  /
‘ '2.'.'Disbu.ss tﬁé affinities of_.‘Dipnoii. o ‘-
H &ﬁswer the -‘i’ol-!owingiin abmit’l(l limes.
| . Describe Ehc lung fishes “
Protoptems ' _—

1

2

"3.‘, 3Neoc_e’ratodus. o

4.- Lepidosiren |
5

o . .Sp'ecialize_d charactets of dipnoi. o

107 GLOSSARY

Barbel © - A small process appended to the mouth of certam fishes

‘Continental Shé[f S Pro_]ectlon of thc contmcntal part into the sea . _

Estuary . . | , A narrow arm of the sea at the outh of arivet, up which @é tides penetrate
L . twice daily “ 1> - o

"Plankionj i .+ Floating o_r_weakly_s immi g ofganisms ih.aqﬁatic én\fifgnment,,rp_rim'arily

* microscopic -

7 " Riverine . " Situated near or@; o -
Sy ) L '7 7 - ‘ ) 5 .
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11.1 OBJECTIVES

To expiam the characters of amphlblans to clasmfy them and to give the dlagnostlc characters .
of some 1mportant amphlbrans found in South Indla _
' \ \ :
N

112" INTRODUCTION = N\
Amphibians derive’ their name from the fact that ?gp‘end most of their early embryonic
life in water and the adult kife on land. - Thissstatement however is not true in all respects. - -
There are a few species in amphibians whichyspend their whole life in water alone, while a
- few others lcad the early enibryouic ﬁf@ou water. . - -

Amphibians are the first tetrapods that have, colonized the land. They originated during the
Devonian period of Palacozoic era. The climatic conditions 'during this period are said to be

- unstable and there were periodical droughts which resulted in the frequent. drymg of pools
This situation forced some of the animals. to explmt land as habitat. The urge to avoid o
predators in waters, search for alternative sources of food ‘and shelter are thought to be the
other important factors that. have led to the orlgm of amphzblans

Ll

u.s | ANCESTRY.

Amphibians are thought to have originated from the rhiphidistian fishes that lived during the
Devonian period. The early tetrapods and the osteolepid fishes belonging to rhlphldrsua share
number of c,haracters Chlef among these characters are

(i) the structure of ~skull
- {if) the skeleton of lrmhs (Frg 10. 1)

(iii) the structure of teeth and '
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114 GENERAL CHARACTERS - \ ,_

(iv) ‘the presence of Tungs for ait breathing.

‘ o : B S
- Fig. 11.1: Fore fimb skeleton and pectoral girdle of (A) Osteolepid and (B) Primitive Amphibian. 1.
' Supracleifhrum 2. Scapula 3. Humeru’s’4 Radius 5. Ulna 6. Cleithirum 7. Clavicle 8. Interclavicle,

e

Lungs are present in lung ﬁshes (Dipnoi) but Dipnon are considered to . be too sepcialized

‘to be the - direct ancestors .of amphlblans

" Having orginated in the Devonian period amphibians were the only vertebrates'thatd have lived

on land upto carboniferous period,- when the first reptiles arc belicved to have orignated.

. They éxhibit 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), thc Anura

(or- Sahentla) and the Apoda {or Gymmphlona)

absénce in marine waters.

‘Amph1b1aus are distributed w1dely in fresh v® and on land They are consplcuous by their

1. Ampbiblans are dlstmgmshed from ‘the ishes by the absence of pau'ed fins and instead, - .

they possess pentadactyl Li cept m Apoda) although in a few species the number
of digits: is. reduiced.

2. Liké fishes and reptiles ara poikilotherms e, their‘_body temperature varies with
~ that of environment. ' B -

3, They possess gills for breathing durmg the ]arval _stage, but in adults the lungs take over
the function of respiration (there are however a few species which rclaln gllls even in
adult life). S . = - _ T

4. The skull is autostyhc ie., the hyoid arch which is fully funct:onal in the early teleostean
fishes becomes broken up and the upper hyomandibular becomes converted into columella
auris, and hcs betweeen the inner ear and the tyumpanic membrane.

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

6. There i 1s no seoondary palate in the skull and the mtemal nare opcn far forward in the ‘

mouth. o

7. The tecth, when -present, may be present on premamliary, maxﬂlary, palatme vomer,
parasphenoid and dentary bones. -

8. Skull w1th two occ:pltal condyles art:culates with atlas, a cemcal vertebra
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The wumber of vertebrac varies from 10 in Anurato- approxxmatcly 200 in Apoda The
vertebral column is divisible into four regions, namely the cervical, the abdominal or
thoracolmmbar, the sacral and the caudal vertebrae. The cervical and sacral vertebra is
usually one, but the abdominal and the caudal vertebrae variable,

Stefnﬁm appears for the fiess time. in amphibians and the ribs are poorly developed. |

The muscunlar sysitem aiso present a typiw} feainre in amphibians. Many chahges in the
apaxial muscles and the appendicualr muscles also take place which hslp in the locornouon

_ of animal on land. -

Heart is thﬁ'ce chambered with two auricles and a ventncle Smus venosus lies on the

dorsai side of the heart and opens into the right auracle. The oxygenated blood is broguht
to the left autricie by. pulmonary veins. :

The type of mrculatnon is doublc circualtion. The ooursc of circulation can be depxctf:d

as follows.
\ . " | Systemic veins {&—y
Pulmonary veins -
- ‘ - _
Hea [ liseg || otherbody pars
Pulmonary artery - . T
. - = > | Systemic arteries

- Digestive system is smiple and consist= of buccal ccsophagus, stomach and intestine
o

and rectum which opens into the cloaca. The mo ntains only mucous glands. Liver
and pancreas are the chief digestive glands iated with alimentary canal.

" Respiration is carried out by gills in n'gsr .stages of life—history ie, in Tadpoles.
ed

They are fiulamentovs structres co th a ciliated epithelinm and are covered by a
fold of skin, the operculum. In@

stage
Lungs are the chief respiratory organs of adult amphibians. lihcy arc sae like strucutres either
with smooth or folded inner surface. The upper end of iracheain frogs'and toads is enlarged to
form larynx or voice box. ‘

Tlie kidneys are mesoncpherio the functional -kedney of Iarvél and adult'ﬁshes and.also
amphibians type. The archincphric duct in many amphlbmns acts both as genital and
excretory duct. .

Gonads are paired structures. In females the oviduéts'frémsport the ova to outside which
n males the archinephriducts help in carrying sperms to cloaca, Fcrtﬂlzatlon is external
and there are no copulatory organs.

Brain is basxcally like that of fishes. The cercbral hcnushperes are slightly enIargcd and
the cerebellum is very small.’ Pineal body is found in all amphibians, but the pinecal end

organ or panetal body is found only in anurans. There are only 10 paires of cranial

nerves. The dorsal and ventral roots of the spmal nerves nmte while passmg through the:
intervertebral foramen. . - e

urodeles the gills are rctamcd even in adult’
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is created to include the three modern a

.Sub Class: Apsrdospondyh

19, Jacobson’s organlor vomeranasal orgax, which is an'evéginatioh of nasal passage and is '

, lined " with oifactory ep:thehum appear for the first trme in amplublans, it heips in the
‘tastmg of food. : .

20. I‘he amplublan eye is basrcally like that of other vertebrates Lacrrmal glands are poorly

‘ _developed but the eye is kept morst by an oily secretion of Hardenan gland

21. There is a cenuderable varlatnon in the auditory apparatus among. amp]nblans, while the
* salamanders and newts lack a middle ear, the anurans possess- them. Columella auris,
which is a modrﬁed hyomandibular ‘helps in. ‘the transmmission of sound waves from -

. tympanum to inner ear-in frogs and toads The tympamc cavxty is connected with pharynx
by means of eustacham tube :

22. The skin of amphlblans is lmportant in both respu'atron -and protectlon There are a

‘number -of mucuous glands which help in the lubrication of the body and keep the body Lo

“moist for respiration, Some amphibians, eSpecrally the toads contain, po:souous glands in
theu' skm, which: helps in protectmg the ammals

15 CLASSIFICATION

It is very difficult to classify amphibians, Different authors adopt different methedé of

7 classification. The elassification given in Parker and Haswell, revised by Marshall (1974)
‘ recognizes two subclasses, the Apsidospondyli- and Leposondyh It includes the living order

Anura under the Apsidospondyli, while Urodela and Gymnophiona are kept under - the
subclass Lepospondyli. This classification is based\on:the assumption that the three orders .

- have a diphyletic origin. Recent “studies howevér, inflicate that the three orders must have .

. origin) ‘and a separate subclass Lissamphibia -
‘ jan ‘orders. Romer, whom Parker and Haswell
quotes. extensively, in a recent book he vertebrate: body (Romaer, AS. and Parsons TS

evolved from a common ancestor (monophyliti

1977 The Vertebrate Body) has recogifiszed the movophyletic origin of these three orders'

and accepts the creatlon of thy s Lissamphibia to mclude the lrvmg orders

In order to avoid major co and detailed discussion on the dlvergent views on (:lassnﬁca'ti(mF

“we shall deal with the clas tion under two separate heads, the extinct and the modern - |
;*amphbla. ‘ . ' cee S

-. 11.5.1 Extlnct Amphrbla

The extmct amplnbla, w]nch flourished through Devoman to Carbomerous penod are grouped
under two subclasses, the Apsrdospondyh and the Lepospondyll

L Amphrbrans grouped under this sub class are consxdered to have. denved dn'ectly from
I:he cress\spterygean ancestors. -

A _Therc are two uruts of centra, the antenor mtercentra and the posterlor‘;pleurocentra

s This subclass is represented by super order labynnthodonna : L \ o

Supeér Order-i..abyrinthodontra

1. The name Labyrmthodcntla is derwed from the structure of teeth whrch have promment
radlatmg mﬂoldmgs of the enamel surface (F1g 10. 2)




" Fig. 11.2TSofa Toéth of Ltblmmhodoma

2. The ear!y Labymthadonts are represented by Ichthyostega which probably gave rise to
two lines of evolution, one Temnospondyls which are represented by Rbachitomi and
Stereospondyli the second, Anthrocosaurs which are represented - by embo!omeri and

' beymourlmorpha and bave given rise ultimately to the reptiles. -

‘Order 1: Ichthyosiegaha

 This. order is represented by three extinct genera, E@zstatege, Ichthyostega and Ichthycstegopsis.
" They are fhe earliest known amphibians sharing numerous- cha,ractcrs with osteoiepxd ﬁshcs_
" of Devomau times. '

riods. .

Order r ¥ Rhachnwmn S @ -
This order is represented by the extinct Eryops % e rhachltomous vcrtebrae (Fig 113

C). They flourished during the Permian and Tri

2

Order -3: Stereospondyli

These arose from.Rhachitomes. They @ndergﬁne general degcucratidn and have retm\*l'lcd‘
to water. Thcy have stereospondylous veftebrae (Fig. 113 D). The order is rcpresented by
- thrcc- extinct genera, Captrosaums, Cyclotosaurus and Pamcyclotosaums

Flg. 113 'Iype of vertebrae found in extinct amphibia. A. Embolomeri B. Ichthyostcgalw C. Rhaclutoml
D, Stcreospondyh 1 bpmc 2. Pleurocentrum 3 Intercentrun.

Order-4: Embolomen

) They spread fromn Carbomferous to Tnassxc penod Palaeogynuus a rcpresentatlve of  this.

order had long cylindrical body with poorly developed limbs. The vertebrae were embolomerous
type. The arrangement of bones in the skull were primmve and rcsemblcd the osteolep1d ﬁshes
(Flg 113 A)..
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,‘; -Grder_:S.eymonriamOrphn S

| 'Order -I: Alstopoda

-F

Seymouriamorpha is "an aberrant order showmg mosaic evolution. It shares . number of
: characters with Repnlra The recent trent is to inlcude this _group under reptiles, -

~ Sub class : Lepospondyh “

7 Members of this sub—class are characterlzed by the presence of lepospondylous vertcbrae. The
" centrum _of this sub-class has orxgmated by the direct ossification of embryonic notoche -d.

Thesc animals appeared i in the Carbomferous period but dlsappeared in the Permian period.

. The- sub-class consrsts of Lhree orders namely 1 Alstopoda 2. Neetndla and 3. chrosauna

BN

_They ‘are represented by small snake hke amphlblans that . llved durmg ‘the carbomferous

penodeg Ophtderpeton S
Order -2 'Nectridia

Sauropleura and D:plocaulus, which lived in the upper Carbomferous penod belong to IhlS
group. They exhibit a number of primitive characters. They share many characters-with the

primitive labytinthodonts. Only the1r vertebrae resemble those of Lepospondyh

Order - 3 Mlcrosaurla (Adelosponrlyll)

‘ Ammals grouped under this order are often referrred to as Penman urodeles. Lysophus isa
well known example of this group. It had ‘an mcompletely roofed skull, and had lost the -

circum orbital bones. This SpGCleS 1s considered ‘to_be -a near relative of moder'n Urodeles
b}’ few authors ' : 0 : : : S

1152 Modern Amphlbla - O | _
All the living amphibians are grouped u%me sub-cléss( the Lissamphibia which is represented

at present by three orders as follows :
' . ) P —
oL -Anura (or Salientia)

2 Urodela (or Caudata)

3. Gymnophlona (or Apoda or Caecrlha) . ] a sl

- Order : Anura (or Sahentla)

1. The frogs and toads belong to thls order

2.. The oldest known fossrls belongmg to' tlns order s Tnadobatrachus whn:h was found in

3 lower Triassic: period. -

3. The muscular tail which is the chlef organ of iocomotlon in ﬁshes and other amphrbmns
s completely lost in the animals belonging  to tlus order and the order derlves 1ts name
from 'this character (Anura - without a. tall)

4, The body is generally short

5 The hind legs are IJong and powerfu] They ar¢ useful for leaplng movement of the a.mmal

-on land and water and also he]p in swimming, The forelimbs: are 1elatwely short and
contam four dlgrts :

F
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Exampﬂes : Rang tigring, R. hexadactyia, Bufo, Rhacophorus, Hyla Fxg 114

Vertebrae arc few in number and arc partially fused They do not aliow the lateral
flexing of the body.

The skull is broad and ﬂat with a relativcly huge mouth,
’Iympanum is very largc and the cohlme}ia auris connects it with the inner eat.

Adult species arc careivorous and somé can capture the large prey as big as the mouse.

The cmak of a i’rog or toad is charactenstlc of the specnes It is the pnncnpai way of

iocatmg the sex partners.

Respiration in the lasva is b‘y gills but in adults it is by Iungs Skin. alse aids in the
"resplranon ' . . S

The skm of some spemes fas poxsonous glands whlch helps them i in avoxdmg, predators

Fig. 114 A. Bufo, mclanosncu Rana tigrina

Order: Urodela (or Caudata) N

1

This order includes the largest livid hibians like the giaﬁt. salamanders of China and
Japan and also small, mconsplcuous ten ‘nocturnal animals, living in North American
ponds and rivers. '

£

Thcy contain tail in the adu]t stage, the skin is scalclcss

-The. hmbs are short and weak. The fore and hmd llmbs are equal m Iength

Both walking and swimming ‘movements of these animals sre performed by the lateral
undulations of the tail. :

Skin is an. important rcspu’atory organ. i some spec1es e.g. Desmognathus, thc skm

‘becomes the only respiratory organ and the lungs are lost. altogether

_ The early embryonic life is in ‘aquatic medium. There is a larval stage which metamorphoses i

into aduits. In some spcc:es the larval -stage is followed by a juvenile stage which lasts
for a few years. A few species are viviparous. Some salamanders like .Ambystoma exhibit
neoteny. The larva in these species develops reproducnve organs and becomes sexually
mature, : .

' Example Salamandra maculosa Ambystoma caraling, Amphmma sp, Pmrenus sp (Fig.llS .

A-D).. , B L
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‘ Fig 11.5Some Urodels A Salamandra maculosa B Amphluma C. Proteua D. Amblystoma carolina L Eye 2

~ Fore llmb 3. Hind limb 4. Tall 5. Bxternial gills 6. Vestcglal fore limbs 7. Vestegna] hmd lsmb

Order Gymnophmna (or Apoda or Caecnha)

1.- g

kThe notochord persxsts to great extent and the vertebrae are amphxwelaus

They are found m tmp:cal and sub-troplcal regions and are commonly MGW as caecﬂlans'-' '

'They llve in damp places and burrows in surface sml near streams :
' -They lack hmbs compeietely and the eyes are very mach redueed and become functlonless

The body is coyered wnth a scaly transversely wrmkled skm in wimh afe embedded
' 'numerous scales of bony plates The head is stoutly bw]t aﬁd helps in bmmwmg

- .The tympamc membrane ‘and the tympamc cavnty are absent

The taﬂ 1s absent or mdxmentary
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- During metamorphosis the tail fin aﬁd gill slits are -1ost

Limb gird‘es and limb skeleton are absent.

- Skull- has a comple‘te bcmy 100f

‘Male possesses penis for copulahon Fertilization is mtemal

In species which are viviparous, the development is internal and as many as’ nine young
ones are given out, when hatched they have a pair. of gill slits and no external gills, and
the tail fin is weil developed. The larva swims about in the water like an cel and the
larval period is long . :

) Examples Ichthyophis glutinosa (Fig. 11.1) Uraeolyphlus menom and Gegenophw Carmosus.

PRINITIVE REFTILES
- =

L
EPA

GYMNOPHIONANS

IEMNOSFONDYLS

EMBOLOMERES

4?-—@)

- LEI‘(‘%PONDYLS

AMTHRACOSALRS

ANCESTRAL CROSSOFTERY G

'Fig. 11.7 Phylogenetic tree 6f Amphibians.
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116 SUMMARY

.

The amphibian origin, gencra} charactcrs and classﬁicanon with Indmn cxamples are dlscussed
in this unit. Amphibians are the first tetrapods that have colonised the land during, the
devonian period. The early tctrapods and the osteolepid fishes (thpxdlstxa) sharc nmumber of
characters viz, in skull, limb skeleton, teeth and Iungs. Amphibians are poikilothermous, naked,
gill Jess, dlmndyllc tetrapods, Sternum appearcd for the first time. Heart is 3:chambered with
‘doublc clrcu]atlon Salamanders and newts - lack middie car. while xt is present in anurans, -

The class Amphibia is dmded into subclasses Aps;despondyh and Lepospondyh to mclude
~afl the living ' amphibians advocating diphyletic orgin. However, recent studics’ support
- monophylétic ancestry (Romer '& Parsons, 1977) thus mcludmg ail the lmng amphlblans i
one subclass L:ssamphlbna ‘

1.7 'M_ODEL EXAMINATION QUESTIONS

L Answer the i‘ollowmg [ aﬁnout 38 !mes

T, Dcscnbc the general characters af amphibians -

‘2. What do you know about modem amphlbxa ?Add a uote on the gcneral charactcrs ‘
of Gymnophiona. -

IL Answer the i'allomng in ‘aboutr'lﬁﬂ hes, N Y ' R R
1 Dcscnbe the ongm and evolutlon of @ }nblans

What are the major amphlblau ies found in your localxly ? Identlfy and gwe their
* diagnostic features.

'Autostth' o . QM ' -
Poikilotherms S @ , . S

Rbipidistian R | EAE N

!-Q .

Labynnthodontla
_Urodela .
Seymouriamorpha ‘ . S . ' B -

Lissamphibia.

o sm':a‘.@‘sn..# W

118 GLOSSARY -

Ainphicoclo‘us . Vertebrae hang both the antenor and postcrlor faces of the centrum,
) L ~ concave, S

Archine_phri_c duct : Ductinto which proncphnc tubules open.

Double c‘ircnlal:ioﬁ_ :  The type of. cu-culahon, in which the heart produces two Cll‘ClﬂathIlS the -
B © ., pulmonary circulation to the lungs and the other thc systenuc cucu]atlon
which supphcs to the body parts. ‘




Diphyletic = Descended from two distinct wntral gmups of dual origin .

Embolomerous = : (Fossils of most primitive land vertebrates) They give the evidence for -
' donble centrum in cach vertebra. . :
Metamerical The external segmentation corresponds t0 zn internal division of the body
‘ C into similar parts.
Opisthonephric Kidaey which consists of meso and metanephric series of tubles.
Kidney :
Osteolepis :  These are extinct bony fishes, They he close to the line of descent from some
o placoderm ancestor to both the lung fishes and amphibia. .
" Phylogenetictree : A graphlc representation based on closeness of evolutionary descent.
Stereospordylus - : " In modern Amphlbla the hypocentrum has become the main centrum and
‘ : pleuracentrum is reduced or lost. Such vertebrae are known as
. stereospondylus.
Sternum  © - : Breast bone of vertebrates to which ribs are attach_ed in higher forms.
Tetrapod :  Four footed animal.

119 BOOKS SUGGESTED FOR FURTHER READING

e e B T S

Chordate Zoology by Dham1 & Dhami o .
Fishes by Chandy . '
Fisheries of India by Jhingran o - 0
Fresh water fishes of India by Jayaram . '
Food fishes of AP by. Dr. V. Jagannath Rao O
History of fishes by Norman ?\
Introduction to chordates by T.C. Ma]h@w -
Llfe of Vcrtebrates by J.Z.Young ‘
Ongm and Evolution of vcrtebrate@(:olbert
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11. Text book of Zoology (Vol. ) by Parker & Haswell edited by Marshall
12, Thomson’s outlines 6f Zc(}le:)gyrr edited by Ritche.
13. Vertebrate Zoology by Yapp
14 Scoliodon - Tndian Zoologlcal Mcmo;,r by EM Thahampalam
15. Sakaserukalu Vols {I) - (IV) of Telugu Akademi . ‘
,16. Vertebrate Zoology by de Beer _- .
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J. Bombay Natural Hist. Soc. 1963 & 1972).
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To introduce the reptiles as successful land 'verte@es and their organisation.

122 ‘_-i-NTRODUcTION'. O :

N

a group much better adapted to land “life. ‘They had
stock. The factors responmble for their success upon

million years back reptiles ‘aro
sprung from the primitive,

- Tortoises, Lizaf-d-s',“_soakes‘and c@% arc classed together as Reptzlla About three hundred, -
hi

land and significant - adva ver amplubxans and . fishes  were:. "typical pentadactyl. limbs
which could support the weight of the body on land; dry and scaly skin which helps in -

conservation of water to prevent- evaporatlon in air; use of lungs as the only respiratory organs -
and acquisition of foetal membranes during embryomc development whlch afford protectlon
agamst injury. and deswcatlon on land bes1des nourishment T

A R

- As the ﬁrst full land-hvmg vertebrates the reptlles exl:ublt many characterlstlcs wlnch are '

closely related to amphxblans on one hand, bu‘ds and mammals on the other hand

- The reptlhan skm is dry, mugh and non-glandular typlcally covered by cormﬁed epxdermal n

scales or scutes

'lebs are; perfected ‘as efﬁc:ent walkmg legs in- all respects They ralse the body off the.

ground and support it fully

. Reptilian breathmg system is eonstructed on par with blrds and mammals being str1ctly air
‘breathers. Alr is. supphed to. the ltmgs through trachea and bronchn via_ nostrlls




The hcart is imperfectly four»chambered with two auricles and a partially divided ventncle
In cm"odﬂe bowever, the heart is completely divided into four chambers. The arrangement
keeps the arterial blood separated from venous. Three pairs of aortic arches persist as in
~ amphibians. Red blood corpuscies are nucleatcd biconvex and oval. Thay are cold-blooded
N or eciothermic (E"mk s:athermw}

The shape of skull varies greatly in different rcptﬂes It is hinged wpon the first vertebra by'- ;

" @& single occipital condyle (menocondylic). A pineal foramen generally penctrates the roof of

the skull. The eyeball is surrcunded by many sclerotic bones. The parasphenoid is réduced

or .absent on the floor of the skull. The number and precise Iocation of openings in the
lateral region of *u:hc skull known .as tempomﬁ fenestrae or fossae serve usefuily o class-fy the
group. o - - | i ‘

In the most primitive f(}rms the roof and 'sides of the skul are entire, the anap51d condltlon
which persists in turtles. In a diapsid skuil two pairs of lateral fencstrac present. This type -
is present in all 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” depending on tempora1 fenestrae is outlined in Table-I' and illustrated. in Fig. 12.1.
Reptilian skuil exhlblts two tendencies: the reduction of unnecessary bones and the development
of temporal openings in bctween parietal, postorbital, squamosal and jugal bones. These:
openings aot only lighten the skull but also serve for the attachement . of powerful jaw muscles
- on_their inner surfaces (Fig. 12.1).

Flg 12.9 Basm skull structure in chtlllaA.Anaps1d B. Synapstd C. Euryapsnd D. Dnapmd E. Parapsid. 1. Orbit
2. Postorbital 3. SquamosaM Temporal fossa 5. Temporal fossac 6. Supratemporal 7. Post frontal.

The adult reptﬂlan kidney is metanephric.and is capable pf producing a highly hypertonic,

water conserving urine, the uricotelic excretion. Terrestrial reptiles cxcrete a semisolid uric -

acid, and aquatic forms, urea. - o : _ : CEh
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: ”“empo_ral_ Eenestraé

Condltlon of — - ——————- _ Principal fGroups. /
Skl wmbcr -7 Arrangement R .
Ané-lps'idr o 'None ~ -Soid roof to lsk}ill' N - Cotylosaurs; Chelonia *
-Syﬁap‘sid'-j" ' 'Oné - Low Behind the eye with' Pclycosauriaﬁls' and . 5
' ‘ o - . postorbital ‘and. squam@sal -~ mamrgal-like reptiles =~ . -

"meetmg above b

s

postfrontal and supratemporal
meeting beiow o

"Diapsid “Two  Postorbital and -squamésal - Eosuchians "thihc'oc‘:e'phaii-z;;"
' T " usually meet between them dinosaurs, Pterosaurs;
' R .Squamata Crocad;ha

Reproductmn is owaparous (Snakes) Lar ge
are laid on land in burrow ‘A few lay lea

cggs

124 CLASSIFICATI@)

Thc skull and tecth are mamly utilised as cnts ia for "iassﬁymg thc repiﬂes Thﬂ t"mnoral l
-region. of the skull as stated earlier is coﬁ.?.ldered as the basis for the parpose. Tm, ciacggﬁhatmn,

as’ adoptcd by Parker and Hasweﬁ, has been foﬂnwod here ‘

1241 SubC}ass Anaps:da L o

_ ,These compnse the carliest prmutwe forms of Carbomferous permd Th..; v:f*mporai tcglm 0€ T

the skull 15 not perforaied ThlS subcIass Ndm&icﬁ into two orders

Order b4 Chekama, are an caﬂy offshoot oi cuwiosaurs w*fnch are ,fang now. The tsmmrai
) region- is complete w1thout true fossae. The- bouv is enclﬁ%d in bet‘vapm the carapace and .
L the plastron_ which ongmate from homy epndarmal scaacs outsx.de aﬂd dsrmal bones mmi@, -

The central nervous syste"n is advancvd in possesmg a large cerebrum i bram from whxch; -
S arisé 12 palrs of- crama}. nerves. ”’"hf: eyes are notably advanced © dlstmgulsh colours at lcast '

. ?Malc reptiles, in general possess £ mtmmlttcnt orgam, a penis elther single (Crocodﬂcs) or
" doubie (leards} for thc purposc of mternal fcrtﬂlzatlon : : : B

" Parapsid -~ Ome - ngh behind eye, usually with Protosaurs and sauropterygians

®

slh\ﬁ? eggs contammg a heav'y store of yolk'

‘ Cljeavage is me:dblast’:c -and the emb pro'et{tcted by chfmomc, ammﬂuu‘, and aiianiou,
_membranes 'Thc ’latté,r acts as @mb onic rcsplarmn‘y organ ! '

: Order - 1 Cotymsaurm, the oadest stem reptiles whach wyre closest i Ehe 9a:°‘i§r zmphxbmns -
'They ‘had bony skull with poorly developf'd jaws and teeth. A!E these became extinct: e.g., -
Seymouria, . with singie Cecmp:taﬁ c\mdyie anding urforale ma;., mas ¢ be iﬁgmdeﬁ 258 hnk o
_ between amphlblam and rsptues c : B A U




‘,bmar Sﬁﬁﬁk'ﬂﬂ'ﬁu gm emh

‘featmbs. gg. Elosmiosavris..

A verfical anus and absence hf teoth are mt)st strikiﬂg features.

"

.Tmfuda is a land torioise .401:?«:5 in Tndia and ‘Sn Lanka on dry gadqsv piauas. On its plates

of car apas::e are 1mgb yexmw ataaz“s {Fig, 12‘24

- Triomyx is'a mrﬂe fomnci in rivers of India Mts olive z:ﬂrap}ace is disc like and plastron vellow.

both coversd by skin. He::;;c? has a pointed bsak ard feet are webbed (Fig. 11.2 B ).

'

- This subelass mdudeo extinct. reptﬂys whzc% Eved in waters. "f‘hmr body wias ﬁ.:h lm:e and skl
passessed single fossa.. T These Teplh ]5.3 ane ;_ﬂczzpea mlo two orders; the Mesosanria wh:ch,

lived in fresh water lakes, had stronger hind limbs. ¢.g. Mesosgurs. The Icthyosauria “were

. marine whose liabs were paddﬁc hke. eg. ff‘ﬁayomwus It was a fish like i:cptzle Wxthoat a
-neck, reached s length @r 30 feet and ﬂosaeswd a dorsal fin.

42,43 Sub Class S‘ﬂ@p&ﬁ'ﬁéﬁmrﬁa'

’.'{‘2"5._1‘ sub class consisis of extinct aquatic reptﬂus mt“ a smgie upper temporal "mestra The
group had much diversified forms, It compnises iwo’ orders the Pmtﬁrﬁsa&nac}mractpransco
by aﬂmhicfsa.‘a@@s verishrae and Ezzard fike an‘)eamnce eg. Ameoswlm e

"“-Cfﬁ aquaﬁc .rcptiias which aita_inc_d more than 40 fect length,

Flattened body, paddie

Fig. 12280me reptites. A, Ies:udo B. 'Inomx C Sphenodon 1 Mouth 2. Eye 3. Head 4. C;arapaces Tail 6. Fore - -
timb 7. Hind i:mb 8. Plastran 9. Cisws 10. Neck 11. Nostril 12. Mid dorsal erest 13. Body.

and. leng ; BArew neck bearing a small head ars some remarkable:

69




.

‘both’ eyelids and- a mictitating membrane.

'provrded with adhesive discs o

12 4.4 Suh Class Lepndosauna )

.RepresentaEWes of this sub class prmutrvely possess a drapsrd skull typically wrth two temporal

fenestrae an upper and a lower, whrch in some cases, have become reduced. Out of its three'

“ orders, all members -of order Eosuchia became extmct ‘The' fossils. of Youngma show mueh

primitive’ condition.”

' Order Rhyncoceplralra has the lone example the Sphenodon (Hatterra) whrch represents this

ancient. group (Fig. 11.2 C) It is lizard like confined to coastal islands of New Zealand. 1t

grows to 2’ length lives in burrows. It is noctuinal and: carnivorous, feeding on ‘molluses and °
‘small vertebrates. Its vertebrae are amphrcoelous There is a sternum and  many abdominal -
tibs. A parictal forarnen contains.a nof- -functional median eye ‘covered with scales, is beheved',

~ to have been an-important sense organ in early forms. The anal opening is transverse " No,

_copulatory organ in male. Due to 1ts pnmrtive features of eosuchman ancestry it is con51dered

. ag ‘living fossil .

Order Squamata em‘braces the- most successful hvrng reptﬂes In thrs group the skull has lost

~cither one or-two temporal fossac secendarlly The former have been mcluded in sub-order

- Lacertilia (erards) ‘and the latter in sub-order Ophld!a (snakes). The skin is covered by horny
. epidermal scales. The skeletal peeularrtres being, vertebrae nearly. always procoelous, simple

- ribs, two vertebrae form the sacrum, if present. The quadrate is ' movable and articulates with

-+ skulL, The ‘teeth. are -acrodont ot pleurodont “Thete is a transverse cloaoal aperture and in

-males a pair of eversible hemrpems :

Sub” order Lacetllla The modern lizards live in diversified environments. On land, trees and
in water: They posess well developed limbs. Mauth ‘gpens to a moderate extent as _m'andi'bles L
are fused anteriorly and palate bones are fixed. Suprd temporat fossa is complete. Eyes possess

@npame membrane stretches over the audrtory

aperture. Some unportant examples a{:' giv\ clow,

for creeping over the ceilings in an inverted posrtron o

| Hemidactylus (Fig. 123 Ay is‘t? common gecko (Wall Uzafd), the ‘digits of ‘which are |

The. transverse rows of lapeliae each disc, which by pressure creale vacunm and make the
animal to adhere frrmly .@ surface. The Geckos, break off their tarls when' chased, by . .
‘autotomy a mechamsm to escape l(eepmg the enermy busy looking at.its wriggling cut off tail.
A hew tail regenerates. Geckos are the only squamata that lay hard- shelled eggs

'l Calotes is a garden lrzard common’ throughout Indra A detailed descrrptron is presented in-

: umt No. 12

Draco knownas the ﬂymg hzard or. Dragcm (Frg 12.3- B) is found in Indra Burma and
alaysra develops a skinfold, the pataglum between hmbs and the body supported by 5 or
6 elongated ribs. The pataglum is spread out and used for gliding from a hrgher to lower

:branch _ o o s - o

Chamneleon is /arboreal drstnbuted among India, Africa and Sn Lanka lt has laterally S
compressed body, head bears a crest, eyelids are fused leaving a small’ hole. The digits. are’
united “and’the tail is prehensile, both assist in grasping_the branches. A club-shaped tongue

- is long and” protrusible with'a sticky end. It has ihe power of colonr, change by melanophores
7 controlléd by autonomic nerves (Frg 123 C). |

-Yaranus (Komodo dragon) is the largest among lrmrds hvmg in As:a Afrrca and Australra
w1th semr-aquatrc habrt (Frg 123 D) Its tougue is very long and forked

Ta




Fig12.3 Some reptiles A, Gecko B. Draco C. Chizﬁaaeleo D, Varanus B. Ophisawrus 1. Bye 2. Head 3. Fore limb
4. Hind limb 5. Tail 6. Pad 7. Claw 8. Patagiu lar-pouch 10. Cervical appendages 11. Clawed digits 12.
Nostril 13. Club-shaped tongue 14, Tympanum $8. Rectangular scales 16, Cloacal spikes 17. Cylmdncal tali 18.
Snout 19. Tengue.

-

Heloderma, the Gila Monster, 1nhab1ts Morth - and écntrgl America .and 15 known
" to’be only. poisenous lizard. Ophisaurus {glass snake), (F:g 12.3 E). Amphishaenia and Angiiis
~ (Blind worm) are limbless, ’bunowmg Yizards, found i Euvrope .and North Africa. They have

-vestlgeal glrdles _ S - : :

Sub m'der Ophidia

The snakes are eiongated repliles with no limbs or girdles except their rudlments in Python
- The skin 1s covered with scales and outer most layer is periodically shed as a continuous
‘slough. A steraum, urinary bladder, supra temporal fossa, jugals, lacyrimals 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

jointed by ligaments only. This arrangement facilitaics the snake {o ingest an ammal several '

times wider than 1ts ovn diameter.

-Snakes have no tympanum custachxan tubes .or external ear opemngs Inspite of this they

perceive vibrations transmitted through the ground by bones of the jaw The bifid, mobile

7




- -and- retractile longue works as’ ﬂn organ of suaell in contact with certain sensory pits on the.

roof of the upper jaw. Lowmoham is pmduce(i by, nadulations of the body exerting: pressure

“on surrcuudmg objects. and pu%nes the. snake forwards .ﬂnppmg is prevented by stmraa

transverse scaiﬁ's.' o T -

" In’ poisonous ma}ces, ths saﬁva’"y g;ands are modﬂﬁed into g palr of poison gland% that. opcn

mto spf:mah?ed gmm'@d tPefh over the maxzﬂas known as fane:rs

E ,”Aﬁacmﬁa avzd E"ﬁh@m (Fi@g 124 AY ar\, the largest sniakes. They feaeh ieng&hs @f 30 6 35 i
' feﬂt Ahcy are: consinctors azmi iilk their prsv winding their ‘booches amund '

Co&n‘as are most advanued ISOLOBS snakes fouﬂd i Aﬁica aﬁd &sxa "“hf*u‘ neck can be’
_ P

emandcd inic a hood supported by cervical ribs to threaten of warn ‘invaders. Pm-“namilae

-bear a pair of pmson faﬂgh Frangs are fived in position. %1g Cobras (Hamadiym) are wvery -
_ agg@ss&ve. Comimor C{}b & has smutacular marks on thie hoﬁd eg. Naja raja (Fig 124 B)

P;g 124&%#&’:/‘?! B, Nfz;.:.z 1@ ‘.oo.ré} E?yez Nc;sm&?; ?’ea&A Taii 5. Dark bancsﬁ Toraguc”f Hoed 8.
Sp.,-ct:.cie mark o Body scaies 10, Eyc : :

 In sea suakis the 128 and postwwr part of bady is ﬂaﬁcned latcraﬂy formmg a smmmlng o
orgam. Thcy axe c:meiy rcm&ea to coblas an d highly pmscnous eg Hydrophts (F1g 12. ‘i A)

'leers group mc}ﬁde% pmsomoas féuakes whxch are commed o hﬂly arcas, In these Snakes
‘poison apparatus is highly developed. "“he fangs are movable.and sharp pointed which erect‘_

dutomatically when mouth is opensd’ othierwise tucked back. msuic the mouth. Vipers have -

_Lwedge shaped head,” broader behind with a narrow neck region. They are widely . d1str1bu1,ed "
* pitless 'vipers, found in Asia and Africa Possess & pair of remarkable sensory pats between

eye ‘and tostril which is ensnﬁve 1o, temperature changes and- helps the snake to- detect the
warm-bloodcd prey. Vipers are viviparous, Rattle snakes and ‘pit. vipers jare found in Amegrica

4 and Europe. They are totaliy absent in Austxaha cg, Vipem rmselh (I“ig 125 B), Ec]us E

Crotaius : .
"Banded I\ralts is’ anothcr sma]l group of pmaonous snakes, common throughout Indla Its, '
‘poison is more. virulant. than a cobra eg. Bungarus (Fig. 12.5 C) - T

There are many harmless and pof-poisonous. snakes. Such &s P@as (Rat Suake) Dryoph;s ]
(Grass snake), Eryx (Double headcd snake), and racers which nclthcr posscss po1son glands—‘"-' :




,-
v

nor constricting habit. They are usefol as destroyers of rodents and small animals which

\damage the field CROps. unit No 15 deals in detail about the poisonons and non- poisoneus
anakes ‘ ‘ ; '

Fig 12.5 Snakes. A: Hydrophis 3. Vipera ruselli C. Kxait «fangorus), 1 Nosmt 2. Head 3. Dark bands 4. nghi
. bands 5. Lateraily comprt,ssev_ tail 6, Small seales 7. Black spoiz 8. Tail 9, Eye 10. Large head sh:e]ds 11 Dotsal
- hexavora[ :scaic’a‘ §2. Broad veniral piaahs

12 45 Sub ciass Archosamria

\

“In repniﬁs w"nch cmrpme the %ub class Arﬁhﬂaaund
interparictal, tabular bones and parietal foramen are -abs
than the fore limbs. Some forms ‘became toothless @lmost with horny beaks and their distal
- tarsals fuse with metatarsals, As in burds digits are reduced. There was a fossa on the outside
of the lower jaw between dentary subanguia
always present in. fmm of the’ orbit. The sub-class cmmsts of S orders

sk

Order Themdomna infeudss smal aqnatm@mmoun .n*phles which dsvelopcd such notabic :

‘characters as arc found in cmcc:dz las today but. ihe.n Gxiernal pares were placed posteriorly

near the eyss. Possibly with the rise and success Of Cromdﬂes these were sxtermmamd eg.

Pl y’fm GLIILY,

-

Crocodiles, ailagamw

. and pterygolds all form g secondary. palate (Mamunals), The nostrils are closed completeiy

when ;,ub"nemec: There is a. cummncated pressure-cqualising eustaschian system. Parts of the-

- skull have pnf’wmauc ex “tmamns tmm the (,awiy of madme ear {Bird). The teethi are ihccodom

The Jinternial nares Dpﬁ"z o fm’ ﬂzruﬂff mro ¥
kzcep open the jaws under water without any mturruptmn to omdziung i the tip of nose
ig exposea

Aii lhe four hmba are us.,ci in waﬂﬁrg hui *{hc front once are shorte: &han éund mdlcatmg'

the mpedaa ancestry. ‘ - i

is iypicaiv dlapsxd The. *
he hind-legs were much longer .

gwamﬁuiar An antorbital fenestra is almost

iargﬂ‘;t reptilia hvng today are piacad n rdpr e
© Crocodifia, The SKm is- covered with ’bozty seutes and eprderma} scales. The noslrﬂs are at e
the tip of thc snout from where #ir passes back info z-Jong tube made by 'rnxzi!ac palatines.-

valvc Tfrus mcchamsm allows“ -

e




‘Laterally compressed tail and" webbed feet are used in sW_itnminQ.
: S . ,

The lungs are Well':developed,' having trachea and alveoles. A’ tramsverse partition separates
- off the. thoracic from the main abdominal cavity. This is. somewhat similar to mammalian
diaphragm bui differs in not being muscular. . ‘

The heart sh(_)ws‘ complete ‘division of the ventricles by interventricular séptuﬁn. There are two .
aortic arches. Although these two aortac cross cach other at foramen of Panizza, the higher
‘pressure in the ventricles does not allow the bioced to mix up. ' ' E

o " Among lving forms there are the .croicodi}cs, gharials, é]lig_ators_an& c}aimans. The Crocodylus
P e (Fig 126) i most wide spread genus excepi in Edrope. It has a narrow snout: Fourth lower .
| - tooth is visible when mouth is closcd'.'Al!ig\'awrwith' its 4th lower tooth fits inte a pit of

i ‘maxilla, and a blunt ‘snout is found in North America and China. Caiman  of Central and '
‘ s ' ' 8outh America is related to‘Alligator.' Extremely long and slender snout is present in Gavialis, '_
- the fish cating Indian gharial and Tomisioma of the Indo-China'{Bomcb,Sﬁm'atra).' '

R

e S '  Fig. 12,6 Crocodylus. 1. Nostril z.'_Teeth.4-Eye5.Fore fimb 6. Clawed digits
o o . -~ .. 7. Laterally comtpreséed tail 8. Dorsal scales. .
- - _ Members of the order Pterosauria e ﬂying"reptiles in' which the skeleton was light, thin
‘-. o - and ‘pneumatic. The- forelimb¢mgdificd into_ a wing'in‘.which the fourth finger was. greatly
. J -+ elongated to support the patagitun. The hind limbs were pentadactyle but weak, fibula being " ..
reduced or absent. Thc% was pointed with a . projection and there . were two tempora’
fossae, a superior and ‘infenér. No member of this group is living.' eg. Pteranodon. '

. Fig 12.7 Pelvic girdle in extinct Dinosayrs. A Saurischian pelvic girdle. 1. lfivm 2. Acetabulum 3, Ischium 4. Pubis
e : o " B. Omithischian pelvic gridle 1. llium 2. Acetabulum 3. Ischium 4,/Pubis. =~ - . .
4. L ST




- Order Saurischia comprises extinct cardivorous or herbivorous Dinosauras. The pelvic girdle -

is on usual triadiate reptilian plan, cach half is made of 3 bones the ischium, pubis and ilfum
in triangle (Fig. 12. 7 A). These reptiles had massive bodies with bipedal gait. Tyrranosavrus
was the largest carnivorous animal. Its hind limbs were very large armed with powerful claws.

Brontosaurus was herbivorous’ type distinguished by a very long tail and neck. " -

Order thithisch{a, the végeratian éxtictDinosa,u‘rs had beak - like jaws. The pé}vic .girdle‘is" bird.

like, tetra-radiate. The publis lies paraliel with an extended ischium (Fig. 12.7 B). The lowerjaw
possesses a ‘predentary’ bone that may have supported a horny beak. Iguanodon grew to about 30

feet long. Triceratops developed paired horns and huge size.

Unit '16 deals, with the Dinosaurs in further details.

124.6 - Sub Class Synapsida

‘These were mammal like reptiles ﬁhich became totally extinct. They had single temporal fossa - )

on the lateral side 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' Pelycosauria were large lizard like reptiles, with a peculiar web of skin projecting on

the back as a sail which is supported by internal skeleton consisting of enormously longneural '

spines. eg. Dimetrodon.

- Order Therapsida consists of extinct reptiles with mammé]ian characters in weir skull, limbs .

.and dentition. eg. Cynognathus.
. _ \

125 SUMMARY N
— : . —

presence or absence and position of the temporal ies of skull. Orders Chelonia (sub
class Anapsida)Rhyncocephalia, Squamata (S ass. Lepidosauria) and Crocodilia (Sub class

! 3 - ’ L] . M ) .. R . -
Archosauria) are only represented by living members. All the living members except chelonians
bear diapsid skull. . ' : - ' - '

Class ‘Reptilia is defined. The class Reptilia is leﬁ ed&l‘o)(i sub classes based upon the

126 MODEL EXAMINATION Q.UESTI('_)N'S'

L Answer the following questions in about 30 lines each, '
L. Enumerate the general characters of class Reptilia.
2. Give an outline c-lassiﬁcalion of reptiles with examples of each group.

I  Answer the ‘follm_ving' questions in ahout 10 lines each.

1. Describe the temporal fenestrae in reptiles and explain how the classificaiton of 7rcpt1'les '

is based on this character.
2. Write about the subclass Anapﬁda
3. Describe Sphenodon. =~

4. Describe briefly about. snakes.
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12. Chaniaeleon

('Differénﬁété' between : A. Chelonia
C. Lacertilia and Ophidia

Cot)éio'sa;iﬁa
Chelonia ~ -
."Ic;hyo.fdums-" .
szy;:cqcephali .
Ophidia.
Hemidaébqlus :

Python o

Baﬂgariis N

Prerosaviria

and Croct)di]ia- B. Squamata .and Rhynoccphaha
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134 OBJECTIVES

' Thls lesson deals Wlll’l the owamsatlon of a reptlle rﬂpr‘esenté'tivxiu detail so as-to under‘stzlnd 3

fits biology L : - S \

‘1&2 INTRODUCTION - .7;_ .”.(?>,-

~ Calotes represents the group of garden hzazrds foS?widely'distribued in~tcmperate zones, -
n

like Indian sub- constmcnt Malayasia and Sout China. In North India it is popularly known
as “girgit’ and i is quttc common in Andhra local]y called as ‘Thonda’.

Calotes lives on trees and shrubs in ga
very swiftly, It i§ active ‘during day time fegd
i’s head and neck turn red and hence it is - .also called thé “Blood Sucker’; misnomer, Thus

lizards exhibit colour changmg machamsam Lt S

and ]unglcs 1t runs fast and chmbs the trees

13 3 MORPHOLOGY

The body of the Cm’otes, reaching - to a lcngth of 35 to 40 cm, is coloured olive green or

Vgreylsh dorsally and whlte ventrally It is dms.lble mto head, neck, trunk and tall (Fig 13 1) :

Fig 13.1 Calotes 1. Eye 2. Ear Opéning 3. Fore limb 4. Claws 5. Hind limb 6. Tail 7. Body scales.

-

ing on the insects. When - excucd or threatened,‘

17
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. The head is . roughly tnangular in shape and bears a pair of relatnvely small eyes protected :

by upper and lower movabic eyellds and 2 11:ct1tatmg membrane which is normally kept folded-

i anterior corner of the eyé. The external nares at the tip of the head (snout) are very
‘minute. The . mouth is Guite wide. Behmd the eyes a pair of external audltory apertures lie

havmg a tympanum at their boitom. The reck region and abdominal regrons are d1st1ngurshable

" On the ventral side a cloacal aperture opens as a transverse slit at the junction” of trunk

and tail, One pair of fore limbs, short in size, comprlse brarichium, {(upper arm), antebrachium
(fore arm) and manus (hand) ending on five clawed digits. Each hind limb which is relatively

longer than fore-Timbs, consists of a.femur. (thigh), crus (shank), and pes (foot,) Each foot -

terminates on five thin toes ‘ending on sharp claws Behind the trunk a very logn cylmdrrcal. :
tarl tapers posterrorly

13 3 1 Ihtegument

The body of the lizard is covered by horny, epldermal scales completely which form an
exoskeleton. The scale -size, and shape differs according to the requirement of the body. On
the trunk, they arc large and kecled -whereas on the head the- scales. arc. small. On the
mid-dorsal line of trunk and head the scales are ‘modificd to form spiny crests.. the skin “of

- lizards is charactenstlcally dry w1thout any galnds, Scales, produced by the Malphlgtan layer
. of epiderms are- perlodlcally shed in flakes. The colour change ;of the skin is brought about:
. by the plgment cells, the melanophores scattered in the skm .

" 134 ANATOMY

The body wall encloses a spacions coelom in the bunk which s 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 cont other viseral organs except the kidneys. These

F]g 132V1scera of Calotes 1. Heart 2, Left lung3 Left liver lobe4 Gall bladderS Bile duct 6. Stomach 7.
- Pancreas 8. Fat body9 Largc intestine 10 Cloaca 11. Cloacal opcmng 12. Small intestine 13, Coe]omrc cav1ty.




two cavities are completely disconnected. They contain a watery coelomic fluid. ‘There arc -

paired masses of (Fig. 13.2) fat bodies “(corpora adiposa) in the posterior region which serve
as source of food for lizards during their wintersleep (Hibcmatio’n). ' '

c134.1 Alimemary‘_CalllaE_d '

“The moﬁt_h fsfﬁnged by labial scales and is supported by‘tﬁ'c bones of the upper and lower |

jaw. It leads into a farge bucco- pharyngeal cavity. The teeth are pleurodont ie. attached on
the outer margins of the jaws, ‘and are present on both the jaws. A fleshy tongue in the
- cavity has fine papillae containing taste buds. Labial glands in the mouth secrete mucous
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 pair of Eustachian tubes open as usual in most

_ vertebrates (Fig. 13.3).

Fig. 13.3 Alimentary canal with assogiated glaﬁds of Cala_te.ﬂ 1. Pharynx 2. Oesophagus 3. Stomach 4. Pancreas 5.

‘ . Dwodenuny6. Caecumn 7. Rectum 8, C]oaga'9. Urinary baldder 10. lleum 11. Gall badder AR
The pharynx leads postoriorly into a narrow short oesophagus which dilates behin_d to form
the stomach. The latier is a tubular sac on the left side of body cavity without any well-marked
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 antcrior duodenum which receives at its beginning bile duct from kiver and

.pancreatic. ducts. The duodénum abruptly passes into ilcum, the. longest. part of the system
:'}vhi'ch is much coiled. o S B . ‘ . b

The ileum opens through an ileo-rectal valve into ‘the large intestine which is a wide thick
walled straight tube. It forms on its upper left side a small blind pouch, the caecum of
‘unknown function. The large intestine functions like the rectum of higher vertebrates. It opens
into cloaca which differentiates into three regions, namely, the middle urodaeum w]n'c'h' receives

urino-genital ducts dorsally and gives off urinary baldder ventrally and the posterior_proctodaéum

which is the common chamber leading to the - cloacal ‘aperture, the ‘common - outlet. It is
situated at. the junciton of. trunk and tail. B '

o
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- the resplratton of Calotes.

Dlgestufe giands

There are two dlgestwe glands in Ca!oa‘es, the iwer arnd panereas The hver is a large btiobed\

‘browmsh gland. sntuated in"betweeen the lungs. it has a. gali baldder embedded in the rrght‘ .
Viobe A bilevduct carries the bile. from the gall biader to the duodenum ' : '

~ The pancreas sﬁuated in the ioop of duodenum, is & whltrsh gland whn:h supphes panereatlc g
- juice to the ducdenum through .its’ duct Calotes’ appears to-possess intestinal and gastric

glands : also pouring intestinal j juice and gastric juice in to the respective parts of the ahmentary: :

N canaI These secretlons act on the food of Calotes wl:nch mamly consxsts of msects '

5

| 134. 2 Resplratlon

The external nares lead into olfactory sacs Whlch open anteriorly on a paxr of mternal nares -

- inside the buccal cavlty Behind the root of the tongue there is glottis, a median longltudmai
“slit. The glottts leads mto the muscular larynx. The walls of which are suppported by-a

cricoid and a _pair of arytenoid cartilages. The larynx })pens behmd into a cylindrical - tube,

,the tranchea (w1de pipe) which extends back upto thorax Its wall is supported by complete' L
. cartliagenous rings. Behind, the - trachea bifurcates- to form two broncht, each enterrng the
lung of its own srde Each brouchus is. also supported by cartﬂagenous rmgs '

The lungs are palred elastic, sachke structtnes sntuated one on each side of the heart Their

' mner lnnng is raised into a- network of septa. Tn between hese septa depressnons, the alveoli . -

are formed. Since wall of the lung and alveoh are. supphed with numerous capllianes gascous

.' exchange takes place.

For- mspnratnon the nbs and outer mter-oostal scles in between the ribs play an nnportant s

- role. When the muscles contract the ribs,m twards’ ‘and forwards. thus enlarging the
~-body cavity. Thrs in turn: éxpands the ‘T hen their - air pressure falls. The atmosphreic -

* air with_high pressure falls. The atméspheric air with high pressure rushes into the lungs by
‘way of external nares. Q‘{}‘ e T L

L C(mtractlon of i mner mtercostai ‘dwee the. cawty, muscles of lungs eontract so that pressure- R
. on the air rises up. Centy expiration of foul " air takes- place. Thus. rmged trachea, -

expanded lung Surface\by pfa_and rib movements are some of the smgmﬁcant features in-

1343 Blood Clrculatron Lo
Heart R -
The heart of calotes comprises of (1) two auricles and- (11) part:ally dmded ventriele In general

it resembles to that of Lacertia (F1g 13. 4) (i) The nght and left auricles arc formed by an .
* interavricular septum. “The’ rtght aurlcle is larger than the Teft. The rlght auricle receives

deoxygenated blood from ‘the sinus venosus which lies dorsally. ’I\vo ‘precaval and. a postcaval
veins empty their blood into the smus wvenosus which' opens mto the nght aurlcle through :

_smuauneular aperture guarded by a palr of smuancular valves

' ,. The left auricle recerves oxygenated ‘blood from a patr of pulmonary veins wlnch open into _l
it through a eommon aperture in the dorsasl wall. This aperture has no value. '

Both auncles open mto the ventricle mdependently through thexr respectwe aurlculoventncular- :

_apertures guarded by valves (Flg 13.5). .




Fig 134 Heart of Calotes. A. Dorsal view. B. Ventral view. 1. Ventricle 2. Left auricle 3. Right systetnie arch 4.
Carotid arteries 5, Precaval 6. Puimonary artery 7. Sinus venosus 8. Posterior venacava 9. Left systemic arch 10.
Right avricle 11. Left precaval iZ. Pulmonary arch. 13. Forame paniza. ’ ‘

(i) The ventricle has ‘a thick and spongy wall. Internally it is- partially divided into. two

E unequal chambers by an .oblique interventricualr septum which is almost horizontal, Its
free edge comes in contact with ventral wall so as to divide the interior of the ventricle -

“into- two functional chambers a dorsal chamber, the cavum dorsale and a ventral chamber,

-

_ the cavum ventrale. The (Pulmonale). . " o N . .

Fig. 13.3 Caiomlntcmal‘strug:tﬁm of the heagt and arches 1. Internal carotid 2. Ductus cai‘oticu_é :
3. Right systemic 4. Sinu-auticular aperture 5. Right auricle 6. Left systemic 7. Pulmonaty arch
8. Chordac tendinae 9. Ventriclé 10, Cavam ventraie 11. Interventricular septum 12. Cavum dorsale '
- 13. Auricuio ventricular valves 14, Left auricle 15. Pulmonary vein aperture 16. Inter auricular septum S

" 17. Left systemic 18, Left carotid artery 19. Extérnai carotid, °
Co ' S 81




- internal and external -carotids which supply blo

82

A common subclavian artery. arises from

" (v) Paired gonadials (spermatic or ovarian) to the. reproductive ‘organs;

Three aortrc arches arise from the ventricle: the puimonary 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
tlssue The two systemrc arches cross and twrst whlle passmg forward from the: heart.

" The r1ght ‘auricle is ﬁ]_led with venous blood supphed by the sifus venosus. Slmultaneously-‘.

the left- auricle is-filled with oxygenated blood received from pulmonary veins: Both auricles
contracf at a time forcing the deoxygented blood into the cavum ventricle contracts, deoxygeneted.
blood. goes into- the pulmonary and left systemrc arches, The oxgenated blood enters the nght .

_systemic arch,

In reptllm some- mjxture of arterial and venous blood is unavordable Most recent w0rk stiggests.

~ that ‘oxgenated blood recgived by the cavum dorsale mainly goes into rlght systemlc ‘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 systemm arch and mternal carot1d, '

artery gorng to the brain (Uromastrx)

¢

-

Artel‘les- .‘_:.. . : ' ._('

The pulmonary arch is dmed into the rrght and left pulmonary arterles just in front of the -
heart wlnch cirve backwards and enter their respectrve lungs -

The right ‘and left systen‘uc arches cross one another. at the anterior end of the heart extend -

g outwardly, loo_p ‘backwards and -unite in the middorsal region to form the dorsal aorta. .

- The right systemic gi:ves' off a short,'Branch, the common carotid which divides- irnmediately-r |

in front of the heart into a right and left ,caron‘d rteries. Each carotid further divides into
the head region. Each. carotid artery
connects with the systemic.arch of that 'sidqb means.of an artery, the ductus carcticus.

systemics. Tt divides mto the right and Q?subclayian arteries which extend into their respective

) forehmbs :
The dorsal aorta proceeds backwdrds on’ the.- rmdorsal hne ‘beneath the vertebral column and

glves off. the- following bra% . ; :
(1) Several pmred panetais dorsal musc!es and vertebral oolumn

(u) An antenor mesenteric which crosses the coehac, supplles to. small mtcstme,

i

(m) A coellac to stomach hver pancreas, “and spleen

_ (w) A postenor mesenterrc to the rectnm; :

iy Pair of iliac to _the hind limbs;

- (vid)- Few pau'ed renals to the deneys, o .
) .'(vm)Medlan caudal, the- tcrmlnal portron of dorsal aorta enters the tail.

"Veins) I o /'

LS

The sinus” venosus collects deoxygenated blood from two precaval veins srtuated at 1ts

anterolateral angles and a post caval vein at the postenor anglc

right systemic just before -the union ‘of the.




Each precaval is formed by the unic.)n. of internal and’ external jugular veins that bring blood V_
from the head. A subclavian vein returns the blood from the forelimbs and joins the precaval
vein of that side. " ‘ ' ‘ : '

The postcaval vein joins the sinus at the posterior angle. Tt is formed by the union of right
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 receives a pair of hepatic
veins. — ' : - - ; '
There are two portal systems in Calotes like in’ frog the-hepatic and renal. . the hepatic portal
vein is formed by the union of veins coming from the aliinentary canal namely the ‘duodenum, -
spleen, intestine and.stomach. It enters the liver and breaks up in to capillaries.

The renal portal system consists of a caudal vein which bifurcates to form two pelvic veins. -
In to each pelvic vein the afferent .renal, femeril and sciatic veins of the that side empty
their blood. Both pelvics unite to' form and @ujor abdominal vein -which ramifies intp
capillaries in the liver. : ) s '

-

1344 Brain and Nerves .~ - o S &

The brain kias’ olfactory Hilbs anterisrly whic&%tstmea:ﬁﬁm Bl
rhinocoel. the “cerebral hemispheres wre large {Fig 13.6). A _loﬂj‘éit,h n ! ,
them. Each hemisphere encloses a. tageral ventricte, the roof of which very thin'. (opallium)
but lateral and ventral walls are thick. These:%‘form the co‘r;;is riatum. Both, corpora
- striata’ are interconnccted by anterior @mmissurq?'%cy receive efferént fibires from the (halami.

B g
L e
tains a cvity, the
al fissuré separates

This indicates that the brain is functionatly gd\ian__f_ﬁ%l. The c_cfébriﬁ_ coktex also shows improvement
over amphibians. _ A bd LN R '
The diencephslon encloses the third ventricle, “the diac ichis *co tmmls with lateral -

diencephalon has pineal apparatus consisting of ‘an or parietal body (pineal eye) ) and a
‘posterior pineal body The pincal eye in some Aeptiles appears to be&e sitive to Hight. c.g.
Varanus. Behind this -occur posterior and. Habefular eeiiﬁﬁiiésuréé. Side wills and floor of
‘the third ventricle are thick and are knowf' “optic thalami and hypothalamus respectively.
"\Hypothalamus produces a downward gro ‘the infundibulum, at the tip of which the .
hypophysis is attached. The hypophysis (Rathke’s pouch) is an out growth of the stomodacum.
Together the latter two form the-pituitary body. The optic chiasma lies in front of this body.

ventricles through foramen of Monro: . its vasculax p% t of riof wlexus. Dorsally

4

Fig, 13.6. Brain of calotes. A. Dorsal view B. Ventral view. 1. Olfacrory loge 2. Olfactory peduncle 3. Cerebral
hemisphere 4. Pineal body 5. Diencephalon 6. Optic'lobe 7. Cerebellum 8. Medulla oblongata 9. Sg. 1al cord 10
Optic chizsma 11. Infundibulum 12. Pituitary body.

A S
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Two opt1c lobes are placed dorsally ]ust touclnng the hennspheres Thetr CaVlthS, the optocoels.

- mutually communicate through iter whlch is connected to fourth- ventricle belnnd The crura -
¢erebri situated below the optic lobes-arc longxtudmal ﬁbres bands which connect dlencephalon

to medulla oblongata. o .
The cerebellum is feebly developad behmd the optic lobes as a thin band on’the’ dorsal side.
The medulla oblongata has a ventral flexure from, where the spinal cord begins. The medulla:

‘has- a'cavity, the fourth ventricle its’ roof forms posterior choroid pléxus,. the vascular - fold..
The . cerebtospmal fluid -filis the ventrlcular interior of eavmes of the bram whtch is seer eted o

by the chorold plexuses

'13 4.5 Spmal Cord

The spmal cord of Calotes is formed on a typlcal vetebrate plan and very closely resemblcs

- to that"of frog..In general it is slightly dorsoventrally compressed extending from the medulla -
- to the -caudal reglon within the neural canal. Enlargements of the cord, are found in the °

forelimb reglon forming branchlal plexus and in the hind limb region, the limbe-sacral plexus.

It encloses a narrow cavity, thecentral canal Whlch contains cerebrospmal fluid.

The cramal nerves are 12 pairs. Out of which 10 pairs eorrespond to those of frog, remalmng

" two the hypoglossal and spinal accessory arise from hinder part of the medu]la and mnervate i

the. muscles ‘of tongue and larynx respectively

y Noteworthy sense organs of calotes are a pair of Jacobson s organs These are located in the.”"

roof of bucecal cawty in front of the internal nares. They are hned by olfactory eplthehum
They smell the food in the buccal cavity through thexr openmgs :

134 6. Excretory Grgans

A pa1r of metanephnc k1dneys of dark red colﬁ placed in the posterior most abdominal
© region which occupy partly the base of the I il

kidney is two lobed (Fig. 13.7) anterior

lobes are free but. posterior lobes- are- flised in the middlé line. Each kldney midventrally

_ opens_into urmogemtal ‘duct which Gpenst into the urodaeum A uwrinary bladder,
situated ventrally also .opens into m% Bum. the kidneys excrete uric acid along with a little
to

amount of water which is: di the urodaeum, It is ptcked up and stored in the ‘
urinary ‘bladder. - There entire Water 1s absorbed leavmg only sohd uric acid to -be ehmmated

- 13. 4.7 Reproductw@ ans -

Sexes are separate. In the malethere is a pair of testes whitish ovoid bodles, lymg in front
of hdneys(fig 137A) From the inner. border of each testis a long convoluted tube, the latter .

an. 137Calo.nes Unnogemtal -organs. A Male B Female 1. Epldldym:s 2. Testls 3. Vas deferenns4 l{zdney.)
o Ureter6. Urinogenital duct 7. Cloaca 8. Penis 0. Oviducal funnei 10. Ovary 11. Qviduct 12, Rectum 13. Urinary
bladder i4. Opemng of uretet 13, Opemng of oviduct,




- joins the ureter to form a urinogenité.l duct which -opens 'indepcndentlyl into urodaeum N

- Behind the cloacal aperture on either side their is an ever side vascular, grooved and sac-like
copulatory. organ, the hemipenis. Both hemipenes are everted during copulation as cylmdncal
bodies, pass sperms along their grooves into the clocal of the female. -

" In the femal_c-he,r"q is a pair of ovaries, whitish lobulated bodies: Théy are ‘attached to tliq' '
‘abdominal . wall by mesovarium (Fig. 12.7 B). A. Pair of oviducts, one on each side extend .
in front of the ovary. They are thin walled. The oviducal funnels are dire(_:ted externally. Each _

oviduct open into the cloaca scparately in front of the ureter:

The fertilization is internal. the female lays about a dozen 'sbft-shclled'cggs in shallbw, deb_ris

covered pit, During the development. amnion allantois and chorion are formed.

135, SUMMARY

C};Ibres, | the garden hzard is a fast r_unnér, mostly living on. trees and shfuBs_ feeding on
insects. Body divisible into head, neck, trunk and tail. Trunk with 2 pairs of pentadactyl limbs.

-Body covered by epidermal scales ‘inco:_ltrast to the dermal scales of fishes. Digestive system
inlcudes the ‘alimentary canal, liver and pancreas. The lungs are paircd, elastic sacs with .its

~ inmer lining raised into septd which are richly vascularised for gaseous exchange. Verntricle

is partly divided by an ob_liqué interventricular septum dividing it into a dorsal and a ventral
functional chambers. Brain shows advancement over ammphibian condition. ‘12 pairs. of cranial
_ merves present. Pineal eye | present in Varanus, Anguis and Sphenodon.  Jacobson’s organs

present in the roof of the buccal cavity. Kidneys are metanephric, Sexes separate males possess
a pair of hemipenis. The female lays about a dozen éoft‘sgﬁ egges in shallow debris _

~covered pits. Embryonic membranes protect the developing e

136 MGODEL EXAMINATION QUESTIO%S)“; —

L 'Answer the folloﬁing quéstions in .abodtQﬁﬁ”é's each

B 'Déscribé_thedigcsti‘.fer system of.%es.l - | o

2. Give an account of the"structure ."'md errking 6f t‘her‘r.Iil.car/t -of the garden lizard.
| 3 .Desériﬁe the brain of Calotes and ‘show hoﬁ it is advanced than 'thé._t of -Ra}ia.

~

IL . Aﬁéﬁ{ef the tfo!lowihg quest_iong in about 10 lines each
1. 'Wl;ite an‘,a_écount_ on resp'ir_atl_on in Calotes.
2. | Describe the ar‘terial‘ system ‘of Ca‘ion%es.r &
E 3 Dcscribe‘ r'r.iale.:aﬁd' feina]e reproductive o.rg%mé of ‘..Callotes,.
4., -Qigegtivc glzin,d5 in Calotes. - N | - L
-5 Hepatic.:rrand rena’i po,ffal_ syt‘éms_, of'-Cantes.
. .6. [‘)iernct;pi;aloniof. Calotes -
7. ]acobSbn*s 6rgau. '

8. Metzmeﬁhﬁc kidney,




Unit - 14 - SKELETON OF VARANUS
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141 OBJECTIVES :

@ To understand the reptilian organisatioﬂ of the endoskeleton.

142 IN-TRODUCTION |

In vcrtebrates the bony skeleton the supportmg framc work lies w1th1n the body and hence
called as endoskeleton. This develops from mesenchyme or connectivé tissue, In embryonic
stages first, the skeleton is formcd with cartilage. and is later transformed into real bone, after
passing through a series -of changes. Dermal membrane ‘bones - develop from. cranium
extenorly, later mcorporatc inside - the body. The doskeleton components corgs;st_of_ "

1. The,amal skeleton comprlsmg the nd v"er_tebfaf COIMn.

- 2. The appendiculér skeleton incl%h»g’irdies and bones. of 'limbs :

Varanus (common name, mo@%belongs to class Reptilia, order Squamata and Lacemha'
T

forming the group of llz%h study of its skeleton not only explains the general orgamzatlon

of the skeletal system o

vertebrate but also reveals the peculiarities of reptiles.

143 AXIAL SKELETON

Skull-

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

.+ apparatus.

1. Cranium_

The cramum (F1g 14] A and B) consists of 3 reglons from behmd to front as follows:

(a) The mcnpltal reigion is the posterior énd of the crdmum 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 posterior knob like -occipital condyle, and-
(iii) Exoccipitals surrounded magnum. latera]ly, giving out parocccipital processes. These
three segments unite and form a protective covering over the exit of spinal. cord. The
single condyle is characteristic of Reptilia. '

(bj The parietal region, si_tuaté-d' 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




the cranium respectively. A parietal formen is present. The sides are formed of soft

tissue as alisphenoids are lacking in this place.

(c) The frontal region has 2 components (i) a pair of triangular frontal dorsally fused by a

frontal suture in midline and (ii) a parasphenoid, a ventral long, narrow rod-like bone

which extends forwards. This also forms an incomplete cranium because of the absence

of oribitosphenoids and presphenoids, -

‘Sense Capsules

The following 3 sense capsules enclose and protect- the sense’ organs

(i) Auditory otic, (ii) Optic and (ii) Olfactory.

@) -auditory Capsules: consists of a-signle prootic bone in each capsule.

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

divides the two orbits. Each orbit is surrounded by five bones namely, prefrontal, Supra

orbital, lacrymal,’ post frontal and jugal. All these bones arrange themselves around ‘and
form the orbit which lodges ‘the ¢cye ball, o

© (i) .-O[fggtbry casule is made up of two triangular flat bones nasals which fuse lhe'dially into.

one picce. A pair of vomersform the inner margines of posterior nares.
3. Jaws

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

S ‘ A _ :

* Fig 14.1 Skull of varanus A. Dorsal view B. Ventral view. 1. Septomaxillary 2. Nasal 3. Lacrymal 4. Jugal 5. Parietal 6.
Supratemporal fossa 7. Quadrate 8. Supra temporal 9. Squamosal 10. Exoccipital 11. Basioccipital 12. Foramen magnum
13. Paroccipital process of exocicipital 14. Supra occipital 15. Protic 16. Supra temporal -arcade 17. Prooltic 18,
Epipterygoid 19. Parietal foramen 20. Past orbital 21; Supraorbital fossa 22, Supraoxbjtal 23. Prefrontal 24. Frontal 25.
Vomer 26. Maxilla 27. Nasal process of premaxilla 28. Premaxilla 29. Aperture for Jacobson’s orgad 30. Palatine 31. -
Transverse 32. Suborbital 33, Pwtelygojd 34, Occipital condyle 35. Basisphenoid 6. Orbitosphenoid 37. Ventrolateral
process of frontal 38. Ventral border of inter orbital septum 39. Vorhering apetture 40. Maxillary process of Premaxilia..
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(@) Palred prema:nllae are fused in nudlme to form a- single bone on - whrch one parr of -

‘dorsal premaxrllary ‘maxillary and’ foramina are present Postr‘rlorly a long nasal process
and anteriorly a pa1r of vomeromaxlllary processes are prommently seen. The)r ‘bear 6-8
teeth, : :

(i) Maxillae " are broad irregular vertical bones occupying majos 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 addltron to form the :

: part of -the jaw, bounds orbit ventrally. )

The above bones form the outer set. The elements of inner set formmg the upper jaw consist ‘

of (i) the pterygoxds a ‘wavy bone ventrally (i} the transverse -or ecotopterygord a curved
: E‘bone on the inner side of the Jugal(m) the eprterygmd isa rod-hke bone extendmg from

pteygord to prootrc

(b The lowerjaw is also sermoval in shape and consrsts of the followmg parts (F1g 14. 2)

(i);\ -"The dentary is. the largest anterior part wluch bears neural fornunae and teeth
(n) The supra angular is a ﬂat some’ what‘ rectangualr bone behmd the ,dentary; :

(iit) The angular 1s below the dentary and supraangular

* (iv) The articular is a slender bone, forms posterror part of the j jaw, its free end is trpped

. with cartﬂage, it artreualtes wrth the quadrate of the upper jaw ‘

. W A coronold wrth an upward process is a svmcal bone;
fixe

(vr) The,splenlal is a flat, thin tr1angular‘ b@ on the inner surface of dentary

Flg 14 2 Lclwer ]aw of Varafus-outér view. 1, Corarmd 2. Foramen for branches ot' mandlbular nerve 3: Dentary
4. Angular 5. Mental foramen 6. Supra angular 7. Artlcualr 8. Artlcualr ndge 9. Tecth

(C) The suspensonum of lower jaw wrth upper jaw and- cramum is formed by (1) the quadrate.r

‘a sma.ll, stout rod and (n) th’e squamosal a curved bony rod

4 HymdApparafus

The hyord apparatus s:tnated in buccopharyngeal cav1ty consists of a (1) basihyal cartrlage ,
whose “anterior process, os entoglossus supports’ the tongue, and produces (i) two pairs of .

~ long slender. processes, the anterior and postenor “horns (Cornua) the . anterror part bears a
distal limb (Frg 14 3) ‘ = : ‘

"The temporl regron of the skull has 3 panrs of vacuities. (1) Snpra temporal fossa onthe. srdes

(ii) the posteriod temporal fossae on the sides of occipital reglon and (111) the lateral temporal

‘_‘.'rfossae,k large spaces on the. srdes behmd the orbrts L




Fig. 14.3 Hyoid appartus of Varanus. 1, Os entoglossus 2. ngamentous sheet 3. Distal limb of antenor cormua
4. Proximal limb of anterior cornua 5. Postenor cornua 6. Baslhyal

Vertebral -‘Column

The vertebral column has a large number of vertebrae{about 83-85) all with procoelous centra.
Forthe passage of the spinl nerves there are inervericbral formina in between the vertebrae.

Fig. 14.4 Vertebrae of VarnnusAl Atlas vertebra B. Axis Vertebra C. Typxcai vertebra D First sacral Vertebra E. Second .
sacral vertebra. F. Candal vertebra. 1. Neural canal 2. Dorso laterat piece 3. Ligament 4. Odontoid fossa 5. Cavity
for occipital condyle 6. Ventral piece 7. Neural spine 8. Pre Zygapophsis 9. Gdontoid process 10. Flooked Spine
1. Hypapophys s 12. Centrum 13. Post zygapophsis 14, Facet for cervical tib 15. Transvexsc process
i6. Artlcular facet for ilium 17. Y-shaped chewon bone,




' (1) The Cemcals are 8 (11) the Thoracolumbar 22, ( m) ‘the Sacrals and (1v) many Caudals

The vertebral formula is CsTL 2 S C51 53-.

@) -First of the “cervical verhebrae is satlas, It is ring-shaped with a facet for the single

~ occipital Qondyle of the skulll. There is a tough ligment which stretches transversely across
_the neural canal. There is o centrum. The Spmal cord passes through the upper ‘neural

canal (Flg 1444). '

" It is formed of a median ventral and two dorsolateral pieces formmg upper spinal canal and
-a lower central canal of atlas and fits mto the ‘odontoid canal of atlas. -

- The second cervical i 1s the axas -It bears a pro;ectmn the odontoid process wh1ch is mod1ﬁed'
.. centrum (pleurocentrum). ks neural spine is wider and anterior end of centrum has a hool:ke
spine. Posterior hypapophysis is meant for articulation (Flg 14.4)

~Other cervicals are regarded. as tyoica] vertebrae in_ particalar, from Filito 6th. All are similar

with a neural arch, neural spine, zygapophyses a ventral hypaposphysis and artlcular facet

for ribs (Fig. 144 C)

(ii) The thoraco-lumber vertebrae are large stout and reSemble in alIJespects to typlcal '
cervical vertebrae. The lambam*h%no cets for nbs ; mi"“},s» oot

(m) The sacral vertebrae have stout trransverse prooeSses, a small neural _spine, and the. first
ones bear facets for iflia (Flg 144 D and E). :

(iv) The caudal vertebrae prog;resmvely become sma}}er in size.”Each vertebra has a Y shaped
~ chevron bone ‘hanging daown the centrum, contammg the .haemal canal (Fig. 14.4 F).

by

The sternum is &thm rhombo:dai plate, made of ¢ ifi cartilage ‘An arrow shaped carnlage

" the m;er_clawcle, attached to the sterum projec eriorly (Fig. 14. 5) The clavncles are applied
to interclavicle. @ .

The ribs articulate with vertebrae start m 4th cemcal to the sacrals. Each rib has a

dorsal bony vertebral part. and veptfal c ificd cartilagenous sterrial part. Except the first 3
pairs of thorocolumbar ribs which\ate 4ttached to ‘the sternum, the others are frec.

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




14.4. APPENDICULAR SKELETON

Pectoral girdle .

The péctoraﬁ girdle consists of two identical halves lying one on either side of the interclavicle
dorsally and closely connected to the sterrnum and clavicle. Each half has a bony scapula, a

coracoid and at their junction posteriorly is a glenoid cavity. An expanded supra-scaputa is

- made up of calcified cartilage. The procoracoid and meso-coracoid processes of coracoid are

bony, but epicoracoid at the mid anterior end is cartilagenous. Coracoid region is perforated
by three fenestrae (Fig. 14.6 A)), ‘

Pelvic girdle

in the pelvic girdle, two similar halves the ossa 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 small projection, the preacetabular process, |
Both pubis and ischivm meet their counter pait to form symphyses of their owh, an epipubic .
- cartilage and a hypeischium cartilage are present at pubic and ischiatic symphyses. A thin
cord stretches forward from preischial cartilage and divides the space in the girdle nto two -

ischiopubic fenestrae vertically. On each pubis there is an obturator foramen. The acetabulam
is sitvated at the junction of the three bones ventrlly for articulation of hind limbs {(Fig.14.6B).

z g

clavicle 5. Sternal ribs 6. Sternum 7. Glenoid cavi ty 8. Scapula 9. Supra scapuia 10. Preceracoid 11. Meso €oTacom
12. Epipubis 13. Pubis 14, Ligament 15. Obturator foramen for nerve 16. Preacetabular process of ilium 17. Ischiatic
symphysis 18. Ilium 19. Hypoischium 20. Ischium 21. Acetabulum 22. Ischiopubic fenestra 23. Prepubis 24. Pubic
symphysis - ‘ ' -

- Figld.6 Calotes, VaranusA. Pectoral girdle. B. Pelvic girdie. 1. Epicoracoid 2. Clavicle 3. Fenestra in coracoid 4. Inter

Skeleton of the limbs.

The fore limbs‘ and hind limbs of Maranus are pentadactley. They have a well developed
skelcton stronger than the amphibians. ‘ o '

" Bones of the Fore-limb The structural bony eiements of the forelimb consist of (1) Humerus

(ii) Radius and ulna (iii) Carapals (iv) Metacarpals. and phalanges.

(i) The humerusis a bone with 2 stout shaft, flattened at head and .trochle'ar ends, the later
~ has slightly pulley like condyles for- articulation with radius and ulna. Just below the head
‘a deltoid ridge is prominent to which deltoid muscles attach (Fig. 14.7). - '

" (i) The radius and ulna are separate bones which join each other only at‘ltheir proximal

and distal ends. The ulna bears an o'le_cranon process at its proximal end.

01




— (i) 'The_barpals' are ten arranged in three rows: The -ﬁ'adiale, intermedium and ulnare in the

92\~

proximal row; a centrale in the middle; a distal row of 5 distal catpals and a pisciform - =
-at distal end of ulna. : L : , :

Figi4.7 Varans VFore'-limlSl')(')ncs A. Huméms B._Bon'es 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 carpais. 13. Claw 14. Phalanges 15. Distal carpals 16. Radiale 17. Centrale. ' -

(iv) Five slender matéca_l'pa_ls 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 phalanges.

© The distal phalanx of each finger carries a‘qup d, sharp pointed, horny claw.
Bones of Hind limb R YT -
The skeletal clements.in cach hind lv'\arel {i) the femir (i) ‘Tibia and Fibula (iii) Tarsals

“(iv) Metatarsals and phalanges. -

(i) The femur with a stout sHafif"bear 8 proximally a round head process to articulate with

. acetabulum, For ins'er ‘of muscles two protrubarances, the lesser and greater trochanters
- are present. Distally nd'ylc_is grooved (Fig. 14.8). : SR

LAyl @

'.Ak-

Fig 14.8aranus Tuind LimbBones A. Femur. B, Bones of shank and foot. 1. Head 2. Shaft 3. Condyles 4. Fibula

.. .5.Tibiu 6. Fibulare 7. Tibiale 8. tarsals.(4+ 5) 9: Metatarsals 10, Claw 11, Phatanges 12, 3rd distal Tarsals

13.:?31“5_36]5‘(.1 #2; 14. Lesser trochanter 15. Greater trochanter -+ =~




(ii) The stout tibia and slender fibular are straight bones which are attached on both ends.’

(iii)‘_Thc_ré_ are ning tarsals which are reduced to five. Tarsal bone, are arranged in two: rows.

The -tibiale, intermediuz_n' and cenirale all fused inte one. The tibiale in the _proximal
row; a distal row of only 3 tarsals in which two, the inner-and outer, are compound "

tarsals-each having two tarsals fused.

" (iv) Distally five metét_ax_sais of varying size, terminate on phalanges., The digitai formula is. -
" the same as for (he hand-hallux (first toe) has 2, second 3, third 4, fourth 5; and fifth. 7

3. the terminal phalanx of each toe bears a horny pointed claw.

145 SUMMARY

The- axial skelston comprises- of skull and Vertebral column while the appendicualr skeleton
includes girdies and Himb bones, Skull consists of cranium, sense capsule, jaws- and. diapsid.
-Lower jaw composed of 6 bones. The vertebral column’ consists of about 85 vertebrae with

8 cervicals and 2 s;i(;rals. The axis bears the odontoid process. The sacral vertebrac have

stout {ransverse processes to articulate with ilia. The caudal vertebrae bear a Y- shaped
- chevron bone with haemal canal and become ‘progressively smaller posteriosly. The sternum
is a rhomboidal plate. The two halves of the pectoral girdle embrace the thoracic region and

" each half cdnsig_ts of coracoid, scapula -and .Suprascapu'lé. Ixiterciaviiqc is a circnﬂa; ‘anchor -
- shaped structure. The two os- innominata meet ventrally. Both fingers and toes ‘are clawed,

146  MODEL EXAMINATION QUESTIONS N\

" L . Answer the following questions in about 30 lines

- 1. Describe the skull of Varanus. I

2 Dé,séribe" the appendicular skeleton o iran
: girdles of Varanus. -~ .

H. . Answer the following in about 10 l@ach
1. :Crahium.;).f;Varqrius._."_i_ - o
I:Iyoid' appari-us of I'Vardn..',‘t#._‘ :
_Vértéb;al cquﬁm of Varanus. -
7__B‘9_ne_s' of  the '.f_ore hmb of Varanus o o
]é'_o'nes of thla'hind limb of _Vqrqnu.s';'_ o
Sgnse. caps:ulcé liof Vqram;s. B
Lower ja of Varams

Atlas of Vdranus.

R R L S O

Typncal vcﬁch_:aﬂ of : .Va}'anu;. -

10, Stefnum of Varaniis. :

- 11.Pelvic gitdle of Varanus.

gs.. or Describe the, pe(;toral ‘and pelvic .




Unit - 15 POISONOUS AND NON-POISONOUS
| " SNAKES .

. Contents

151 Ob]ccnves )

15.2 Introduction

15.3_ Identification of Poisonos Snakes
154 Poisonous Apparatus

15.5 - Biting Mechanism

156 SnakePoison

157 Summary

158 Model Exanunéuon Qucstlons

15.1 "OBJECT'IVES’ a

To present an analytlcal dcscnptlon to distinguish and ldentlfy poisonous and non- pmsonous

' s'nakes

N
N/

152 INTRODUCTION

India aud Africa are nch with snake% 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 aquatie™Fhe former comprlse mainly the Cobra, the Krait, the pit

wpers and vipers and the %% s snakcs
For the general characters a dcscnpt:on of a few common snakes refcr unit 12 (squamata)
Poisonous snakes possess a pair of poison glands that open into modified grooved teeth on

maxillae called fangs. In non-poisionous snakes these arc-absent. 'A good number of people

dic because of .snake bite and it was found that a good majority of them died due to sheer
fnght -and unfcientific treatment out of ignorance like mantras, plat medicines and magic
spells This method of treatment cannot save a person bitten by a poisonous snake and
unnecessary in case of a bite of harmless snake. It is, therefore necessary to have the knowlcdgc
of identifying pmsonous snakes . from non-poisionus ones. "The following description - for

identification is based on the arrangcmcnl of scales, plates, shnelds found over the body and”

the shapc of the head and tail (Fig 15.1)..

15.3 IDENTIFICATION' OF POISONGUS SNAKES

'H the tail is laterally comprcssed the snake is pmsonous and is marin¢ snakc Fresh water

snakes are non-poisonous. If the tail is cylmdnca] (round in cross section) and tapers posteriorly
is a land snake. , _




It may be poisonous or non-poisonous. To make sure, the scales on the ventral surface have
to be observed.

The presence of small ventral scales resembling those of dorsals or if ventral sca'ly plates do

not extend across belly and are bordered by small scale

s on both sides, the snake may be
recognised as non-poisonous (Fig. 15.1 A and B). ’

Fig. 15.1 Differcnces between poisonous and AoA-poisonous snakes, snakes A& B. Belly of NOn-poisonous
snakes. C. Belly of poisonous or non-poisonous snakes. D. Dorsal body of krait E. Head of pitless viper (dorsal
view) F. Head of poisonous or non- poisonous snakes (dorsal view) 1. Head of krait {ventral view) 1. ventrals 2.

Small scales (costals) 3. Small scales 4. Shiclds (parietals) 5. Fronal 6. Prefrontal 7. Rostral 8. Lateral pit 9. Eye
10. Nare 11. Nasalscale 12. 3rd Upper labiats 13. Vental 14. Labial 15. Fourth infralabial,

Convcrsé]y if the ventral scaly platés extend fully ‘across the belly covérin'g. the entire width,

. without any small scales on the sides, the snake may be poisonous or non-poisonous. Then _

look for the size of the scales on the head of the snake (Fig. 14.1 C).

Small. scales or shields on the head give the cluc for poisonous viper snake a pit between
the eyes and nostrils is the characteristic of Pit Viper (Fig. 15, 1 G). If only small scales
spread in between the cyes and a pit is absent, it is a pitless Viper (Fig.. 15.1 E). In.such
case with the help of single and double sub-cauda] scales, littel Indian Viper and Russell’s
Viper can be identified respectively. In Cobras and Coral Snakes the. 3rd supralabial scale
touches the eye and nasal scales, They have large scales or shiclds on théir heads. Cobras
have a hood usually with a spectacle marking. When the neck muscles contract, the éervical
ribs just behind the head are pulled outwards. They in turn expand the neck laterally forming
a hood (Fig. 15. 1 H). Coral snakes have special spots on thg belly. ' -

-




" snakes have a pair of rese

: CIf the vertebral scales in the mjddorsal fegion arc larger than other, hexagonal in shape and

the 4th mfra—lab:al scale ‘is the largest, the. snake is a p01sonous Krait :(Fig. -15. 1 and D)

In the absence of the above said characters of scales if the snake has large shlelds on 1ts
head, It is non-pmsonous For main pomts of distmctlon see table No. 1. e '

154 tpots()N APPARAT-U_S

'A]l poisenous snakes possess a poison apparatus It includes a pair of poison glands, a palr
of poison ducts and a pau' of fangs (Flg 15. 2) -

- Fig. 15. 2 Head of po:sonous snakc dls@ccted 10 eXpast e po:songland i, l‘emporal muscies 2, Ponson gland 3.
Nare 4, Sensorv plt 5. Duct of po ;

gland 6. Pang'f ]_mer;aw% Tongue i s

.The po;son glands are s:tuated one ?&h s:de in the roof of the. buccal cavity they are

modified superior Iablal galnds { which -are homologous to parotld glands of mammals.
From each’ gland a posion duc and carries the venem secreted by the gland to the

ngs behind the funcitonal one. In cobras the. fangs are fixed,
whereas in wpers they are’ retracted mto a membranous sheath when not in- operatton

' '.fang Each fang is a spec%t] ma}ullary tooth which becomes tubular and grooved. Some

.55 'B’iTI_Nq;_':ME'CHANISM’_

- The:: skull boncs of a pmsonous snake mvolved in bmng mechamsm have greatly modtfed
- Chiefly the quadrate and pterygoid tones 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

" ‘w1dely The head is ralsed a httle above the rest of the body (Flg 15 3)

Tlic next step is" the forward thrust of the body thls is brought about by contractmg the

" musles -on the bendings-of the upper- part - of thé body of the snalfe When straightened i
. abruptly the antenor part of the- body thursts dlrectly forwards ‘ C

The opening of mouth and forward tlmlst the body are aocompamcd by the oontractlon of -
--sphenopterygmﬁ muscles. ‘Articulation of these muscles w1th the maxnllae drag the. fangs to
~an erect -position -in order to strike: thc prey. L S :




'

Table-}

i SNAKES .
g B
|
| 1
Tail laterally compressed and flat, Sea snakes Tail cylindrical and
. _ ‘ not compressed
| _ b . Land snakes -

T _ : .
‘Head with large shields ' Head with tmy granular [
between the eyes. " scales between the eyes. |
Sea-snakes - . - Non-pojsonous snake . |
poisonoys ' . {found ch|efiy_|n creeks |

& estuar:es)

- Smaif scales 'o¢n the belly as - Belly ectfes not Belly plates cover-
- .on back. Non:poisonous . broad enough to ing the entire
o - extend right across  width of the
it. Non-poisonous  belly

Small scales on the head ~*  Smalt scales or Shielcfs on
Russefl's leer © shields oithe. head the head
Saw scaled viper - and a pit between - |
porsonous ) . nose and eye. pit vi er .|
. ' .Pwsonaus _ ]
N

- 3rd Upper labial " Scales in thra-l " None of

. touches the eye and - . row on the back.enlarged the characte-.
nose sh,eld _ . and hex al 4th Infra  ristics descri-
. : labials a%- largest. . bed in either.

|

- ] : . . Ba or halfrings across No. 1 or 2.
] : T th Sub.caudals Non-poisonous
o . tire, Krait - _

|
I

. . an -
. [sonous -

Cobra o : - Coral snake
‘Neck with hood and : with coral

markings, Sub. ' . spots on the-
caudals divided. : belly
-Poisonous . © - 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 palatine. - This
action moves the fangs backwards violently and penetrates them deep into thé wound. Then
the lower jaw is closed by the contractions of three temporal muscles-the. anterior, the middle

and the postetior. During this the antenor témporal, located around the poison gland compresses
the later along with its duct so as to eject the poison through the fang into the wound The- _

entire process is carried on'in a- moment.

.The fangs are ‘released in the follovnng manner The muscles of the neck relax so that they_ '
leave the head inactive. At the same time the continued traction of the body muscles act."

upon the head and dlsentangle the fangs when snake qu:ckly runs away




. 98

Fig. 15.3 Skull of poisonous snake with jaws open 1. Fang 2. Maxilia 3. Nasai 4. Prefrontal 5, F}Ontal 6. Parictal
7. Squamosal 8. Prootic 9. Quadrate 10. Stapes 11. Mardible 12. Basiocciptial 3. Prerygoid 14, Bamsphenmd
15. Bciopterygoid 15. Palaﬁme

156 SNAKE POISON

The posion, secreted by the glands of a smake iz d\complex organic compound. Iis colour is
yellow. It has no taste or smell. It contains 30%@10115 proteins dissolved in organic dcid.
Its dried powder is soluble in water or salipesJhe Solution is poisonons. Venom secreted by -
various pomonous snakes have their own cerlshc toxicity.’ :

As fa_r the - effects arc conccmed, thc?()‘hon is of two typcs: peurotoxic and haemotexic.
Poison of cobra and krait is new effects the respiratory sysiem acting on the nervous
system, both optic and phrcnic% are affected leading to blindness and asphyxiation or
respiratory paralysis. : : ' . - .

Vipers venom is haemotoxic. It ‘cffectls the heart, breaks down the red blood corpuseles and
dissolves the endothelium of capillaries, causing haemorrhage and coagulation. -

Antivenon sera injections are given to a victim of snake bite.

157 SUMMARY

India and Africa are rich in snake fauna. A' majority of them are non:poisonous. Newzealand
and ireland are free of snake fauna. Out of 216 species of snakes, only 52 are poisonous, of
which 19 are aquatic (sea snakes) Among the 33 terrestrial forms are the cobras, Kraits and

_ Vipers. Kraits and cobras arc neurotoxic while the vipers are haemotoxic, The snake venom

contains 30% poisonous proteins dissolved in organic acid. It is ye]low1sh in ¢olour and without
taste or smell. Many people die of snakP bite due to psychological shock and unscientific
treatment. Snake antivenom is a life sawour Doctor should be given a good description of
the snake to select specific antivenin, The poisonous snakes can be easxiy distinguished from
non-poisonous ones by colouration and by the structure, size and position of the scales.



158 MODEL EM@EATE@N QUESTIONS ‘ S o

1. Answer the follwoing guestions in sbovt 30 Ines each. N o _ \

1. How do vou differentiate poisonous snakes from that of non- poisonous snakes.

2. Explain the siructue of poison apparatus and mechanism of biting of a poisomous 1
snake. Add a note on snake poison. : , o - _ ( |

TE,. Amswer the follwoing guestions in about 1§ lines each.
1. Describs the commonly occurring poisoncus snakes of India. ' R |
2. Describe the naturz of snake poison and explain how it affects the paﬁiént,'

3. Describe the poison apparatus of a snake. o B ‘
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161 OBJECTIVES

To- discuss the dominance of Dinosaurs on land and their extinction.

. - . N
162 INTRODUCTION A\)

In-the Mesozoic era’ (about 225, 000000 ars ago) the earth was dominated by several groups
of reptiles. During this period for a ti ere evolved a group of reptlles of ‘gigantic size
of ferocious character which adag @ ..themselves 4o different types of environment. They were -
diapsids and were known as osaurs (terrible reptiles). They made a great advance: over

%They had strong limbs to support and keep the body a little .
distance above the ground level Just liké a mammal This arrangemcnt naturally mcreased
their speed and range of vision

‘ A notable common tendency among Dinosaurs is the dlsproportlonate development of hmd

hmbs and a counter balancing tail. These characters contributed more to their speed. and

| 7 vision. Long slim neck has further added to find out choice food. Because of these evolutionary

advancements, the reptlles 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 era

18 consxdered as the golden age of reptlles

The Dihosaurs include two dlStlJ.lCt orders; one with a reptilian pelvis, Saurlschla, the other

" with a birdlike pelvis, the Ormtluschm In unit 12 under sub class Archosaurla, dlagnostlc

characters of these orders have been descrlbed m detail.



163 QRDER-SAURlSCHEA

The Saurlschla ﬁrst evolved in Tnassnc and remained in existence until the Cretaceous On;

_the basis of their feeding and hvmg habltats Saurlschlans are divided mto two sub—orders
The Theropoda and Sauropoda. ‘

 These Dinosaurs lived from upper Triassic through Cretaceous. Thesc were of small size,
" slender and hollow boned reptiles which reached to a maximum length of 10 feet. Along with

- such small-srzed ones evolved collaterally the great dinosaurs which were big headed, carnivorous

with wide jaws, equipped with long stabbing and tcaring tceth They reached a length of 50

feet and stood 14 fect high. They were feeding on small ‘dinosaurs. ‘The skull though

disproportiondte 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, These animals vanished at the. end. of Cretaceous, possrbly due to lack of food Eg.
Tyrannosaums (an 16.1 A)

I-"ag 16.1 Dinosaurs A. Tyrannosaurus B. Brachiosaurus C;Vs'tqigosaurus

Sub-order Sauropoda

' These Dmosaurs rcached their - largest and - hea\nest size' of all land ammals Thcy attamcd a

mamnum lcngth of 80 feet and weight probably 50 toms or more. They lived from Jurasic to - |

Cretaceous. They were amphibious, vegetarian and noted for their immense length of neck
and tail. Limb bones were non-pneumatxc. Due to their huge, bulky bodies they preferred to:
_live in waters. Brachwsaurus is the bcst example (Fig 16. 1 B)




164 ORDER'-_«QRNITHISHIA

These Dlnosaurs appeared in late Triassic and became extinct during upper Cretaceous In
them the _public bone of the pelvis had rotaled becakward so that it occupied a position
paraLel to the ischium. In fact this condition is retained in modern birds- the bird-like pelvis.
" Due to- anterior prolongatlon of ilium the pelvis, as seen from the side, was tetraradiate in
contrast to triradiate pelvis in Saurischia. In majority there was a single new bony element
on the front of lower jaw, the predentary, that formed the lower part of the horny beak. The
teeth were limited to the sxdes of the jaws only. A}l I;he Ornithischia’ were vegetanans whlch
: fall into four suborders as followmg :

Sub-order : Ornithopoda _
_These Jurassic ornithischians were of moderate size when compared with Saurischia. All were

| bipedal with a reduced antorbita! fenestra. The primitive forms which were medium-sized had

strong’ hind limbs. They gavc rlse to far morc specialised types.

. The Hadrosaurs or duck-billed dinosaurs’ whose well preservéd fossils spell out many pccu]jaritieé

- Their long beaks and jaws contained a large number of small tecth arranged in paralle! rows.
Besides were scveral dlstmgulshe.d by unusual adaptatlons in-the ‘nasal region of ‘the skull.
The premamllary and. nasal bones were pulled ovelthe skull to form a hollow crest as in
Parasaurolophus, through which mternal nares tra\bd in a loop These adaptations suggest

water,

_The other spécialised forms, Trdodents, were of dryland habitat. Their skulls were made of
a solid ‘dome of bone with dnobs“and splkes Th15 structue possibly- was used in defence
g Dmosaurs Lo :

1

against their contemporary

Su‘b-Order 1 Stegosauria

These Jurassic Dinosaurs grew large tc a. length of 25 fect and adapted, four footed mode
of locomotion. They developed pecuhar flattened, bony plates of triangular shape on their
“back, neck, body and tail in two rows. Thf:se monsters tails were armed with four long bony
spikes eg. Stegosaums (Fig. 16.1 C). '

~ Sub-erder : AnkyloSauria
The ankylosaurs were armourcd Dmosaurs of Cretaccous age. Ankylosauria was a bulky
quadrupcd reptlle “about 20 feet in length Its hmd limbs were longer ‘than fore limbs. Thé
dorsal surfacc of head and entlrc back were protected by heavy polygona] bony secutes which
gave a mosalc touch ‘The taﬂ covercd dorsally by scutes tcmmated in a formidable clubhke
organ, Closc resemblance to first world war tank the Ankylosaum can be caIied ‘lwmg Mesozmc

o tanks’
102

that they had some functlonal 1mportance eoncemcd to food-procuring or grovel under



Sub-order : Ceratopsia

The. Ceratopsia were horned Dinosaurs which evolved during the waning perod of reptilian.
age. They were like rhinoceroses among modern mammias. they were large quadrupedals with

huge skulls provided with long, sharp horns for protection. Triceratops fossit happens to be
~one of the completely known disosaur wheih grew to a length of about 20 feet. They had a
very brief ‘histoyr whick appeared and died out in Cretaceous (Fig. 16. 2). ;

Fig 16.2 Triceratops. 1, Horns 2. Fore limbs 3. Hind limbs 4. Tail

) N
16.5  EXTINCTION L~
O

~The mighty race of Dinosaurs met with dramatic extifiction by the end of Mesozoic era itsell.

Several reasons have been ascribed for their i down fall. Primarily the dinosaurs failed

to respond positively to the changing and Senditions of the mesozoic era. Further, the
appearance of the blood thirsty wars@a

extinction. Besides, Valcanoces, infighting, €volution of ‘alkaloid. angiosperms upon which they’

were to graze mdhcnmmately were some -of the potent reasons for their sudden disappearance.
However, we must note that nature should have had realised treat the dinosaurs were ill-
designed with very disproportionate brain.

i6.6 SUMMARY

Dinosaurs were the giant reptiles larr. sized but very ill-designed animals with a very

'd1spr0p0r110nately developed brain. Quadrupedes with a long neck occupied all the different

habitats dominating the animal life praciically, hence golden age of the reptiles. The pelvis
with triradiate on Suerischea while it is tetraradlate in ornithischia as in birds. This mighty
race suddenly disappeared from earth by fhe end of mesozoic cra owing to a cumulative
effect.

ded mammals another prime reason for their -
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16 7 MODEL EXAMINATION QUESTEONS

I Answer the followmg questions in about 30 lines.,

"Mesozolc -era is the golden age of reptiles”. DlSClISS.‘ '
IL Answer the following in about 10 lines each. -
1 Pelwc_glrdle of ‘dinosaurs.

© 2. ‘Mesozoic reptiles.
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171  OBJ ECTIVES

To understand the characteristic peculiarities of birds, sui_fab]e for aerial life and their broad -

classification

~

172 INTRODUCTION

The class Aves includes birds. Dinosaurs and birds have man@mblanccs_. Therefore, birds - |
are described as "Glorified reptiles". Birds arose in Jurassic péti d (about 130 million years -

_ago) from reptilian ancestor. All birds possess - feathers heir exoskeleton which. is their

unique feature. The forelimbs are modified inte wings whieh’enable them to fly. The shoulder
girdle is modified for the attachment of muscles o@b\. The hip girdle and hind limbs are

_modified in such a manner, as to ‘support th tire body .{\_reiglit._ The respiratory system is
geared up to. a high metabolic activity and “Body temperature. This is possible because -

of fuller utilisation of oxygen by the lu% S Lo : . : o
Birds possess certain unique characters stich as thé absence -of tecth, left aortic aorta andl"

- 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, formation of pneumatic bones, fusion of skull bones, fusion of some vertebrae

“and supression of tail. Birds by and large are more or less a homogenous group. There is

. les§ diversity of structure than in fishes, amphibians or other calsses. _Bird_s are well known |
for courtship and nest building. The migration of birds is a fascinating aspect of bird life.:
Birds travel thousands of Kms, across continents. The migration could be seasonal in response

to’ climatic conditions or to the physiological state of gonad.

Birds are feathered and warm blooded bipeds. Exoskeleton and endoskeleton of birds exhibit -
- a number of features. of aerial adaptations. Lungs are compact and non-distensible. Air sacs -
maintain a continuous supply of fresh air doring’ inspiration and ‘expiration. Heart is 4°
chambered, only right systemic arch is found. Nervous system is well developed with large
optic lobes, ce.rebr'él hemispheres and cerebellum.: However, Oliéétory lobes are poorly developed. -
Eye with pecten and ear with organ of corti, " Birds are classified into two sub classes:

a) Archacornithes b) Neornithes. : — =

105




b6

17.3 - GENERAL CHARACTERS OF BIRDS

Birds outnumber all other \{ertc‘:bratés except fishes. They are widely disiributed all over the
worid. They are found virtually every where from the edges of the polar ice caps to the
highest Himalayas and indian slopes to the roughest seas. '

9

=

3)

4

5)

6

7

8)

The birds are cramiates charactesised by the presence of epidermal exoskeicton 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 medified into wings and pmvidéd with large feathers. The hind limbs
«lone support the body weight whea the bird is walking or in standing position. For this

purpose the articualiion of the hind fimbs is pushed forwards..

Endoskeicton is usually spongy with air cavities. The bones. of the skull have become
ankylosed carly in the §ife. There is a single occipital condyle. The premaxiila forms
almost the whole of the npper jaw. The lower jaw consists of 5 or 6 bones. . Teeth are

totally absent.

The cervical and free thoracic vertebrae usually have a heterocoelous ceatrum. The. ribs -
are double headed, provided with uncimate processes. The vertebrag in the sacral and
lumbar regions fuse with some posterior thoracic and anterior caudal vertebrae. All such
fused vertebrae form a synsacrum which supports the weight of the body whea the bird
is walking, The posteriot caudal vertebrae aresussd to form a pygostyle or ‘plongh-share
bone’. . : ) ' : : ‘ ‘

tive modifications. The- stemum is broad and

The pectoral girdle has a number of l t _
a in ilying birds. The muscles of flight are

ventrally: poduced into a keel. calied

attached to it. The coracoid is stou%d‘pi_ﬂar shaped. The sgaﬁula is flat and sabre-shaped.

The clavicles and the inter- vicles unite to form a ‘furcul@’ also known as ‘Merry
thought’ or wish bone, — :

In the fore limbs car nd metacarpals are united to form a carpometacarpus. Only -
three digits are presentd : :

The pelvic 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.

9)

10)

The digestive system has some unique features. the oesophagus is generally enlarged into
a crop. The stomach js usually divided into a gladular pro-ventriculus and a muscular

- gizzard. The latter is highly muscular and grinds the food particles. A pair of cacca are

found at the junction of small and large intestine.

Lungs are ‘spongy and non-distensible and attached to ribs, Lungs are connected to a
number of thin walled air says, which maintain a constant supply of fresh air both during
inspiration, and expiration. Some air sacs usually communicate with the pneumatic cavities
of the bones. At the junct_iori_ of the trachea and bronchi, the syrinx is found, which
produces the sound. - ' '




11y

Heart consists of four chambers, two auricles and two ventricles. Ouly the right aortic
arch is present. The right suriculo-veniricular valve is large and muscylar. the renal portal

* system is poorly developed. the sinns vemosus and frumcus artericsus are absent the

12)
13)

14)

15)

16)

7y

sinovenosus is absorbed mto the right auricle. The red corpuscicp are biconved, oval and
sach with a well developod nucleus. The temperature of the Eﬂood is maintained constantly
higher ﬂtzm other animels (427 4506)

The nervous ystcm is characterised by the great devslopment of cerebral hcmispheres‘

and cerebellum. The enoromus size of. the cercbral hemisphere is due to the presence
of thick corpora strmta of dis on the veniral and lateral walls.

The olfactory iobes are pooily dsvci@ped since the bards do not need them while flying
high in air. The spinal card has a mde cavity in the lumbar region which is called sinus
rhomboidalis.

Eyes are usually large, needed for a ciear vison over a considerable distance. Thc sclerotic.

has bony 'plates, At the entrance of thg ‘optic nerve 2 pleated and strongly pigmented

membrane, the pecten is found. It is- hlglﬂy vascular and probably supplies oxygen to the
interior of the eye ball It also protects yeiina from sun rays particularly wheh birds are
ﬂymg Ear has iarge and usually curvad wchie.a with the organ of com for hearing,

The kidneys are three lobed and mctanephnc Ureters open into-the cloaca The urmary
bladder is absent. Urine consists of wric acid in a semi solid state.

Sexes are separate. Testes and vasa deferentia are paired and found one or either side.
But the' ovary and the oviduct of the right side are atrophied. Gonoducts lead into cloaca,
which s usuai‘ y - thrcs chambered Fertﬂnzatmn is internai Males generally fack the
mpuiatory organ. : : SO : )] ' o

Birds ate oviparous. the eggs contain a large amount of Yolk enclosed in sheil membranes
and - a calcareous shell. The embryo has special ‘exts
amnion, allantois. Yolk sac and chorion. Thcse%br_anes are very useful tc the embryo.
the newly hatched young may be precocial i.c. ale to walk, run or swim and feed or

- they may be altricial i.c., naked (no feat ‘covcring_)-’and dependent for the food supply. '

upon the parent. _ o Q’)

— &
174 CLASSIFICATION OF BIRDS -

The class Aves is divided into two sub. classes

1. Archacornithes II Ncormthes

17 4.1 Sub Class Archaeormthes (Gr. Archlos anclent' Ormthos blrd)

The sub class includes some prumtwe exiinct birds from upper Jursaic period. thcse blrds_

show some reptilian and some avain Teatures. Only two perfecily preserved. fossil specimens

are found Archacopteryx lithographica (Fig. 16.1) and Archaeomis simensi. These were about .

the size of a crow. Both the jaws bear cnamel crowned teeth, They had a long. tail with many
vertebrae and tail feathers arranged on either sides and is without pygostylc. Bones were solid

with no air cavities, Vertebrae werc having amphicoelus  centra unlike the heterocoelous
condition found in present day- birds. Srf-mum was flat w1t]10ut a keel for the: attachment of

flight muscles. Skull and the largc eyes were avian in character

acmbryonic membranes such as
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Fig 17.1 Archaeopteryx A. Sketch of fossil impression showing skeleton and feathers. B. Réconstruction of Archacopter. 1.
g eopteryx g ske ey

* Coracoid i, Humerus 3. Free metacarpals 4. Radius 5. Ulna 6. Ribs 7. Clawed toes 8, Tail feathers 9. Free caudal vericbrae

in lizard-like tait 10, Te_eth in beak 11. Scleratic bones in orbit 12. Scapula 13. Wing feaihers 14. Frce clawed fingers 15, Fye

These birds were not capable of successful flight. The small sternum, the 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 cercbral

hemiispheres and small cerebellum. The cerebeliuni occupied a positon behind the optic iobes.

instead of overlapping them, The smaller size of the cerebellum is a further evidence of the: .

_limi&d power of flight of these birds. The brain_of Arc_héeopteryx was.predominantly reptilian.
Thus'it is clear that the birds arose from bipedal, arboreal, reptile like. ancestors, which had-
limited powers of flight, . ' - ' ' :

1742 Sub Class Neornithes (Gr. Neos : New; Ornithos: bird)

“This sub class includes “all living bird$ and 'thc‘ some extinct hirds. Birds belonging to this sub

class have an extremely short tail usually ending in a pygosiyle. Teeth are absent in all the -

' living birds. Carpals and mctacarpals are fused to form carpometacarpus. “Fore limbs have




three digits without claws. The pectoral gis}tﬁe is characterised by a well developed siemism
with a keel for the aitachement of muscles of flight. The birds belonging to Ncos'm‘i:hes h;rst
arose in the cretacecus period and were mostly water birds. :

Sub clasq Necarmthes mi{'udﬁs

. A Group of extingt buds belonging o super order Gé@ﬂ&ewaﬁhaﬁs Thﬁsa ars ﬁzghtie,ss '

aguatic bu‘d‘» B, Hespsmsmss

B. The Living bmds are included in thres super orders.

1, P‘aheogna&ha g "‘“‘hghticss %):crds decended from fiying blrds eg Simthm Rehea ani Apm)ac '

- (Kiwi) (Fig: 1'72 &-CY,

-2, Impennae : These are also ﬂightlessbirds deccnded from ﬂymb blrds They ilava become
: adapted for swimming aud diving eg, Pengums {Fig: 17.2. D).

3. Neognathae : Tncy include the flying birds having most of the avian characterum features.
They show a great variety in the details of structure and habit There are more. than 20

-orders belonglflg to Ncegnathae Few of the smportaut orders W1th examples are quoted

below:

-Fig. 17.2 A. Struthio B Rhea C. Pateyx D. Penguins
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 King fishers, Rollers, H()opocs,
puffbirds etc, E ST o
Perching birds such as house spar-r&ws,) hb_

175 SUMMARY ,wa-

Bil’d ' . ' o OR'der_ B

* Albatross, Storm Petrel and Divi:ig petral etc.  Proceliariiformes

Pelicans, Cormorants etc, o Pelicaniformes
Hcrons, Storks, cgrets & Flammingoes ete - Cicoﬂiformés
Duck,chs_ & Swans etc. - - _ | Anseriformes
Valtures, eagles, Kites etc. (birds of piey} B fF;lponjfomes :
Fow]s,' ;:)heasants,- batridges (Game .birds) . Galliformes '
Cranes & busfard;s . : ' - Gruiformes B
Gulls, terns, laﬁwigs, plo_'vers'etc. ) .Chalr;:lriformea
Pigeons and doves - : Columbiformes
Parrots - ; | ‘ . - . Psittaciformes -
Cuckoos s Cuculiformes
Owls ' | T Strigiformes

Hombills efé;  (Coraciformes

isciformes

crow, weaver birds & tailor birds. .etc.g{?\ Passeriformes

The class Aves includes th@wéapterﬁr and modern birds. They are often described as
glorified reptiles. Birds are large homogeneous, warm blooded bipedal vertebrates. Skeleton
is pneumatic with a boat shaped Carina. Vertebral column is peculiar in having heterccoelous

- centra, synsacrum and pygostylp.'ﬁidb' skeleton with carpometacarpous, tarsometatarsus and

tibiotarsus. Degestive system is- also peculiar in having crop-and. gizzard. Lungs spongy but

- not distensible and are provided with air sacs. Ajrsacs are the source of fresh air for continuous

respiration both during inspiration and expiration:. A syrinx is present. Lefy systemic arch and
sinus venosus are absent. “Sense of  olfaction i ‘poorly developed while' optic lobes and
cerebelleum are well developed. Kidneys are metanephric. . Only left ovary with oviduct is
present. Eggs large sized zwitﬁ__'a""t:'aléareous shell. -Embryomic membranes presént. The class
Aves is classified into 2 subclasses: Archaornithes and Ncormiftééi The former includes lizard-like

- arboreal formes while the latter inclides ratite and Carinate modern birds.,




176 MODEL EXAMINATION QUESTIONS

¥

1.

iL

Answer the following ouestions In about 30 lices each,

1. Give an account of the general characters of the Class Aves.

2. Classify -Aves upto sub classes and give gencrai characters along with cxamplesa

Answer the foiiomng in about 1§ limes each
1. Archaeornithes

2. Neornithes
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18.1 OBJECTIVES

® To explain thémorpholcgical details aii;c_! their significance. T'Q describe the structure of feather
and different kinds of feathers. : '

182 INTRODUCTION \

The p_ig.eon' or the common ‘Indian wild Tock pigcon’ is scientifically known as Columba livia.

- “A number of varieties of pigeons are foun a@ slight variations in.size, colour, feathers and
“other details. However, the following descriptin will generally apply to all varieties.

183 HABITAT . o~ &
It is a common ancestral : bx\rd found in mediterraian in’ Europc and- Asia, But now a
"number of domestic varietu distributed all ‘over the. world. They ar¢ commonly found in .

grain market, warehouse, old. tall buildings .and in other such places.

184 HABITS

~* Pigeon 1s a gregarious bird' and feeds on gfains, ‘sceds;_fr,'ui'ts -and yOung green shoots. These

birds are monogamous i.., 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 Charéfcters‘

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: résistance to- wind, ' 3 : :



The head is small with a round cranium. There is a prominent beak. The beak is. formed by |
the upper and the lower jaw and covered by horny sheath, the rhamphotheca, The mouth -
~has a2 wide gap extending along the border of the beak. At the base of the uppér beak on -
cach side, thrére is a patch of naked, swollen and soft skin. This area is known as cere (Fig,
C18.1). It is suggested that the cer_e-mﬁ-y 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 remarkably backward in position. The eyes are very large and
~ round. Each eye has an upper and a lower eyelid. In addition cach eye has a transparent -
 nictitating membrane, which can be pulled over the eye ball: A Little distance behind each

eye is the auditory opening or ear, which is concealed by auriculr feathers.

. 7. Abdomen 8. Stales (or vorueoscutes) 9. Clawed toes 10. Hin 1. Leg 12. Tail feathers (or pectrices)

-Fig. 18.1 Pigeon (Clohumba livia) - External features. 1. Cere 2. %& Beak 4. Throat 5. Thorax 6. Bl:eést
13. Wing feathers (or reginies) 14. Black barbs 15. Wing 162?_17. ck 18. Bxternal ear-opening 19. Head 20, Eyt_.'...

2

Neck is very long cylindrical and mobile istinct from head and trunk. The trunk. is bdét
shaped due to the presence of a mid ventral 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

26

Fig 18.2 Pigeon - Peathers removed, 1: Auditory aperture 2. Head 3. Eye 4.Cere 5. Extérnal naris 6. Upper beak. . -
7. Lower beak 8. Nictitating membrane 9. Prepatagivim 10, Manus 11, Pollex (1st digit) 12: 2nd digit 13. Brachim
" 14, Ante-brachim 15; Tharax 16. Sciles (carneoscutes) 17. Post patagium 18. Uropygial gland 19. Uropygium
- 20. Cloacal aperture 21. Abdomen 22. Thigh 23. Shank 24. Tarsometatarsus 25, Hallux 26. 3rd digit.
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tail. A mumber of large tail feathers or retrices are found attached to the tail. On the dorsal

. side of wropygium 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. Prcen gland is the only skin gland found in
pigeon. The cloacal aperture is a large traﬂsverse skt foind on the ventral swface at the
j‘smm@n of the tmmk and uropyginm.

The fore limbs are modified into wings. Each fore limb consists of an upper arm, a fors arm
and a hand. The forelimbs bear long quill feathers. Omly three digits, the first; second and
the third, are found. The second digit is-much longer than the other two, The threé parts
of the wings are bent upon one another in the form a ‘2’ during resting position. During the
flight, the entire wing is fully extended and held at righi angles to. the irunk. A fold of skin
stretches between the upper arm and fore arm, which is known as alar membrane or
‘prechpatagiuni’. Similarly a smafler fold of skin is found extending between the proximal
part of the upper arm and trunk, which is knwon as ‘post patagivm’,

The hind Hmbe are used for balancing and walking. Each hind Hmb is made up of the thigh,
shank and foot, It is mot direcied outwards as in reptiles, but downwards and forwards. the
femur is turned uncer the body and articulates with the acetabuium, at a forward position.
Thus the movement is almost restricted to amiéro-posterior direction. There are four digits.
All of them end in hormy claws. the first digit (hallux) is dircected backwards and all others
are forwardly directed. The feet are covered by horny epidermal scales the carneoscutes while

" the rest of the hind lirab is covered by feathers. The: whele sf the hind limb is paraile! with

the sagiital plane of the trunk. .

186 EXOSKELETON \

The sxoskeleton of birds consists of scaleers, claws and rhamphotheca.

Scales are horny and cpidermal in rgtoy and found covering the tarso-metatarsus and the
four digits of the foot. ‘Claws argealso &f hosny epidermal nature. They-are found at the end
of each digit of the foot. Rhar@ﬂmca, the horny sheath on the beak is also epidermal in
Ongm

Feathers are also horny and‘épidermal in nature. They do not. originate umformly form the -_
entire surface of the body. There are certain well defined aréas - 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 filopluines arise in these apteria. However,
the feathers (found in pterylae} are iong enough to cover thc apterla also and thus the entire
body is covered by fcathers .

Kinds of feathers

The feathers of the bu'ds are of several kmds such as qul]l feathers, contours, ﬁloplumcs
coverts or down feathers {Fig." 18 4. L

18. 6.1 Quill Feathers

These are the largest of all the types of feathers. They are found on the wings and tail, The
quill feather possesses a typical structure. ‘Each feather consists of a stiff long central axis -
called shaft or stem. The proximal part of the them is holiow, cylindrical and short which is

‘known as calamus .or quill (Fig. 184 A). A small aperiure is found at its base which is

called inferior umblllsus A sma]] comcal projection of the skin, the fcather paplﬂa fits into



the' inferior umbilicus. The distal part of the shaft is solid and known as rachis, which bears o
on either side an expanded membrane consisting of delicate thread like strucutres the barbs,
The expanded memberanous part of the feather is known as vexillhom or vane. At the upper

end of the calamus on the ventral surface there is another smaller aperture, the saperior
- umbilicus A small tuft of barbs i§ found - ‘near the superior umbnheus almost covering the
latter This tuft is kﬂown as .aftei shaft or, hyporachis.

‘ Frg 18.3 P:geon-ng bones showing fixation of feathers. 1. Humerus 2 Radrus 3. Ulna 4. Carpars 5. First digit
6. Ala spuria 7. Carpometacarpus 8.3rd digit 9. Proximal phalanx of 2nd. digit 10. Distal phalanx of 2nd digit
11. Pre-dzg‘ltals (2)12. Mid drgltals (2) 13. Ad-digitals (1) 14. Meta ﬁ(@ 15, Secondaries (12).

. The barbs extend outwards from the raehls AH the bar

of the feathers will reveal the structure of the barbs at we can.understandthe mechanism
of interlocking of b_arbs. The barbules arise ‘t‘)&th sides of the barbs. Thus there are two
sets ‘of barbules arising from cach barb, A Proximal set of barbules, directed towards the

base of the feather, bear grooves or f% A distal set of barbules, directed towards the -
arbieels or hamuli. The hooklets of each distal barbule
fit into the groove of each prommal barbule situated on the bar to in front of it. In this

feather~t1p, bear minute hooklet or b

manner all the barbs are firmly connected to each other and form a continuous surface to
wrthstand the resistance to air (Flg 184 D) :

The feathers found on the wing arc. known as remlges There are 2’% such feathers in -each

wing. Of these eleven are attached to the bones of the hand or manus and known as primary
quills. The other twelve are attachéed to the ulna and these ere called secondarics or cubitals.

Six of the primary qurlls are attached to the metacarpals and hence called metacarpal quills,

The remaining five primary -quills are known: as digitals. These arc further 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 d1g1t two predlgrtahs attached to drstal phalanx of
the secon,d digit. e . o

The quill. feathers found in the tail “region. are- knewn as ‘rectrices. there are twelve such
_feathers arranged in_ a semrcrrcle around the uropygium. ‘

-

The first digit of the hand ie;; pollex bears a: tuft of smaIl feathers Wthh is called ala spurla '

“or. false wing or-bastard wing;

ly connected o each other e
o form a continuous membrane. However, a little anio of gentle pressure can separate - _
~ them. each barb is'a thin long structure arising fro%l; fichis. The microscopic examination -
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F'g. 18.4 Pigeon-Different kinds of feathers. 'A. Quill B. Down C. FiloplumeD. A part of rachis magmfled to show barbs,
barbules and hooklets 1. Rachis 2. Vexillum, 3. Umbilical groove 4. Superior umbilcus 5. After shaft 6. Calamus
7. Inferior umbsilicus 8. Barb 9. Proximal barbule 10, Hogklets 11. Distal barbule 12. Proxnmal barbule
13. Flange or groove 1@1@! groove, .

18. 6.2 Coverts

These are hke the qulll feathers exeept that they are smaller in size. They cover the gaps
between the. bases of the quills. The%? found amldst the remiges - and rcctrlces '

2

18.63 Flloplumes

These feathers are foun tered on the body surface and can be seen after the body
feathers are removed Flloplumes are very dehcate with ‘a long slender calamus, bearmg barbs
at ‘the tlp There is no mterlockmg arrangement in the barbs. (Fig. 184 C)

18.6.4 Down Feathers -

These ‘are. very’ small and without a shaft The: cala:mus is ‘very short. The barbs have no
interlocking arrangement The,st, fealhers are found covermg the body of nesthng birds (Fig.
134 B). ,

Feathers arise from the. paplllae in the skin w1th 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 cornificd 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 remammg ndges form the barbs Wlth thexr barbules_
- forming the vane. v - - : :

The feathers 11ave two “important functions to-perform, They provide an. msulatmg covermg
and thus prevent the loss of. the body heat. They also Serve as organs of flight by constxtutmg




the wings tu the fore Hmbs. Protective colouration is yet another functmn of the feathers.
They also piay an important role in sexual display.

18.7 SUMMARY

The pigeon or the common Indian wild rock pigeon is a gregareous bird feeding on grains,
seeds and young green shorts, It dips entire beak under water and drinks like a horse unlike
other birds. The pigeon is menogamous, It lays usually 2 eggs,incubated by both the parents
for 14-18 days. Young are fed by plgeons milk secreted by crop.

The body and wings are covered by feathers Wings. and tail covered by qullls The barbules
of the quills joined by barbicles or hamuli Eyes are with 3 eye lids. There are 3 fi igures
and 4 clowed toes. A fold of skin stretches between the fore arm and upper arm is called
the prepatagium (alar Membranejand a post patagium between the upper arm and the trunk,
The hallux is directed backwards. The urepygiuru (tail) with the love preem gland.

The quill feathers arise as epidermal feather papillae, grow into ‘feather germ’ embedded in
feather follicle much as the reptilian scales. Flight muscles are well developed.

188 MODEL EXAMINATION QUESTIONS

E. Answer the following in about 30 lines:

1. Describe the external features of pigeon. Y 0 i

2. Describe the exoskeleton of birds.

[L, Amswer the following in about 10 lines: O

1. Explain the structure of Quill feather. ?‘
2. Feathers devélopment and functions. Q“w
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~ any marrow in them. Some
~and ultimately with the lungs

Unit - 19 ENDOSKELETON OF PIGEON
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191 'OBJE.CTIV'ES"

In this lesson the endoskeletal features are. dlscussed There are two mam dmsmns of

- endoskeleton (@ Amal skeleton (ii) Appendlcu.lar s%ton

), N _
19,2 - INTRODUCTION- ' N {’*\ '
.The endoskeleton of the pigeon like th auy other blrd is lnghly specmllsed and unique
in structure The skull, vgricbral the bnones of the girdles and limbs are so highly
modified that they can be easil gmsed from' the- correspoudmg bones of -any other

¢ air cav:tles of the bones commumcate with the air sacs

vertebrate Many of the bou%pn um matic, containing air spaces. The- bopes are light mthout
he endoskeleton consasts of:

i - Axial skeleton oompnsmg of skull and vertebral column. -

S R ppen_dxcular skeleton conelstm_g of glrdles and tl_le limb bones

193 AXIAL SKELETON

19.3.1 Skull Structure _
Skull of the pigeon mcharactensed by large: size made of hgbt and spongy bones: a complete
fusion of bones; very large orbits, a long and pointed beak; a single occaplta] condyle lower

-jaw - having two movable ]omts with the freely movable quadrate

The Skull of the Gallus (Fig. 19:1) the fowl is genera]ly used for the study in place of the .
skull of pigeon, because of its larger size which makes the study convinieat in the iaboratory
The skull of Gallus is built on the basic reptilian: patttern, although there are a number of

' umque features as mentloned in the earher paragraph

f/




- The ocuipital reglon consists of four bones

(i) Supra-ocup:tal (i) Two ex-occlpltals (ii) a- lower basi- -occipital. A]J these four bones -
surround the foramen magnum, a large opening which is. directed backwards and downwards_ ‘
and visible from ventral side. Therc is a single occipital condyle. On the ventral side below

the basi-occipital is a large basi temporal plate and little anterxorly, the ba51sphen01d is found
whlch is contmued iutc a slender rostrum as-in lizards,

Fig 19.1. Skuli of Gallus. A. Dossal view B. Ventral view 1. Premaxifta 2 il 3. Lacrymal 4. Orbit 5, Zygomatic -
- process of frontal 6. Quadrato-jugal 7. Supra-~occipital 8. Lamboidal ridge#. Parietal 10. Quadrate 11, Jugal’
12 Frontal 13. Nasal 14, Maxillz 15. Nasal process of premaxilla 1 tine 17. Jugal 18. Rostrum-19. Basisphenoid
20. Pterygmd 21. 'Iympanlc cavity 22, Basioccipitel 23. Occ:plta?% 24, Foramcn magnum 25, Exocmpltal
28. Basﬂempoml 27 chia opcmng :
-—

~

Cri the dorsal surface of the skull largé parlctals and frontals are’ found The panctal -

and” the supra occipetal are ‘demarcated b a promment rldge the lamboidal ridge. The
tympanic cavity is-bound by the squamosal. The auditory capsule is supported by prootic
bone. The .orbits  are large and separated by lnterorbll;al septum, which is formed by the

. mesethmoid and orbitosphencid. The interorbital septum is.a partition partly bouy and partly - - - -
cartllagenous, Iy stands vertlcaily between thc two optlc capsules Antenorly each orblt is”

covered by a lacrlmal bone.

The olfactory capsule has a paxr of nasals and yomer mfont of. cach palatme The nasals- are- ‘

long narrow bones, on the dorsal surface and vomer is a slender bone on the ventral side
andis the coiifinuation of rostrum. The upper jaw has premaxilla and maxﬂla The - two

premaxillae are very promment and united to form practically the whole of the upper beak. . ;

The maxilla is a s]ender bone. and produced on the inner side into- palatine.- AIongmth the

prema:ul]a and maxilla,  there are two other bones, jugal and quadratojugal which form the
“arcade on the ventral side of the skull, The quadrato-jugal is a bony rod and articulates with -

‘the quadrate, The quadrate 15 a stout triradiate freely movable bone, It artIculatcs with the

‘mandibles- by two otic “processes,. so that the former bone has double movable _]omts as in

lizards and snakes,. pterygoid- is a stout bone o the inner side of thﬂ uppcr Jaw w]uch
‘articulates with the quadrate : S RNEE
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Fig. 19.2 Hyoid apparatus of Gallus. 1. Entoglossal ceratohyal2. Anterior cordua 3. Basihyal
4. Urohyal 5. Posterior cornua 6. Ceratobranchial 7. Epibranchial.

The lower jaws ofthe two sides are fused anteriorly, but free throughtout and leave a wide

- gap. Each lower jaw cons:sts of five bones, all of which are fused together. The four bones

are 1) a large dentary (the two dentaries arc 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 bu%ﬁty and supports the tongue. There are
three bones in the median axis. 1) Entoglossal 2 ihyal 3) Urohyal (Fig. 19.2). Entoglossal
has a cartilage infront. A. pair of short antornna pproject backwards from the entoglossal.
A, pair-of long posterior cornua airse from.ihe junction of the basihyal and -urohyal, which
are directed backwards. The posterie?y_mua consists ceratobrachiais and epibranchials.

1832 Vertebral Column

The vertebral column of is characterised by its rigidity because of fusion of vertebrae -
in some regions. It is furthengharacterised by the extreme mobility- of the neck and shortness

-of tail. The vertebral column of the fowl is d1v151ble mto 1) Cervical region 2)Th0racw region

3) Sacral region 4) Caudal reglon

1. Cervical region: There are 16 cervical vertebrae found in neck regxon The last one or
two vertebrac 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
‘ 'artlcualtlng with the sternum is regarded as the first thoracic vertebra. Starting from the
third “cervical .upto 10th cervical vertebra, the structure is ‘more. of iess alike and- these

' 'are descrlbed as: typlcal cervical vertebra e

Structure of a typlcal cervical vertebra: The typlcal cervical vertebra is a sllghtly an elongated
bone (Fig. 18.3 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 51de to sidé and concave
.dorso-ventrally. Such a centrum is "described - as heterococlus, Such artlcular surfaces of the




centra allow greater mobiiiﬁfy of meck. The sides 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 neural spine. The transverse processes are short, outwardly direcied 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 frota the neural arch which face downwards are the
prezygapophysis.. The postzygopophyses of cach vertebra articulates and overlaps  with
prezygapophysis of the succecdmg vertebra. The first two cervical vertebrae are modlﬁed to
form the atlas and axis.

Fig. 19.3 Pigeon-Cervical and thoracic Vertebrae. A. Typical cervical (dorsal view). B. Atlas vertebra (énterior view)
C. Axis vertebra D. Free thoracic vertebra 1. Post zygapophysis 2. Neural spine 3. Neural-arch 4. Cervical rib
5. Prezygapophysis 6. Veriebraterial canal 7. Transverse prrocess 8. Centrum 9. Newral canal 10. Facet for oceipital .

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 proctss 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 (Flg 19.3 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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2. Thoracic region: This regioﬁ is characterised by its rigidity as a result of the fusion of

vertebrae. There are five vertebrae in all. The first fourth are fused, the three is free
and the last one is fused with 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 continuous ridge in the

- mid-dorsal region. The hypopyses are fused mndventrally to form a ¢ompressed plate
for the attachment of the neck muscles.

“All the thoracic vertebrag bear ribs cach consisting of z vertebral and a Sternal portion and

articulates with the vertebra by a double head. From the vertebral part of the nb arises a
small bony out growth, the wacinate process. :

Lumbar vertebrae are 6 in number and situated next to thoracxc Vertebrae They do not have

free ribs and hence regarded as lumbar verterae. However, some. authors consider them ds
sacral vertebrae only. :

3.  BSacralreglom: There are 14-15 sacra% vertebrae (Flg 19.4) Mth It 15 by the fusxon 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. '

4.  Caudal region: The first five caudal vertebrac are fused to- participate in the formation
of the synsacrum. The next five or six caudal vertebrag are small and free. 'f‘he last four
caudal vertebrae are fused and form a compressed upturned bone, the pygostyle or the
p[ough shape bone’,

Flg 194 Plceon-Synsacrum 1. Last thoracw vertebra 2 llmm3 Synsacrum 4. Acetabulum
*'5. Caudal sacrum 6. Pubis 7. ischium 8. Caudat vcrtcbrae9 Pygostyle.

Fig 19.5 Pigeon-caudal vertebrae 1, Free caudals 2. Pygostyle.



19.3 3 Sternum

Sternum is a very characteristic and hlghly modified bone. It is a broad tnangular bone

extending far posteriorly 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 sternum. On this broad- ventral girder, much of the body we1ght of the bird is carried
during flight. The anterior end of the sternum  projects upwards as the manubrivm,.  From

‘the’ anterior dorsal side of the sternum, a little posterior to the manubrium arc two flat

processes known as xiphod - process. The shorter one is the external xiphoid _process and
the longer one is- the internal xiphoid process. The distal end of these processes are expanded
and plate like. Anterior to the external xiphoid process dorsally there is a costal process

havmg notches for the attachment of sternal part of the ribs. Between the manubnum and -
. the costal process there is a deep groove, the coracoid groove for the arr.lculation of thc
lower end of the coracmd (Fig. 19. 6) :

Fig. 1%9.6. Sternum of Gallus. 1. Costal facels 2. Manubrium 3. Carina (keel)
. 4. Sternum 5. Lower xiphoid process 6. Oblique x.iT

A\ 4

194 APPENDICULAR SKELETON

194.1 Pectoral Girdle - E -

“The shoulder or the pectoral girdle is very dist' tive in bxrds It consists of a scapula, coracmd
- and clavicles. Scapula is a long, flat, sw e bone. It lics over the ribs bracing them. The
-scapula is produced internally into an ac

ion process. It is jomcd 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 artlculatcs

with the sternum at the coracoid groove. On the outerside of the coracmd where it is:
conpected to the scapula, there is a cup shaped depression, the glenoid cavuy 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 are joined vcntral]y toa .

small flat interclavicle formmg a V-shaped ‘furculum’ or ‘wich bone’ or ‘merry thought’. The

-apex of the furcula nearly reaches the sternum. Each of iis extermities is attached by llgamcnt

to the acromion- and acrocoracmd processes of the corresponding side in such a manner that

a large aperture, foramen triossum is left, between the three bones of the girdle. Through o
* -this foramen the tendon of the pectorahs minor passes through and attachs to the humerus

(Flg 19.7 A).




, hund. The bone of the upper arm is' hume

Fig: 19.7 Pigeon A. Pectoral girdle 1. Scapula 2. Forame triosséum 3, Coracoid 4, Clavicle 5. Sternunt:
o B. Fore limb 1. Pneumatic foramen 2. Humerus 3. Radivs 4. Ulna 5. Ulnare 6. Radiale
7. Phalanx of digit 1st 8, Carpoinetacarpus 9. Phalanx of 3rd digit 10. Phalanx of 2nd digit. .

1942 Forzlimbs ~ . 7
The fore limb of the bird is modified into a v@t consists of .aﬁ upper. arm, foreasm and
' .Af its proximal end is the head, which is
slightly swollen and knob like. The head he 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\@rcater tubérosity on the post axial side. The greater
tuberosity has a pneumatic forafnen, through which the air sac enters, making the bone spongy
and light. In line with the ;esse uberosity the humezus has a deltoid ridge for the insertion

of pectoral muscles. The Gosterior end of the humerus bears -an articular surface, the trochiea .
for the radius and ulna. - forearm consists of two separate bones, -the radius and ulna.
The radius is- relatively: slender and ‘more “or less. staright. ‘Tts proximal ‘end articulates “with

“the ‘trochléa 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
articulales with radiale. The ulna is longer, 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 a$ olecr"anon\pmoess, ‘The -distal end of ulna };rticulates_ with ulnare .(Fig. 19.7. B).
There are ‘two large frec carpls in the proximal row of radiale and ulnare. The distal row
of carpals and the three metacarpals are fused to form a compound structure, *the
corpometacarpus.. Of the three metacarpals the first is. much reduced. The second is elongated
and stout bore, The third metacarpal is slender and slightly curved and joined to the second
metacarpal at both the ends but 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 ' . T

1943 Pelvicgirdle

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 _siinilar and equal halves. Each half consists




of three bones. 1) Bium '2) Ischivm 3) Pubis. All the three bones are usited to form
innominaie booe. 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 acetabulim. A large

foramen is found at the botiom of the acefabulum, the acetabular foramen which is covered

by a thin membrane (Fig. 19.8 Al

The ilium and ischium have become clongated and wider in order to distribuie the body

weight cvenly during locomotion on land. The iHum is a large, expanded bome consisting of
a pre-acetzbular 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 acetabulurm, the illium is produced into a process, the
anti- trochanter which works againsi the trochanter of e femur bone, The iliwm is a broad
bone fused posteriorly with the postacelabula ilium. there is a foramen known as ilio ischiatic
foremen, which seperates ischium from ilinm. The pubis is a long slender, curved rod fike
bone. It tuens parallel to the ventral broader of the jschivm. the pubis is separated from

the ischium behind the acetabulum by a2 shit like opening the obturator foramer. The pubis

is extended anterior to the acetabuium 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. Veatrally the iwo halves lic apart from each other. In all other vertebrates the
two halves are fused ventrally, ' ‘

Fig.19.8 Pigeon A. Pelvic girdle. 1. Ischium 2. Post-acetabuiar iflium 3. Ischiatic foramen 4, Preacetabulaf ilium
5. Preépubic process 6. Acetabulum 7. Obturator foramen 8. Pubis B. Hind limb 1. Femur 2. Patella 3. Fibula
4. Cnemial crest 8. Tibio-tarsus 6. Tarzals 7. Tarso-metatarsus 8. Spur 9. 1st metatarsal.

194.4 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
twe condyled enclose between them an inter condylar groove. A ‘small sesamoid bone, the
patella is found in the intercondylar groove, on the extensor side of the knee joint. The
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- shank consists of tlblo tarsus and - fibula The former articulates with the femur, T1b10-tarsus

is a long bone formed by the fusion of tibia with the proxnmal 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 =

¢nd of the tarso—melarsus bears articular surfaces for the tibio-tarsus. The distal end of the -
tarso-metatarsus bears three pulley like surfaces correspondmg to ‘the three metatarsals. The
ankle ]omt jc., 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 aqd fourth digits are all directed -

forwards and ‘contain 3,4 and 5 phalanges respecnvely The last phalanx of each dlglt has a

pomtcd and curved claw. '[‘he dlgltal formula is 2:3:4:5:0

195 _SUMMARY,_ ST

'Endoskeleton of pigeon compnses of axial and appendlcular skeletal system Axial skeleton
_includes skull and vertcbral column while the appendicular skeleton embodies the girdles and

skeleton is unique among vertebrates being p tic and- cmkylosed (fused). Almsot every
part of skeletal system is unique. Skull- mongcondylic and rounded posterierly with edentate '
and pomted beak. lower jaw greatly rept : Sternum with carina (keel). Coracoid stout and

the limb’ skeletons. Skull mcludes ¢ranium, Jaws; sense capsules and hyoid apparates. Bird

~pillar hke ‘Pelvic girdle. is tetra radiate as*ih ornithischian dinosours.. Synsacrum pyg_ostyle
' Carpometacarpus tzblotarsus, tarsome siis, are some pecuharltles of the system. - .

M

196 MODELEXA@TION Questions -

'L Auswer the following questions in about 30 lincs each:

" 1. Describe the .s'ku'll.of pigeon.

2, Descnbe the vertebral column of plgeon w1th an emphams on the various modlﬁcauons :
found in 1ts structure : :

7-7'3 Describc the appendlcnlar skelcton of plgeon

L Answer the fo!lowing questi'oqs :in about 10 lines each:

1. Describe the structure of a typical cervical vertebra of pigeon. _
2. Describe the structure of sternum of pigeon.’
3. Describe the‘étructme ‘of pectoral girdle of pigeon.

4 Deseﬁbe the structure of"pel\:fie girdle. of pigeon. .
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201 OBJECTI_V-ES |

This lesson descrlbes the various unportant organs hke hcart lungs and those forming part'

“of wscera

202 INTRODUCTI()N =

"thn we begm to- dlssect the bird, ﬁrst of all we come across the skin, then the musclcs “of

the abdomen, thorax and the broad sternum. Internally we find the body cavity or coelom,

which is lined by pentoncum Various organs of the body areMound suspcnded in the body
cavnty by membranous folds known as ‘mesenteries’, : .

In the neck region we . find the long cyling

parallel to the trachea or wind pipe uth
buccal cavity is narrow anteriorly but\ mes wide posteriorly. It contains a large ‘tongue
which is pointed at the tip. The buccal Cavity is followed by a narrow short pharynx which

in turn is followed by the gullet or oewphagus mentaoned cearlier. At the base of the neck,

- the gullet dilates into a thin walled, large, bilobed sac, the crop. It serves to store hurriedly

swallowed large granules of food which underge masceration and d1gcsted later. The epithelium .

of the crop secretes during breeding $eason a highly nutritive fluid "the pigeons milk" - which
is regurgitated and fed to the young bird. Both the parants secrete -this milk. The -crop is

* continued into the stomach which corisists of two parts_(i) an anterior proventriculus (i) a.
posterior gizzard. The proventriculus is slightly wider than gullet and contains a number of |

‘ -gastric glands in its mucous membrane, The gizzard is large, hard biconvex structure. = Its

walls are highly muscular. The i inner lmmg is-made of a hortiy epithelial layer. A number of
small pieces of stones which are swallowed along with grains are to be found in the inner

cavity of the gizzard. These small pieces of stdnes help in crushing the food patticles. There

- is a mesentery attached to the -gizzard. The‘mese_ntery'eménds\ from the gizzard to the ventral - |

-body wall towards the left of the median line. This is known as ventral ligament, which is

continued antenorly to form the ligament of the liver known as falciform ligament which

- extends down from the mid ventral part of the liver to the mid 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 nght cavnty and a smaller Teft cavity. Such a-

septum is not found in othf:r vertcbrates.

«gullet’ or . oesophagus running dorsally and.-
s bound above and below by horny beak. The ...
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_The g1m1'd is followed by a long small intestine, consxstmg of a pmx:tmal duodenum and a
distal part,. the ileum. The duodenuni is ‘w shapcd and ‘receives two bile ducts' and three

pancreatic ducts. The duodenim. passes into the ileum without nay demarcatnon The ileum -
is coiled, very long tubular structurc The Hext part of the ahmcnta.ry‘ canal is the large

intesting 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 the cloaca ‘which opens

by the cioacal aperture, The cloaca consists of three. chambers, the anterior large coprodaeum

(receiving the rectum), the middle wrodaenm (receiving renal and gcmtal ducts) and the

posterior proctedacum which opens by cloacal oepnmg Cloaca reabsorbs water from the urine
‘and faecal matter, . S . :

The l;ivcr and the pancreas are the twor glands assdciated with the alix%:entary 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 smail

‘'spleen found near the liver. Pancreas is' found in the loop of ducdenum. It is a pinkish

coloured gland of great sxgmﬁcancc These. ducts “arise from -the pancreas which carry the
pancreatlc juice to the duodenum.

Flg 20.1 Soft Anatomy 6f ‘pigeon 1. Mouth'2, Upper bcak 3 Extcrnal nostril 4. Cere 5. Comimon eustachian opening
6. Gullet 7. External ear opening 8 Upper larynx 9. Tongue 10. Lower beak 11. Oesophagus 12: Opening of trachea
13 Thymus gland 14. Trachea 15. Crop 16. Pectoralis major muscle 17. R1ghtw1ng 18. Dorsal aorta 19. Heart
20. Right lung 21 Left lung 22. Right lobe of liver 23. Left lobe of liver 24. Bile ducts 25. Spieen 26. Proventriculus ) ‘
:27 ileum. 28; Gizzard 29. Penumatic ducts 30. Left kideny 31. Pancreas 32. Ureter 33. Duodénum 34 Bursa fabrici -+ ©
o0 . ves 35,Rectal caeca 36 Cloaca37. Rectum 38. Cloacal aperture. : : :




The heart of the pigeon is very large in proportion to the size of the body and consists of
four chambers. The heart is found in- adelicate pericardial sac lying dorsal to the sternum,
The auricles are thin-walled chambers, situated on the anterior side. They are much smaller
compared to ventricles. The two ventricles form the major part of the heart which together
cbnsi_tute a muscular [hjck walled cone with the apex directed down wards posteriorly. There
is an aorta on the right side starting from the Iéf,ft 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 remrned_ to the left auricle by two pulmonary veins and the lefi ventricle pumps the
same_:into‘ right. aorta, then. to all parts of the body, In birds, the left sy_sten%_ic artery contimues
as the lefi subclavian artery. . L o
The trachea or wind pipe is found ventral fo the gullet running in the neck region. The trachea
is displaced to the lef by the crop. It 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 aie supported by ‘cartilagenous rings which do not
' surround_cbmpletél'yf 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
‘non-saculars spongy lobes -and only slightly distensible unlike in frog and lizards. On the dorsal
surface the lungs closely fit into spaces between the ribs. The ventral surface of the lungs is covered
by peritoneum or pleura. ' ' :

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 ¢

and connected to the bronchi of both the lurigs. An a ry air sac from the interclavicular
air sac enters the humerus (Fig. 203) on cach$ide, From the anterior side of each lung
arises a cervical air sac, which gives out.sm bj?;es to the neck.- The anterior thoracic
alir"sacs arise from the antérior lateral sid each lung. Similarly the posterior thoracic air
sacs arise from the posterior side of eagh, lungh A pair of large aabdominal air sacs are found
lying amidst the coils of intestine. Thral 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 throacicair sacs. The lower chamber contains abdominal air sacs, heart,
liver, stomach, intestine ete. Air sacs do not have any rolc in the gaseous exchange: as they

arent. Of the nine air sacs, .
four ‘paired and one extra clavicular median -unpairqd@ interclavicular air sac is median

~are least vascularised. They increase the efficiency of- the lungs by providing them. fresh air

during expiration. The air sacs ‘a-Iso -cool the body by internal evaproation of the body fluids
from their surface. 3 S L - .

A pair of kidneys (meténephric) are found fitted in the hollows of the pelvis. Bach kidney
is three lobed, flattened and dark red coloured, They are covered by peritoﬁeum only on the
ventral side. The urcters are narrow ducts arising ventrally between the anterior and the
middle lobe of the kidney. They run straight, posteriorly and open directly into the urodaeum,
the middle compartment of the cloaca. The urinary baldder is absent. '

A pair of testes are found. They are attached by ‘the peritoncum to the ventral surface of

the anterior part of the kidney. The fold of peritoncum. is caIled"méSOr'éfhiiilni.”/;l‘hé 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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7 -secretes albumen and shell to

are callcd vasa del‘erentia wh1ch run backwards parallel to thc ureters The antérior part of

. each vas deferens becomes more densely convoluted to form the epididymis. Before opening.

into urodaeum each vas deferens becomes enlarged to form a semmal vesicle, The seminal

-_veswle serves the purpoee of stoting the sperms. The copulatoyr organ is absent in pigeon.

In the female reproductive organs the ovary is found only on thc left slde The one “on the
rlght 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 durmg the
. breeding season. The ovary is quit¢ large and irregular in shape. Tt is attached to the kidney

at the anterior part on the ventral surface by the peritoncum Wthh is known ‘as- mesovarium.

" A large number of round follicles of dlfferent sizes are found studded within the surface of
~ . the ovary. Each follicle eontains 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 next part of the :oviduct is prowdcd 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 r_he ov1duct is a small vagina,- whlch secretes
mucus, The vagma opens mto urodaeun.

Adrenal glands or supra renal glands are found as promment yellow coloured bodles 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 muscies Thyroids
'are palred bodies found on either side of the trachea, where it branches into. brochi. The
secretlon of the gland is thyroxm whlch regulates the gcneral metabolism:

204 SUMMA_RY N

circulatory, .nervous and. urmogemtal The digestive system shows pecuharmes in’ possessing -
crop, provcntnculus and gizzard. The%ﬁi Ory system. too shows unique structures like air

" The -soft anatomy of plgeon 1ncludes the "ouxggan -systems Viz., digostive respirat'ofy, '

sacs and syrinx -(sound producmg orga ng is a very small, non- -distensible lobe. Air sacs
pump fresh air into ‘the lungs d hg cXpiration. Heart is 4 chambered. There ‘is only right
aorta. Sinus venosus is absorbod to right auricie. Kidney is 3 10br;:d and metanephnc There
is only left ovary w1th 1ts uct ‘which not only passes the egg down to vagina but also'
he egg : . - :

205 MODEL EXAMINATION QUESTIONS

L 'Answer the l'ollowmg questlons in about 30 lines.
' 1 Giwe a gencral account on the 1nternaI structure of the plgeon
II Answer‘the'followmg in about 10 llnes.., '
:.1 Descnbe the dlgestlvc system of plgeon . _
A Descrlbc hings and air sacs. of. plgeon Add a notc on the sngmﬁcancc of air ‘sacs.’
3. Describe the gemt_al-sys_tcm of pigeon. | o

Co 4. Describe the heart of pi'g'éon;
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211 GBJECTIVES

This unit gives an account of adaptations in the structure of various organs in  response
L0 aerial mode of Efe and the significance of scasonal movements.

212 INTRODUCTIGN | \>

We have noted the birds show very inferesting structwca.@iﬁcations. This is particularly

true, to lift and maiutain the body in the air. Every %‘of the body accordingly maodified. -

In addition, the birds aisc shew. habit of migration ffom its home to another par; of the
world and back scasonally for purposes of feedh%&for breeding, Now we shall disenss the

flight mechanisms and mighty habits of th??il;ri bipeds. :

213 FLIGHT ADAPTATIONS

Birds are the most successful animals in adapting themselves to the aecrial mode of Life.
Adaptations could be found practically in every organ of a bird. Some of the major adaptations
are as follows:- : ‘ L

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()dy. 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:primafy feathers provide the greater part

of the forward thrust, acting as propellers, while tlie secondaries are niainly 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

‘such as pheasants, which are fast fliers. _Tl%_e alaspuria or bastard wing also asppears to acf
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 wholc of the keel of the j_starmim 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 minor also called sub clavius)
which arises from the anterior part of the sternum, dorsal to the pectoréﬁs major. The-. dorsal
supra-humerals or scapulo-humeral and coraco-humeral muscles cause the rotational movement

. 'of the wings. These muscles extend fromi the pectoral girdle to humerus (Fig, 21.1). -

o ' 2 N ' -

Fig 21.1. Pectoral muscles of pigeon. 1. Clavicle 2. Tendonof the subclavius 3. Humerus 4, For&inen u_'iosseun{
_ 5. Coracoid 6. Carac_obranchialis 7. Pectoralis m'n@ubclavius 9. Sternum-10. l_’ectoralis major. _
Endoskeleton is well. adapted to the aerjal™mode fo life. Various parts of the skeleton such:
as vertebral column, skull, girdles and lim orics are highly modified to suit the aerial mode
of life. Many of the bones of the bi e light and 'do not have marrow. They are preumatic
filled with-air and communi_catz with’ the air sacs. the long pneumatic bones are provided

with struts, without sacrificin, trength (Fig, 21.2). This principle is often used -in the
wings of the acroplane. the, vertebral column has undergone remarkable changes, such as the
great mobility in the nc@on, the shortencss of the tail and rigidity of the trunk region.
The cervicle and free thoratic vertebrac have heterbcoelus centra, which provide free mobility
to the neck region. The rigidity-of the vertebral  columsa is due to the fusion of vertebrac to
form two girders. The first girder is formed by the fusion of the anterior thoracic vertebrae. .
The second girder, the synsacrum, is formed by the fusion of last one or two thoracic, lumbar,
‘sacral and. anterior caudal vertebrae. This rigidity of vertcbral column is of great advantage’
to. the bird for withstanding the pressure of air during-flight. -

1 2

b

.3
' Pig. 21.2. LS. of long bone of vulture showing structs. 1. Air spaces 2. Struts 3. Base -
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Steraum is very characterisiic part of the skeleton of ‘bird. The ventral part of the sternum is -

produced into & keel of carfaa.. The massive muscles of flignt are atiached (o the sternum
and keel During flight much of the body weight is carried by the sternum and keel

The respiratory and circulatory sysiems are very eificiently organised to meet the high energy

needs of thgﬁt}iigili muscles. The most characteristic feature of the circulatory system is woosually

- 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 Wfe. The lungs are connected to the air sacs which

make the respiratory sysiem most efficient (Fig 20.3). The air sacs act like bellows thefeby

allowing an efficient flow of air in and out of the lungs. Birds are only vertebrates where

there is no dead space {containing unused air} in the fungs.

H = Hf ¢
2 J

' : Jat z\: o
Fig 21.3. The lungs and air sacs of a bird 1. Trachea “nig.g_ronchus 4. External branches 5. Recurrent
_ Bronchus 6. _Parabrqnchus.& Abdominal air sac 9.Posterior thoracic air sac 10. Anterior thoracic air sac

11.Air sac extending ir@:em 12. Interclavicufar 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 cerebelium 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 re_gﬁlating the equillibrium. 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
by changing the curvature of lens. These muscles are very fast in- operation, which is of great
advantage to the birds while flying, Thus the hirds have vision which is described as telescopic
. vision. The birds are very poor in olfactory sense. The alfactory lobes in the brain are poorly
developed, because of the fact that the birds flying in air do not depend-on smell.
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Fig. 21.4 Plgeon briain-Dorsal view. 1. Olfactory lobe 2 Ccrebral hemlsphere
3 Optic lobe 4. Medulla Oblongatas Flocculus 6. Cerebetlum 7. Pineal body.

‘Fig. 21.5 "I‘he.eye of [;igeon 1. Sclerotic coal Chorbld «coat 3. Retina 4. Pecten
- 5. Optic nerve 6. Cahary process 7. Iris 8. Co: queous chamber 10 Sclerotic plate.

ihe spongy bones with air cavities. the. @&\ of vcrtebral cobumn, fusion of a number of
pones in vertebral coloumn, skull and als imbs, make the body of the bird lighter which
are of great advantage during flight. %&@cs ihe .covering feathers, the muscles of flight and

and circulatory systems are in ty with the high melabolic rates of the birds. Thus we

* structure of brain and eye are OQasw daptive value. Further the efficient types of respiratory

~ find that birds have a m@g)r o adaptive features in response to acrial mode of life.

a4 MlGRATiON_‘OF_BIRBS

The migration of birds is a very. fascmatmg aspcct of blrd hfe it has attractcd the attention
of mankind for centruries. However, extensive experimental study has been carried out oaly -

" in the prescnt century.. Migration referes to seasonal movement of birds from one region to

another to obtain the advantages of favourabic. 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 latitudinal, Durmg summer northern regions offer

more favourable condifions of life. and so the birds migrate from south to norih. In winter

they return to south. Birds living in mountainous regions migrate fo plains in winter {for

'fecdmg) and in summer. they return to mountaing (for breedmg) Such ngratlons are referred -

0 as -altitudinal. -

‘In India,-__-.there arc:_ ‘a‘bout 350 forms of .Birds which migrate to pa]aeérétic'_regions.ir.e,,‘ north

of Himalayas-in Central and ,NOrthérn Asia, for breeding during summer. The most abundant
and regular migrants are the ducks and geese, swallows, fiycatches etc. A number of birds
migrate to northern places such as Ladakh, Gilgit, Bhutan, Sikkim etc., for breeding during

\



suramer. Most birds leave for northern 'pl_ace.s before hot weather commences in March/April
in ou: 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

o possess some sense of seneral direction. They do not learn the routes of migration from

their clders. Young birds without any previous experience of route of destination, complete

the migratory journey with regularity and accuracy. without any mishap. ]évidently 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 mot go much higher, since they do not
meet with any obstacle. Generally birds fiy 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 efc., strewn in the Himalayan glaciers. ' '

The Arctic Tern (Sterna paradisew) is a chmnpion 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 norik between April and May. During these migration
flights the Terns cover nearly 9000 miles cach way {Fig. 20.6). The wood cock (Scolopax
rusticola) is capable of non-stop flight of 2,400 kms from Nilgiri, its feeding place to Himalays,
its breeding place. Storks and plovers are also exmﬁples.@g distance migrants.

¥

Fig. 21.6. Map showing the 1onte and distancc of migration of Arciic Tern. 1. Alaska 2. Hawaii 3. 7455 miles (distance
between 1 and 3) 4. 9319 miles (distance between 1 and 43 5. South America 6. Antarctica. ’
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from the digestive tract upto©

2141 Causes

The migration of birds is in response’ to some stinmli, which cbuld be provided by ihe
physiological conditions of the gonads. The amount of day Hght or the photoperied has a
direct influence om the physiclogical conditions of the gomad. It has been observed that m
birds which are .caged in autumin and cxposed t0 illiminatior to make up the Jdoss of day
light, the gonads do not regress. Such birds when relcased, move away northwards where the
conditions are more appropriaic for breeding, On the other hand the control birds -which
‘were not provided with exira illuminatior, 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 seasonal changes in illnmination may be an important factor in migration..

A bird enters a physiological -state 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 hypothalamns, which in turn-induced the anterior
pituitary fo secrete gonadetrophic hormones. The physiological state of the gonad of the bird
is. changed because of the action of the gonadotrophic hormone, which provide a stimuius
for migration, - '

2142 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 shor'tening of length of day.
During summer when birds return to northeﬁjy regions or high altitude, they get the advantage
of longer day light for searching food. They avoid eme hot climate. Further they get
enough food due to luxuriant vegetative growth, a@tjable conditions for breeding,

21.5 SUMMARY _ - \J
_ TH '

The birds are the unique vcrteb@‘ghowing several adaptations for flight. Almost every
{(organ) system is affected pargicularly the skeletal system. Even among the soft organs, right .

@inogenital $ystem, we find the modifications. The feathers,
flight muscles, preumatic 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 habit 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 heréditary 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. ' '

21.6 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 bxrd mlgranon‘? Descnbe the process of mlgratlons causes and

s;gmﬁcance

IL. Answer the followmg in about 10 lines each.

_ ' . 1. Fllg_ht .muscles

. 2. Brain of bird

. T3, Causos 'of bird migration -’

217, 'G‘.L_()'S"SARY o

Acefabulum )
Acrodont 7

Alr sacs

Alaf membrane o

Ala $pufié'

7‘ .Al_laotoié
Amnion
A.mnio._tcs

) Amphiooeloué
'Antiveoin
Apteria 1
ArbOrca‘lli- _
Barbicles -

.I _..Czirapacc'.
Centrum -

Cerebeilom :

Chor_ion -
Cnemial Crest
-Cochlca_

" Columella

Coprodaeuni.' -

The sockct for the artlculatlon of femur in thc pelvic glrdIe St
. Teeth fused to the cdgc of Jaw-bonc
i _Large bags acting as air reservolrs connected to the lungs

A fold of skin attachcd betwcen the upper arm and fore arm’ of thc blrd '
‘ 'anterlorly . S

A tuft of foathcrs attached o the thumb of a bird

A sack wluch grows from the hmdgut in the embryo ammotes -_ |
The inner of the two foetal mcmbrancs of aniotes; the outer bcmg the chorion. _. :
A Reptxlos birds and mammals T A : o 7

' Biconcave. A term uscd to devertt,brac in which the centrim has :

depressmns on both anterior and\pesterior faces

- Antipoisonous serum

Spaces on the surfa@»'bird’s-body where the skin is naked or covered

with only down feather

T Ammal dwellin} 4@ r on thc trees N

Small hooked processes by whlch the barbules of the fcathcr mterlock
Dorsai covering of tortoises and turtles -

A part of the bone whzch forms the chief part of the vertebra

~ Enlargement of the ,hmd bram-m a vertebrate. It is lobed and convolu.ted:-in_

birds and mammals. It is concerned with co-ordination of muscclar action

The outermost of the foetal membranes in reptﬂés, birds and marmals

: Aridge on the Eibia to which the-main tendon of the knee is attached

. The spiral part of the mner ear contammg complcxrcceptor by which vanous
sounds are perceived :

A smgle ossicle connecting the tympamc membrane w1th thc inner ear -

'The‘ part of the cloaca of a_bxr.d-mto whlch the rectum open_s,

R
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Coagulation

. Crop

Cretaceous
Ciliary muscles

Desiccation

Dermal Bone

Ectothermic

_ Epidcrmis

Foramen Magnum
Foramen triosseum :

Falciform ligament: -

Fossii :
Gizzard
Glenoid cavity
Guliet

Habenuiar

Heterocoelous

‘Vertebrae ;

Hemipenis :

' Heterodont :

'Hypapophysis :

Hypothalamus
Infra—.labials
Jugal

Jurrasic
Lacrymal -

Marrow

Melanophores -

Cloiting of blood

Adilation of oésophagus where food maybe kept stored forsome time before
passing on to the gizzard

In pigeon it secretes nutritive milky fiuid. Gcoiogncal period- lastmg
approx:matelv from 135 till 70 million years ago

A ring of small muscles al the junction of cornea & choroid in the vertebrate

eye. This helps in the power accomodation
Drying up of embryo due to évaporation

{(Membrane boné) Bones which do not replace preexisting cartilage but are
deposited mdependmtiy in the lower layer of the skin -

(Poikilothermic)-Having 2 body temperature which changes with that of
surrounding

The outer layer of the skin derived from the ectoderm

The iarge opening at the hind-end of a vertebrate skull through which the

spinal cord passes from the brain

‘An opening enclosed by the scapula, clavicle and corocaid ol 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 hke bones, teeth etc

A part of'the stomach having %nuscular wall often with horny teeth. It
breaks up the food into small paxtieles :

A cup like holiow in the al glrdle into which the head of the humerus
fits - '

Food tract in the ne%sophags)

-+ Transverse négye fract running across the roof of the third ventricle (brain)

: Vcrfcb ’@

ving saddle shaped centra Such art1cu]ar surfaces of the centra-
allow great mobility of neck -

Paired, muscular male infromittent organs in reptiles

Having several different types of tooth i.e,, incisors, canines etc]

i . . ot
A median ventral process on the centrum of a vertebra

Thé floor of the third ventricle 111 the vertebrate brain which is thickened

Scales on the lower 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 tili 135 million years ago

Membrane bone in the anterior part of the eye orbit

: Yellow or red pulp in the central cavitics of the bone. In this tissue the red
~ blood corpuscles (RBC) are formed. '

Cells containing pigment granules usually of black melanin



Mesozoic Era -

Obligue septum

Obturator Foramen

COccipital condyle

Odontoid process

Oviparous
Parasphenoid

- Farictal Body

Parietal Foramen

?aretid Giands_

Plastmn

Pecten

Poctoralis Major

Pectoralis punor

Pirrumda)\m
Prch‘ensﬂc
Procoelous
Proctodécum :

Pteryza'

Pygostyle
Quadraté ‘
(i}uadruped
'R}tamphothcca
Synsacram

Struis

* Symphysis

Geological perieds - this era lasted approximately from 225 till 60 millions
years ago. The age of great reptiles or "Golden age of reptiles”

A septum which divides the coelome into two chmbers in Birds. The anterior
chamber containing lungs, interclavicelar and thoracic air sacs. The lower .
chamber contains abdominal air sacs, heart liver,stomach ctc

A large opening between the pubis and the ischivm on 2ach side of the"pclvic
girdle

Bony knob on the ventral part of skull for articulation with atlas vertebra

A prc,hjechon of the second vertebra, directed forwards fit into the first

vertehrs

Antmals repraducing by aniﬁg cggs

:  Membrane bone, fbrmihg part of the floor of cranium

{Pineal eye)-An outgrowth from the roof of the forebrain, In lampray it is
with lens and retina acts as photorecspmr In other reptiles its fanction is

doubiful

A median dpcning between two parictal bones
Salivary glands ip thechekk of mammals

Venatral covering of tortoises and turiles

- A Vascular comb-like processes from the ehoroid in the eye of a bird. Its’
function is not certain, Probably it suypplies oXygen to the inside of the cye

A vérv' large muscle which is spreadiallalong the keel of the steratim. Thc
powerful down stroke is due to this @ dle. ' -

This muscle is responsible for levation of the wings. 1t avises from the
anterior part of the sternum dorgal to the pectoralis major.

Teeth attached by their “tevihe jaw

Orgah capable of%ng

Vertebrae whose centra are concave in front and convex benind

The posterior chamber of cloaca which opens By cloacal opening

These are also known as featber tracts: The contour fcathcrs cf a bird are

arranged along these tracts

The last four tail vertebrae of a bird which are fused

Cartilage bone at the.hind end of upper jaw which articulates with lower jaw
Aninials walking on fore and hind hmbs |

The horney epxdermal sheath surroundmg the beak of a bird .

A nomber of fased vcrtcbrae supp'orting pelvic girdle of bird

The !ong banes in flving birds have cavities inside with a framework of bars
of the bones to resist the pressure

A juncilon or union of two bones as for dnstance the two public boaes
‘ o . 170




- Syrinx
- Sclerotic bones
Sbl'ltds"
Supra-labials
_ Sub-carrdais
Tl_reoodont_ |
B 'Ibnippra’l Musclcs

Triassic

Unicinate proceSs :

_ Uropygium

Urodaecum

Viviparous
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The sound box of a brrd located at the lower end of the trachea where the

. two bronchi are found _ -
D ng of small overlappmg bones present around the iris

\ \Sca!es or shxcld like on thc body formmg cxoskcleton

Scales on’ thc upper jaw ofa snakc or reptile

":  One or two rows of vcntral scales behind the- cloaca of snakes :
;- Havmg teeth in sockcts

: i. -Muscles connectmg the lower jaw with temporal reg:on of the ¢ cramum _

Geologlcal penod-lastcd approxlmatcly from 225 all 180 mllhon years ago

A small process progcctmg backwards from the ribs of the birds each )
. over-lapping the next posterror nb and so’ helpmg to ‘strengthen the wall of
the thorax ‘ .

The short tail- -stump of a bu-d

: The mlddle chamber or part of the cloaca into whrch thc ureters and gemtal o
© ducts open : :

Animals, whose young ones deve10ps inside the body of the parent
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- 221 OBJECTE_VE -

@ To know the distinctive features and also the diversity of mammals,

222 INTRODUCTION S | ;\'g

© Mammals arose from .mtylosaunz‘an reptiles. They orlgm the Jurassic period about 150

million years ago. The transition from primitive repitiles fowmammal like forms took place in
the upper carboniferous period but in Permian, the?ad a set back. In the Jurassic period

and before the Eocene, a varicty of differen
period regarded as the ‘age of mammais’Q)’

there were only a few mammals but in the C@";o s, these smal! forms became abundant

of mammals evovled and the Tertiary

v

223 GENERAL CHARACTERS

1. Due to the presence of mammary glands unfunctlonal in males and milk secreting mn -

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. :

2. The body is usualIy covered with' insulating coat of hairs. The skin is gIandular The

body temperature is kcpl at a constant 1evel Hence they are homiothermic or endothermic.

3. The vertebrae and the long bones- have termmal ossificatioris, The centra of vertebrae

have generally flat or slightly rounded facets and there are seven ‘cervical vertebrae with
_the exception of sloths.

4. Skull dicondylic. Skull bones firmly united, sutures ‘gencrall'y persist. Lowér jaw is formed
' of dentary only. Middle ear with three ossicles viz stapes, incus and malleus. -
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5. Nasal part is usually-lonig; tecih on both jaws situated in sockets or alveoli (thecodoni)

and are differeniated (hetrodent). Teeth are rarcly absent. The tongue is usually mobiles

- Eyes. are provided with movable lids, ears with’ external ﬂeshy pinnae. The: senses of
51ght smelll and hearing are- well developed. :

6.. Fore hmbs and hind limbs are usually present except in few forms pentadabiyle adaf)lud
for walking, running, climbing; flying, burrowing, and swimming which are provnded wuh
horny claws, nails, digits, hooves or fieshy pads.

7. A muscular parutlon the diaphragm sepemtes the chest cavity contalnmg thc hcart and

Iungs from the abdominal cavity and is of great importance in inspiration.

8. Rebplratmn is only by lungs. Larynx is prowded w1th vocal cords.

9. Heart is four chambered (two auricles) and two ventrlcles Only the left aortlc arch
persists; red blood cells are c1rcular blconcave without nucleus except. in Camelidae.

10. Urinary bladder is present for excretion of urine.

11. The brain is highly developed. The cercbrum and the cerebellum are large and coh:plgk‘
There is a high degree of coordination in alll actwmes 1nclud1ng the power of learnmg

and memory. Cranial nerves are 12 pairs.

12. Testis desend in ﬂldj()l’lty into scroctal sacs in the adult. Small ovaries w1th cggs graafian
' folllcles

13. The male bas a copulatory organ called penis,

14, Fertilization is internal. Eggs arc usually smaz;wuhoul qhells The femalt,s havc, ulmr'

for development (viviparous). Embryonic m anes are prcscnt

224 CLASSIFICATION %j../ N

The living niammals are divided ista,two sub classés: Prototheria aﬁdfiﬂu;ria

22.4.1 Sub Class . P V heria

Prototheria is reprcscnted by the prxmnu\fﬁ manmdis comynsmg the order -monotremata.

" Examples Omithorhynchus (Duckwbﬂ!}cd platypus) and’ Tachvgfossus (Echidna or- mey Amnl

ealer (Fig. 22.1 AB)

‘ Characters

: 1.' They posses lemporary poughe‘; in whwh lhu young ones are }:atched into wh;ch they

are transfcred after hatchmg

2. The body is small and is covered wuh hairs! !ﬂ Omuhorhynchm {ur is sofl In Tachyg]ossm

along ‘with hair, short but .sharp ‘;pmes alc PECSEILS,

5. External ear or plnna absent Thc inner ear is pnrmtwt,

4. Calcified tecth are found. They. are very bmtlg and degenerate. Lalﬁ:; on- 1hcv arc’ Sh(,.d
and replaced by homy p!atu ‘

5. . Mammary glands ar¢” without mppleq and are m(»cﬁﬁed stidoriiic Wiand%

6 Forc legs are short but 'powerfni. Hmd limbs are less specialised.
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12

14.

Skull -dicondylic,

Maileus, incus 'are well devcioped. Tibs are mot doublé headed.

‘T Shaped interclavicle and’ epipubic bones are present as in’ reptiles.
- Stomack is globular. Intestine is distinguished iuto smail aﬁd large intestine.

Lungs are small in size as compared to the body size.

Heart is four chambered. Sin_gle left aortic arch is present.

Kidneys are metanephric, ureters open into wrinogential sinus and urine is passesd into

the cloaca.
Testes are attached to the kidreys and are abdominal.

Righi ovary is less developed or is seme what reduced.

Oviparous. egg laying without uterine gestation. Postnatal ‘care of young ones is not found.

Example: Omithorhync;’éus, Tachyglossus {Fig 22.1 A&R).

Fig 22.1 Prototheria A, Orpithorhynchus B.Tag :
Muzzle long beak like 6. Spines 7. Hind limb 8. Fore limb..

2242 Sub class‘:’ Theria

wgtossus. 1. Bye 2. Ducklike beak 3. Webbed foot 4. 'Tail 5.

Modern manmais are included in the. sebclass Theria. ’Ihis group Is split into two m{ra classes
as: (i) Metatheria (i) Eutheria

22421  Infra Class: Metatheria

Oldest piact,ntal mammals. A pouch, the marsupium, is on the bclly oi femalc into Wthh

new born young one is kep: and nourished.

Hind limbs iarg,cx thay, the. fore limbs and are well dt:veloped.‘_
Metatheria ‘1as only one ordor ile., Marsupaha
The brain case is small, orbit and temporal fossa confhient.

Inter clavicle is absent,while clavicle is large,
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10,
1L
12.
13
14.

15.

Coracoid is reduced and scapula is enﬂarged and provided with a spine.

: Epipubic bones are prcsent in pelvic girdie.

The heart possesses membr;mous aunculo« enmcukar valva
The brain is less developed and smali.Corpus caliosum is absent.
Testes are situated in scrotum, i front of the penis and arc extra abdominal.

Two ovxducts remain separate throughout their length and Eherc is a pair of vagina and
uteri. :

Viviparous condition.The young are born imperfecily developed.
In soime animal[s a true allantoic piacema with nutritive function formed.
Gestation perlod varies from ammaE o ammai

New born young ones crawl in-to the pouch where thﬂy become attached to the nipples
or teats for sufficiently Eong tme.

Examples:- Didelphys (Opossum) Macropus { szgaroo)

- Fig.22.2. Some: Metathvnans A DldelphysB Mecropus1.Bye.2. Nostril 3. Fcne hmb
4 Hind limb 5. Ta;l 6. Soft fur coat 7. Young one.

22422 Infra dlass : Eutheria

1.

Young ones are nourished with in.the uterus for a considerable time. .

Allantoic placenta is formed. There is no marsupinm.

‘Epipubic bones are absent.

Tympanic bone is either ring like or in the form -of a bulla.



¢

. . A
Fig22.3 Eutheria: A. Manis B. Lemur C.Rat 1. Pinna’ 2. Head 3. Eye 4. Nostril 5. Snout
6. Trunk 7. Hind linsb 8. Digits 9. Nail 10. Fore limb 11. Tongue 12. Tail 13. scales 14. Whiskers

5. Brain is well highly developed, large cercbral hemisph@vhich are connected by the

Corpus callosum.

6. Usually the number of the incisors, camines, pre and molars in half of each jaw

is expressed as dental formula ;iﬁ ?\
7. Uterus becomes a single structure -

8. Urinary ducts reach the biadder%sing outside the genital ducts.
9. Cloaca is almost absent and a common sphincter, if present it is only a remnant,

Example:- Manis, Lemur, Rat (Fig.223 A-C).-

225 SUMMARY

Mammals arc warm blooded, hairy quadreepedes. It is a large heterogencous group showing

adaptations to different habitats, The members of this group are unique 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 opening with (he tricuspid valve, descended
testes and a pendant penis are some other diagnostic features of the mammals.

The class Mammalia is divided into subclasses Prototheria and Theria. The laitier once again
divided into Z infra classes viz, (i)Metatheria (if) Eutheria. Kangaroo and opposum possess

a brood pouch (Marsupialia) while -the horse, lion, dog cattle, rat and man are included in

the Eutheria.




226 MODEL EXAMINATION QUESTIONS

L. Answer the foliowing in about: 30 gines;‘

1. Discuss the general a_:hafrac‘tér's'-"(‘.)fr mammals.

2: - Classily mammalélalid mention the characters of Prototheria.
Ii. Answer the "f&!-lowiﬁg in abeout I lipes: |

1. What. are Eutherians? -

2. Give a brief account of Metatheria,
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231 'OBJEETIVE S

W To know the extemal morphology of rabﬂ Oryetolagus cumculus about the qkm and its’
ﬁmctmns ' C S

‘23..2 - E.Nm@mmmm S o el

g R.‘bbzi can be handkd and d@mcstu.atcd e:asnly Tl'%ga it is s used as a laboratory animal
h

o conducit expenments particulaﬂy concernmg (o)
on 1ts morphoiogy and anatomv throws hg,ht aspects of . mammalian biology.

V i

-z&a_'mwﬂ B | <<>

_ ~The ‘rabbit is a very Wldaly dlsmbutcd ammal it is usually found in nature in’ various s fields,
. grass lands and open wood lands. It leads a fossorlai life i ie., digs burrows in the ground..
. The parcn[al care is shown by female rabbit.. It is a fast runner and covers 32 to-40 km in
oan h(_mr It is herbworous and feedmg on grasses and a large variety of plants. It is

" polyganious, one male lives in the company of many fcmales The rabbit is useful to man -

. as game animal and harmfui as it destroys crops. .-

234 MORPHOLOGY

The rabbit is 2 bifaterally symmetrical ‘amimal, can be. divided into two equal part:;s' The body is

covgred by a halry coat which keeps the body temperature constant at about 388°C. Thus the rabbit

is warm blooded or homeothermaﬂ amma‘ﬂ The hau piosses plgmcnts wh:ch are respons:ble for'

' nmpartmg colour to the ammal

The mbbité are e'f diffes‘@nt' colours. The domestic varietites are commonly white and black.

RABBIT - EXTERNAL FEATURES

an physmloglcal aspects. - Knowledge
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. The body of tho-mbblt is like that of a typlc,al mammahan form and cons1sts of head neck '

trunk: and . fail, Tre. trunk is further subdivided into thorax and abdomen. - There “are two
paris of limbs ie. fore and ‘hind limbs. Head is large and cxtends “anteriorly into a’blunt
snout. The snoit i 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 pmJect out wards. . These. hairs are

long stiff and tactile or sensory in function. On the sides of head are srtuated a pair- of

' promment eyes. Each eye bas an upper and a lower eye lid with a small mctrtatmg membrane

which is movable. On the top of the hoad is a pair of large movable trumpet shaped extcrndl
ears called pumae : , _ S

Y - ,,,}ojuz

5
FngS 1 Rabblt 1 Pinna. 2. Eye 3 Vibrissae. 4. Mouth. 5. Hand G.Foot 7. Tail.

| Ncck is a short extensron of the body betwoc the hoad and thc trunk Thc trunk is dmded

- into two parts (1) an antonor thorax wlu, i

lfour ot ﬁ\fg palrs of teats or mpplcs of
- are also found in malcs but they :

At the postcnor end of the

al Side-t Betwean the thorax and abdomen afe sﬁuated
mae on which mammary glands open’ out Teats

et is ‘lmanus whlch is’ the external openmg of ahmentary
canal. In front of the anusg"_‘:r urmogemtal apcrturo which in. the male is situated at the

. tip of the skin covere: e ‘genital organ penis while in the femalc it is srtuatcd wﬁhm a sht ’
knownasvu]va . ST

Y mMB"s, |

Thcre are two parrs of pcntadactyl timbs. in rabbrt The fore hmbs are shortel tha_n the hmd
Timbs. Each fore limb is divided into upper arm o brachium, the fore arm or antebmch;ums
and  the hand or manus consisting of wrist or carpus, palm or metacarpus and fivc ﬁngers
or d1g:ts Fore limbs are used for digging.

: _Hmd limbs are. much longer and more powerful tharn fors hmbs Bach hmd tisab- consisté o
o _Of prox:lmal tlu;_,,h, the middle shank or crus and a dlst;al foot or pes I ) g

Thc type of locomotlon found inthe rabbrt is dngltlgrade ie. 1t runs on dsg,sts B

Tall hes at the cnd of the trunk whlch is cvery short The tall is usudﬂy uvrnod upwardb



236 STRUCTURE OF SKIN

" Rabbit is a warm blooded animal. Therefore the skin is modified for regulating the body
temperature. ' in rabbit ‘sweat or sudoriferous glands are found which secrete sweat on the
surface of the skin for regulation of body temperature. The skin of rabblt consmts of two
parta an outer ectodermal cpzdcrmxs and an. inner mesodermis,

23 6 1 Epldermls

"It s made up of eplthehal cellg arranged in several layers. The outer layer is made up of
flat cells and is “called stratumycornewss. This layer is ‘completely karatinised ie., made up
~ of keratin and consists of dead cells and also another layer called stratum lucidivm is situated
below that. The inner layer of the épidermis is stratum granulosum which consists of a
layer of granular cefls. The inner most layer is called stratum malphigii or stratum germinativam.
The cells in this layer contain protoplasm and give rise to new cells on their cuter side. As
the new cells are formed, older cells are pushed up and at the same time they become
gradua]ly Aattened and their protoplasm is converted into horny substance called, the keratin,
The' pigment cells are’ chmmatophon‘es or melmﬂphores which are found in the basal layer
" or epidermis- and ate branched cells w1lh iong processes. The colour o the skin is due to
: thc plgments ‘ o - -

The Claws at the ends of the chglts are the horny emdermal denvatwes._

s

Fig.23.2 Rabbit-Vertical section of the skin. 1. Stratum co%ﬁeum. 2. Stratum lucidum. 3. Stratum granulosum. 4. Stratum
malpighi 5. Nerve fibre. 6. Diermis. 7. Muscles. B. Fat eells. 9. Hair papilla. 10. Sweat gland. 11. Blood vesscls
12. Connective tissue. 13. Tactile corpuscle. 14. Arrector pili. 15. Sebaceous gland. 16. Hair shaft. 17. Hair follicle.

23.6.2 Dermis

It is a layer sitvated below ihe epidermis and makes a tough flexible and elastic covér over
the whole of the body. Dermis consists of connéctive tissue fibres, unstnped muscles, blood
~ capillaries, nerves and flat cetts. - Dermis alsa contains, lymph vessels and small finger like
_ projections into the epidermis, which possess loops of blood capdlaries and tactile corpuscles
baving nerve endings. The decper pari consists of subdermal, adipose tissue, which consists
of groups of fat cells, servmg as a heat msu}anng tayer. : '

23.6.2 Hair

" Hiair is epidermal structure, which develop as a thickening of stratum germinativum, - Hair is
enclosed by a tube like invaginatioﬁ of the epidermis formed by stratum malphigii. It is
called hair follicle. Sitnated at the base of each hair follicle is dermal tissue which forms a.
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situated just inside the eye laghts”

smdll protruberenee calicd the hair papﬂia which is nch in nerves and blood vessels. The
shaft of the hanr is covered by a cuticle. On the. whole it is dlstmgumhed into two_ parts.
The basal part lying in the dermis is cafled root, and the upper traversing the dermis and
pro_;ectmg from the epldemns is called "ihaft ‘

23 6.4 Glands -

, There are two types of glands in the skm called sebaceous and” sweat ot sudonfous glands.

' Sebaceous glands : This gland is also caEled as saccular gland Wthh consists of small branching .
-or alveolar. sac openmg by the out pushings of the wall of hair follicle. The function of
-sebaceous gland is . to. produce ‘an oﬂy secretmn the sebum for keepmg the hair and skm‘

water proof- and greasy

Sweat ‘glands : These are tlnn iong tubes formed as tubular mvagmatlons of the stratum
germmatwum " Bach gland opens with the help of a duct on the surface -of the " skin.. The
duct passes upwards through ihe 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

'eplthehal The ; .cells of the sweat glands separate ‘sweat from the ‘blood; thJS is conducted

along the ducts and passed. out szde onto the general surface of the skm

Sweat glands are responsible for removing: the ‘metabolic waste of the body, in the- form of
sweat consisting of inotganic salls and e:aca”etory products dlssolvcd in water. Sweat glands
also serve to regulate the body temperaturc by evaporatmg the sweat Thus. by taking up ils
1atent heat of vapourisation, they extract hetibm the body and reduce the iemperature.

Other Glands : Mammary glands are mad,ﬁcats of sebaceous glands and consist of branching
system of -tubes and alveoli.- These ard found in (horacic and abdominal regions. In female
they produee the milk which discharges“eut’ by -ducts onio the teats. The milk nourishes the

. young, . There are other glands s:%ed wnder the skin called perenmial glandsbétween the
13}

genital orfice and the anus, et an glands are foond on the margins of the {,yeht%s”

'236.5 Functions o Stﬂ?n o

The skin is a t:omplex structure having a variety of functions.

. L “The skm serves o ‘maintain a, dﬂﬁmte ahape of the ammfﬂ

2. it is an important protectwe organ as it protects fmm the meehdmra} 1n5mes due o
 friction and biﬂws ' -

-3 Skin is a germ proef membr.me covering the imre hm’tw

4 Skin is closely woven texture therefore at is phable and can “withstand tmder mccha;mml :
* pressure rather ‘than. to rupture : : '

5. - The derrms of the skin produee, membmne bunef which gsve utreugﬂa to varicus purm
of the skull. . :

6. It also gives rise to 'ciaws ‘horns, hf)oives, nails wifaich serve as useful focls.

7. It also absorbs matenals as oil and- omtmeni

8. It also helps physu,ai and physnoiog:cai regei&i,on oi the temuemmre of the bﬁdy



~ the. celis of the stratum germmatmsm are }wmg and activ

9. With the hEi? of ;‘"Wéat glands which are piesént in the skin, the extra amounf of the
heat produced after muaculdr activity is 1ot by evaporation of sweat produced by: Sweat :

glands.  ‘In this way the skin hi’!;as to mdmiam the body tempcrature constantly w1t
a lnmted range .

16 Skin also acts as an organ of smmge a5 laj ge amonnts of fat arc storf:d m “the form of

subdcrmai fat m the skm

1 Mammadry glands produce mﬂk ,,ebaceous glands secrete an otly substanoe callcd sebum-
© " which is rcsp(ms;blf: for Wats,r proofing the hair and skin. Thc glands are derlved from_

the skin. . o A

- 12 bkm SEIves as nounshmg, as it is capabie of formmg Vitamm D in thc prcsence of .un S

light.

13.. Skin helps in sexual svlef,‘i' . Colour c-f the s.km and various other mtegumental struc;nxrcs '

serve (o dttraut oppesﬁe Lol

23.7 SUMMARY -

, Rabbit is a hazry quddrupede feﬂdmg o grats

'plantlgrade locomotion ie., touching the ground]. ‘Skin is glandular, Epidermis is st_ratlﬁed
as in other 'vertebrates. - Stramm corngum. is keratinised an ihence coritain dead cel]s whil

glands secrete sebum while the suderiferons gland;

of sweat. mammary glands are ihe mudlfied sweal\glands. Skin. serves in’ many ways as a

 protective, sensory, excretory, locomotorv (b'ﬂtS and defensive (as ‘claws; nails). Besides
- producing bones ‘and tecth, vitamis D in présence. of sun hght (U thht) it alﬁo hc}ps

. in sexual qelectmn : : e

og- |

238 MODEL EXAMINATION QUESTIONS

I. | AnsWéf ke fo.!ioﬁgng -in aba&xt_ﬁﬂllilaé_ée
1 Descr_ibc the extt:ma:i}f‘-.;:harapftcfs: of 'fabiﬁt.
2 Gwc iﬁgu:ﬁupt of-mammgﬁm."skin_. _ e | Co \
i .Ansfwef 'ﬂﬁé_ ﬁ'ﬂiﬁ@‘;ﬁﬁg Q;i _za%ma'ﬁg ] Bines.
1. What'iare ﬁhé _imp(')'r\ta;ni 'fua'a(;t.if-)ns ﬁfzrﬁam;naiiz?m_skin?; -
2. Hai.r-“-_. | N -
| 3Sweat glands:
4. - Sebaceous giandS-

'5. Mamimary glands.

'mmh@r plant material, warm blooded (388°C)
“and polygamous. On the Ventral sndc4 of .5 pairs -of mammae are present = It exhibits

viding. Sebaceous -or saccular
Sgete inorganic ‘salts etc,, in the form
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241 OBJECTIVE

¢ 'To explain the structure of axial and a;ipendisular skeleton of rabbit.

242 INTRODUCTION \

te consists of the axial skeletor and ‘the

Skeleton of rabbit like that of ‘any other a:
appendicular skeleton. The asial skeleton coly iéts of skull and- vertebral co! umn whllc the
appendicular skeleton consists ‘of limbs %‘?ﬂnb girdles.

M43 SKULL o~ N

© The Skull of rabbit consists of a eranium {or brain casc), anditory, olfactory capsules, orbits,

and the hyrid apratus and the jaws. The skull clongated. Its length is greater -than the
width. The structure of the bones is promiment. The cranium which lodges brain in it has

a posterior’ opening calied the foramen magnuwm through which runs the spinal cotd. The -

four bones surrounding the. f@xamm mangum constitute 'the occipital region of the cranium,

They are, 1) basi oecipital, a flat bone lying at the base and bearing two prominent occipital -
~ condyles, 2} the two lateral exocripitals which also contributed to the occipital condyles. Each

cxoecxpltal is pr oduced 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 dnreclc«i backward% and upwards and elevated in the Imddle into

. shield shaped prommence

All these four bones. of ocmpi_tal region are united in the adult rabbit to form a-single ring
of occipital bone. ' . :

The roof of cranium, ie. the dorsal part of the brain case, is formed by a pair of parietal
bones which lie anterior to ‘the supra occipital and a pair -of frontal bones lying anterior to
the parictals. The parietals are plate like bones, convex extersally and coneave ternally.

'



"_.l‘hé_ two parictal bones ie. the right ‘aﬁifd: left bones, articulate with each other by some.what -

wavy sagiital suture, the parietals articulate with the supra occipital by a transverse serrate
- lambdoidal suture. Antenoriy they are: connected to the frontals by a coronal suture.. Between
the supra occmxtal and the parletai is a median ossnficatnon known as thc inter parietal,

. The fromals are united in the mzddls by frontal suture. These are membranc bones forming-
the roof and ‘also thé sides. of cranium antenorly Each frontal has a prominent crescent .

shaped radge cai'ﬂed the supm orbital pmcess which pr0jects over ths orbit.

Flg?Al A. Rabbit Skull ui)orsai ). LInBisor tooth 2. Anterior nares. 3 Nasal . 4. Zygomatic
process of maxitla 5. Fronial 6, P
squamosa! 8. Tymaganic bulia. 9. Exl al auditory meatus 10. Inter parlcta! i1 Supra occnp;tal ’

12. Parietal. 13. Squamosal 14. Jugal. -

The basn of the craninm is formed by the basnsphenm.d and prespheno:d bones. Bas:sphenmd

is a horizontal platc formmg the middle part of the floor of craniym infront of the basioccipital
.but separated from it by a cartﬂagc In the middle of this plate towards the upper side

there is a- deprcssmn called sella turciea which lodges in it a vital endocrine gland, the
pituitary. Just below this depression there is a foramen called the pntmtary foramen. - Anterior
to the bdsxsphcnmd is the pz eshenoid which is a lal:erally compressed bone

Tht’: antcnor part of ihc cranfum is completed by an_ ethmoid bone the crlbrlform plate
carlilage bone: 'which contains nwmerous perforations for the passage of. olfactory nerves.

The sides of cranium are formed by the alisphenoids behind and the orbltosphenmds in front.

. 'Ahqphenmds are broad nghke bones, cach produces a bilaminate  process, the pterygoid
“process. It is connected laterally to the basisphenoid md presphenoid on - 1t,s Vcntral margm
but on the dorsai 51de it is scparated from parieials by sgnamosals,

supra-orbital process of frontal 7. Zygomatic process of R
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| 14 b o
Fig 24.1.B. Rabb:t Skml {Veniral view) 1. Incisor too . Tncisor tooth (I1). 3. Premaxitla
4. Maxilla 5. Premotars, 6. Jugal. 7. Fre-sphengid. Sy {ruitary foramen. 9. Fygomatic process of-
squanosal 10. Tympanic bulla 11 Bxcmal auditeey ieatus 12. Para occipital procsss of
“exoccipital 13, Mastoid proecss 14. Fontied may im iS5, Supra-ceeipital 16, Occipital condyle.
17, Pariotic, 18, Fxoccipital. 19.81 ah canal. 20, Basioccipital. 21, Basisphenoid,
22.Alisphencid. 23, Pieiygoide#d. Supga orbiral ridge of Frodtal. 25, Palatine. 26. Vomer
.27, Miolays. 23, Zyg@mm' g5 of maxitla 29, Pai&tine plate of.maxi!';'a 3. Nasgat.”

Orbitosphencids are a pair ( ﬂagg booes sx‘tmdmg 0mw:grds and backwairds ;mmmg thc

sides of the cramum in ihc wregmr of orbits.

&sgumnosais whmh infact b@lmg to the mppﬁr jm‘W b@ﬂ@o, complete the postelor dorso-lateral
portions of the cramium and he in between aimyhmmds orbitoshenoids. frontals and parictals.

~ From the guter surface of the squamosal is given off a process called the zygomatic proeess,

which curves outwards, then downwards and finally forwards to meet the jugal bom of the

upper Jaw to Eorm th@ wg@mmlm areh, ?oatenorﬁy thy squamosai gives off a post tympamc'

process@ S

Thc audxtory capsuies are mt@rzpmsbd loose i}f berwsen the squamosals and the cx—occapltals of

‘each side. Connected Wﬁh each aadsm*y capsule are the fympanic and the paristic bomes.

Tympanic forms the %bos‘y part of the wall of the external auditory meatus. It is more or

“less a flask shaped structure, the lower swolien portion is called the tympanm huﬂn, and

encioses the audltory (oxr gar) osswﬁes the ma*ﬁmm, and @@ﬂp@se

Thc permtlc home i5 an zrregular bme fom‘ned by the fusion {\)f threa bones the pmohc, the

mastmd portions. The petrous pomon is the internal pm‘twn It Pndoscs the membranous

- gplotic and the episthotic. . It is divisible into two pomons the stony petrous and the pours



]abyrmth Externally it presents two srmall openings, the !‘enestrfr ovalis and fenestra rotunda
visible ouly when the tympanic is removed. The mastoid portion of the pefmtlc is visible on
the surface of the skull between the iympdmc and cxoccnpital

_ Between the tympanic and periotic bones there are two apermres ope the stylomastoid 7th
cranial nerve and the eustachian aperﬂ‘um, gives nsc to. forn cuﬁtachlan tube. '

The olfactory capsules, which lic anterior to the brain case contain two bones; the nasals -

‘which form the roof of olfactory cavitics. 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 mesethmeotd, which lies in front of dribriform plate :

Inside each nasal L&‘-’lly is a screil like bong, the ethme-, turbinals which are fused to the
mesethmoid.  The vemer is a long medxan bone ha‘nng lateral mngs It is attached to the
inferior marging of mesethmoid. S

The echits are the pits _fnrmed in between the bones of cranium, auditory capsule, the offactory

- capsule and the upper juw bones. The only circum orbital bone is the lacrymal which lies

in frone of the orbit and conmects the frontal with maxilla of upper jaw. Ii contains a small
aperture cafled the facrymal foramien. The upper jaw is made up of premaxilia, maxilla,
pai_atmt,, pterygod; jug&i and’ squamﬁsal. ' .

: Promaxiilae are the two large median bont's farmmg the snoui, Thcy bear [he uppﬁ,r incisor
teeth.  Fach premaxilla gives off three processes, the nasal procéss which mns backwards
upto froptals along the pasal bones.  The palatine process which runs backwards along the
palate. The palatine processes of the: two sides meet in the dle and form the floor of
the nasal passages. The waxilary prooess rons along the m%

‘Maxitlse form the greater part of the upper jaw. Tar _premolar dl'ld molar teeth.
Maxillae like premaxillas give off palatine processes which t in the centre, there by formiug
the hasd portion of the palate. - From the outer si _each maxilla arises the zygsmatic
arch, which mests the squdmm pcsteriorly. Thé zygomatic arch forms the anterior and cuter
bomda"y of the orbit. ‘ @ g ‘

Palatines ate a pair of thin vertical pla bone lying internal to the maxillac to which
they are attached anteriorly. They articulaie posté‘norly with pterygmds and above with
presphenoid.  They surround the posterior nostrils completely,

Pierygoids are a pair of narrow verhcal plates of bone attached posterloriy to the base of
the cranium, the plerygmd process of the ahsphenoxd and aateriorly to palatmes

Jugals or maidt‘s are a pair.of iaterally compresscd bones cxtendmg bctwceu the zygomatlc
process of the maxilia and lhat of the squamosal. ' :

The lower jaw (Fig.24. 2) consists of two lateral halves Jomcd by - symphyms in ‘the middle lme_l_
(;ch half is made of a-single bone, the  dentary and: contains a - horizontal portion in the

aerior bearing ieeth and posterior’ vertical, ascending portion, which bears the condyle for

articulation »ith the glenoid fossa of squamosals. In front of the condyle is the compressed -

-curonoid process An anguiar process is gwcn off at-the junction of the vertical and horlzontal
" portions of the Jaw Both the' lowcr and upper . deposscs sockets for the teeth.
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Fig 24.2. Rabbit-Lower jaw. 1. iﬁcis_dr tooth, 2. Inferior dental foﬁm‘en.
3. Premolar. 4. Molar 5. Coronoid process. 6. Condyle 7. Anguiar process.

244 VERTEBRAL COLUMN

The vértcbral-qdlumn consists of about 45-46 vertebraé,. '

The spinal column of the rabbit is divisible into five regions. The cemcal, thoracic, l'imﬂ)ar,'
sacral and caudal. “Third lumbar vertcbra is taken as typical vertebra. It consists of :

., . . ~ . o ' : - . .‘ A-'
) a centrum, which is.flat at the anterior and posterior surfaces. The centrum in the = =
embryonic condition contains a centra} piece, an anterior and posterior thin bones called

epiphyses. These bones fuse with the centrum in adult condition.-

" Fig:24.3. Rabbis-Vertebra: A. Anterior Lumbar (Anterior view). B Posterior Lumber (iateral vicw)
1. Neural spine: 2. Prezygapophysis. 3. Metapopliysis. 4. Meural canel. 5. Transvefse process. .
"~ 6. Hypapophysis. 7. Centrum. 8, Neural arch . Post Zygapophysis 10. Anapophysis. - '

'§) meurai arch over the centrum encloses 2 neural camal for the passage of spinalcord

' (Fig.24.3). Tt has at its base, in fromt ‘and'b'éhind, a pair of notches called the intervertebratl
potches, which leave passage of openings between the successive vestebrae for the passage
of spinal nerves. R o : S

m) a median dﬁrsal process which is called the _s.yméus precess, Meuaral s?%.né"is borne on
the apex of the neural arch. : -

iv) transverse Processes, which arise from the dorsolateral ends of the centrum and are
directed out wards and down wards. S '



v) a pair of anterior zypapophyses, a pair of pesierior zygapophyses, cerfain- accessory
processes, the metapophyses and apapophyses ave alse present. Metapophyses lie above
the anterior zygapophyses and project upwards and forwards, Anapophyses present at the
base gf posterior zvgapophyses are directed backwards. _

: {?»mrncal vers;e‘i’smaf

Zheve are ssven cervical versetréb {Almost al the mammals mclu&mg the long necked Giraffee

" contain oniy 7 cervical vertebrae), The cervical vertebrae are characterized by the shoriness
of centrum, small size of the neural sping, and the presence of vertebrarterial foramen at
the base of the transverse processes of the first six verte*brae. The first two cervical veri,ebrae,
are specialized as atlas and axis. '

-Atlag, the st cervical vertebra is a ring ke structure with very much reduced ceqtmm,
reduced neural spine and wing like tramsverse processes (Fig 24.4). It bears on its anterior
face two lateral concave surfaces for the articulation ef two occipital condylés.

The sccond vertebra, the axis, bears on its anterior face of the cemmm a peg like process

the odonieid provess, which fits into the ventral part of the ring of the atlas. i has a spine,
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. Anle . C. Posterior view 1. Neural”
canal 2. Newral spine ‘3. Neural arch 4. Vegtebragerial canal 5. Transverse process
5. Facet for odontoid process 7 ats,for articualr surfaces on axis.

( th€ others in having a more elongated ncural .spine, in
having its trapsverse processes simple and imperforate, and in the presence of z fittle concave
semilunar facet on the posterior edge of the contrum (Fig. 24.5.B.).

1

F:fud 5 Rabyit-Vertebrae A, Auds {Latcral view). B. Typ;cai cervical (Anterior vnew) 1. Neural spine 2. Odontoid -
process: 3. Articuler surface for atlas 4. Vertebraterial canal 5. Centrum. 6. Cervical rib. 7. Post zygapophysis 8.
\éeurai ard:n 2 Prerygdpo physis 10, Epiphvis on centrum 11 Transverse process 12. Neural canal.
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- Thoracic vertebrae

The thoracic vertebrae are 12 or 13 in number. They have elongated spines which are mostly.
directed backwards and upwards in the fivst nine vertebrac (Fig.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 smal!
but -well developed for providing articular surfaces. A small facst born on either sides of the’
centrem is for the artiulation of the éapitulum of rib. ' ' ' L

Fig.24.6. Rabbit-Anterior thoracic vertebra, ‘A Anterior view. B. Lateral view 1. Neural spine 2. Transverse
process 3. Newrai canal 4. Centrum 5. Demifzcets 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 numbc@ have iypical struciure described already.

Sacral veriebrae Q

The sacral vertebrae are 3-4 in number. ey are fused to form sacrum (Fig.24.7) which is
wedged in between the pelvic archgs™ he first of the four vericbrae is the largest and its
{ransverse Processes arc €xp f3ed into wing-like structures supporting the pelvis; its newral

. . " . £ % ; H - e

spine is large. The veriebrad{in general resemble those of lumbar regior, buf. anapophyses
are absent, and hypaj @i yscs are abseni, metapophyses are small. The last two sacral
vertebrac resemble the al vericbrae. A

Fig.24.7. Rabbit-Sacrum. A.L@.teral view: B. Dorsal view. 1. Pre- zygapophysis- 2. Neusal spiacs 3. Post-zygapophysis
4. Centrum 5. Intervertebral foramina & Articular facet for illivm 7. First cacral vertebra,

’F‘"“s?» .



Caudal vertebrae

There are fifteen caudal vertebrae. The antenor caudal vcrtebrac have ncural spines much’
reduced and transverse processes and sre similar to those of the sacral vertebrac. There is
a gradual reduction in their size postenerly and the terminal ones consmt of only round centra
-(Fig24.8). The spinal cord does not pmgec& in- the tail.

© Fig24.8. Rabbit-Caudal vertebra (Dorsal view). 1. Neurat 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 stevnum.. The ¢ighth and ninth are aftached to the seventh rib

{true ribs), the remaming are free or floating ribs(false ribs). The ribs contain two atticular

facets on the dorsal side.- The ventral copitnium articulates with the centrum of vertebrae
and the dorsal articular facet, the tuberenbuss, is attached to the transverse process (Fig.24.9).

Fig. 24.9. Rabbit-Rib. 1. Capitulu'm 2. ;ubir‘cului 3. Vertebzai portion of rib 4, sternal portion of rib.

246 STERNUM = - W/

a

Sternum consists of seven segments of strenebrae Iying i 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 veatral sdge. Second to fifth are much alike, but the sixth is small.

The tast segment is called the mpimtemum and extends ‘beyond the attachment of the. ribs
and bears a cartilage, the xiphod camiage :

Appendicular Skeleton

The skeleton of limbs and their girdics constituie the appendicular . skeleton.

247 "PECTQRA;S_L GIRDLE

Fectoral girdle lxes cutside the nbs 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 veriebral edge of the scapula consists of a cartllage the spura scapula, which is = -

~ continuous w1th it. Along the dorsal surface of the scapula runs a ridge, ihe. spine which




" Radins aad ulﬁa(?orearm)' Q ;

ends bglow in an acromian pmc&s:s., From this a posterior process the metacromian is given -
off.-« At the narrower end of jhe scapula is the glenoid cavity into which fits the head of

‘humerns. Immediately in front of this is 2 small inwardly curved process, the coracold process.

This process is very muck raduced in mammals. A slender rod. the clavicle, Les obliquely

in the region between the prestermum and ihe acromion process. Clavieleis 2 membrance
" hone, which is comnecied to the scapula and sternum with the fibrous tissue.

Fig. 24.10. Rabbit-Right pectoral girdie. 1.Svpra scapula 2. Glenoid border 3. Metacromian process
4. Acromian process 3. Glenoid cavity 6.Coracold process 7. Coracoid border B. Spine 9. Scapula.

243 FORE LIME .

The skeleton of fore Hmb{Fig.24.11) mmp@Mﬁmﬁng bones:

Huwneras {Upper arm)

a2

9 carpals{Wrist)

| 5 metacarpals (Palin) and@

3 phalanges in cach of the digits cxcept the pollex which is with two only (23,333).

Bumerus : At its proximel end the bumerus 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 imsertion of muscles. A groove, the bicipital groove,” occurs between the
two tuberositites. In contiouation with the lesser {uberosity, there is a deltoid eridge. At
the distal end is a puiley like trochlea, over which fics a supra trochlear foramen. '

The radius and ulna dbmsiiuting the forearm skelston are firmly fixed togeiher so as to be
incapable of movement but arc not actually fused. Radius is shorier than ulma. The radius

. articulates proximally with the humerus, distally with the carpal bones. The ulna presents on
its proximal end a deep fossa, the greater sigmeid cavity for fixing of the trochlea of the
- humerns. The prominent process om the proximal side of this is the olecranom process.

Distally it articulates with the carpal bones.

The carpals of the wrist -are arranged in ihree rows, the first row consists of three picces,
mamely scaphoid (Radiale), lunar (intermedium), and ceneiforin {sinare). The distal carpals



[ o

aré four Empezﬁﬁm, srapezold, magnum and un?ciform. The eighth ﬁ)iece centrel is located
in beiween the two rows. '

Radiate 18, Trapezium 19, Trapezoid 20, Ungifomn 21.Centeale 22. Magawm 23, Metacaipals 24. Phalanges.

The five metaéarpiais are all amall but relatively narrow aud-élangate‘d boncs.' The first
metacarpal is smaller than the rest. The five digits contain 3 phalanges cach except polex:
which contin only 2. The distal digits are grooved for the attachment of horny claws.

249 PELVIC GIRDLE

The pelvic girdie consists of two halves, cach made up of three bones, ilium, ischivm and
pubis (Fig24.12). The twe hakves unite ventraily i the middle in a symphysis. The three
 bones are separate in young condition, but in adult rabbits they are fused together to form
os innominatem. Acetabular cavity ks on the outer side of the os innominatum, The ischium
and v meet in the scotabulum. . A small intercalated bone ihe -cotyloid bonﬁ.is present
between publs and acstabulim, Tium is dorsal in position and lies in front of aceetabunlum,
It has wing like expansion anieriorly; on the inner, of which.is a rough surface for the

articulation of tramsverse process of the first sacral vertebra. The pubis and ischium meet

at their ventral ends leaving a large aperture in between. This aperture is cétl!cd the obturator.
foramen, The pubes of opposite sides unite ventrally in a symphysis.
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Fig. 24.12, Rabbit-Pelvic girdie {Veniralview). 1. Iium
" foramen 5. Ischium 6. Ischial tubcrosity 7. Articular sux

v P

oy

_m-.:,gx-_:_ s

Ch‘_ __

| .
. Cotyloid bone 3 3 . Acetabulum 4, Obturator
faces for sacrum ||8 Pubes 9. Pubic symphysis.

24.18. HIND'LIMB

The hind limb bone'i are, !‘en-ur (Th:gh} Tllna and
{Foot), Phalang,es (Toes) (Fig. 24.13).

Fig.24.13. Rabbit-Hind limb. A Femur B. T-ibio:ﬂfa_
2.-Greater trochanter 3, Head 4. Lesser troshanter,
8. Proximal epiphyses 9. Cnemical ¢rest 10. Fibulg
" tarsals 13. Fibulare of calcaneum 4. Cuboid 15. 4

18, Mesocuneiform 19, Centralé or navicular 20

sta. C. Bones of fI ot 1. Third trochanter -
3. Shaft 6.'Patcf ar.groove 7. Condyles .
11. Tibia 12. Distal. articular surface for

Ctaws 16. Phalanges 17. Extocunéifornt
Tibiale or astragdlus 21.Metatarsals. '




Femur: The head of femm articulates with the acetabuiam Ex!;cmdl to the head is 2 promment

process called the greater tmch:m&er internally there is a lesser trochsmter and a third

trochanter is situaied just below the greater trochanter.  The digital end of femur - contains-
iwo prominences or condyles, with a depression between them (Fig.24. 13}, Ehe pateliar groove,

Tibia amd fibula : These arc fused at their !cywcr (dxsta]) ends and are free above. Thc‘tibia

is a stout bonc bearing, a large vidge called the cnemial crest. The proximal énd of the tibia

has an articular surface for the coadyles of femur. The ﬁbula is a thin splint bone lymg

outside the tibia. Between the fcmur and the’ tibia, there is a flat seasammd bone cafled
the kues cap or pateila: it fies in a deprcbsmn called the patellar groove at the lower end -
of femur and is kept in position by tendon extendmg form tibia. Distally tibia has two

articufar surface one for mstragalus and the other for calcamenm.

The tarsus cofisists of six bones arranged in two rows. In the proximal rows there are two
bones the astragalys (tibiale) and the caleancum (fibulare), with a strong calcaneal process
that forms the heel. Thé distal row contains 3 boncs, the mesecuneiform, eciocunciform
and the cubeid. One of the tarsal hones the navxcular (mnddle TOW) 1s intcrcala&ed between
" the TOWS. :

There are 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 navicuiar. E.ach of the four digits has four phalanges. Claws présem

Al the digits of both the Exmb«' haw: smaﬂ noduiﬁ like, seasamm bones hetwesn the ;,h,;dangm
for additional stnanfgih -

A

24.11 SUMMARY | - U

The skeletal system of mammals- distinguishe scl}%\m other vcrtcbrates in some réspect.
The skull bores are fused and can only be inguished by the sutures. The moondyhc

mammakian skull is characterised by ﬂ%:enog of the ‘zygomatic arch and the thecodont

and heterodont dentition; diastema is se rabbit. Lower jaw is formed of dentary only.
Articular and quadrate have been modified as ear ossicles along with the stapes (hyomandibular)

moving into the middle ear. ~ Pterygoid reduced and is scale-like. Vertebral column is -

characterised- by the epiphyses. Cervical verfebrae 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 sinplified into a broad scapula with a spine and an obliquely placed clavicle.  The pattern
of the os innominata and the limb skelcton remained basically the samec. :

2412 MODEL EXAMINATION QUESTIONS

I.  Answer the following in abouf 30 lines
What do you know about axial and appendxc ualar skeleton of rabb1t‘7 '
2. Give an account of skull bones, “rabbit.

3. Describe the vertebral column of rabbit.
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" IL Answer the foliowing In  sbout 10 lines

‘Dcscnbe the structure of lower ]aw in rabbit.

Describe the ,pectoral gtrdle of rabbit. -

Descnbe the structurc of a: typlcal vertcbra of ra

-2 S B SV R B

s

-,'DescﬁBe the skeieton of fore or hmd limb in ral_

: Describe the- pelvsc gu'dle of rabbit:| o l ‘

bit.

bblt.
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251 OBJECTIVE &\

© This lesson describes the ‘digesﬁve otgané of the rabbit and the process of digestion. -

252 INTRODUCTION

For any organi§m on carth energy is required. Food is the fuel for energy. Food is a mixture’
of several complex ingredicnts fike carbohydrates, proteins and fats. Cells directly cannot -

.deal with such complex molecules and require processing.  Hence digestive organs have

' ‘_ evolved in nature. Digestion occurs at two levels : (i) breakdown ‘of much larger complex
molecules .into some what small, molecules in' mouth, in gizzard (i)} further 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.

zs,a‘ - DIGESTIVE ORGANS

In rabblt the mouth- is relatlvcly smaﬂ ‘and termmal It is boundcd by the ha1ry movable ‘

. -upper and lower llps The upper hp is divided by a cleft in the middle, dcscnbcd as hare
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253. 1 Tongue _ 7_ |
. Along the floor of ‘the buccal cav1ty is the mus cular protrus ble tongue.. It is attached to the -

‘ thwmg and swallowing the food -bolus. .

2532 Teeth

: . Teeth are: present in both jaws, They are thee ndont ie. thtzy are embedded thhm the sockets

A

hp Thts exposes the front” teeth and helps in gnawmg the vegetable matter - The
' buccopharyngeal cawty is separated from' the - respiratory channel by the development of @

horizontal portlon called the sccondary palate. 1t| consists of ar. anterior hard palate strengthened )
by bony . processes of jaw-bones and a posterior soft palate.f The roof of the buccal cavity
is formed by the hard palate which has transvetse ridges ‘of/its mucous membrane, the rugae.

" Posteriorly the hard palate passes-into the soft palate whlch ¢nd behind as a small flap, uvula.
Many small mucous glands are located on the| palate. At the anterior end of the palate is

a pair, of openings of the nasopalatme canals. They connecb the buccal cavity with the nasal
chambers above. The buccal cavity contains some mportani structm'es hke the tongue teeth
and the opemngs of sahvary glands (F1g25 1) i
_ R RE
A

floor along the greater part of its length and is directed foriwards The postenor part of the

tongue is bard and is shghtly elevated. TheI upper surfage- of it is with various types of

papillae, which contain taste buds in them. Tongue is an organ of taste, bes:des it helps in

th.zs 1. Rabblt-Buccal cavity (wide. open) 1. Vlbl’issae 2.Cleft lsp{ 3. 'iwo antenor and two postenor
_ “incisor teeth 4, Nasopalating openings 5. Ha Ipalate with rugae 6 4. Thrce premojars 7 'Dxree molars <
8. Soft palate 9. Eustachian tube opening 10 Lateral wall of pharymc 11. Posterior interiornares -
i 12.'Epiglottis‘13-.'l‘w0premo'lan*. 14. Ha[rd arca 13. Tongue 16, Paplllae i [nmwrs

‘or alveoli of ‘the jaw boncs. Thete are twa sets of teeth in many mammals lifc. The: milk

- -teeth_éhd the permanent teeth, - The mitk |teeth appear m’ the ﬁrsa: set or milk dentttton and




are teplaced by the permanent sccond set of &eeth ‘The teeth of rabbit as in other mammass

are thus diphyodont. They are also heteredom iec., they are not all alike but differentiated
into four types as incisors, canines, premolars and molars.. The incisors also called as (:uttmg
teeth, front teeth have sharp cutting cdges and are vsed in gnawing the vegetable matter.
‘Behind the ‘incisors is a toothless region, the diastema. In other mammals this region is

occupied by pomted téeth, the canines, which are absent in rabbit. The premolars and the -

molars are the grinding teeth. Molars: do not appear in the milk set.

They possess broad crowns on the tops. They ate similar in their structure but différ in one

respect that the molars are not represented in the milk dentition and appear in the permanent -

dentition only. The number and variety of the teeth is expressed by a dental formula, The
dental formula: of rabbit is : i=2/1, c:0/0, pm ¢ 3/2, m : 3/3; = 16+12=28. Human dental
formula is C 221 11 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 ha]: of the upper dl’ld lower Jaws When doubled it gives

the total numper..

" -Fig.25.2 Rabbit-Teoth {1.5). 1. Crown 2. En ™% Gum 4. Dentine 5. Cementum. 6. Pulp cavity
7. Periodomai membrane 8 Jawzne A _keg 10. Apical foramen 11. Neck_lz. Root,

The mammalian tooth paxt “that pmjee up ebove the gum (skin covering the jaw) is calied
_ithe crown (Fig 25. 2). The semainder 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 tissucs which are harder than bone. ‘The crown is covered by '

the hardest shmmg white matetial ensmel. 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 (ivory).. It is
‘permeatéd by numerous finc canals, They contain the protopiasm:c processes of the odontoblasls

* (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 perlosteum of. the bone
which forms the alveslar or penodontal membrane ' :

There are: four pairs of salivary glands. Their duct§ open into the buccal cafrity They conisist,
of paretid glands, mfraorblta! glands, sulhmaxillary or submamdxbular and the sublmgual glands
(Fig.25.3). :
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Fig25.3 Rabbit - Salivary glands. 1. Parotid gland, 2

The vestlbuls and buccal camy are lined by ecio
‘hmderpart of the rectum has ectodermal linin
region of the- roof is lined by endoderm and’

12533 Pharynx

The pharynx is relatively shiort and wide.
* the respiratory channel. Internal apertures of
open into the pharynx.. Postenoriy, the phary
dossally. The entrance to the Earynx, thelgl

covered by the pharyngeal epnthchuv 7
2534 OeSophagns ‘ % T
_The pharynx is fbﬂbwcd bt sophagus W

the neck (dorsal fo the tra ‘@ )
and opens into the stomach Oesophagus is

It

. stnated or voluntary muscles,

epithelium. . At the junction with the pharyT

25.3 5 Stomach

is

riceiyes the of
@xmchiaﬁ
ax feads to the lak

s,. is guarded.

Eye. 3. Infmorbnt'sl gland. 4 Submaxillary giand

icrm and is called the stomodaeum Similarly,
called as proctodcaum The remaining middle,
known as ml sodacum or mesenterom.

I;!
the opii;ningé of the posterior nares of
tubes from the middle ear also

by the epiglottis.
) i.“., . L N

It is -cartilage

i
ich is a long'

ery muck fo!.ded lined by squamous stratified

it is havmg smooth muscles followed by the
i

_ The stomach is the most dilated part of the dligcstwe tract'
" 'sac lying transversely .in- the abdominal - cavi (Flg.ZS 4). W

here the ocsophagus enters the

stomach there is a cardiac valve. It prevents the regurgntatl n of food into the oesophagus

ymx ventrally and the oesophagus -

narrow tube. ' It passes through o
and the thorax perforatmg the diaphragm, enters the abdomen

It is more or less llke an ovoid

This strongly rounded end of the stomach is

called the cardlac region.: Beyond the entrance |

of the oesophagus the cardiac part is prolonge’d as the’ fundus The other narrower .part of

~ stomach joining with intestine is termed the
lining of the stomach there are the gastric.

is ‘stored in thc stomachis churned and par

pylornc part, It has a pylonc sphincter., In the
glands. It wall is stmngly muscular The food
tlally digested. | '

|
[
1
e

I
I
I
i
|
i
|
i
i
i
I




Fig.25.4 Rabbit - Alimentary canal 1. Dia h 2. Oesophagus 2. Fundus 4. Position of cardiac valve
5. C-rdiac stomach 6. Position of spleen- 7, P¥ioric stomach 8, Pyloric sphincter 9- lleum -10. Pancreas
-11. pancreatic duct opening into distal limb-12. Sacculus rotundus 13. Caecum 14. Vermiform appendix

15. Colon 16. Rectum 17. Large intestine 18. Anvs 19. Deodenum 20. Bile duct 21. Caudate Jébe
22. Gall bladder 33. Right central lobe 24.Teft central 25. Left lateral 26. Splgellan lobe.

25.3. 6 Intestme

Next to the stomach is the pro:mnal part of the intestine, the small intestine, a marrow tube'
about 2 to 2.5 metre long, The first part of it which is in the form of U- shaped loop is

‘the duodeuum In the mesentery of which lies the pancreas. The bile duct opens into

expanded begmmng ‘of the duodenum and the pancreatlc duct into the distal limb 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 j Jejunum from the: more distal pornon

the lleum In Jejunum, the villi and the mtestinal glands are larger than in ileum.

- The small instestine serves two main functions - Completion of dlgestlon ‘and  absorption of

digested food. The great length of small intestine provxdes a large area for absorption. The
inner surface of the intesting is produccd into finger like projections callcd.the intestinal villi

‘which increase the absorptive surface of the- intestine. (Refer Unit 31).
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2539 Digestive giands {-

253.7 Cae'cum‘ C ) - l } |

. From the small mtestme the direct course of the’ digestlvc tract is into the large intesting. In
mammals, at the junction of the two is a blmdly cndmg dwcrhculum called the caecum. It

ends {n a narrow vermiform appendix. it is 25 cms long. The; three way junction is marked
by a. swellmg called the sacculus rotandas, wuhfn which is vaive arrangement, an iles - caecal
valve. It directs the food first into the caccum bnfure cnl:ermg the colon. - In a herbivorous
mammals like the rabbit, the caecum 15, a:,secmte_d thh the ccilulose digestion by bacter 1a1

| H
25.. 8 Large Imestme !

The largz: imtestine is abouf 1 mctre iong If' consists of two- regzona the colon- and the rectum.

Colon is wide about 45 cms. long with a sacqu!ated appearapce: The rectum is narrower

|

and about 75 cms. long gives beaded appﬁarancic It includes the pmcwdaeum and opens
to the exterior through the -anus, which lies un‘der the base of the tail.  The large intestine
aids mamly in the formatlon and ehmmanon of faeces and E:hc absorption of water.

‘In addition to the glands prcsem within the variobs regions of the alimentary canal, there are

two importint glands which fie outside the dj;.geﬁf:we tract. They are the liver and the pancreas.

25391 Liver |

_ ) ‘ | ' . . .
The liver is a very large red gland. It is madé@ ive iob@s The ughl and left central,
the left lateral, the caudate and the spngeh aigbes. ts detaﬂed structure is ‘given in Unit 31,
The gall bladder is large and lies betweemthe right and lefi ceniral lobes. The main bile

and fmaliy opens into the begmm;é?f ofthe duodenum, .

‘duct. or cystic duct arises from i, an%c\mveﬂ subsidiary- dm,e;s from the various liver lobes

"
Fumtions of the Laver

Liver is regarded as the al workshop of nﬁhc body, in view of its. xmportant functions

It helps to some extent in’ d:.g,muony but it s not c;?;cluswe}y ‘a digestive organ, Some of 1ts

mportant funcnons are stated as foliows !
1. It produces a grwmsh alkahnc OB enzyxﬁatic watery fluid called the bile. 1t carries on
the following functlovs _ ! o -

a ftis’ ar antsseptnc fuid, dm{mymg b‘acteria.

LT

‘It provides an a!kahnf; mpdmm in [ht intesting, neu;t;:faliéing. the chiyme. '

o

Tt brmgs about’ the emul&faca{mn of ﬁ'aL
d. It stimulates peristalsis.

‘e. It removes excretory products. '

>

f." Helps in fast and fat. soluble ﬂta.mam absorpmm

20 vaer stores glycogen converting the excess of gluwﬁe (glycogenesm) When needed,

glycogcn reconvarted in to g!ucose ‘ } l B i
_ | o

'3, Liver cells producc heparm wmch is an m[fa vascular amt-x:oagulam




4 It sduces fibrin sgen and pa'ﬂthmm_i}m which are essential componeats of blood clotting,
5 _Livf:fr ée]!s manufacture Ecs.s:_ harmful urea from ihé {oxic ammonia.

6., -Vai*ious COZYMES are r;yﬂrihes‘ized in iver.

7. 'E_(upfi‘eé*_’sc{:lls of the }E'xft:r are pha%@aﬂsc,

8  Excess of smimo acids are conv E:"t?d into carbohydrates aﬂd ﬂmrcd as glycogﬁn in the
liver (:(-:Hs{gﬁue:maeﬁswnems}

"G, ln the embryo i_t'pmduccs Hlood corpuscios:

25.3.9.2 Pancreas

The Pancreas is an irregular, membranous, pinkish gland found in the mesentery between the
limbs of the U-shaped “duodenum. The paicreatic duct pours the pancrc‘atic juice with in
the distal Lb of the duodenum. It i both an exocrine as well as an endocrme gland.
' Histology and fuuct;om discussed m Unmit32,

254 NUTRITION

Ingestion

Ingestion is the act of taking the food into the alimentary canal. The rabbit is herbivorous
and gnaws the \egetabﬁe matter with its chisel shaped incisor teeth. Sliced off smalier pmce,s
of vegetable matter are scized by the mcbsle lips ‘md taken itbg the buccal cavity.

To the buccal cavity the 1_00:} is further subjected to theésactiolf” of the grinding% cheek teeth.

Instantly the food is thorouphly mixed with the saliva ¢ted by the salivary glasds. This

process is called mastication. By the movementsgaf the fongue the food is turned round in
the buccal cavity il it forms & pmpy mass oF bolu
MLCEs dﬂd d{gcctwe enzymes _~

Tﬂegiwﬁmn

After mastication, the bolus is swallowed. ¥in this deglutition the bolus is pushed into pharynx

by the raising of the tongue. It is prevented from entering the posterior nares by the soft

* palate. The epiglottis prevents its entry into the trachea. "By the contraction of the pharangeal
wall the bolus is forced into the oesophagus. - The proximal end of the oesophagus-is voluntarily
“dilated to veceive it. Gnce it enters the oesophagus further progress is ‘involuatary.

2543 Digestion

“The - food consists of carboh\.'c.ratu,pmtt,ﬁs mmcras salls,. vitamins and walor. Nath the
exception of the mineral saits and scme of the sugars most of the solid food of vertcbrate.:

is inscluble. Even if it. mixes with water it forms a colloidal solution, Such 2 sclution ;.

incapable’ of passing through the lining membrave of the gut. The food niust therefore be

rendered soluble and diffusible before it cad be of use to the animal.  The process n‘f‘i

converting insoluble food into a diffusible form is called digestion. In this- frocess i
molecular 'size of the substances is progressivcly veduced until a true solutign is formed.
a colloidal solution i changed into a crvsielford form. ‘Such a change is. brought about ©
" the presence of organic bio-catalysts known as ¢nzvmes. Enzymes are classified in ztccQ-_rdam“.u

“with the {ood substance upon which they act. Thus the carbohydrates are digested by diast: o

e saliva is largely watery bui contains.




1

or amylolytic enzymes, protems by pmf‘Po]ytu'

 25.44 Physiology of Dugeshon

Mammals retain the food in the buccal cavity
" tract. e
diastatic enzyme ptyalin. This acts on the olysaccharide

~ They include
* brings about the. emulsifiation of fais and agii

" measure excretory products formed- by the ﬁk

- orsteapsin (lipolytic) converts emulsified fats

the lipases.

During the process of mastication th

. disaccharides such as dextrin anc maltose. In
It is swallowed and mere
rence of the |Ocsophagus

a soft pulpy mass - the bolus.

In the stomach the bolus comes under the infl

| food gets

| the buccal

bolus comes ‘under the influence of the gastri¢ juice. i
by a hormone gastrin secreted by the enterecheomaffin (_:ells.
promotes the secretion of gastric juice. The
enzymes usually present in it are the pepsin
Pepsin reduces. the. proteins to protecses and p
. provided by the hydrochioric acid secreted oxy

of the gastric glands in the form of inactive
secreted, it is converied into pepsin by the

an internal antiseptic fluid destroying bacteria.
of milk forming clots..
the mother.

more fully acted upon by the pepsin. The tiss

the fat in the form of free globules . The pyl

food in the stomach for some time (in Inan| %

the rhythmical coniraction and relaxations of the

mixing of the gasiric juide is alse ensured, |'Y
acid ﬂmd_c:_illed chyme. 7_ C)

The muscles .of the pyloric’ sphincter from
{cbymea

force some of the partly digesied fo
h

and succus entericus from the crypts of Llebs'i'kshn aned E,

Bde is a greenish alkaline Watery fluid, It ha«:
purification. The salts present in it are very
sodiumbicarbonate, sodimm e
reduces the acidity of the intestinal conten

in colour owing to the presence of the bile

This is important to th
_As curdling causes the milk to b

gastric juice
and renin.

precursor,

} into the

‘hormones

no mzymes

essential for the
rockchate @ﬂd alyrochetate. Sodium bicarbonate

and providesi H

red blood corpuscles.

“The pancrcatlc juice is an alkaline watery fluih. Bt is very T

{proteciytic) and chymotrypsin..
is activated by another enzyme-enterokinase,
diastatic enzyme amylase or amylopsin.

stion Of hydrochloric acid.
Renin brmgs| about the curdling’ (coagulatlon) _
e young ammal which ‘is being fed on milk by
e retained longer in the stomach. The clot is
1e surrounding fat is dissolved a way, hberatmg
yloric sphmcte'r is responsible for retaining the
s Jong as forl
stdmach miscles churns the food. A thorough
e_sults inf

time to tiwné'
dnlz iodemmn.

ficki in enz;
lrvi)sm is [present as an 'macﬁ:we pred RFSGT *rypsmﬁgm It
a cﬁnstgtusu
It |converts Starch
into fatty atids and glycerol.

nzymes andrfats by the lipolytic énzyn’:ués or

and the digestion starts from this 'pdrt of the

n;:iixcd?with saliva. It contains a
or starches converting them into
davity the food 'is in the for.> of
ly| passes through the oesophagus.
In the stomach the

The!|secretion of which is mﬂuenced

Further the appetite also.
c¢ontains over 90% water, the two
i Both are a proteolytic enzyme.

gptones in the presence of the acidic medium
ntic cells. Pepsm is . present in the peptic cells

pcpsmogen After pepsinogen is
Further - it acts -as

2-4 hours). During this period,

the formation of a thick creamy
i. .
IE
Thus the peristahnc mevements

‘With the formation of chyme, theyduodenum js stimuiated m;- sccreic thrcc'horomcncs: Secretin,
cholecystokinin and ente@a, . These three

-and the intestinal glands t0”pour their secretions. The chji)m@ in the duodenum is subjected
to the action of three juices: bile coming fiom the fiver, p|

tpspeciively induce. pancreas, liver

ancreatic juice from the pancreas
hie Bzﬁmﬂer’sg‘mnd& '

l it. But adds water and prevenid
complstion of intestinal digestion.

alleatine medinm.  The other two

vate the panc catic Hpase. The bile is greenish
pigments-Bilisphin and biliverdin. They are in 2
m!cgranon GE the hacmmlobm of the worn oul

es, M é:dmains irypsin

Other is a
Lipase -

of smecus entericns,
and givcogen to maltose




The succus entericus is produced by the glands of the duodenum and small intestine. 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 pept1dases and dipeptidases (Proteolytic) transforming peptones into amino
acids, The enterokinase activates the pancreatic trypsin. The intestinal lipase hydrolyses fats.

Invertase or sucrase, maltase and lactase are diastatic enzymes responsible for reducing the -

disaccharides to soluble mmiosaccharides-.' Thus as a result of enzymatic action, the proteins
are all reduced to amino acids, the carbohydrates to glucose and other monosaccharide sugars
and fats to glycerol and fatly acids. While passing through the intestine the food received
more water from various sceretions. This alkaline fluid cmul.s:on is called chyle. It passes
through the rest of the mtesﬁ.mc

154.5 Absorpﬁiﬁn

In order to be of use to the organism, the food must be absorbed into the blood vessels.

ery little absorption of the digested food takes place from the buccal cavity for the stomach.
Alter the completion of digestion, greater part of absorption takes place in teum. The
absorptive arca of the small intesting is enormously increased by the development of villi (Fig.
24.5). Each villus is provided with a central lacteal vessel and is supplied with capillary blood
‘vessels. Villi are bathed within the fluidfood (chyle). Fatty acids and glycerol puss in to the
lacteal, - Capillary net 'vorﬁi absorbs the other food substances.

Fig. 25.3 Rablit-Villus showing sbsorption of food. 1. Lacteal 2. Artery 3. Vein 4. Cryptof - -
Ligberkubn 5 -Co'umﬂar cpithcliurm Connective tissue 7. Muscularis mucosa 8. Brunner's glands
After the absorption of the digested products the flid contents of iha alimentary canal pass
into the colon. In this regicn chiefly water is absorbed from the fuid residue as the
copservation of water is Eh{:.biggest problem with the terrestrial vertebraies. - 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 pellets, are discharged through the anus,

25.4.6 Coprophagy-

In order to obtain the maximum nutriment from -its food, rahbit has' adoptcd the habit of
coprohagy or coprophin. The facces pmduued during the night are soft and moist. The




1

_ Villi are the finger shaped processes i;

absorptive surface aréa. Fats spiif up into
" the lacteal vessels of the vill ches break down into isimple sugars while the proicins

nocturnal faeces are eaten and consequently

processes.

2547 Celluiose digestion

| ; . -
subjected to all the digestive and -absorptive

In a herbivorouns mamrnal like the. rabb:!: the solid food moslly consists of cellslose. It is not

The fluid intestinal contents are dirscﬁad intg.

digested by any of the _ordmary diastaic pnzynlu?,'s.

.in the large cascum.

In such ammals cel]ulose d1gest1011 occurs
i

caccum.

symbionts,
very lengthy process.

255. '_ SUMMARY

Rabbit: is a herbwore The digestive. system

glands and the associated accessory stmctur65| like the teeth and tonguc.
- Tongue mauscular and is beset with taste bud‘s
food. Respiratory channel is partitioned fr‘om the food ghannel by the palate.

digestion will ‘be initiated in the stomach a.nd

comprises of the digestive tract, the digestive
Canmes absent,
Tongue also helps in the mastication of the
Protein
is completed in thé small intestine along with

the break down of the fats and carbqhe'&rdtes by the secrétions of the liver, pancreas and

the intestinal glands.
caccum at the jusction of the. colom and the
the “cellulose will be digested with the heip of if
the symbiotic association; getting in turh mirod
out by the microbes by. secreting cellul(}s

into amine acids.

Q

‘ Y

# also by other enzymes of plants,
f

In herbivores, as in ra bit, the intestines are long and there will be a

ilebm where, hard undigested plant stuff like
acteria iand other protozoans that live in
neous foods. ! The cellulose digesiion is carried
the cytases.
brough out the small intestine to incicase the
glycerol and fatty acids and are absorbed into

It contains protozoa and bacteria as -
These and the cytases in the plants themselves help in digesting cellulose by a

25.6

MODEL EXAMENATION QUESTIONS

I. Answer the foliowing in about 38 lines,

1. Describe the digestive system of rab‘bli.'

e . . . ) .
2. Give an. account of the process of dig

3 Describe .ﬂlﬁ digestive. glands and me
1. Answer the foliowing in about 10 lnes.
1.'.( Mention the various enzymalic actic:{.
2. Describe the structure éf tooth.

. 3. Give a brief account on functions of

estion in rabbit.

Ltion the functions of liver in rabbit.
., .

liver.

‘4. The enzymes of pancreas

involved in the conversion of chyme to chyle.
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26.1 GEJEC'HVE' S . 0

® To appreciate the high ¥ orgamsed Dmm ‘md dzstrﬂ)l@ of nérve for functional co-ordination )

in rabbi,

26.2

ENTR(}E}UQTEGN - \<“"”

In. gprardl the ver' ebx ate nervous syc.tem is dms;bke into the followmg partq :

.. 1..

263

The centralt nermus system mc}udmg the bram sﬁuated in the cranium and the spi'nai -
- cord present in the central canals. of vertcbrac '
2. The cer»bm-spmal system zm}udmg thc pam:d cranial nerves arising from the brain, -
The spmai neeves whi f:h or gmau, from the spmai cord. '
3. The antomomic nervous s;smmx conszstmc of a pair of ganglxonatcd nerve cords and
: nc_m:s The nerves form two sub- systems the sympathetic and the pamsympathetlc '
4. Sense organs consisting of Hye, Far, organs of Smlel-, taste and touch, brmg out co-ordination
between above mentioned nervous systems and the environment. '
CENTRAL NERVOUS SYSTEM

‘Central nervous ‘system consists of brain and spinal cord.
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L 'Fpre Brain (Procencephalon)

26.3.1 Brain
The brain lies in the 'cranial.cavity.

. ‘ It is a s‘bft
The forebrain, mid-brain and-the hind

régions.

Fore brain is greatly de%veloped in mammals.
anteriorly and very large cerebral hemispheres.

hemispheres form the cerebrum. They are so lar

Be
~ Only the anterior end of it is visible from the| dorsal side.
h

the diencephalon and the optic lobes are overs
cerebral ‘hemispheres formed of - nevrons is cal
cerebral hemisphere is divided into a number

0
" oblique sylvian fissure about the middle of the hemisphere.

poral lobe.
ventral surface of the cerebral ‘hemrspherc is a-rhinal fisswre. 3

an anterior frontal lobe and the posterior tem

and hippocampal lobe from the frontal and te

hemispheres are connected with cach other by a txansverse br

callosum.

Fig. 26.1 Rabbit-Brain. A. Dorsal view. B. Ventral view
3. Frontal lobe 4. Syivian fissure 5. Temporailobe 8.
. lobes 9. Floculus 10. Lateraflobe 1. Cerebellum 1L

1S. Rhinal Tissure 16. Optic nerve 17, P\taatorybod'

(Fixst cranial nerve - 21, Optlc(second} 22, Oculomotpr{ihizd} 23 Trige
- 25. Facial (seventh) 26. Auditory (eight}) 27. Glosyoq

The two ceret:u

dorsally from-each ot_her' by a deep proove the median Eissure..
that they coYLr the oifactory lobes dorsally.
They project backward so that -

wl'utlsh struc

brain. e

it consists o

adowed. The
ed the wr..!

mporal lobes.

It is in addition to an anterior, posterior and mgd
_ hemisphercs of other vertcbrates. (Fig. 2.1) : ' !

f lobes by ﬁhsurea
}Zt divides each hemisphere into
Rimning longitudinally- along ihe

[urc. It is divided into three

il s

i the olfactory flc'yb'cs situated |
ral hemispheres arc separated
In mammais the two cerebral

mid dorsal thickening of the
al cortex. Swperficially cach
In rabbit there is an

t separates the olfactory tracts
Internally. the two cercbral

idge of white matter, the corpus

dle commissure present in the

nerves origin, 1'
Pineal body 7. 1
Vermis 13. Mcﬁ
i8. Corpus albicg
cminal {fifth) 24. Abducens (sixth)

phanmgeal (ninth

Olfactory lobe 2. Median fissure
Cerebral hemispher&; 8. Four optic
ulla oblongata 14, Oifactory tract
ns° 19, Pons varoli. 20. Olfactory

} 28. Vagus {tenth) 29. Spmal

accessory (cleventh) 30. Hypoglassal aerve (twelth crama[ nervc)

Because of the enormous. development of the cerebrum,

“only the anterior part is visible.  The thala

the I

encephalon o

wlfactory lobes i.c. vcntra]ly and

r diencephalon is very narrow.

"~ Mid dorsally arises the tubular pineal stalk, it extends backwards and ends in the pineal

body which lies closely against the roof of the crapium. On the

: r__ —

ventral side of the dlenccphalon |




is a funnel shaped depression the infundibulum, The infundibuluni and the hypophysis (of

- stonodum) together form the pituitary body an endocrice gland. In front of the pituitary body

is the crossing of the two. opﬁc nerves forming the optic. chiasma. The sides of the
thaiamenccphalon are thickened to form the optic thalami. The anterior choreid plexus
{capillary net work . in the piamater) arises in the roof of the thalamencepha}(m and extends
 through the third ventﬂdﬁ into the lateral vemiricles.

2. Mid brain (Mesencephalon)

_The optic lobes arc represented by four rounded prominences, the corpera guadrigemina on
(the dorsal surface. Ventrally there are two large bands of nerve fibres which form the erara
cerebri. : - :

3. iind brain (Rhombencephalon)

Ii consists of two parts-cerebelium and medulia oblongata. Like the cerebral hemisphems'

the cercbellum is also very large. I projects forwards and meets the posterior margin of the

cerebrum. It extends laterally and is clearly divided intc a median lobe the vermis and.iwo -

lateral lobes having a prominence the flocouli. The entire surface of the cerebellum is marked
by iransverse folds. On the veniral side the two flocculi are connected by a transverse band
of nerve fibre - the pons varglll. The corebellum is comnected with various other regions of
the brain by peduncles. Medulla oblo forms the terminal part of the hind brain. It’s
roof is thin and the piamater in this region becomes greatly folded and richly vascular, to
form the posternm" choreid g;ﬁ%mso» It is pushed into the cavity (IV Ventricle or metacoel)
of the medulta. : '

4, Veniricles of the brain | ‘ o 0

The brain of the rabbit apprears (o be a solid stmct

present. The rhinocoels in the cifactory lobes are megery obvious. The lateral vestricles
~in the cerebral bemispheres arc very wuch rede ‘The two lateral ventricles communicate
posteriorly with the third ventricle in the
of Mouro. The third veniricle is narraw a

&,

s the equally narrow iter or syivian aqueduct.

It opens into the wider fourth ventriclgrn the ‘medulla oblongata. Small cavities of the carpora
quadrigemina, representing reduced @GES also open into the iter. Al the ventricles are

filled by the nwiritive cerebrospinal

5. Meninges

The brain aad the spinal cord are snclosed by membrapes calied the meningeal/membraznes.
The inner most is a richly vascular plamater. In the roof of the diencephalon asid the meduila
it forms respectively the amterior and posterior choroid plexuses. - It is covered by a tough
and protective membrane the durs mater, forming the lining of the cramium. Between the
plamater and the duramaier is a third, arachnoid membrape. The spaces between these
membranes are filled with. cerebrospinal Ruid. ' o

$. Funclions

The Olfactory lobes.are concerned with the sense of smell. In higher mammals the cerebrum,
cerebelium and medulla oblongata are functionally very important. The cerebrai cortex is
made up of the vast number of neurons. They receive impulises from various receptors: {eye,

ear, skin) anal‘ysé the information and compute -appropriate responses in the light of the

memoeries of the past events that arve recorded. Thus the characteristic of the mammalian

ut the cavities or veniricles are stil -

igncenhalon through an intervenlricular foramen
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brain is that mstead of local ce*alres each conccﬁned mam!y w%h ong rﬁceptor systcm there
Cercbral hemispheres dfc.the chlei’ coordinating centres.

" has developed a cerebr al cortex.,
‘ They -are the sites of all voluntary actions, and pf]
are. associated mtdhgence memory, emotions
the human brain various argas have heen shudied which a

scasations. With the cercbrum
to learn from experience.
re a,ssomated vu.th spamal act mhu;

all conscious!

-and the s.hghiv"

Thus there are notor, wsuai and specrh cenires. o 5!._ : : L

: Th“ tWO pairs of optic ic-bes receive the visit ‘i ibres. The pos i.cribr'. patr receives. fibres from
- the couhlea ~which has greater unjortance aajthc organ of hearinb
. fibres end in the ‘thalamus or relaying impulse

The bulk -of the optic
s o the neonalhu’n (Cf:rebxal Cortcx) The

mammalian thalamus is called the optic thaiamtss Crura cerbu,rn carry sensory impulses from

‘medulla oblongata and. spinal cord to the optic: thalami anc}, thence to the pallium.

cercbellum is the centre for co-ordmallon of qulh‘wrium motor co-ordination and musculat

tone.
‘executed by the cerebellum.

The meduila oblongata contm!s the mvokuntar
beat, swallomng movements of. dxgcslws Orga s

26.3. 2 Spinai-Cord

The spinal cord is the posterior contmuatlon
the medulla oblongata to the region, where if
It is a long, white cylindrical structure situated|
It is slightly flatiened dorsoventrally and is so
" regions to form the brachial and lumbar swellin
in Unit No. 3L

'Funétioﬁs .

“The spinal cord coaducts the smsur

" center for the spmal raﬂca dcf'

All the conscious impulses have th ir origin (in the oot

. : - L
%lﬂ» motar impulses i

ebrai hemispheres; but they are’

mowmerxts hke (rcsplranon c1rcuidt10n huart

and gmnduid r

sccrehon}

fl the central é}céerus.Systém.‘ t extends from
‘narrows to ffi'nﬁ thread  like filesn teyminale. .
within the neural canal of the vertebral column.
4 what thickened in the Ibrachial! and lumbar

|g;OHxstologv of the spmal cord is ‘discussed

‘ \

and from the brain.

264 PER}PHERM_@:?W@S SYSTEM ~ | -

~ The central nervous system, comprising of the
~all parts of the body by the. peripheral gefvous sysiom.

* the ceatral nerves is “described as affevent or
1mp11}<¢: away from’ lhc central nervous Systemy
... perye. In a mixed nerve both the afferent a
. mervous: svﬁem “consists of the mﬁowmg sub- b3

L C_e'reb‘ra! or cran-iai merves - merves arisimng

3. Spinal nerves - -nerves arising from the

26.4.1  Cerebral or Cranial nerves

AT'h'gr'e arcw'twelve‘ pairs_o.f cranial nerves n ‘Jabbit.
sensory. I, IV, VI X1 XII are purely ‘motor-

N

brain and 1he spmal cord is co,unccted with
A
SCHBOTY BETVE. ?Where a nerve which is carrymrr
to as bﬂ@ClOl’ organ is a :motor or efferentt *
The peripheral

and G‘W;’ml fa rs are present. -

Stelns,

imm the bnam -

] e

s{m:ﬂ&i c*’)g’d |.

-3, Autonomic mervous system - consists of nerves gontrqllmg the functions of thc vu,era
(heart, lung, stomach, intestine etc.). '

||

1

of tllicse I. 11 aﬁd VIIIV are purely

and V, Vi, IIX and X are leBd havmg: both .
|

I
il
il

In

The -

It is the

nerve which carries impulse to

1.



sensory and motor factors in them. The name, ongm and dxstnbutlon of these nerves is as
follows : '

I.-

IL.

Olth'étory_nerves : It anises from thé cells of the olfactory membrane of the nasal cavity.
It is connected to the. offactory lobes. It is purely somatic (of recepiors) sensory.

Optic nerve : The fibres of the optic arise from the'retihapf‘the_ eye. -'i‘_heSe two
nerves ¢ross to form optic chiasma along the ventral surface of the brain. Then they

- get connected with the optic thalamus. It is also purely somatic’ sensory

I

IV,

Oculemotor : It starts from the floor of the mid bra_m and goes to the four muscles
of the eye ball Itisa somatlc molor nerve.

Trochlear or Pathetic nerve ©  This nerve starts dorsally and passcs at once into the
orbit to the superior oblique muscle of the eye ball. It is somatic motor.

Trigeminal nerve: It arises [rom the antérior ventral end of the medulla It is mixed

- aerve. It divides into three branches

The sensory opthialnic : It rups above the eye supphcs the skin of the nose and the

" upper parts of the orbit and the snout.

VL

VIL

1.
2.

3.

IX,

: Palatme branch to the roof of the moutth E .

The sensory maxillary : It runs ventral to the eye and is dlstrlbuted to the skinof the
snout; spacmlly to the iactxlc wbnssae :

Mandibular (mixed) : It runs to the lower j ]aw It glves a scnsory branch to t’“le tongue,
Then it is dnstubuted to the muscles of the lower jaw and to the teeth. ‘

Abducens nerve : It arises from the floor of the medull dxstnbutcs to the muscle
of the eye ball_. It is a motor nerve.

Facial nerve : It originates from the mde of the me. It is both sensory and motor.

It has thnee branchcs :

Chorda tympani to the tongue, snout _and salivary glands.

‘Hyomandibular : It supplies the mu of the iower jaw, neck and pinnz..

VIIL. Auditory : it starts from the ventral lateral part of medulla. It is distributed to the

utnculus sacculus, scm:cxrcular canals and cochlea, It is purely somatic sensory. -

Glossopharyngeal nerve : It ariscs from the ventral side _of the medulia. It is distributed

. to the sides of the pharynx and the. tongue Itis a mixed nerve.

X.

(1)

@

&)

@

Vagus or Pneumogastric : it is a mixed nerve ansmg from the medulla. It divides into
the following principal branches. -

Superior laryngeal. It goes to the” muscles of the farynx,

'Cﬁrdiac dépressor : 1t is distributed to the heart.

Recurrent laryngeal : It also reaches the lafyhx.

The main vagus or pneumogasteic-: i enters the thorax and the abdomcn Gives

_ branches to ocsophagus hmgs and stomach,

(5

"The cardiac supplies the heart musclés.
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_ Spinal Nerves

is noticed that the leg is
-movements. These are all known as reflex mctions. In ail’ Ihes\. examples the movements are

anterior end of the' sprrsdi cord. It is distributed to the pharynx, larynx, neck and
sheulder ‘

. . ) . ;| A . -
XII.'Hypeglessai . It arises from the ventral surface of the medulla. It is a motor nerve’
conirolling the movement of the tongue and innervates the intrinsic muscles’ of the tongue

- Some branches reach neck muscle.

' Spmal nerves connect the spinal cord with the other parts tof the ‘body: Co.rrespo'ndi'ng to

the number of vericbrae, the spinal nerves are very regularly arranged There are 37 pairs
of spmai nerves in the rabbit and 31 pairs in man, Of the 37 palrs in rabbit, there are 8

~pairs of cervical, 12 pairs of thoracic, 7 pairs of iumbar,I 4 palrs of sacral and 6 pairs of
© coceygeal. Most of them go to the skin and muscles of the same region. B_ut some of them

go to other parts of the body.. "The third cerwc 2l sends a branch to the pinna or external ear.
The fourth cervical, with the branches of f a‘th and sixth mnervate the diaphragm. A brachaal
plexas is formed by the union of the fifth t(‘) the eighth cervncal and the first thoracic. This
plexus gives nerves o the arms. Similasly the last lumbar | and the first 2 or 3 sacral 2o0r3

spinal nerves together form rhf fnmbo- qa(,ral plexus supplymg nerves to the legs.

All the spmal Nerves are mlxed in naturf: ‘}EJach cons:stmg of the sensory or. afferent fibres

in the dorsal root. They carry impuises Irom' the’ receptor organs (skin) to the cells of the

central nerVOus‘syslem, In each dorsal roo there is' an enlargement called a ganghon which

contains unipolar neurons. Fibrés of the vent Ia] raot carry’ 1mpulses eutward from the ceniral

riped niscles.

nervous system to an effector organ like the m cle,  Thisi nerve is otherwise- on eiferent or
f' .

motor, because it controls the movements G

265 REFLEXACTION - !
‘ e | !
The spinal cord conducts it @ e 10 and n'}m the bxam| But undm certain crrcumsiance“

te idthe spinal cord in response to external stimuli.. If 2 pin is
nal or a weak afid is apphef’ﬁ or. a hot body is touched then it
thdvawn. In our|daily lile we Lare performing a number of such

the nerve impulses orig
pricked in the feg of 4

produced by the agency of the central nervons system wrthoui the m.ervr'ntam of the will
In brief reflex actions are antomalic reaponsr-slrrr sticodi, Am aninal never thinks of performing
such actionis. They are perf{};med in. an avtomatic manne: Few e,.,ampies of reflex actions

‘are the eyes are shul when strong fight railﬁlo\'x then, ‘VE" -n the hand accidentally comes

in contact with a hot or coid object it is wrrhrzmwu We a:e «Jarﬂ ed by rhe refort of a gim
o

’ Many of our daﬂy ordinary movements whreh were started by the will and are ;ise’efore veiumary

'XE ‘e‘amrmi arcewm'y nerve it'is @ rﬁotor nerve. It arrses by the ubion of tibres from. the -

become later. reflexes. Thus ‘one walka Wr,limgiy and are therefore voluntary, becami.

late as reflexes. Thus one walks without fhinking shout | ,lx and wery step is properiy taken.
The necessary muscles receive impulses from the central ‘nervous sysiem. and contract,  The

S . i . i . p
- central ‘nervous system itself receives senso y| impulses frs;um the eve or the ear or due to the

cdnract of the feet with the ground. - '

The spinal nerves arc mixed, thaf is they cmmrr both ihr -wmory mi motor fibres 'l‘rg 26.2).

When the: nerve approaches the spinal cord; rh fibres wspa; alé 1o form respectively the dorsal,
il 1
(affcrent or sensory} and the ven aral mm (crf snt or motor ) in the sp;r;a*i & f}id

: . 1 . .
I 4 .




Fig 26.2 Diagrammatic crass section of the spinal cord to iHustrate a @picai&e’ﬂebmte reficx are. The arrous indicate the

direction in which imj )uise«; are transmitted. 1. Wh He matier 2. Dersal horn 3 Ventral horn 4, Vemral izt 5. Momx

nevron 6. Gréy‘mat et 1. Dorsal septuin 8, Central mﬂaﬁ a. I}ovva] root 18, Cell body ofomsmy neutong 11 Dorsal rost of .'

spinal 12, Axon of sensaay newrons 15, Akon of ?uEb:f amemﬁ uw*‘cm 18. Cffecior ‘muscle i‘? Veats al rost of spinal fiorve
18, Aupn of MGG Henrcn 19 Spinal cord, '

Refiex Ajf@

"The p;ﬂh f(}"UWFd by a stisaslus shuring the roflex action is Called)a reflex are. In a seflex

action the nerve impulse s nof Wanunitted directly from. aregeptor to the neighbonring effector
surface, . But it takes 2 certain course,.and . the _reﬂcx' is produced in the following

A snmtﬁus of the: ikm {a mcepmf ﬂuxtacc) 4
impulse is conveyed 10 a SERSOry nEUron Eoca ¢d n- the -dorsal oot ganglmn or the spmai

anglion, . Lateér this nerve impuise. fm‘ Snsory neuron travels along its axon inte the grey
, BAOEE p ‘ ry B ,

reatter of the spinal cord and terminates mythe ventral horn.: Here it is in symapnc contact
with the dendrite of a motor neuron. From this motor neuron the 1mpulse passes outwards
along the axon to muscle tissue or gland . (an effector organ) and stimulates the muscle to
“contract. Many reflex. reactlons involve more than two neurons, there being an intermediate

neuron. . The series of structures involved in the reflex. path ie., smsmy receptor, sensory .

neuroa, relay cantres, mtermcdnat.., acuron. motor ‘helron and effecior ‘organ consutute the
’ re[‘lex action. : : - .

el AUT'_GN@M!_(: NERWEJS SYSTEM

The involuntary { activities of an ammal such as the bcatmg of the heart, movcmcnts of the_‘

gut and. secretion of sweat.are controlled by the autonomic nervous system. It carrles efferent
impulses to effector organs which. are not under the control of the will.

" The a:.i:lt_ﬁnomic' nETVOUs $SySteim comprisgs'ﬁf'two parts, the sympa_thetic (Thoracico-lumber) .-
and parasympathetic (Cranio- sacral) systems (Fig-26.3). In both cases nerve fibres- arise from

‘the brain or spinal cord and pass to the cffector organs:  Each of the two systems has many
sm,h path Ways alnng ibe course of which there is a compiex set of svuapses constltutmg a

& ausited into a nerve impulse. This nerve
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. ganglion. The nerve fibres: on the ‘proximal side of the g;lg‘anglion are called pregan_gli('mi"ct

fibres, those on the distal side the ‘postganglionic fibres. i

EEEA!

»

MRS B I A S N5 0 | igff. .

-

e

e

Fig. 263. Diagram summarizing the main fedtures oﬂ the mammalian avkonomic aeivous system.. 1 Parasympathetic
system (cranio-sacral) - 2. Sympathetic system. (Thoracico-lumber). 3. Brain- 4. Spinal cord.. 5. Tiis 6. Tear gland

7. Salivary gland 8. Long preganglionic fibres. 9. Healrt 10. Short postigangtionic fipres '11. Lungs 12 Stomach
13, Smallintestine 14, Pancreas 15. Adrenals 16.|Large intestine 17, ‘Bladder 18. Genital orgaes 19. Long

!

postganglionic fibres - 20. Short Preganglionic fibres| 21. These genglia are situated in the wall of the effector, so.

: pfc-ganglionic fibres are long, postganglionic fibres shoet 22. These g;xlnglia are situated close to the spinal cord, 50

pre-ganglionic fibres are short, post-ganglionic fibres are long. . .

. Strﬁcturally the two systems differ in the disposition, of thc ganglia. In the sympathetic system

- the ganglia lie by the side of the vertebrae‘,_ close to the. spinal cord. -As such the preganglionic

fibres are short, the post ganglionié-fibrés' long. In thcl pa:asympaﬁheitli;:_:systcm the ganglia

are embedded within the wall'of the effector; organ. - In

1

this case the preganglionic. fibres .are



long and the post ganglionic fibres short. Functionally the two systems differ in producing -
different transmitter substances. The ends of the sympathetic nerve fibres produce noradrenaline.
The ends of (norephedring) the parasympathetic fibres produce acetyicholine. It is interesting
to know that these two systems arc antagonistic, i.c., they generally oppose one another. If
the sympathetic brings about contraction of a muscle, the parasympathetic relaxes it.

Some functions of the sympathetid and parasympathetic systems are given in ‘the following
table which show the antagonisiic actions of the two systerms. : '

Sympathétic systé'm 7. ' : ‘ 'Parasympathetlc system
L Accele;'ates heart o ' ; B Slows hcart
2. Cons.tr-icts‘-art'f:ries 7 : 'D_i]ates ‘arter‘i_es |
3. Contracts bladder and sphincters _Relﬁxcs bladder aud‘anai sphincters
4. Slow down the gut movéments ~ Speeds u;\y gut movements,

Morphologically, in the trunk region there is a segmental arrangement of the ganglia on cach
side of the vericbral column, Successive ganglia are linked together by a sympathetic nerve
which arises from the brain. The nerve fibres relay impulses up and down' the body. Each
ganglion is connected to the respective spinal nerve: (Ventral root) by a pair of slender rami
communicans. From each sympathetic ganglion nerves teach the respective effectors. The

parasympathetic system or the cranio - sacrai'comprises of the whole of the vagﬂé nerve and

its branches, plus certain other cranial and spinal nerves. ere are no ganglia_in‘i the course
of these merves, and.the synapscs between the pre and post ganglionic fibres are located
within the walls of the cffector which contain gang%m\ ' ‘

Nes?

1267 NERVE-IMPULSE TRANSMI

i}
) - N - M - * -
The message transmitied by an axon is ca@ the nerve impulse. 1t is an electrical phenomenon
and in certain respects the axon -like an electrical cable.

The experiments on- the transmission of nerve impulse in the giant axons (a millimeter in
diameter). of a squid has thrown much light on the events that octur inside the axons at the
transmission of nerve. impulse, The details of these events are discussed below :

The electrical nature of nerve impulse

It has been observed that when axon is in the resting state, ie., when it is not transrmttmg
an impulse, a potential difference is maintained between the m51de 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 situation is momentar;ly 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 is called action potential and clearly it involves the
sudden depolarization- of nerve membrane. As indicated in the diagram (fig. 26.4) The
action potential -is cxtremely short lived.” It lasts for about a millisecond, after which the
~original resting potential is restored again. - The nerve impulse thus is a propagated negative

'
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- lomc bams of the nerve 1mpuise ,

“More recent expsrxmcnls hava prowded an iomc ex

" are very different.

. pmnp mechamsm which is ‘the major cause of the

cuarge on {he sutsxde of lhe membr.me caused 't!xy a wave " oﬁ dépolari'iaﬁonj which™ passes
"'along i:he axon, -. : : ' - LT e

above. 'When the -axon’: is at rest, the conr:entmi"n

of ions on

There is an excess: of- potassm

m ions xt

i
i

LM
il
i
u
i

planatmn of the clectrical events described _
.enthen side of the membrane - -
and orgamc .anions - m-suie the

axon and an excess of sodium ions Na l-;mmcdxateﬂy outside. The ‘Na jons are actively’ extruded.

axon once they have been f.,ypelled from it: This ‘a(

tive remaval

“across the membrang and their properties of p rmeability preyent them from cntermg the. -

|af Na +is called the sodmm'

rc%nng poten tial.
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thn ari mnpuise pa.sscs along the axon- ‘ihe sodm ;
_J |ions, which |
ye| axon by d1ff
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' pbtcntial_;i. Axond, Depolarized section of membrane.

- Fig26.5 Diagram showing thice stagés in the propagation of 4n impulse along
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rapidly and expEosiyely and roverses the resting potencizl, the inside of the axom becomes
positive relative to the outside, resuliing in the action, potencial. Small local cireuits on both
sides of the membrane ai the leading end of depolarisation, excite the next part of the axon,
50 the action potential is propagated aiong it. '

As outside axon becomes flooded with the sodium jons, potassium ions begin to re-enter
inside and leave. This marks e beginning of the recovery process in which the inside of

the. axon regains its negative charge. Compiete repelarization of the membrane is achieved’

by the sodium mechanism starting up again, the N, + ions being vigorously extruded - from
‘the axon once more. The relationship betwsen these varions events is summarised in Fig,
264 and 26.5 S Lo : '

- Nerve impulse can thus be explained in terms of changes occurring in the properties of the
membrane surrounding the axon. The transmission of nerve impulse reguiréd energy which

~ comes from ATP

The above account is based on the giant axons of the squid. Experiments carried ogt'sﬁggest
- that the ionic explanation of the resting and . action potential applies ‘in general to all nerves.

268. SENSE ORGANS
Sense jor'ga-ns}_are car, eye é;c;

12681  Structure of the Ear

It is in mammals that the ear has a'é,ached the highest d'@@af development. The. middle
car and the inuer ear have become far more complex fd t

or pinna.

£,

‘The .outer ear ov pinma is a trumpet like struc%q)f variable’ size and shape. It is a flap -

itfy many other. mammals it is provided with
tions. ~ Thus the -external ear is useful only in °
direction of sound. ' Leading from the -external

of cartilage covered with skin. ‘}n_' rabbit
_muscles ‘which can move it in different
. collecting sound waves and in detecting o1
ear into the head is a swall tubular e@ y meatus (having wax or ceruminous glands) which
‘ends in a .chamber the middie ear or tympanic cavity. . S

The middic car is as air filled space of irregular shap{:'-éohtaihcd within the t}@péhic bone -
and connected with the back of the buccopharyngeal cavity by the Eustachian tube,” The _

middle car is :sspératad from the- anditory méatus by the ear drum or the tympanum. In

the inner wall of the middle car there are two apertures, the upper one is the femestra, ovalis

and the fower- circolar aperture is femestra rotunda, both of them covered only by the
membranes, - v : U - ) _

The iympanic mémbrane is linked to the fenestra - ovalis by a chain of three small bones, the .

auditory ossicles, which are named as the T-shaped Eﬁaﬂeus, hammer attached to thf:{ympanm_n
- a long pear - ‘shaped incus and a sairmp_shapcd, Stapes, with ‘its base. set in the foramen
" ovale or fenestra ovalis, These three are connected with one another by definite articulations..
_Tension on. tynipanic:__mcmbr;m_e*is malatained by a small 'mustle tensor tympani Whi'ch TUAS

from the inner wall of the tympanic chamber to the malleus.

The membranous Eab}’ﬁ‘?t_h or the inner ear is lodged in the periotic bbne{'and i formed by

the semicircular canals, ‘utriculus, sacceulus and cochlea and the 7_a'ssociated striuctures. The

©

¢ is an additional external car
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~'semi circular ‘ducts are enlarged as amputlae al
_a sensory spot called crista. Similarly the Utr-icu'}usiand‘SaQCHius?; posses a Sbnﬁ_Q'l'y spot cach, -

L]

AN

wnie end of t:ac;}:g canal. - Each ampulla has

similar to crista, called ‘macula. Cristae " and r'glz'aculae' are the auditory sensory: SpOts.

| 'l_IlSut the lagena or the cochlea which'in other mammals is re; M |
" becomes fluid filled spirally round, blind sac and is enclosed within a part of the ‘anditory

- capsule. - A transverse section of the cochlea g

cochlear canal which is crossed by two membrano

26.6).

(L]

Stapes 5. Tensortympani 6. Inner eas 7. circula

ié'reprcséx%téd by a bud hkc outgrowth,

vés the inip.rcgtsion_‘of ‘a bony tube. The
ug partitions s¢ that it is divided into three

chambers, ‘an upper scala _vesﬁbuli, a -middle sm'la media anc:i:_'a low scala tympani {Fig.

s canals. 8.Utricelus 9. Sacules, 10. Lagenaor

- Fig. 266. A Generalised mammalian cat. 'ﬂ%is;:)cqcaof rabbit. 1. Mi(fidle ear 2. Malieus 3. Incus 4.

tunda 13. Fene

cochlea 11. Euvstachian tube. 12.‘Fe‘ne'
vestibule 18.

.. -auditory meatus 16, Externai ear

Lisa ovalis 14.. Tympanic membrane 15. External
Periotic bone. 19| Reissner’s membrane 20. Scala -
ng cells 24. Receptor cell 25.Auditory nérve 26.

* media 21. Basilar membrane 22 cala tympani 23. Support _
""" Organ of corti 27. Tectll!i brane 28. Auditpry epithelivm 29.5-Pcrilymph.'30. Endolymph.

paititions. The upper onc is the Reissner's me

The upper chamber ‘of the cochlea _\#hich is bet

|

. The middle chamber or scala media is a continuation, {from the sacculus. '\ Is is filled with

endolymph. The up'pef and the lower walls of the 'ls_cala media ax
: mbrane and the lower the basilar membrane.

e made up of two membranous

cen Reissnér’s membrane and wall of the

‘bony canal is the scala vestibuli. It is perilymphatic space.’ The scala. vestibuli is connected
at the top of the cochica with the lower: chamber of the cochlea which is known as ‘scala

tympani by a narrow duct, the helicotrema. S‘Fa'la tympani isial}so filled with perilymph and

~ ends blindly against the fencstra rotunda.

._ | 8
- The some what complicated arrangement of "the
the scale made be imagined as growing out as|a

i
1
I

canals in tl{lc' cochlea may be visualised if
spiral tube from the sacculus and as it does

so pushing infront of it s portion of the peri yiinphati‘c 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. -

Lnke the rest of the membranous Vlabyri‘nth thé?: scala ‘medﬂé_ﬁ is lined by an ’ebithclium of
* ectodermal origin where _itzoverlies the basil‘ar ‘;membrane is/modified to form: the organ of

!
i

- I _,,,,;_i .




Cortl, contammg supporfing and recepto* ccHs ef sense organ (Fig. 26 B).

Organ of Corti consists of collection- of tall piltar- like suppnrtmg LCHS and five longltudmal‘ _

rows of receptor cells, The receptor cells or the hair cells are over faid by a gclatmous

ribbon like membrane the tectorial membrane, i in which during life the sensory hairs (Sterocilia}
of the receptor cells are actually embedded. Components fibres of the branch of the audltory g

or VIIE cramai nerve supphed the reccptor cells of cocblea

Balance and Hearmg

Tha ear is usually described as a single unit sense. organ But 1t is concerned with the
perception of two totally different kinds of stimuli. By this sense organ the amma_l is made
aware of its' movement and of gravity, The animaf is enabled to orientate itself and maintain

' _1ts balance.- The upper part of the inner ear (membranous labyrinth) including the utriculus

* and sexmclrcular camals are concerned with the appreciation of changes in velocity. The ear

is alse a sound receptor. The sacculus are its outgrowth, the lagena or cochlea (specmlly -
“the organ of Corti) contaia ‘the sound receptor. The outer ear is probably useful in dctcctmg“ _

5 the direction of the source of sound. The auditor ‘meatus acts as_ an amphfier The ear

: ossmles transmlt ‘the wbratmns mduccd by sound failmg on the tympamc mcmbranc to the

fenestra ovahs

2682 Structure of ihe eye

The eyes #re msxmi "orgdng. “%e"‘cya balt: zfmym ool - !edged i thc or%nts
Fach is further pmtccned by the upper and lower cye lids, which can close the eve. It is
~ only a smailer part Df eye which is exposed. In rabbit there is 2 third eye hd, the nictltatmg

‘membraire: which is transparent-and-can cover completely the t surface of the eye bali;
Movements of the eye ball is. brought about by the muscles o cye ball, whlch are six in

number. They consist of (he unterior rectus, pqsl;ermrs and the superior and inferior
Fhe front surface of the eye ball

is separated from the outside. world by a thin tr%&ent layer, the conjunictiva, - This is - .

-regil.  There is a superior and an inferior oblique musclé

creafly an arca of the modificd cpzdcmn_s and is“gontipuous with the epndern’ns of the eye lids
ai’ the periphery. The conjunctiva is kept §T‘”and transparent by the secretion of tha
- lachirymal or tear gland. . - They are sim%& the uppcr outer angle of the eye dids., ‘

'Flg 267 btmcture of mammahan eye 1 Ante-lorchu‘nber 2 LCornea’ 3 Lens™ 4. Postenorchamber
©os Cmary body . 6. Retma 7. Chorcid 8. Sclera 9 Optac neive 10 Blind. spot 11. Clllary muscle.
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3. The i mner r ‘most coat of the eye ball i

The vertcbrate eye corresponds very much

of the eye ball can be seen in the vertrcal s

- the. follomng layers.

! ', i'_

ith a photographic camera, thus there is light

'proof box, a diaphragm, lens system and a surface sensitivé. to light. The internal structure

cnon. The wall of the eye ball is composed: of -

1. The ouier firm opaque protecnve, dense| white, connecnve tissue layer is the sclerotic.

‘Between the eye lids it.becomes transparent and is bulged out to form the .cornea. It
is to this sclerotic layer that the six muscles responsrble for movmg the eye ball are

'attached . o . }

~up of connective tissue, the spongy ch
"continuous with it but forms ‘a -sort o

2 The sclerotxc is lined by a vascular, muscular and deeply plgmented second layer, made '

oroid. In the region of the cornea it is not -
curtam strétched across the eye ball, the fris.

The blue, black and brown . colour of the eye. is due t? the colour of the iris. The iris -
s perforated by an aperture of vanablc size the pupll -The diameter of the pupnl is

controlied by two sets of muscles in the, iris. ‘The clrcular muscles of the iris by their

contraction decrease the diameter of the
increase the diameter of the pupil. Th
eye ball. ‘Lying in the outer margin of
" This is a thickened zone of the choroid
smooth muscle fibres.

. pupil. The rachal muscle by their contraction
iris regulates the amount -of hght entering the
he iris of the choroid coat is the ciliary body.

which contam% larger blood vessels, glands and

thé retina. ItI does not form a complete hmng :

for the eye- bg]l ‘Tt is continwous only as far as the i 1ns -It is the sensifive layer which
- contains nerve cells.- The retina is a co plex structure| but it is only three neurons deep

. _ )
Immediately behrnd the iris hes the lens, F‘ﬁpment blconvex and elastic body It is
()

contract the lens is flattened B h
- 'spherical shape, thus can aecommlﬁ?&:‘lj near and drstant object.
b

Between cornea and iris is thé\dnietior ch |

the crhary body by the fibrous- suspensory

attached by the margins of its transparen g
_ligaments. There are radial and circ'ula@les in'the cxlrary body. When the radial muscles |
en

e circular musclcs contract it assiumes a more

er and betwc;en iris and the lens is the posterior

chamber. They togethes @ aqueous chamFmr filled by a t::‘anSparen!; watery aqueous humour.
Wlnle the chamber behifid the lens is vitreous chamber. iit contains 2 jelly like transparent

. vitreciss humoui. In the vitreous humour 1s

\
extends from the blmd spot m retiua to the

humour :

26 8.2.1 Structure of r"e.tina

the remnant. of an- embryomc blood vessel. It

back of the'leq_;. Hence it perforates the vﬁreous

Beginning from the outside ie., next to choroad and passilfg inwards, the retina is composed_ '

of. the following layers -

(a) Plgment epithelium. It is a s.ﬁgle‘ layer of polygonal ep1theual cells. The cells contain

pigment granules. Functronally it absorl)s Hght, prevents rcﬂectzon '

" and the Cones. The rods are single ce

- {(b) -Beneath this,pigmented cells lie _the photoreceptor ori lhe visual cclls of two types - Rods

Is which bear at their cuter end a long slender

" cylinder. The cylinder contains a a purpie pigrients (v;sual purple). ihodopsin a substance

allied to vitamin A containing proteis.

“From the i mner end a merve 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) IOdOp‘-'m A nerve fibrc arises from Lhe o
inner end of each cone as in the rods.




Fig. 26.8. Section of retina (Artow shows direction of light). 1. Receptor layer 2. Relays nerve impuise
3. Smpuises relayed to centres in brzin 4. Pigments ceils 5. ‘Cone cell 6aed cell 7. Position of packing and
supporting neuroglial cells 8, Bipolar newron. 9. Direction of impulse 10 Ganglion cell 11, Fibres
. o converging to form optic nerves. S
(c) After the layer of the rods and cones, there is a layer of bipolar nerve celis, which in

_ turn by their very short axons, relay the nerve impulses recetved from the visual cells to
next inner layer - _ ) . :
(d) the inner most layer consists of large ganglion celis. Th onsdre the component fibres of.
the optic neTve L , S ,

In addition to the nervous compouents of the retin cribed above there are packing and
 supporting cells Iying in between the essential ipopents. They are the neurogial cells and
. the important cells termed Muller’s fibres. Qﬂl : o _

The rods detect: difference in the 'mten@ lght but t_héy do not discriminate finer details
of objects. * They are concerned with "twilight visien". ‘Thus the eyes Iof'noctui'nal 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 light vision". They as well
discriminate colours and are associated with colour vision. An imaginary finc passing through
the centre of the lens will strike the retina at a point described as the yellow spot containing
fovea centralis, This is mostly composed of the cones. " The vision is sharpest at this spot.
The part of the retina where the fibres of the optic nerve converge is ¢alled the blind spot.
It is a non-semsory region where no image is formed. _ -

The light rays which pass through the conjunctiva, cornea,. aqueous humour, the leps and the
vitreous humour fail on the retina. All the above structures offer transparent media to the
fight rays. The lens plays an important part in accominodation and focusing the light rays

on the retina where a diminished inverted image is formed at the site known as fovea centralis.
The impulses are transmisted through the optic nerve to the brain due to which we can have

the sense of vision with the actual size and correct posture of the object.

In addition to the ear aad the eye which are important sense organs, a mention is to be
made about other receptors. The entire skin of rabbit is sensory and acts as the tangoreceptor -
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268, SUMMARY

il. Answer the following in about 1§ lines.

ie., it is sensitive to the touch and other “stimuli. * The tongue is provided with' taste-buds,
which appreciates various fastes. Tungue is [thus a gustatory organ. The nasal epitheliim
of the nose is rec&:ptwe to the oHactorv sensation, Olfactoréceptor. Sméll and taste are closely
allied senses. ST ' a

The nervous system can be classified into c,ntral per1pheral and autonomic nervous systems.

Mammalian brain shows its peak particilarly the cerebrum with its neopallium cerebral coriex’s

and carcbellum with its vermis and 'iwq ventrold&eral ﬂoccuh Mid brain represented by
corpora quadrigemina. Peripheral servous system comprlsc of the cerebral (12 pairs) and
spinal (37 pairs) nerves. The autonomic nerveus system comprises of sympathetic (adrenergic)

-and parasympathetic (Cholinergic) compc_z_lentls which are antagonistic to each other: * The

living nerve is said to be polarised. On stimulation, the live nerve gets depolarised (change
reversal) to give rise to action potential \m‘,nlfe 1mpulse) which will be propagated along the -
nerve fibre. A nerve impilse can mever be ‘ stoppecl (all or none law). * Mammalion ear is
highly unigue in several respects viz., pinna, ear ossicles and cochlea. The cochlea is clongated |
and coiled with the organ of Corii Whm is the organ of hearmg while ‘the semicircular. canals.

with cristae and maculae ufncuh and saculi are the audxtory organs
. \

As usual, the eye has. 3 coats, ‘duter tokznh\ubrous coat, ntiddle vascular uvea and the inncr
SEnSory reina., The mammalmn rshna iy formcd of rods ad cones containing rhodopsin visual

purple} and iodopsin (visual ,vmlei:) reqpecuv@ dim and Dﬂg§“i (& colonr) vision. Arca

centralis, is mostly composed of cones, The, hergditary d;%auw pighi blindness md color
blindness are the respective deficient c?&sons of rhodopsm & odopsin,

- | | A
2614 'M@BELEXA;WENATEQ?@U LOTIGNS.

I Answer the fellewmg it Qﬂ'i 30 Lnes ,

1. Sketch the dors d ventral‘ aspects of the bram of rabbit. Wrile a note on its
' charactemuc features. ' ' D

S 2. Descnbe the structure of ihc bram of rabbit. Fnumerate the finctions of its various
parts. ' L Lo ‘

3. Give an account of the structurs and functions of the mamimalian ear.
4. Describe. the structure of the eye. | Add a note on physiclogy of vision.

5. What is nerve impulse 7  How it i firansmitted 2

- 1 Descnbe the ‘cranial nerves of rabbit

What are the important functions of
- S

"Whal: is reflex action ? Adda nOE{‘

Give a brief account on tlw au*on@q

LA R

Describe the stmcture of retma

b;'ain 7
on reflex are.

Ous Aervous gystem,
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274 OBJECTWE_ |

@ To describe ‘Lh E‘RPH afory systeim of 72 ‘a% it dn dio L‘(plﬂm its function '

1 27,2‘, | ENTRGDUCTE_@N {

obtained in the ‘iving. bodies by busning food stuff (fael

For any - ]ﬁ,r'lﬂg orpamam enerﬂf} s essential to cart y ou;Sus vital activities. Encrgy is

via blood. In Amphibia and Reptilia, ‘Lhey are accufar while in birds and mammals, they are
.. spongy texturﬁd non-disichsible lobes. “In manugals, Yoice box is associated with it. TFurther
the passage is a}so separauad imm the taod pass%‘m

: \mth alveoll.
M

273 ', RE SPIRATORY S‘ysw@

Extemal ‘nares lead fo ﬂ*e nasal pa@sa&e which_ is” mv:ded mto rag‘xt and left chambel‘; by -
. means of a mesethmoid parfition. The epithelivm covc,rmg the nasal pa@sages is ciliated: and

prevents the dust particles from calering 1nto, the hmgs The nasal passages open- into the

pharynx by means ¢f the internal pares. From the phasynx, the air passes into the trachea -
‘or wind pipe through a glottis whirh is a  slit like apertare pre‘;fmt on the veniral wall of the

g pha*yﬂx

273 L&R‘%’NX

At the anterior extremity. of-the trda,hf;a dlere 15 a chambcr called the larynx {(Fig. 2’7 l) I-t‘

communicates with the pharynx through Iottis, Larynx is ‘supported by cartxlagenous picces. .

A large-thyroid cartilage support ‘the ventral and lateral walls of the larynx. A cartilagenous
ﬂap like epiglotiis arises from the vcntral wall of the thyroid caitilage and protects the glottis.
It prevents the focad ficin entering the glotiis during swallowmg A ung liké cricoid -cartilage
llies. at the postedior end of the thyroid cartilage. ‘1t 'is broad at the “dorsal side but ‘narrow

on lhe vemrai 91dc A pair or awlenmd Ldnlldg{,b support the- dorsai part ol the ]mynx A

¢ this, oxygen is needed, In
vertsbrates specual orgaﬁs the iungs bave developed . délivér oxygen to the various tissues

ammotes The lungs are better evolved

_, 19}
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Twe pairs of vocal cords are stretched dorsoventrally i

these are called as paleovocal cords.

" sacs are separated by a space .called the medi

- pair of small nodules, the cariiiages of Santorini are situated a& the apices of the arytenmds -

The vocal cards__cxtt:nd between the thyroid cariilage and the arytenold«

between anterior part of thyroid and posterior part

cords. Another pair extends between the anterior e

Fig. 27.1 Rabbit-Trachea and Lagynx. A. ‘D

Larynx is essentlaliy a mechanical valve at the ert
'agcs and hmgs in response to physmloglcal
farynx. It is a long tube supported by the

regulate the air flow from and to the bronchia
changes: The frachez extends from behind the

cartilagenous rings which are m(,ompu,tl-e \d

bronchus, which enter the respecti
, Wi P

in the Iaryngeal cavity : one pair cXtendmg
of any tentenoids are called the true- vocal
ds of the arytéenoide and thyroid cartilages;

srsal view. B. iméma] structure

e to thf* aiwway. It has capacity fc

orsai side. E_t runs through the neck, just

below the eesophagus, and enters @é&;@ acic cavity, where it divides into a right and a left

gz,

N

Lungs are paired, pinkish and spongy masses of

2732 Lungs

iissue lying in the pleurai cavities of “the

thorax, Each pleural cavity forms the lateral portions of the thoracic cavity. The two pleural

ocsophagus, the arieries and veins of the thoracic

sstenum, which encloses in it the heart,
region, '

Each lung is a lobed structure.’

in the left lung! The lobes of the right lung ar‘s.,

right posterior and (iv} the posterior azygos. The!

They are, in é}li,l six lobes, four in the right lung and two

I(i) anterior azygos. (ii) right anterior (iii)
lobes of the'left lung are (i) left anterior

v . . . . : .
and (ii) left posterior. Inside the lungs, there is a net work of :atveoli. Each bronchus enters

info the lung of its side and divides repeatedly to form the alVeolar ducts, which ultimately

terminate mto small dialated air sacs or infundibuiilzm The walls of air sacs form the hollow

air cells or alveoli (Fig. 27.2). The capillary net work of pulmonary artery and vein surround

alveoli and facilitate the gaseous exchange (Fig. 12
lined by the ciliated epithelium and mucous glan

7.3). The ar passages in the trachea are
ds. They help in the preventlon ‘of dust

partlclcs and bacteria from cnterng the lung. These particles jare entangled in the ‘mucous

and the ciliary- action helps in the throwing the
where they are thrown Uut |

entangled partac!es into the pharynx from




A

Fig. 27.2 Rabbit. A. Ventral view of lungs'with a part of trachea. B. Terminal branch of bronchus, 1. Trachea. 2. Anterior
azygos. 3. Right anterior. 4. Posterior azygos. 5. Right posterior. 6, Lefi posterior. 7. Left anterior, 8. Bronchus. 9.
i . bronchioles. 19, Alveolnr duets. 11, Atveoli. 12. Alveolar sacs. :

Fig. 27.3 Didgram showing capillary net work arcund alveolus. 1. Alveolar 2. Part of pulmonary vein. 3. Branch of
: " pulmonary artery. 4. Alveoli showing capillaty net work. . .

2733 Mechanism of breathing

‘The mechanism of breathing consists of inspiration and expiration 1nspiration 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 thqracic arid abdominal cavities, the ribs and the inter-costal.

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 forwai’d. - The diaphrgm

is pu]lfed‘_'forward and becomes flat. The space in the thoracic cavity increases and-the lungs

. expand. The air flows in through the nasal passages and the trachea, leading ultimately into

alveolar spaces. The expiration is a passive process, during which the internal inter-costal
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tissees where i is used in the oxidation of \pgd
wastes. The respiratory ofpigmf;ni-p?u.in ike red blood !EEia hups

 the. oxypen diffuses into fhe blood capilianes an

musclcs cenirswt and restore tbc nbs and dzapﬁmgm o their wstmg p@smon

| The thoracic -

cavity is reduced and the pressure on “fungs foTx the air ('}i.h
|
|

Fig. 274 Rabb:t-R:b movements dq;!gg@ﬂ:ﬁnon A
Ribs. 3 Internal inter-costal muscles 4, Thoracic L'av;tyS

£734 PHYE;EOL@UY @E‘ RE‘SPERATIGN

The EASBOUS ex'"hang(, -at- the mveoL involves
passing ‘out of carbondioxide: The ‘oxygen

espiratory 'pigmém'and itgole F:éirxyis?g{);g;.
Hﬁm@giohm (Hb) is ihe resira oY plgmvm. -
property is its affi imity to combine with oxygea to
as oxyhavmoglqu {(Hbo). ‘
haemoglobin moleculs picks up nugch but un

gives away the loosely bomnd m;ygm roolscuie
helps in carrying the oxygen from lungs o tisse

fungs -to the tissues and Cop frc?issu_s t0 the

the capillaries of puimonary arferics xmmuvdmg

}@ﬂe of oxygen mto the biood and the

{ taken, is carried by the bloed to the body

d|stutfs liberating energy and other metabolic

carrying € {3, from
i'mgc.

and'_ _CC@;

It is' a conjug fuﬁd ;amtem One important’
form an casily dissociated compound known

When the oxygen tomsion i hsgh as it occurs in lungs the

2

der low (r{j;gan ‘tension in (issues it readxly_

o ?iw surrounding medium, Thls property

by

Y4

' Bach. hemoglobin molecule carsies glF'nuar oxygen solecules whe':n fully saturated.  In the lungs, -

he alveolar spaces “contain Jow oxygen, where -

as the a1r in lungs containg about 21% of ox gen and has in oxygen temsion, as a result
2t Xy

corpuscles readily picks up the oxygcn moiscule;

' alveolar spdce : . - ‘

“oxygen” bound to the haemoglobin is readily gwuﬁ off. .

In the tissues the partlal pressure. of ‘oXygen is.

d the haemoglobm present in the red blood
e. The CO-& molecule is Jet out into the

jow- but thatof carbondioxide is-high. The’
Tihe carbondicxide produced in the

metabolic processes in- thc tissues cntcrs,plasma and is hydratcfc;i Sipwl_y to form the b.ﬁcarbonzite

.

ions (HCO3)




+CO2

HHp+ 02—_+Hb0 +H+'

- o Hcoa

—F02

coza-Hzo;:-,ﬁ HCO;, sy .
Hlac.‘-2 H“ emam—. Hl-nn-t)2

Fig. 26.5 Events in trans;mrt of oxygen and carbondlomda A.in Iungs B. In tissues. 1. Red ccll 2. Plasma
. } 3. Alveo]ar space (A.ll')4 Tissue fluid - -

C02 + Hz()

-Tins process is accclerated in thc red cells by an enzyme called the' carbomc anhydrase The
“protons . produced in the reaction are buffered by the haemoglobin which forms the reduced
hacmoglobin. - The surplus bicarbonate ions produccd in the reaction- diffuse into the plasma,
When the venous blood is

- and chloride ions move -into balance the ionic ‘composition..

HzLOa *—-—-——3—1‘{ HC03

"

..02'

+ H“;-;_-:H coé = Hzoi_*:coz -t
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- oxygenated, the chloride jons shift back in t

into red cells. The oxygen entering the cells

b

B -
: i
: i
1 H

ombines wﬂh Ihaemoglobm and releases protons,

the plasma zﬁld the bicarbonaté ions shift back

4
‘ <

which combine with bicarbonate to release &ubonchomde |and water under the mﬂuence of
o

carbonic anhydrase and -thé ca'rbondio:dde s

released dxffuses out mto the Tungs.

|
The events in the transport of oxygen and carbondioxide are deplcted in ﬁgure 275..

1

27 4 SUMMARY

s

T
I

“ The respiratory system of rabbit includes the

guarded by the eplglottls “The trachea is supported by tllle mcomplete cartilagenous rings. “
The right lung consist of 4 lobes while the left lone is bzlobetll. Each branch divides repeatedly

gases exchange. * Dlaphrgm and the exiern
while their relaxation and the contraction of
In human lung, about 75 crore alveoli, amoun

The- larynx (voice box) is the proximal dilation

cartilage -Ventro- -laterally and with .a CrlCOld,

into bronchioles, alveolar ducts and alveoli. Ae alveoli with. caplllary network allows passive

mtercostal _muscles help in inspiration actively
the internal mtercostal muscles bring expn'atlon

nlof the trachea It is supported by the thyroid

275 MODEL EXAMINATION_QUE

STIONS |

L -Answer the following in about 30 lines. _

s

1 \Describe'f the structure of lungs an

IL Answer the following in about 10 lisles

o

2. What is haemoglobin?

" 3. Mechanism of .b@g‘.

. Give a brief account or in ra

hysiology of 1 espiration in rabbit. _'

bit.

pliin its role|is carrying Q2 and CO;

wind p:pe (trachea) and lungs The glottls is

unting to 100 sq m. area, have been estimated.

posterior to the thyroid and a pa1r of arytenoid
o cartllages dorsally with cartilages of Santormi at their tlps



'UNIT-28 RABBIT - CIRCULATORY SYSTEM

~ Contents =~
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284 Structure of Heart
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286 Arterial System

28.7 - Venous system

288 The Course of Blo()d Llrc,uldtlon

289  Summary

" 28.10 Model Examination Questions

281 OBJECTIVES |

® To expam the structure. and funcnonmg of hcarl and the detalls about blood circulation in

282 INTRODUCTION

_'and the oxygenated and deoxygenated Dlood c1rcu1ts a

the body

_ A _ - -
Cuculatory system ‘of rabbit consists -of heart, arteries veits, Tt is a double circulation,
@- arated completely.

" The heart is situated in the thora(:lc cavity and ]u: he left side of mediastinuim, a space-
enclosed in between the two plural sacs en g e lung (Fig '28.1). It is surrounded by
1cardlal ﬂuld - :

a double wa]lcd perlcardmm cnclosmg ‘the p

- Fig 28.1 Mediastinum showing the location of heart. 1. Larynx. 2. Trachea 3. Bronchus 4. Lung.S. Pleural cavity 6.
. Heart 7. Meidastinum 8. Pericardium '
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283-BLOOD - || '

284 STRUCTUREOFHEART || |

" close the auriculo’ ventricular aperture

~_opening is guarded by three pouch%se_mﬂunar valves i

! -Th'c blood ‘is a fluid conncct'ing: tissue conta‘mmg the flu:d mamx, plasma and several types -

-of corpuscles. The red blood oell's, arc biconcave and anuc]eated in mammals (except in

- camel), The fluid tissuc is mainly responsible for supplly of oxygen, nutrients, hormones

disposal of carbon dloxldc and for body temperature gogulatlon The blood p1gment 1s‘

?Haemoglobm o S o

The heart is'a couical_sti-uctme' contéining two auricles 'anclll two ventricles (Fig. 282)" Auricles '
arc smaller ‘than ventricles and have thicker| walls. The"two auricles are separated by an
inter auricular septum. The right auricle oxii' ts dorsal 51dc receives blood from the right and

left precavals, which bring blood from the anterior region| |and the post caval bringing blood
from the postcriol_'r region of the body. A membranous : fold, the remmant of - embryomc

~ eustachian valve guards the ‘opening of pﬁst 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 apertunle This aperttllre is guarded by a trlcuspld valve,
- which prevents the backward ﬂow of blood| from v::ntncie.I to a auricle, The tricuspid valve -

of the ventricle by means of tendons calied the chordae tendmeae The muscular _processes

contains three membronous cusps, which a.T: attached to the muscular processes of the wall

of the wall ~of ventricles are known as the mys papa!laiLes The chrodac tendineae allow
the valves to be pulled -into the. veniricle, bu en the ventncle contracts, the three cups
prevent the backward flow of the blood into the

o/ right ventnclc arlses the pulmonary aorta - Its

auricle. From the left anterior angle o

‘ Fig. 28. 2'Rabb|t Heart A. Ventrai view. b. Intemalsmlctufc 1. nght subclawan 2 nght COMMOon canond 3.
Left common carotad 4. Leftsubclavian, 3, Pulmonarylartesy. 6. Left aunc]e 7. left ventricle, 8. Dorsal aorta 9,
“ Right ventricle. 10; Post ‘cavalvein: 11, Right aupcc 12 Rjgh: precawal 13. Left prc:.aval vein. 14, Left
pulrnona;y veint 15. (blcuspld) 3Scmilanar valves of the aorta’ Semilunap valve, 16, ngh“ Scptum 17 Auncu]o

) - W ventricular vajve. (tricuspid). ||
N ]
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The lefi auricle receives the oxygenatcd blood from the lungs by the pulmonary veins. . The -

right and left pulmonary- veins open together into the left auricle on its dorsal side.. The left

auricle ‘opens into the ventricle through a large left auriculo- ventricular apcrture, which .is.
' guarded by a bicupsid valve. it is also known as mitral vaive, It containes two membranous

cosps attached, with chordae tendinear; are 'raised into the ventricle ridges known as the
" columnae coroae. They are more strongly dcvcloped in the left ventricie than-in the right

ventricle. . The left ventricle is larger. The systemic ‘acrta arises from the “anterior angle of

the left- ventricle. Its opening is also guarded by. the three semilanar valves Snmlar to
those found at the entrance of pulmonary artery

28.5 FUNCT{IONING OF HEART" AND REGULATION OF HEART BEAT

The heart beat is a regiilar ‘and rhythmic cavi'ty' The contraction of heart /is known as the

.systole, while the relaxation is the dlastole. The systole and. diastole constitutes-a heart beat -
systole and diastole movements are wave like motlons and are controlled by special centres.-

In the dorsal wall of right auricle, there is a centre of specializéd tissue, called the sinu

auricular nede. This acts as the pace maker from which the heart beat originates. From -

this the exc1tat10n waves are (ransmitted along with the purkinje fibres of the auricular wall

"The two auricles contract almost simultaneously. - The auriculo ventrlcnlar node lying at the -
base of the right auricle but close 1o 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 nod it is passed on simultaneously

to the nght and left venmcle through thcsc fibres and th o ventricles contract almost '
sxmultaneously S o .
" mmm -” 4

Fig: 28.5 Longltudma] sectmn of the mammal.an heart showing thc sinu auncular and assoc1ated purkinje .
f‘ bres. 1 Sinu auricuiar aode. 2. Aunculo-vcntncualr node. 3. Purkm]e ﬁbrcs of - amum 4. Purkm]e fibres of
- ventncle ) :

' Although the heart beat is'a myogemc and beat is initiated at the sinu aurlcular node is also‘ 2

- innervated by two types of nerves, the sympathetlc and parasympathctlc wh1ch Aare antagomstlc
in their action. : :

Vagus is the parasympathetlc nerve mnervatmg the heart ts branche's end at sinu—auriclc,'

node. When the vagus nerve sends 1mpulses to the heart the ralc of hcart beat slows down
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The sympathctlc nerves have many endings among the musclcs of heart beat but thc ‘merve

endings are concentrated in the sinu auricular- and a arriculg:

of heart beat increases due to the action of smplthetic nervesf-
‘the - heart provu:lc for feedback: loops-- and the heart beat can

balancmg Lhe activity of Lwo nerves : o

VBI‘I[I‘I_C_L]!&T nodes. The rate
These two nerves acling on
be regulaied very. rapidly by

28.6 _'_;'ARTE_mAL_sYsTEMQ AT I T

The aotta takes the oxygenated blood from thé_left ventriclci

arteries arise just at the base of the aorta and jsupply . !

cor

Fig. 28.3.‘Rabbi.t' - Arterial system. 1. External carotid.2 Interal carotid. 3. fr;ft éarqti'd. '4: Left sﬁ_l)ciavian. 5
Innominate. 6. Pulmonary artery. 7. Lung 8. Coeliac . 9..posterior mesenteric. ID Common iliac. 11. Internal ilidc.

" 12. Vesicplar. 13.. Femoral. 14. Caudal. 13. Ilio-lumber. 16. Lum!bar 17. Gonadlail

18, Renal. 19. Anteriot mesenteric, -

20. Inter costals. 21. Internal mammary 22. Branchiat. 23. Verigbral. 24. Right subtlavian 25. Right common carotid.

to the body.. The- ébronary




blood to the heart. The aorta first runs forward to form an arch and. then bends towards
the. left side. and- passcs backwards along the mlddorsal line close to the vertebral column to
become - the dorsal aorta (F1g 283) ‘Within the thoracxc Tegion, thc aortlc arch gwcs nsc
to; :

i. An/ mnommahe artery whlch dmdes 1mmf:d1at31y to give rise to the right subclawan and thc
' ~ right common caretid. The right subclavian supplies blood to the right forelimb. The rlght
cartoid artery passes upto the neck and divides into the internal carotidartery which supplies
blood to brain and external cdretldartery which supphcs biood to the head and facial reglon

il The left common carotld artery arise directly from the mnommate from thc aorta just after

the innominate artery. It runs upto the region on the left side and divides into the left internal

and external corotids. There is a carotid sinus at the base of internal carotid both on theright -

and left 51des It contains baroreceptors and recognizes the changes 1n the blood 1 pressure.

iii.r The left subclavian artery arises mdepcndently from thc dorsal aorta and supphes blood to
~_the left forelimb.

iv.  Behind the origin of left subr-iavxan, the aorta Tuns round the 1c§t bronchus to become the .
dorsal aorta which runs along the mlddorsal fine j just beneath the vertebral column, Within

the thoracic region, the dorsal aorta gives off palred mtcrcostal arteries, which supply blood
- to the mtcrcostal muscles of the ribs. '

| In the abdommal region thc dorsal aorta gsves off 7
i the coeliac artery WlllCh supphes blood to lwer stomach and splecn, 4
i the anterior mesentersc, wlnc,h supphes blood tp the _m\@e and pancreas,
iid, thc renal artery supplylng to the kldney o O ' )
v, the gonadlal artery supplymg to the gonad 7 | )
-v.- the posterior mesentem: artery, yvhzc ,glles to hmdcr part of colon and the rectum

Vi~ aseries of lumbar arter.ies whic@ly 1o the side wa]ls of the abdomma] cav1ty
th

the lllac arteries w}uch supply to elvic cavxty and hmd limabs.

viid. the caudal artery whxch supphes blood to the caudal reglon the pulmonary aorta which arises
‘from the right ventricle, divides into two arteries and supplies deoxygenated blood to the two
lungs. BRI o L

287 VENOUSSYSTEM . .

As already explained.thrce venheévae,' bring blood to the heart and empty into the right.

- auricle. There are two precavals (the right‘ and left) and a'postcaval (Fig: 28.4).

Each prccaval is formed by the union of the external Jugular, internal jugular, and the
subsclavian veins. The external jugular vollects*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 jugular. The ‘external jugulars of the right and. left side are
- connected. to each other by a jugular anastomosis, The subclavian vein' collects blood from
the fore limb. The nght precaval receives blood from the mtercostal vein bringing blood
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" from. fhe anterior 'mtercostei spaoee and also rec
. postenor intercostal muscles of the two sides |
receives thp bleod from thc small coronary vems of the heart

The post_caval vem commences at the pqstenor end of the bpdy in the caudal vein, 1t runs' .
: antenorly and reoewes blood from: ' : :

.

. a pair of gonadial vems from tiie goﬁads

K hepatic veins from the hver

Flg. 284 Rabblt Venous system 1 Extemal ]ug-ular véin, 2,
" Hepatic- ponal vein. 7. Postcaval vein. 8 Gonadial vein.9.

s
I

cives an azygos vein bringing blood from the
- The ' left: precaval -

i

and the lumiber region.

a pa:r each of intemal and extemal 1hac veing brmg blood from the tlngh reglon

a pau- _of illo,lumber _vems from the _hmd_er Jart of the abdommal wall,

Femoral 13. chal 14. Kidney. 15. Adrenal body. 16. H
: Inlercostal vein 20 Oesophagl

- ia pair of renal veins from the k:dney, and renaf po'rtal isysteﬁn beirigr absent and’

rr A

Precaval vein 3. Subclawan 4. Lung. 5. Diaphragm 6'
Ilio-tumber vein. 10. Caudat veir. 11. Internal iliac. 12.
epatic vein 17. Liver. 18, Azygos vein (vertebral) 19. -,
18 21. Internal Jugularvem : ; .




auricle.

‘The bilood from the di_geﬁtive-ti-act is collected by hepatic portal system which opens into
hver and from there the hepatic veins carry the blood to the postcaval. The principal veins

of the hepatic portal system are the lineo gastric, quodenal, anterior mesenteric and posterior
mesenterie which: unite to Torm a single, large portal vein. Thus hepatic portal system is well

‘developed to facilitate conversion of nitrogenous wastes and excess sugars from the blood
before reaching the heart. o ‘ ‘

The yulmbnary veins bringing blood from the lungs meet on the dorsal side of the left auricle
and opens through a common- aperture. - : o

288 THE COURSE OF BLOOD CIRCULATION

Thyg right auricle reccives the deoxygcuated blood from the three vemacavae, two precavals

and one post caval. The left auricle. receives oxygenated blood from the lungs. When the

auricles contract the blood flows into the right and left ventricles. When the ventricles contract
the tricupsid and bicipsid valves are closed and the deoxygenated blood from right ventricle
enters the pulmonary artery passing through the semilunar valves which takes Blood to the
hings. The blood from the. left ventricles enters the aorta to be circulated to the body parts.

the oxygenated and deoxygenated blood are separated completely in: the heart and there is

no mixing of the blood in the arteries (Fig: 28.6).

: An"-renor\) ‘

Pulmorry
'“_' weins

-

Bod; ports

. Right
1 ,ve?\tricle o : w

Pulmonary artery - : , Aortar

Fig. 28.6 Course of blood circejation.

289 SUMMARY

The amniote heart is devised to keep the arterial and venous blood separate. The thick
walled ventricle is separated into right and left chambers by developing interventricular septum;
however, it is incomplete in Reptilia except in crocodilia. The mammalian heart is characterised
by the presence of a right alviculo ventricular tricuspid valve. Only left systemic arch persists
as aorta in the adult mammal, Renal portal system has totally faded away in manunals while

The postcaval then passes through the diaphragm along mediastenum and opens into the right -
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. the hepatic postal system is well developcd to
‘before reachmg the heart,

“The systolc and a dlastole constitute é ‘hea
innervated by the sympathctlc and the parasym
sitnated in the smuauncular node (ri. auricl

t beat,

ré;mov;ﬁ urea and excess si:_ga:i's "from'the blood - :

Though the heart is myogemc 1t lS‘ :
pathetic nerve fibres: The: pace’ makcr is
e SA node) where from the heart- contraction . - - -

initiates. The wave of oontrachon spreads through purlmue net work of fibrcs, called bundie : -

spreads to right ventricle and thea to left ve
in a mmute whﬂc the human heart bcats only

of HIS. The ‘wave of contraction spreads from right auricle ‘to- left auricle where from at o
ntricle. The: rabblt heart bcats about 200 tmu:s c
72 times per mmute

23.10_ MUDEL.-EXAMINATION QUE:

STIONS

‘I‘-

| &

1. Describe. the a;fteriél system of rabbit,

- '5. Hepatic portal systera. o ?‘

An_swer the _fol_!owing in abont 10 lmes;'

Answer the follwwing m “about 30 !ines,

1 Descnbe m detaﬂ the struc,ture and funcuon of rabblt heart

2. Descnbc bmﬂy thc arteraal system of rabblt ‘

3 Dcscnbe bneﬂy the vcnous system of rabblt.‘l

2. Deséribe thC'Vénous system -of-'rabb';t

3 What do yOu mean by double clrxmlatm

4, Descnbe the funchons of heart

R

ation’ of heart baat



UNIT 29 : RABBIT - URINOGENITAL SYSTEM
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292 Introduction
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i 2. 6 Mudcl Exammanon Quc:qtmns

- 291 QBj-ECTWE S

o @ Urmury and gmn mgaras of mamumals are dlscuss&:d The remoml of lhf tmm muogcnous '

wa‘,w& i"l o ihe hody i alqo dlSLlﬂ‘\bﬁd

&

"'_'-_‘_29;‘%‘ "-:"EN_’I"RGDEJ'-CTEQN_ T \>

' ’_-f"iha exuﬁtm [y dd\ld gcmtai ozrgam are closely assoc;ate@ thercfore the two systems are

studied togcthm “The kzdme‘y is metanephnc c?&g& and bean shaped located dorsally.”

- '-jj,"vlammah aike urpctf‘hc and henle’s loop is wellndeveloped to conserve water. In the evolution
'_":Gf vc*rwbmies, we w111 further notice absccfwcloaca seperate openings of the genital
~“duets and urefers in’ fcmales .while in_smales the ureters join vasadeferens to form wrethra.

Mcgmmais ‘are rather umque;, in ensurf fe and harmonius | growth of the young by' _
o dweinpmg a hlgh!y specndlmed and conditioned chamber,the ulcrus. The uterus: prepares G

e Creceive; :mplanl and mamtam the embryo i the event of fertilisation. If the’ ovum fails to be .
L fcmh%d the uterus regresses to its normal posﬁmn Such periodi ic cydes are calicd oestrous

'-cycles whxch are umqu:, o mdmmais

i 29 .3_; EXCRETQRY‘_fSYSTEM

_'Thf: mammaimn kadm:y is metamphmc They are a pair of dark sed bean Shaped bodies
- “sifiated in the anterior part of the abdomen. They are suspended by mesenteries on either '

side’ of the vertebral colummn. The kidneys &H’C asymmetrical in position, as the left kidney

lies behind to nght ong. “This du,,msmon may be due to the position of stomach on the left -

side, pushmg the left kidney backwards. The kxdney has an outer smooth convex surface and

-'umer concave, with' a notch, the hiles, From ‘the hilus the ureter runs backwards to open
o mm the urinary bladder. “The ureter at the point “of its origin from the’ kidney is “slightly
-e)-.pandui and flattencd.  This part is ca;ied as pelvns.. The renal artery and the renal vein.

cnu:r the kidm:y thmu;,h the hilus..
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“The mammalian kjdney is enclosed in a ﬁnn fibrous 'tissue capsule, the tumca fibrosa, enters

\
the renal sinus to blend with similar tissues of the renal pelvis. The sagittal section of the

kidney shows an outer corfex and the inper }medulla (Fig. 29.1.'A). The medulla towards

the hilus is divided into a number of mangular 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 iwenty pyramids but the kidney of rabbit and carmvores has a smg]e
pyramid. The ‘internal end of the pelvis is's ‘bdmded into small funnel hke divisions called

primary calyces each of which is further subdwﬂded into secondary calyces. The mam collectr\g
tnbules of the urinary tubules. or mephron into secondary calyoes L ‘

Fig. 29.1. Kidney. Diégrani to show the intema‘struct}rel of kidney of mammal. B. Nephron of mammalian

kidney. 1. Rénal artery. 2. Glomeruli in'cortex. 3NGdrtex. 4. Pyramids. 5..Calyées. 6. Medulla. 7. Hilus 8.

Ureter. 9. Renalvein. 10. Glomerujus. 1 an’s capsule. 12. Proximal convoluted tubule, 13, Distal
' . convoluted tubule. T4 Collecting tubule. 15. Loop of Henle.

Each kidney is made up of nunterous*functional -units called naphrons or urlmferous tubules
Each human kidney may %abo t one. zmli on nephrons.
P

29.3‘.1 4 Stfucture of a Néphron

Each nephroﬁ: cdnsis_t_s of two parts (zi) Malphighian capsules- and (b) Renal. tubule of

convoluted tubule (Fig. 29.1.B).

(a) Malphighian Caj)sule": It is the anterior most part of the nephron. It is.found in the

cortex. -The malphighian capsule has two par‘ts.f- {(a) An invaginated double walled cup the =

Bowman’s capsule and (b) a knot is made up of blood capillaries called the gidn_nerulus.‘

Bowrﬁans capsule : It is a «dilated blind end|of the neohron. it is imaginated io lodge the

capillary tufi cd]lcd g,lum{,rulus The Bowman’s (wo - Yavérs consists  of simple squ:amous
epithelium, : ‘

Glomerulns : Itisa caplllary taft which closely fits mto the mvagmatxon of Bowman s capsule.
The afferent arteno]e breaks up into about ﬁfty capxilary loops, and forms the glomeruiar
tuft. The capillary tuft reunite and forms the efferent artericle to emerge out of the capsuie
The vessel is short and wide, whereas the effe mt vessel i is marrow- and long. This. arrangement
makes the blood passing from the afferent asteriole via glomerular capiliaries into efferent




arteriole, to flow under great pressure. This facilitates ultra filter action of blood.

{b) Renal tubule or convoluted tubule : The sccond part of the nephron consists of much
convoluted tubule. It is conveniently divided into a) proxial convoluted tubule b} Henle’s
Loop and c) distal convohluted tubule.

a) Proxial convolnted tubule :This is much contorted structure !ymg in renal cortex. i is

fined by cubmda! cells with' characteristic hrush border

. b) Henle’s leop : It is characteristic of mammals. It is ‘U shaped loop dipping into the
meduila. It is distinguished into a descending limb and an ascending limb. The former is
lined by squamous epithelium, while the latter is made up of cuboidal epithelium. The Henle’s
loop is meant to imcrease the surface for water absorption. It is well developed in desert
animals. '

c¢) Distal Convolited Tubule : . This part is kned by' cuboidal epithelivm 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 tubule is profusely sﬁpplied with blood buy the efferént arteriole, whose branches.
envelops the tubute for proﬁer reab:amptio,t;, '

Ureters : The ureter are s[ender transparent riuots arising from the hilus. They run backwards,-
bend inwards to open mlo urinary. bladder.

Urinary bladder : It is a median pear jshapf:d sac, with thin transparent and muscular wall,
The bladder leads into the urethra. In males the urethra fors the duct of the penis and
opens af its tip {a common opening for urinary and genital“matfer). In female the urethra
is short and opens into a vestibnle. There is a separz@ening of the vagina. In both the
sexes the urcthra has a sphincter of voluntary muscles regulates the passage of urine.

29.3.2, Physiology.()f Excretion =~ :E

The nitrogenous wastes are formed by the bg€aktdown of various proteinaceous compounds.
The nitrogenous wastes are in the for ammonia, urea, uric acid and bile pigments. Bile
pigments however, are thrown and exc%hrough faecal material. Ammonia, urea and uric
.acid are filtered in the kidney. mammals are ureotelics Le, lhe chief cxcrctory product is
.urea. The formation of urine involves three distinct phases.

Glnmeru!a-r ultra filtration

Ultrafiltration takes place in the malphighian capsule which acts as a biological filter. The
afferent arteriole is short and wide. It branches immediately and forms the glomerulus, which
leads to the. efferent arteriole. When cempéred to the afferent arteriole, the glomerulus and
the efferent arteriole have high blood pressure. The wall of the Bowman’s capsule being thin
and selectively permeable, allows substances to pass through except proteins.

In each afferent arteriole there appears a thickcning containing  granulated cells. These
constituie juxtraglomerular apparaius. These cells secrete a proteolytic enzyme - renin which
causes a rise in the blood pressure. Thus the blood pressure. is regulated.

When ultrafiliration takes place, the ﬁ!traté contains many soluble s_t:_lbs_taﬁce such as glucose,
" urea, sodium chioride and other salts besides water. This filtrate is called glomerular fiitrate.
The blood is now left only with blood corpuscies. and blood proteins.
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Selective: mabS@rpﬁm '

The glomerular filtrate moves backwards by the action, of ¢ilia. -Some important substances
like glucose, amino acids, salts of sodium and potassium and water are reabsorbed by the
tobular part of the nephron, which is richly supplied bv blood vessels from the efferent
arteriole. The reabsorption takes place by diffmsion or by active trausport. - Diffusion being -

‘a physical process occurs aninmatically due to concentration gradiest. Active transpost 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 lcop of Henle is chiefly concerned with the con$ervatinn of water. mammals are the
only vertebrates which con produse 2 markedly hypertonic urine. The desert mammals, which -
have a longer loop of Heale, produce s particelarly concentrated urine.

The formation of hypertonic urine by regulation of water content is explained by the principle -
covntercutrent multiplier hypathesis. - As the renal fluid flows along the ascending limb, the
sedium chloride s 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
more 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. -

Tubuiar secretion

Some important salts are absorbed by the iubules 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 filirate thus modified by resorption and
tubular secretion is called urine, The guaniity @nﬁ is mirch less when compared to the
glomerular filirate. The urine is normally Jig)
derived from thc_ break down of haemoglab
from the nephrons, into pelvis m‘eter,@a

ight yefow due to a pigment called wrochrome
Uring 1s produced and drained continuously
" biadder, urathra and then to the extorior.

2 ' .
wastes i the form of urea. Most of ammonia upper

normal conditions i Conv into urch.  About 809% of total urinary nitrogen is found in
the form of urea. Urea is 3Miually formed in the Lver. The bicsynthesis of vrea involves
many inigrmediate stages and the cycle is called Krel’s Ornithine cycle. '

Mammals excrete their nifrgege
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Fig. 29.2. Kreb's omnithine cycle. 1. Citrulline. 2. Arginine. 3, Mginase. 4, Omithine 5. Urea.
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The amine and arginine'is broken down by the eazyme arginase (found in the liver) into
urea snd orpithine. The latter combines with ammonia and carbondioxide forming ciirulline,
Citrulline combines with another molecule of ammounia and synthesises argmine, which again
breaks down into urea and oruithine. By this cvclxc repitition more aud more urea is formed.

The sources of urea formauon are :
a) from dt_:amination of arning acids
b). from salt jike ammdnium wrbbuatc, loctate eic. i diet.

c) ‘ from !hc amino acid, arginine.

~ The normal volpme ﬂt urga in the biocod is abom 20-40 mg pet 100 mi of blood, any excess

may indicate malfuactioning of lhc kidney.

29.3.4 | Functmns of the kidney.

The kidney apart from being an excrefory ox_'gain pcrfo:ms the following functions. "

1) It piays an important role i.sﬁ 'h:«f}mezos;‘tasis i;e.; mai;atai;nancc of the'iﬁtcmal environmeni,
2} It extracts nitmgenous waste pmduci%u h

3) Itservesto maintain the pH csf body flmics »ﬁd cicctrol}'tcs

4. 'It acts as an osmoreguiatory orgzm 1.g., it mamtams watcr balancc of the bcdy

'5) It mzintaing the optmum concentranon of certain blood epns uents.
. 6) - Iteliminates certain toxic and drug ubstanccs fron ~ ody. _
| - It synthesmcs substancea like ammonia, hlpp\u‘?g‘d -and inorganic phosphates. .~
8 I uxtraglo_merular cells found in afferent Qmie secrete an enzyme, the renin, Whlch helpsin
T : .

" ultrafiltration by increasing the biood prégure.

294 REPRODUC'&“WE SYSTEW _

The sexes are separate in mammals and the reproductive __systch is well developed.

29.4.1 Male Reproductive Organs

Male genitdl organs consists of a pair testes,a pair of vasa deferentia, uterus masculinus,

urethra and penis, It also includes a number of accessory glands like postrate glands, cowper’s
" gland, perepnial glands and rectal gland : : ‘ o ‘ A

Testes :

' 'Ibstcs‘ are piﬁk coloured, oval bodies found in the _s-::rot;'al sacs. onc on each side. The

migration of the testes out side the abdominal cavity may be due to its high temperature.
which does not favour sperimatogenesis. Each téstis s attached to the scrotal sac at ‘the

hinder end by means of a band of tissue called gubernaculum, Each scrotal sac retsins its

connection with the abdommal cavity through a marrow. passage, the inguinal canal. -

" A testis is enclosed in a tough fibrous coat, the tunica albuginea, Outer to this & serous
. membrane, the tunica vaginalis, which is found continued over the gubernaculum and then
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lines the scrotal sac. The tunica albuginea has a number of ingrowths cafled septa, which
divide the .iestis intc lobules. The lobules ¢ontain convoluted seminmiferows tubules. The

‘seminiferous tubules are the functional units of tostes. The inmer ends of the seminiferous

tubules are straight and unite to form a net work knows as reie testes. From the rete testes,
fine . tubules, the vasm efferentia are given off  which usmite to. form a thick convoluied long
tube, the epididymis;

~ Fig. 29.3. Rabbit-Male unn ai system. 1. Kldney 2. Left ureter. 3. Unnarybladder 4. Ureter opening.
5. Uterus masculinus 6. Pro gland, 7. Opemnw‘of uterus masculinis. 8. Cowpersglaﬂd9 Testis 10.
GLbcma;ulum 11. Serotal sac. 2. Urinogenital opeping. 13. Glans. 14. Penis. 15, Urethra. 16, ‘Perineal
gland, 17. Urethra 18. Va3 dcferens 19 Spermatic cord.

Vasa deferens 1 The' vas def‘..rens is & continvation -of the epididymis and leaves the testes.

The epididymis lies along the inuer side ojmeach testis and extends anteriorly as caput

epididymis and posteriorly as e:;mda epididymis. The gubernaculum connects the cauda

 epididymis and the inner wall of the scrotal s.ac The caput epididymis is joined by a cord

the spermatic cord, consisting of spermatic artery, vein and nerve passing though the ingninal
canal. The vas deferens after emerging- from the scrotal sac enters the abdominal cavity,
where it curves round the ureter of ite sxde and rUns backwards to open into uterus mascuhnus :

: Uterus masculmus : It is'a fau‘iy large medxan sac situated dorsal to- the . unnary bladder,
It is bllobed antcnorly It receives the vasa defcrenna on its vcntral wall. '

Urethra The uterus maswlmus is postcnorly contmued into urethra or urmogemtal chamber
leading into urethra, - It is a stranght tube and Tuns backwards just dorsal to the pelwc

'symphysis, and ventral to the rccmm The lirethra opens o the exterior..

Penis : It is cylmdncal muscular, erectile organ hangmg from the- ventral wall of the abdomen
mfront of the anus. Its postermr wall is made\ up of a highly vascularised corpus spongmsum.




The tip of the pf;nis is soft and obliquely truncated and is called glans. -1t is enclosed in a
a loose retracticle fold of skin calied prepuce. I ) ‘

Prostate ghand: It is gland wﬁh four or five Jobes, l}ring-on the dorsal and lat.c_:ral sides of
the uterus masculinus. It opens into urethra by small ducts. The secretion of the prostate
gland nourishes and activates spermatozoa. ' '

Ce.}wper’s gland: These are a pair of oval glandular bodies located on the roof of the urethra

‘behind the prostate glands. The secration of these gland neutralises. the acidity of the urcthra

and vagina thereby protecting the sperms from any adverse effect.

Perinatal giands : These ase a pair of dark elongated: glands lying next to the co(nper’s-

plands. They open to the exterior through perineal pouches. The secretion of these glands

impart a characteristic odour fo attract. the other sex for copulation,

28.4.2 Femaie Reproduction -ﬂrgaﬁs

The female reproductive organs include a pair of ovaries, oviducts, vagina, vestibule, clitoris.
Barthorin’s glands, cowper’s glands and perinatal glands. There are no prostate glands.

Civaries : These arca pair of small oval bodies attached to the dorsal body wall by mesovarium.
They are whitish and measure about 18 mm long. They lie behind the kidneys in the abdomen.
The sueface of the ovary is marked by several small rounded transparent projections called
pyvarinn Toillicles which prdiﬂuce‘; ova. For histological structure of the ovary see tiait 31. The

ova are released into the coslomic cavity by the rupture of the Graafian follicies in primary -

pocyte condition. The follicies are aiso endocrine in further producing. estrogen, progestrone
and relaxin {see 1Jnit 30}. ‘ 7
Oviduet © Yhe oviduet iz differsntiated into three s. Its anterior end is iransformed

into a wide frimbriated funusl the evidecal fun The funnel lies opposite the ovary with
they are shed. The funnel keads into a

a central opening calied astinm, to receive,gva
. slighity narrow -tube called the fallopi_an%, which is convoluted and linec by ciliated

imto a“wider, less convoluted part called uterus.

epithelivm. The fallopian tube leads

e el

Fig. 29.4. Rabbii - Female Urinogenital system.. 1. Ureter. 2. Kidney 3. Mesovarium. 4. Fimbriated funnel. 5.
Faliopian tube. 6. Uterus. 7. Vagina. 8. Urinary bladder. 9. Bartholin’s gland. 10. Urinogential sinvs, 11.
‘ Rectal gland. 12. Perineal gland. 13. Vulva.
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‘The functional units of kidne

Uterus : It is a distensible and !»fasm,ﬂa:isc'd1 chamber. The uterus and fallopian tﬁbes are
suspended from the darsai body wall by pz:ntoneal folds called mesometnum and mesosalpmx
respf:ctn«ely ‘ :

. Vagma T The two uten unite mﬁdgalsy to open into a muscular sac the vagina. -The vagina
runs dorsally to receive the urinary bladder. It unites with the neck of tha bladder to form

a common passage the vestibule,

Vestibule The vesﬂbme is a mde £ be which- cxtends backwards ventra_l to the rectu.a.

" The vestibules opens to ‘the exierior by vulva or urinogenital opening, which is a skt like

opening.  The vulva is surrounded iataraiﬁy by two promment folds called libia majora. Inside
the vuiva, on the veniral wall of the. V@shbuie,‘ there is"small rod like structure called clitoris.
The clitoris corresponds to penis of the male. The fwinary opemng and reproductive openings
arc scparatg in the female mammals, : :

29.4.3., Glands

Bartholin’s glands ¢ These are a paiv. of srnall glands present on the vestibule opening into
it 'E‘hesﬁ: glands secrete a clear viscid fuid which helps in ]ubrlcatlon during copulation.

'CﬂWpEl‘S glands : They are reduced in sz.zc These glands may or may not be present.
When present they lic on the vﬁ:snbulc - : :

s

Perineal gian,ds: " The _secffsiion of these glunds is strong smelling and helpful in attractihg- '

the other sex for coopulation. The perineal glands are like those of the male.

& -

295 SUMMARY D

The kidrey is metanephric in rabbit sima@omaiiy on either side of the vertebral columa.
The kidney in sagittal section shows ter cortex and the mner medulla, There arc about
26 pyramids in the human kidnc%hil the rabbit and carnivores have only a single pyramid.

per Ridaey. Thy nephron consists of ma!pﬂe ran capsnle and
descending limbs with Henle’s loop in betwe m] Glomeruhus

number about one millig '
conveluted tubule [ascendt ﬁ

in the descending limb and in the Henle’s loop udﬁpr 15 draws out; and isot (‘smg i disial
ascending limb which 15 “thick and 1mpt*mwab e to waicr and also purmpe out Ma™¥, besides,

the ascendmg limb secretes ammonia, cr@affmc, K &H+
A

* 80% of the ammonia is converted into urea via ornithine cycle. | 0; nithing s du amdne ackd

formed in the body in the protein metabolism or in the orsiikine cycle. The ornithine

. combines with -ammonia and Coy to form citruiline; it ‘reacts with ammonia to give rise 1o

arginine which in the presence of an exzyme argindse, it gives off wrea and orpithine: Now
the fluid on entering the common collecting - wcs it may be terme pd the ‘primary wrine’,

Sexes separate. Testes descended e ﬁ.hl’»"SCEﬁOtﬁirsa{ﬁS, Iu mdﬂs a pendant penls is present
The prostate glands’ secretion provides mutrition and stimuliss to the sperms. In females the
ovaries are studded with grafian follicles which harbewr and nurture the mamring ova. I
also acts as the endocunc gland secreting estrogen. E’S“Of,;uﬁi‘ Gne ar;ﬂ peeduvin,

uriniferous tubules or mepheon: - In suman, they may

effects uitra filiration, when the filtrate is hypotonic; it becomses hypertomic as E‘m ix deposited



266 MODEL EXAMINATION QUESTIONS :

L

il

| Answgrtthe following in about 30 linmes. -

1
2

3 ‘Describe the structure @ﬁ‘_‘r‘ﬁammaiian kidney.
4.

. Describe the male reproductive organs of rabbit.

. Describe the female repmduﬂiw_mgans of rabbit.

Describe the physiology of exeretion of mammals.
Answer the foilowmg in about 10 lines, -

Descnbe thc structure of a nephrm

. How urea is Eormed 4

L

2 .

3. Describe the glands aasouate,d wﬂh rcproducuve organs
4 Malphagaan Capwfe N

5

. Counter current mn}hphsr h’ypo&hes&s
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Unit - 30 : ENDOCRINE GLANDS
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301 _'OBJECTWE

@ This lesson is about the ductless glands and theu' secretions, They aidin transmttmg mcs.sages :
through chemlcals hence ¢alled chemical messengers

._3_0.2. INTRODUCTION ~™

The endoerine giands are ductless s located at-spcciﬁc'régions in the body. ’Fhe‘jf may
be modified forms of either rervoy oispcclaﬁsed somatic tissucs. Their secretions are calied
as hormones (= L.arouse) whichstimulate an organ to carrry out a function to a sumulus
at a ﬁrdper-' time. Since they are ductless, the secretwns are directly carried by the blood,
to the parts where. necde% o ~

The hormones are defined as chemieal ma§sengers or tmnsmltters to comordmate varkous

© activities of the body. Hormones are chsmzcally complex organic compounds called proteins,
steroids etc whlch dlsmtegrate after the desa.red effect is bmughi :

There are two types of endocrme glands. Thé ﬁrst category mciudf:s ‘pituitary gland, tmymnd: s
parathyroid, thymus, adrenal and pineal gﬁdndﬁ The second category inclisdes those endocrine
glands which are situated in organs like pancreas, gonads, mucus membranes of alivaentavy
canal, whsch are basically exocrme in their function such GrEALS AT tmmsd as h&[“mcrmc L

303 HTUI’?ARY'GLAND OR HYPOPHYSIS

It is referred as. the "Master gﬂmﬁﬁ of the emﬁmrﬁgﬂe am:‘nestm - It ooutrols all the oﬂi:.,zr
endocrine glands as far as their secretions are concerned. The mtm:sry gland is Jocated on
thé ventral side of diencephalon and is comememﬁy divided into three pasis, viz, (I} Amterior.

lobe of Adenohypophysns (2) Mnddﬂe lohe mr P&is Emermmim aml 5’%‘ E”fjs?enm Iole or




Fig. 30.1 Diagrammatic represestation of inclgion of endocring glands in man. 1. Pinecal body

2. Hypothalama - bypoeohyseal system 0 atiyroid 4. Thyveid 5. Thymus 6. Adrenal medulla
7. Adrenal corig Pancreas 9. Ovarie 10. Téstis. ‘

Neurohypophysis. Each pari is rcsponsxbie for the sacretwn of a number of hormones which
not only activate some other ductless glands have direct effect over organs. The anterior
lobe of pituitary gland produces seven distinct hormones, of which a few are stimulating.

The hormones and the area m" fonction they coordina.te are as follows :

i)

Growik Hormone (GHj or bﬁmamﬁrmw Hm‘mmnes (STH) The GH ragulates Ehe protein
metabolism, development and growth of skeleten.. The hyper ‘sectetion causes an
unproportionate growth of body parts giving an awkward appearance called acromegaly or

 gigantism, The hy‘gmsacmum of the same results in stunted growth or dwarﬁsm or infantism.

G@nad@t&'op'ﬁ‘e Hormone : This hbormone initiates the reproductive organs to produce thexr

oW BODNONES.

it aiso initiates oogsnems and ovuiauon

~ Follicle stammimmg hormene (FSH) : The FSH stnmuiam« the ovarian fqﬂxcie;s to secrete the
female sex hormone, the oestrogen which causes to deveiop the: secorndary sexual characters.
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,-3’0;4 | ';mmom mmﬁ” i_ .

SR ) R Enterstma! cell stsmui.@ﬁmg hﬁmme (W&sH} Thﬁ ECSH moduced by hypuphy«ns mltia&es;

the Lcydlg cells of testis to produce male s,c::v hormones. They ave called androgens which
control the development of sewndary utﬂv}ﬂéﬁi charactersin males. Xt aiso rcgujatcs pmductmn o
" of spermatozoa. R !__ : -

c) - Leutmlsmg Hm‘mom: {LH) Thé LH in femﬂis mammaﬁs helps in the formation of corpus
: Mutewni. The LH aiso Causes omiatxon mnd sccretm oi pmgﬁstemne by corpus joteum in
fezmlas ; _ SR _, N . \ .

3)__' Thyrmd st:mu!atmg Horm@m {‘E‘.‘sﬂ) 'Khe TSH %tnmuiatps the thyrmd gland 10 secreie s

- own hormone, the thymxm g.ﬁuses m\,tcnmorphosxs n lswea vcr%ebra{e R

4 Adrem . Cortacotmpm hormones (ACTH) T hu adzeaai cortex o of. ihe adrcmai gland is
_ stimulated by the above kormone. It prodw@s the :..wtusones o regu!dte the mmcm] protem -
- and carbohydmts vnr::ia%)uimm ' ‘ : : '

5) 7 'Pmlactm or Lacmgemc hav'mmne The !actogmzc hormﬂne mxtmtes the seuetmn 0{ mdk in

‘marmmary glands.” It also brings the. matf“rna! matmc* in bii"db smh as nestmg bamre laymg
' eges. 1t stimulates ovary o produce pmgcstemm : :

._Thc mtermedlate ‘obe of pntmtary gland seueies a single hormoeae Lé?xﬁcd._,in&rmediiu or

melanocyte stimulating hormone (MSH). It Laﬁ%s the apm.,admg of colour in chromatophores

of Lhe c.km ’I‘h1s mcrﬂaﬁes the darkeumg of éhe skm and resuitﬂ in proaectwe «,ciouratmn
 The posterwr !obe or nemro-hypophysm pmdqws thrt? ﬁmvvmame&, iney are :

a) ‘ Oxyles.m or E"tmcm This hmmom mdumo conaction Of utﬂmq for the delwery of the foetus >

- It also causes the release of m: s in, mammar lagtls and 41% mﬁ&zms Q‘ail hladdcr mtesnnes -

" to kldney ;.

and urmary bladder {Px%ze%n} ’ _ _
b) Vasopmsqm. Tt contr oh. hiuod prﬁisure j,a;:rgﬂtrictioﬁ of alt blood vessels gxcept those going

ey .Anu i)mmm Homsmw (@ﬁ’* Tim hmmon@ s sn«mar in mncimn to vaem)rc:sam It

regulates the selective & sorplion in urmfmﬂus lubu%{: aof scxdmw ES pre&en&s much !055 af
- water through urine. wr pe oduction muu]ts inouch J)ssorpuun of waler in nf‘phmns and
“ conceritration of vring. its tow produmon resulls in ifm. cﬁ water ieadmg to dz,hyda atwn and

B caasmg, a dlseasf: cdllui dmheﬁm msxmdus
\

, ‘%qme authors ‘consister. ADP cmd Vmaprt*s;sm are ofzf dl’ld the 5ame

"The above mmtmned h@rmunﬁs are ac {mily pmfju«:ed by the neuresecretory cells. sxtuated in -
‘the” hypothalamus - ({loor of the ﬂ!?idmvﬂ(.‘(’phdlﬁﬁ) From the hypothalamus, these. secretions -
are transporied to. thc* cell of ncumh} pupiwm (Bcastermr lobe “of pituitary). - So. the - .

ncurohypophysg,s stoms ahese mrmmgs, o br: m!caaed mto 1he blood stream iatsr

.'It is a bﬂobed giand bcncath th;, iar’yxﬁx IF is made up . of AUMETOus. vesmles whuch are "

secretory. - 1t ‘secretes thyrexine hormone. mnﬁammg iodine! ‘The thyroxine regulates the rate

< of oxidation of food in the body o liberate rerquued quantﬂy of energy for muscular activity.

It also ‘regulates the mptamorphosls in lower vertebrates. The hyper secretlon of thyroxine

Jcauses an increase in oxndataon of food hlgh blood pressure, high rate of heart bgal i



causes exophthalmic goitre. The hyposeoretion of thyrowine causes erefinisme in childresn.

There will be de!éy in dentition, delay in speech, and waiking habits of infants. In adults &t

causes myxoedeema where there is more acousmulation of fats in cheeks, feet ete. . The idiotic.
looks, dribbling salive and protruding tongue are all due to oversecretion of thyroxine.” The

deficiency of iodine i diet resnlts In the enlargemont- of thyroid gland called simple goitre.
The hypoactivily reduces the basal metabolie rate, mental retardatian, deaf and matism in
children. o : : ' '

Fig. 30.2. Thyroid gland | A, Strusture (ansiocays, TTS. of thyroid gland (showing histology). ‘
1. Thyrcid cartilage 2. Right lobe 3. Isthwns, 4, Lefiiobe 5. Trachea 6. Interlobular connective tissue
o - 7. Gelatinous Colloid ' 8. Pollicular epithelium. :

30.5 PARATHYROID GLANDS \> . -

~The thyroids are swrounded by four lobes on eithe' of it called parathyreid glands.
~They secrete & hormone called parathermone c8lipls hormone, it regulates the metabolism
of minerals particularly that of calcium and 'o'spg ous. It regulates the ossification of bones
and deposition of calotum phosphate. The rormone belps in the  absorption of calcium
_in the gut and prevents the loss of phds roushthirough ueine. The hyperactivity of parathyroids
results in the brittle bones or ostechig-fibrosa, a condition in which bones loose calcium
phosphate. . As calcium is required in muscle contraction and blood clotting this hormone
regulates the calctam level in the blood:  Hypoparathyroidism causes tetany due to

hyperirritability of the nervous system. Duwring this condition the blood calcinm Jevel falls

Cegophagus. 4. Trachea. 5. chief celis. & Oxypiillic colls with cytoplasamic granules. |

. Fig. 30, Parathyroid gland, 2. Structure BT.S. of petathyroid (showing histology). 1. Pﬁaryni.'z. Parathyroid glands. 3.
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_dlsmtegrates or romams inconspicuous. .

_ metabolism of carbohydrates and proteins.

\
i
i
\
r

from 16 mg per 100 mi to 7 mg per 100 ml, if the fevel further falts, convuismns QCcur; urine

output also decreases. . Durmg this condntton tho bloodi phosphrous ievoﬁ mcroases, from 5~

',mgperl()Omlto‘)mgperlOOm

306 THYMUS GLAND

Thymus gland is well developed in the juveniie stages than i the adulf_ There is a controversy.
regarding its endocring narure It lics behind the upper part. of breast bone and extends into
the neck. It is pinkish in colour and dlmmx.shea beyond recogaition in the adults. The outer

tegion called cortex, thoug‘n lymphoid in its morphology secretes a hormone, It -accelerates

the growth and division influencing the eartly growth The thymus hiormone also hastens the
attianment of sexual maturity. - Once the ammél attains the puborty, the thymus gland either

|
a o
\

30.7 A’DRENAL Gmos OR SUPM RENAL @mns-

".Adronal glands are. pazrod structures lying - at | the anterior side- of kidoeys. Each gland is

composed of an outer.cortex (moﬂodormal in omgm) and an inner medulla dcnved from

“nervous.  Lissues. The Gcortex secrets tha ‘hormones cafled ‘cortisones, comprising
: glucocomcostermds and mineral cortuo&twmds The cortisones also comprise aldestérone

and sex hormones. It regulates the meta‘bohsm of carbohyﬂralos proteins and maintains the

' levels of sodium and potassiugm in the blood. ;; controlsthe development of accessory '
te

reproductive organs. The hypo activity of LOI‘ se Addison’s disease where it impairs
portisones influence water and salt metabolism.
Aldosterono controls salt and carbohydrateastabolism. The hyperactivity of adrenal cortex
(glucocor ticoids: Comsal cartisone a%«)mcostcrone ¥ cases Cushing’s disease showing the

sympoms of hyperglycemia, high g of glucogensis, more protein catabolism, muscle weakness,

'hypertesxon, diabetes and alse proeleits de&eiopmom of secondary sexual characters in chlldren
like virilism. : , : :

_The medulla produces twoéormones adrenaimo or epm@:phrme and moradwnalmo or

nm‘epmephrm& The latter vegulates the blood pressure. in routine circumistances. - The
opmcphrme or adrenaline is- also: ralled as "ﬁgﬁ& o fight hormone". If regulates omohon

.anger, féear etc. and prepares an animal fo face any type of adverse condition. Therefore,
the adrenals are also reffered zs "Glands of Emergency”. Some. neuro-transmitters like
sympathin and adrenaline arc s:m?dr in lhur mode of action. Removal of adrenals resuits - -

in immediate doatb

30.8 PAN CREAS

The pancreas is a heterocrme gﬁgmﬁ The aomar cells are exocring producing pancreatlc_

juice containing enzymes. Scatiered in beiween the acini are the: specialised groups of

endocrine cells called "Islets of Lamgerhans™. |They have three types of cells alpha, beta and

. gama. cells. ~The alpha cells produce ‘glucagon ‘hetmone. The beta cells praduce insulin.

These two- hormoncs are antagonistic to each other. !n'sulin helps in the oxidation of glucose
in the body. It promotes the glycogenesis i.e., conversion of glucose into reserve food in the .

liver called giycogen. The over secretion .of msulm causes hypoglycaemia, where normal blood
‘sugar level is reduced. The fow activity of msulm cayses an increase -in blood sugar level
_'and its loss through urine. 1t resol[s in a d:sease called dmbetes mellitus or glycosauvria.



Fig. 304.T.5. of Pancrcas 1. Interlobuiar duct, 2 Paacreatloacmus 3. Isiets of Langerhans, 4 Blood vessel. .

‘Glucagon produced by aipha colls elevates the blood bugar Jevel and causes hyperglycacmia. |

Iis low secretion results in fall of blood sugar level. - Thus both these hormones are antagonistic
in their behaviour checking the ami'my of the other and maintaining biood sugar level. The

. gama cells are few in number and 4o not contain secretory granules: So far it has not bs:en

proved to be the spurce of any endocrine factof.

309 MUCUSMEE’EERANE

The epithelial lining of the gut also plays an 1mp0rtaf1t role in the productmn of hormones.

“The epithelial cells of mucus membrane secrofe enzymes and hormgrnes, hence are heterocrine
rmones called gastrin and

> glands to produce the gastric

in their nature. The mucus membrase of the stomach secret

enterogastrone. . This hovmone gastrin stimulates the g

juice. Enterogastrone inhibits the pepsio production. Sirhil in the mucus lining of intestine

are present the cells which ‘secrete four more ho . {1) Chelecystokinin which causes.

the acisi of pancreas to produce alkaline tic joice. The hyper or hypo activity of
these hormones cause gusiric disorders, e Paficreozyun controls the secgetion of pancreatic
enzymes. (4) Enfercwinin a proiein iure, controls secretin of the intestinal juice.

the coniraction of gall bladder therchy releasipgnbite §nto Jdodenum {(2) Secreiin stimulates
P %

30.16 GONADS

Gonads apart from being cylogenic also participate in cndocrine secretions. However, they
ate mmaad by the influcnce of gonadoteophic hormones pmdﬁced by the pxtmtary gland.

'Iéstses

In the commective Ssswe of festes scattered between the crypts are preseni HWRMErous celis.
These cells are colled as Leyeig eells or interstitlal cells of endocrine function. They produce
the male sex hormone calledd androgen or testosterons. This hormone is produced by the
influence of ICSH of pituitary. It coatrols the development and growth of the male sex
organs 1o ihewr full size, so that they hecowme functional. it reguiates spermatogenesis and

leads to the development of secondary séxual characiers 4n males such ‘as change in voice,

appearance of hair oun face etc. o . - .
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Ovary

"The Graafian fo]iiclés'of the cvary: pmducé female sex hormone called (Follicle Stimulating
_ Hormone) oesirogen. The production of this hormone is initiated by FSH/of pituitary gland.

The oestrogen initiates ovulation, en!argcmem of mammary glands. It also canses the appearence
of secondary sexual characters like cnlargement of hips, soft voice, in ‘female, Oestrogen
develops the genitai tract. The carpus luteura of the ovary produces two hormones, progesterone,
which prepares the uterus for the implantation of the embryo and the pelvic™ lig%m.mts during
pregnancy. 1t also inhibits the production of cestrogen. The other hormone is refaxiz which
causes the relaxation of smooth ‘muscies of uterus parturition and helps in widening of the

‘cervix. The placenta in manmmals produce hormones to prevent ovulation. They also prepare

mammary glands to sccrct milk for the young

. Thus the endocrme glards are internal co- ordmators of various phys:ologlcal ‘ackivities.

t

30.11. . UMMARY

‘Endecrine or the ductiess glands 35¢rcic hormones releasing d{rectiy into ‘the blood stream

to be effective far away from its place of birth. Hormones are the chemical messengers in

regulating the various physiciogical metsbolic activities. Chcmlcally, hormones are the complex

organic proteins insulin, parathermone, oxyiocin, ADH, hormones of mucosa, trophic hormones

‘of the adenohypophysns or steroids (androgens, estrogens & adrenocorticoids and some others
“like adrenaline or epmephﬂme 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 pxwg!aﬂd of master gland thus acts a remote
control organ for all this other endocrine gland ept adrenal’ mﬁduiia However, even suc iz

a master gland is put under the control of hypothalamus. C

--As vitemins do, any disturbance e pmduct;on of the hermones causes discases ke
exophithalmic gmtre, cretinis eadema, usteitis fihmm, Addls(m% discase, mahciw
" mellitus etc. : - ‘ : :

Gonads also act as end glands and are mapansﬁbic io: sccond,aﬁ sexnal chara:,mrs and

for proper functioning of {he’system. Corpus luteumn produces progesterone for the preparation

of the uterine bed to receive and maintain-the embryo and relaxin, for parturilion.

30.12 MODEL EXAMiNATIGN QUESTIONS

L Answer the fo!lowmg in abmit KitR hm:s.
1 Describc bneﬂy the mammahan endocrwai a‘y‘"al(}nl
S2 Dlscuss the functmns of mtmtary, thyr(ﬂd and ﬂdn nal g]anus _ _
3. Wha[ are endocrine'gﬁ_ands 7 Desc_zwc thc storcture and role of pinstary gland. '
1. Answer the fni towing m &bout 16 Eams ' - ' -
‘L Dzstmgmz,h exocrine and .,nd@crne Ql_ﬂaa with oxamples.

-~ 2. Write a braef accounit on the hormanh ;roﬁacrﬂ by posterier lobe of p iy %Eand




3. Described the structure ‘and function of thyroid gland.

4. Give a brief account of adrenal glands.. . ' L C -

5. Gonadotfopis hormones

6.Neurophysis |

10/. Pancreas

Islets of Langcr‘hans. '_

7.Parathyroid glands 12. " Iasulin

8. Thymus gland 13. i.eé:d_ig cell -

9.Cartisones 14 Cﬁrpus huteum

30.13 GLOSSARY

' Aéromegaly

Adrenal gland

Addison’s disease

Coliip’s hormong
Corpus luicuma

Cs efinism

umbt,tea millitus  : '

Dabetes insipidus

Dieacephalon

Emergoncy glands

" Epidiciymes
Giganiism
Graafian follicles

Gubernaculum
Heterocrine gland
Henle's loop:
Hilus '-

'Homeostasis
Inguinal canals -

' Leydig cells

Melanophores

T A thick convolute
© arises

. Disproportinate grawth of bones of jaw and limbs giving an awkward

appearance
A dutﬁess gland prcsent &b‘ove kidncy '

A deficiency di sease caused by cortisone lowermg the rate of uaxbohydrate '
and protein ractabolism

: Iis pdrmbormo"le .

An yﬂ.{iaw tissuc filling vp @ ound follicles alicr ovulation

Dsis\r in speech anr’ wr:imng cs%' the cluid due'to deficiency of thyraxme

Uelay in speech and w!alkmg of the duc to deﬁcrsncy of t’iyronnc

;A disease in which there is Jo of w. duc to dlficu:ncy of ADHL
:  The second part of the o raig from where pltmtary gland arises

, w—" ‘
The adrenal glands 'w}ﬁ(ﬁeet the émergency requirements of the body

¢ surrounding the testcs from which vas deferens -

Overgrowth of body paris.
The proliferations of germinal _cﬁitheiium_ _surrounding ova.
The cord_qbunecting the Lésgés’ to scrotal sac

A gland which secretes cxtémally' as well as,inteméiiy

A part of convoluted nephron to increase absorptive surface for water

"t The concave part of kidney from where urcter arises. . —

Maintanance of internal environment

The coeclomic canal joining perivisceral coeclome and scrotat coelom ™

o Thé_se are interstitial cells pr'gsént in the testes 1o produce androgens.

The pigment cells containing meianm




Microvilli
Myxoedemd

Oestrogen

Osmo-regulation

Parturition
Pelvig

Pyramids

T S_Cl‘OtllI-l‘lr

Ultra filtration

Urethra

Uterus masculinus :

BN

Vagina_ o

‘ Cyt'oplésm'i_é projcé'tiohs‘to .abs_olfb fluids

. Formation of fat_ below Qﬁcd;s eic. m the adults -

A female hormonc _rcgul:iting ovulation

. chulating water level inside the animal -

Dehvery of the child in mammals
The ﬂancned part of areter at its ongm
“The lobes of medulla of l_udney o
The (;061(;!1;'16 sac outside into which .thc iestes dcscend o
Filtration under hlg.h pressuré in, Bowman s capsu]e
A common passagc in malgq for urine and gamefes

Seminal vcswies to store sperms li in nalcs

: The paqsage leadmg from the uterus to thc extcnor in female mammal. .
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MUSCULAR AND NERVOUS TISSUES |
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311 OBJECTIVE Qw

@ The objcctlve of tlns lessto Emow about the mmutc structurga of thc ussues and the

© organs.’

'-'__3;1.2 '_:.HNTROEUCTIQN";_' BRI

- Histology is the study of the minute structure of the tissués and organs. Literally histology . -
means the study of the tissues. A tissuc is predominaatly 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 ;ogether by an intercellular “or ground substancc It is

: present w1th in thc mter celfular spaces I[ is produced by the ceILs themselves

. There are four ma_]or classns of tnswcs which hav; a dlstmct structurc and functlon

1. Eplthellum or- Eplthehdl tlssue

2 Connectlve or, supportmg txssue

3 Muscle or. Musculax tissue -




L e

4.  Nerve or Nervous lissue

The details about each kind of tissues are as follows :

31.3 EPITHELIUM

Epithelium, I.I\Sually comsisis of closely packed cells. The cells are held togctﬁer with 2 very
small amount of intercellular substance. This substance or the matrix is produced by the

cells themselves. The celis are. arranged in sheets and rést on a thzn structurclc s non cellular

membrane known as the basement miembrane.

Epithelia cover the outer surface and the inner and outer surfaces of various internal Organs.
They line the walls of most of the internal cavities. The secretory part of various glands of
the body-is composed of the epithelia. - S .

Epithelium may be composed of one or more layers of cells. If it consisis of one layer of -
cells, it is described as simple epitheiiam.  If the cpﬁhehum is composed of many cellular -

layers of cells, it 1s described as stratified epnheimm Babed on the shape of the cells simple

epnhclium is clasqlﬁcd as foliowing.

Kmds of Simple Epitheha

3131 Slmpie Squam s K piihehmﬁ

Squamous eplthclxum consists of a single laye. of thin flag ce]ls The cells are plate like with
their sides fitted close together {Fig.31.A-B). ‘%qudmnus epithglium is ofilen called. pavement
epithelium as the cells are like cement ﬁiabﬁ in surfacp V1 he cell outline is polygonal.
In certain cases tht: ouﬂme Gf the cells is wavy, it 1 Sdld to be 'les§ellated epithe]ium

Squamous-cpith-elium\ is found lining the Bowma%?mﬁsulu'of the kidney, the body cavities,
Henle's loop, inner -side of the tympanic membrane and alveoli of the lung. The blood ami
lymph vessels and the peritonium are line ""fhf, mﬁcil“u,d Lype.

31.3.2 Slmplei‘ubeada! Fpﬂhe!n;% o C '

Simple cuboidal epithelium is formed by cubical celis, te., the cells have about the same .

height and width. In the surface view, they have hexagonal i appearance as in the squamous
epithelium, In verti cal section they are like- -rows. of squares (Fxg 31.1. C.D).

Cuboidal epithelium forms-the lining of ‘many gldnds, tike the sweat gland parts of the liver

and the thyroid. It forms the free surface of the ovary and the lining of the uriniferous
lubulcs of the kidney. 1t also linss the pigmented eplthem,m of reting, inner lens capsula

S 3133 f:lmple Columnar Emﬁaelmm

in columhal epzthe’lium the cells are distinctly taller than their mdth (ﬁg 3.1.EF). The
inner end of the celi towards the basement membrane narrows. The cells appear as small
polygons in the surface view, The nucleus is elongated parallel with the long axis of the cell.
The frec surface of the coluranar cefls differ in various sitnations. The alimentary canal from

. the stomach o the rectum is lived by columuar epithelial cells. This epitheliuin is secretory

or absorptive.
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1. Nucleus in the centre 2. Basement megabranal 3. Fiattened hexagonal cells 4. Bowman 's capsule with squamous
.epithelium 5. Cubical cell 6. Hexa ippoarance of cubeidal cells in the surface view 7. Eionga:ed columnar
celis 8, Elongated a:cmra{ nucleus. $\Cilia 10, Basal capsule. - i

Spec1allzed types of @e Epitheha- . /%'

Slmple epitheha undergo certain spec:ahsatmns far pcrfmmmg dlsimf‘t functions, Tm:rt. are
four such types ' : : o . '

Fig. 311 Sunple epnthe!ta A-B: Squamous’ ?ﬁum G- Cubmdaleplthelmm E-F Oommnar epithelivin

313, 4 Clhated prthehum

“The fr;:e surfaces of the simple cpﬂ:heha; cells bear tiny protoplasmic lashes, the cilia \hu.raliv
"eye lashes).  The linings. of the nasal cavities, the trachea (Wnd pipc) the bronchi, uterine:
: tube and uterus contain ciliated epithehum ~

.' _31 3. 5 Glanduiar Eplthelium

. .

Simple eplthchal cells, May become secretory and ferm cither thc unicellnlar or multicsHular

E glands,’ thereby formmg a glandular tissue.” Generalised seeretory cells of the stomach lining

are unicellular. glands. Likewise the. goblet cells of intestinal lining arc also tnicefivlar. Tn

. multicellular glands, the- cplthehum invaginates to form 2 nmember of tubeles in the form of

dilatations. - Lung alveoli and pam,reauc acini ‘are ihe good f:xamgiu

3L.3. 6 Plgment Eplthehum S .

The cells of such epltheha contain coloured pigraeint grdnules, as in the pigmented epithelium :
of retma '

)




313.7 Neuro Epithelium
Some simple columnar cells are spcmahsed for recewmg sensory stimuli. eg, Rcccptlve celis
of taste, hearing and smell

3138 Pseudebiraélﬁed Epithelium

Pseudostratified epithelium consists of a single layer of celEs All the cells touch the basement

. membrane. But the free surfaces of the cells are not at one lcvei and the nuclei of the: cells
“arc at different levels (Fzg 312 A).

" Such an arrangement of the cells gives a deceptive appearance of many layers of cells or -

Fig. 312 A. Pscudostratified epithelmm B. Stratified squamous epithelium. 1. Disposition of the nuclei at
three levels 2. Basement metbrane 3. Stratum corneum (squamous) 4. Stratum spinosum (polyhcdralcclls)
3. Stratum malpighil {columnar).

stratification. Hence such tissue is described as pseudostratified epithelium. - The. trachea
and the bronchi are lined by a Pseudostratified columnar ciliated epithelium.

3139 Stratified Epithelium

Stratified epithelia consist of fraany layers of cells. They, like simple epithelia, are classified

" into the following based on the shape of the cells :

a. Stratified Squameus Epithelium © This is present in the epidermis of the skin, buccal

cavity, oesophagus c(m]ectwa and the vagma where the supcrﬁcml layers, are with squamous

cells (Fig. 30.2. B).

27




b. Stratified Cuboidal Epithelinoe : In this typc of compound epithelium, the superﬁcral
layers of the cells are cuboidal in shape, as in the testis, tubules, _Graaﬁan follicles of ovary,
and epidermis of urodeles.

c. Stratified Columnar Epithelium : The superﬁcial cells are tall and the decper layers

* consists of irregular polyhedral cells, This cp:thehum is rare. Pharynx and larynx in part have

this. type of cputhclmm
31.3.10. Transitional Epaﬁhehum

in this type of stratified epithelium, the surface cells are Iargc dome shaped (Fig 31.3 A),
somewhat. flattened, but not as-flat as the ceils of squamous epithelium. The intermediate
layers conmsist of polygonal cells, below which are small rounded cells. In. the transitional
epithelium, there is no bascment inembrane. The most characteristic feature of the transitional
epithelium is its elasticity hence it also referred to as plastic epithelivm. That is way it is
also called transitional epithelium. This is svitable for the lining of hollow organs or tubes
which are expansible. It is present in the mucous membrane of the excretory passages of

the urmary system the pelvis of the kndney, the urcters and the urinary bladder. -

Fig. 31.3. A. Transitiona! epithelivm. B. pastissue. 1. Superficiallarge cells 2, Celtular layer 3. No basement
membrane 4. Capillary pushing ipie.the cpithetivm 5. Transitional epithelium in biadder wall 6. Fatcell 7.
Fibroblast aitached to bundle of @ ibres 8. mast cel! Y. Macrophage histiorytes 10, Amorghous ground
substance il. Bundlé of whrte fibres 12 Metwork of yeltow fibres 13, Tibrocyte. ' '

314 CONNECTMS@SUE«,

As the name suggests, connectwe tisspe serves as & supporting system binding the tissues
together. It acts as a packing and supporting eiements for the body. Somse of the cellnlar

- components of the tissue are active in storage and phagocytosis. Conechive tissugs in general

contain large amount of interecllular substances referred fo as wnor phous :;ubsh.rre, ie.,
matrix in which are found embedded various types of cells and fibres as Reticular cells,
Fibroblasts, Macrophages, plasma cells, Mast cells, Fat cells, Connective tissue fibres and

- Plastic celis.

31.4.1. Loose Comnective Tissne

~ This connective tissue is characterised by ihe loose armng;r,ment of fibres,  They serve to

bind the tissues togather and to form protec{:wﬁ membranes round thé organs. There are of
three distinct types : 1. Areolar 2. Reticular 3. Adipose tissues. '
L Areolar tissue '

The word areolar refers to the htﬂc arcas of 5pacs Csc,cmrmg ‘within the iissue 1t s a loosely
arranged fibro elastic connective tissve and displays & greater variety of ufirm_gmd fibres than-
any. other connective tissues (Fig. 30.3. B).

s



' Thcrc are two types of fibres i.e i) Soft, strong, flexible but non—elastlc straight and unbranched-

collagenous ‘white fibres’ (i) branched, elastic ‘yetlow fibres’ formed of a protein called elastin.
"Among the cells the mast cells pmducc an anti coagulant, heparin while the plasma cells
" produce antibodies. s : :

|13 prowdcs support and allows some mob:hty 1t acts as a packmg matcr:al between parts
of the body. It provides path way for vessels and nerve. It is defensive and healing tissue:

C2, Reticalar tissue

. Retmu}ar ccnnectm, tissue is made up of branchmg cells whose pmcesses are usually
contact with one another, forming a reticulum or nct work of cells.” The reticular cell are
. embedded in a thick fluid matrx. S

In the mairix are fine fibres, the reticular fibres. They lie closely associated with the cells.
This type of tissue forms the framework of lymph glands, spleen and red bone mAarrow.

3. Ae:hpnse tlss,ue

Itis a mﬂdlficanon of the fibro-elastic areolax 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 energy. Adipose tissue serves as heat insulating layer. There arc
two types of adipose tissues : i) white ii) brown cells. of brown adipose tissuc do contain
.mitochondria as that of white one bus 4he cristae are without the elementary particles. Hence
“the ATP synthesis does not take place for future store.

Fig. 30.4. Adipose tissue. 1. Adipose or fat cells 2. Accumulated fat 3. Nuclei shifted to the penphety
' 4. Pcnpheralcytoplasm 5. Collagcuous fibres 6. Blood vessef,

Dense Connectwe Tissue

ThLS tissue has an  abundance of ﬁbres which are compactly arr.angcd Cells arc proportlonately -
few as compared to the loose conncctlvc tissue. Thc best cxamplcs of dense connective tissue - -

are tendons and ligaments.

' 3142 Skeletal Tissue _
"~ The skeletal IISSUP is charauarased by thc possession -of a tough mafrix. It forms the

endoskeleton of -the vertebrates suppoﬁmg the soft parts of the body Therc are two types

of skelctal tlssues
@ Cart:lagc and

(it) Bone




b Cartllage

The cartllagc is bounded externally by a suff sheath  called the penchondrmm It contains -
blood vessels. Nutrient material diffuses into the cartilage. Cellar part of the cartilage consists =
of chondrobiasts which give tise to the chondrocytes. They are found in fluid filled spaces .
called lacunae or cell nest.. - The groa.md substance of the cartllage consists of a firm substance.
called the chondrin and collagen fibres. On the basis of the composition of the i inner. cellular :
matenal four types of cartilages are commonly distinguished. They are @ '

S (2) Hyalisie (b) Calcified (c) Elastic (@) Fibrous

a. Hyalme camlage lemg hyahne cartﬂa.gc has 1 clcar, translucent blmsh white’ and some
what elastic matrix. . It often contains network of very fine collagen fibres. The matrix consists

" of chondrin sccreted by the chondroblasts (Fig 31.5. A). The camlage is surrounded by a
fibrous meémbrane, the perichondrium. . The chondroblasts just beneath the perichondrium
are flattened. Other cells lying decper are found in group of two or more in lacunac.. In.
mammals xiphisternum, sicrnal ribs and the trachea possess this variety of cartilage

Fig. 31.5 AHyalmc cartllagﬂ- B. Fibro cartilage. C. Flas'tlc camlage 1. Matrix of chom:lrm 2 Lacuia
3. dmdmg cartilage cell 4. Perichondrium 5. Cells ‘parailel to the ‘perichondrium.” 6. Matriz composed of
" chondrin arfd many white coflagenous fibres- 7. Cartilage cells in lacunac 8. “Yellow efastis fibres,

. presents in chondnn 9. Cartilage cells lying in chondrin matrix. 10, Lacuna '

Vb Calclﬁed Cartilage : Hyalme cartilage whose matrix is impregnated with calcium salts
' ' forms the calcified cartilage. 1t forms a much harder nonnelastic and rigid support % forms
the skeleton of some elasmobranches and supra scapula of amphzbm y




¢. Elastic Cartilage : The elastic cartilage has numerous flexible yellow fibres forming a net
work in the matrix and running in all diredtipns (Fig. 31.5.C). ' The yellow fibres increase
the flexibility of the cartilage. Elastic cartilage is found in the pinna (external ear lobe etc)

Fig, 3.6. Bone. A. Cross section. B Cross section of a portion.of bone (magnified). C. Osteocyte. 1.
Periostenum 2. Endosteum 3. Concentric layers of lamellac 4. Marrow cavity with bone marrow 5.
Concentric layers of lacunae containing osteacytes 6. Canalicuii with protoplasmic processes of osteocytes 7.
Inner lager of osteoblasts 8. Quter layér of osteoblasts 9. Protoplasmic process 10. Osteocyte 11. Canaliculi.

d. Fibro Cartilage : In this type_[here'is: ,él pmekiominéncc agenous whitg ﬁbre§ (Fig.

31.5. B). This kind of cartilage forms the shock. pr_oé;f pads knGwn as inter vertebral disc,
which lie between adjacent vertebrae. = - C ‘

ii. Bone

Bone or osseous tissue is a very hard, rigj@lm_ of connective tissue. It constitutes the -
endoskeleton of most of the, hjgher'_i'grt?ratﬁ The bone tissue tonsists -of living cells. the__

osteecytes embcdded in a bard matrix’

Each bone, except over its articular surfaces is enveloped by a specialised connective tissue
coat, the periosteums. A similar but less well developed connective tissue layer, the endosteum

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 inorganic component which form approximately 2/3 of the weight of

bone. The  inorganic salts which are responsible for the hardness and rigidily .of the bone
include calcium posphate (85%),, calcium -carbonate  (10%) and others.. Collagencous fibres
contribute to the strength and elastcity 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 concentric layers around the central narrow cavily.

The concentric layers of lamellag alternaie with the concentric layers of the osteocytes or the
bone cells, developed from-the osteoblast. They are found. within fluid filled spaces called
‘the lacunae. Each bone cells gives off branching protoplasmic processes. these processes
are found within the branching processes of the lacunae called the canalicali.
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'The. prooesser of adjacent bone ceils fike the canahcuh umt to form a contmuous net work
- through out the’ matrix. | Both lacunae and canaliculi contain a ﬂmd whnch enable the bone

cell to five in. a medmm which is otherwise sohdxﬁed by the mmera} salts. The ﬂmd comes

~ from the blood vessels of the penosteum.and the' endostoum.
' I-larversian System '

In a mammalian long bone thcse are addxtnonal channels runmng para!.lel to the cantwally .
located marrow cavity. These are the Harvesmn canals. Each Harvesian canals is surrounded-
by concenttic_layer of the lamellae and- laciinae (Fig: 31.7). “Thus forming a system called the
 Harversian system. These' cannals contam Marrow and are connccted with cach other by '
- the volkmanis canals ' : ‘ '

- - Fig 31.7. T.S. of mammalian Eonu'b(@mmmm system: 1, Periosteum 2. Concenﬁc 1amcila3 Harversian
cenal 4. Concentric Lacunaeé Canalicoli 6. Inner comectwc jamellae 7. Endostcum 8 Marrow cawty

T ,Bone mamw

Bonc mATEOW is 4 submance \siuch ‘dccupies (he central cavnty of the: bone. It is a soft .

vascular myelmd nssuc Its. prrmary functions are to produce myelmd ccllular ‘elements,
erythmcytcs, phagocytw cells 2nd to store iron. Yeilow bone marrow is found in the- -marrow

cavities of long bone. It cousists prmmpaﬂy ‘of fat cells. Red bone' is. marrow’ is found -at - :

the end  of most of the fong bones and in the flat bones of the cranium like skuil sterpum,

- clavicles, pelws Tibs and bodies of vertebrae. Red boné martow consists of stroma and free -
cclls w1tbm it. Red bone marrow zs mncemed wﬂ;h tha formatlon of blood cells (haemopowsns)._ :

_ "31 43, Blood And Lymph _ .
' Blood and lymph are the examples of hqmd cmmectsve uSsue

Blood

o ‘Vertebrate blood s rcd in colour It forms about 6—10 % of the body wcaght in mammals,
. It has a saltish taste and a’ faint- alkaline reaction. Acrated blood is bright red and purple

" when non-aerated The blood comsists of a liquid portion the plasma, m which there are

cells or corpuscles In plasma there are- two' types of corpuscles erytbrocytes ot the red




blood corpuscles and the leucocytes or the white blood corpuscles: The plasma’ also contains:

blood platelets, which are the fragments of certain larger fragile leucocytes called the
. megakaryocytes. The blood forms a transport medium and a defensive mechanism . against
the microbes. _ ' ' | o , '

Piasma

The plasma which represents the mal_rix.is a .fain't yellow liquid. About 90% of it is water.
Plasma is a mixture of inorganic salts in true solution and blood proteins in colloidal form.

The salts form 1% of the ‘plasma. These include the chiorides, bicarborates, suiphaté and '
phosphates of sodium and potassium. The blood proteins present in the plasma are albumins, -

globulins and ﬁb;'.inogen. They form 7 to 8 % of the plasma. Dissolved in the Plasma are
- various useful and waste - substances forming 1 to- 2% of the plasma. = They include the
nutncnts 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.

Gases like carbon di oxide ‘and oxygen are also present.
Erythrocytes ( Red Bloed Cnrgmscies}

. The red blood corpuscles are y@ﬂﬂwmh when seen singly, but reddish when viewed in bu!k

Each is enclosed within an elastic membrane,: The ‘cytoplasm conteins a respiratory pigment,
hemoglobin and inorganic ions of sodium, potassium; calcium magnesivm chloride and phosphate.

In resting slow flowing blocd the erythrocytes form piles called 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 matutre
_ red blood ‘corpuscles are without nuclei, biconcave, c1rcu!av\%iisc like. In other vertebrates
they are oval biconvex and nucleated. In adult mammals

within the red bone marrow. Each is 7.2 microns th and 2.2 microns thick in man.

In other vertebrates, they are formed probably ;;'n the

Jiver, spleen and kidney. In ong cubic millimete uman blood there are 4.5 to 5 million

red 'biood cells. They remain function@ circulating blood for about few weeks only- .
y

(approximately 120 days).  After which are destroys elther in the bicod a or in the

Liver and ,pleen :
‘ Leumcytes (whlte blood rorpuscles)

Leucocytes or the white blood corpuscles are otherwise calléd 'amoebocy_es, because of their
irregular shape. They are called wandering - cells also, as they can squeeze through the

Fig31.8 Blood corpuscles. A. Erythocytes.. 8. Eosidophil. C. Neatraphil. D. Basophil. E.Biood platelets.

red corpuscles are produced

ascularized connective tissue of the
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B caplllary walls '~ and reach othcr tissues by 3 process called dsapedesrs. Thcse cells because
of the p/hagocytlc functmn are descrrbed as scavenger cells. Leucocytes are much fewer than
' the_erythrocytes. Each cubic millimeter of human blood contains eight to ten ‘thousand of
~ white. corpuscles. They are nucleated and each measures 10-15 microns in size.. They are of

two types (1) The granuiocytes or granuiar leucecyles which contam granules n the cytoplasm
and originate in the red bone marrow in mammals. (ij) Ag,ranulecytes or non-granular leucocytes,

_whrch lack the granules in“the cytopiasm and thr:y orlgmate in the lymphanc nodulcs -
e Granulocytes S S _
'_ Thc granulocytes are of three typcs 1 Ncutropblls 2. Basophrls and 3. Acrdophlls

Neutrophil: The neutrophils are stamed 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 ‘grannles in them are mainly
a special type of lysosome which contain principaily hydrolytlc enzymes There number i mcreascs

©in pus formmg infections. Live for 30 hours..

_"Acldﬂphlls or Eosmophlls- Ac1dopluls are closely related to neutrophlls They have la:ger
. granules that strain strongly with acidic ‘dyes. The nuclens is less markedly polymorphlc or. -
. bilobed. They measure 10 to 12 micron and from 2 to 5% of the white blood cells. Acidophils

are also unportant phagocytes.. They incredse in number in allegic (asthma) cond1t1ons and
infections of digestive tract. :

Ba_sqphil's The - basophlls stain darkly Wl[h dye and thc granules are still larger and the
nucleus is slightly lobed. - They ‘constitute of the total white cells. -They are. not

- 'phagocytic and their significance is not . They ingest small particles like carbon.
' Agranulacytes There. are.tWo such@ypes of the agranulocytes. Lymphocytes and monocytes.
Both of them develop ‘within l phatu, nodules. ‘ ‘ : :

,Lymphocytes . The Lympho tes are about 10 micron in size with a large nucleus ﬁlimg
- the cell. They form 200/%1:; white cells. They produce antibodies and anti toxins which

neutrahse the toxins releas v the foreign m1cr0 orgamsms

Monocyte: The Monocytes are the largest’ being 12 to 15 microns in size.  They posses. a
~ kidney shaped nucleus and are 5% of the leucocytes. These are also very 1mportant phagocytes.
The monocytes leave the blood and enter the tissues where their life span as macrophages

may be as long as 70 days.. They are phagestic as the neutrophils and also are good scavenger.
Blood platelets or Thmmbncy‘ice - |

In the blood ‘of mammals there . are ‘rounded or oval granular bodres " Platelets which arise

" as detached portions of peculiar gxant cells of bone marrow- Megakarycytes. Platelets take

an important part in the ciotting of blood. Each is 2 to 4 microns in diameter. There arc

~ as many as 200 to 3(]0 thousand per mﬂhmeter

Lymph .

Lymph is fluid collected from the tlssues and returned to the blood strcam Tt 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 blood proteins. Lymph always

bathes . the tissues. Lymphocytes are’ added to the 1ymph as it passes through the lyrnph

T



- strean.

Lymph from small | mtemne (chyle) is mﬁky bacause of fat €,l.obul‘ies taken up. Lymph from
the liver is unusuaiiy rich in protcm Lympk coagulatcs but. the pmce&s advanccs siovdy and
the clot is soft. : : :

Hemopolesiy

The prdcess of forming bleod cell is known as Hemopoiesis. This occurs in the haemopoietic

. tissue. Lymphocytes and monocytes are developed chiefly in the lymphoid tissues and -are
termed lymphoid element. Erythrocytcs and granulocytes are produced within the bone marrow

| called myeloid tissue. Therc is also & view that monocyt&s and some lymphocytcs arise ufrom 7

precursor cefls  within the bone marrow.

- 318 NERV@US TISSUE

" The servous tissue forms the entire ‘nervous system. It is developed from ecctoderm. It is
formed by a collection of highly specialiscd cells called newrous which develop from the
nearcblasts and the supporting cells, : '

A typical nerve ceﬂ 0 Bewron conststs of a cell. bodv or cyton or perlkaryon It has two or

more pm_top}asmac processes. Functionally the proceses are of two types - dendrons and axnns

Fig. 31.9 Neuron and neurofibril (myelinated). 1. Cell membrane 2. Cytoplasm containing Nissal's granules mitochondria
ete. 3. Nucleus 4, Dendron 5. Deadrities 6. Axoplasm 7. Thin membrane surrounding axoplasm
B. Schwann cell 5. Myeim sheath 10. Neurilemma 11. Node of Ranvier 12, Schwann cell nuclevs 13, Inter node
 14. Endoneurium 15. Axon 16. O‘ell body :

nodes. The lymph uodes al_so add antibodies to the’ lymph and 'from'these to the blood' :
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‘ (Fig. 31 9). Dendrons carry unpulses to the cell body Axon whlch is a smgle long process

conducts xmpulses away from the cell body

| Ncrve impulses can travel in only one direction through a neuron from thc dendrites through

the cell body to the end of the axon. Impulses 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 space -

- called a synapse, between their nexghbounng processes. Thus a synapse is a functlonal and
“not an anatomlcal contact bctween an_axon and a dendron :

'Ncurons vary greatly i in size and shape. Each consists of a cell body or penkaryon covcred
by axolemma enclosing neuroplasm with one or mare large nuceoli. In addition to the other -

cellular contents a nerve cell possesses Nissl bodies. They are prcscnt in the dendrons also"
but in the axon these granules are associated with protein synthesis. Another prominent feature,
of neuron is the presence of neuroﬁbnﬂae present 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 processes and 3. Multipolar with more than two
protoplasmic processes (Fig. 31.10). Certain of the ‘'specialised neurons of the multnpolar variety
are the pyramldal cells of thc cerebrum (Cerebral | hcmispherc and Purkm_]e cclls of the .
cerebellum ). :

. F‘g 31 10. Types of neurons A. Pseudo nmpolar B. Bipolar neuron C. Mult:polar Beuron
1 Dcndronz Cyton "3, Axon 4. Cell body.

Neﬁe fibre Sheaths-

The,aerve fibres are wrappcd in one -of two' shcalhs.The axis cylinders are ensheathed within

- one -or two sheaths-1. Myelin and 2.. Neurilémma. The myclin sheath i is a soft, whitish fagty

material which is almost fluid in character. Nerve fibres which have thick myelin sheath appear
white and are called myelinated 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 ncrvc 1mpulscs traw:lmg alonf! the nearby fibres.

The neurilemma is a sheath composed of a. single ldycr of cells with elongatcd nuclei known

" as Schwann cells. The neurilemma. and the Schwamn cells surround the myelin sheath and

form a continuous’ outer layer. Nerve fibres in tbe central nervous. sysle;m have 00 reurilemma,




The myelin sheath is a not a Lontmuous one and is absent at places in the peripheral nerves
to form the nodes of Ranvier. At such censtriction, since there is no myelin. sheath, the
neurolemma fouches 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 aon medullated or unmyelinated

nerves. The neurolemma itself-is surrounded by very thin sheath of fibrous connective tissue,

the endoneurium. The Schw.mn cells produce myelm The ncurllemma is derived from
“Endoneurinm of the nerve. : :

31.6 MUSCLE TISSUE

The most important functional feature of muscle tissue 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 liké structures, the myofilamients which are embedded within a
‘more fluid cytoplasm, the sarcoplasm. Proteins called myosin and actin have been “extracted
from muscle fibres. There is very:small amount of intercellufar substance, and like the
epithelial tissue, the muscle cells are very closely bound. together by connective tissue.

'Types of Muscle_s :

There are three types of muscles. They differ in strucﬁu:e, location within the body and the
type of innervation (nerve supply). '

Fig. 31.11 Types of muscles. A. Unsiriated muscle B. Striated skeletal muscle. C, Cardlac muscle
1. Longtitudinal myofibriliac 2. Rod shaped nuclei 3. Tapering end of the cell 4. Cylmdncal muscle fibres’
5. Sarcolemma 6. Transverse striations 7. Sarcoplasm 8. Oval flattened sucieus 9. Longtitudinal myofibres
10. Cylindrical fibres of cardiac muscle 11. Cross striations 12. Oblique cross 13. Myofibrils
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_the control of the voluntary nervous system (supplied _
_as voluntary muscle. skeletal muscle makes/ the lcan meat of an animial and constitutes

“in the sarcoplasm. The Skelctal

1 ﬁsiriatéd - Smooth muscif: - Involﬁntarj_ or .visceral

: 2 Smated Skeletai muscic - Vohmtary

3 Cardmc - Heart muscie

1 Unsmated Muscle

In this vanety of muscles there are no cross striations in the cclls hence known as unstriated

or unstriped. It receives 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, blocd vessels and urinary bladder and hence
called as viscera muscle. Meseodermal myoblast celis are responsible for forming the muscle
cells. The Unstriated muscle celis are spindie shaped. Each elogated cell tapers to a fine
pnmt at the. end Thc m:ll contains a smgk, central nucieus (Fig 31. 11A) ‘The satcolemma
is so thin that it cannot usual}y be scen. In addition to the myoﬁbnllae or myoﬁldment there

are granules near the nucleus in the- sarcnp!asm o

The Wsccrai muscles comract siowly but can rcmam contractcd for a long time wgtnout gettmg .

K

2. Straited Muscle

‘The myofibrils show alternatmg dark and hght cross band-or stnpes, hence smped or striatéd
muscles(Fig.31. 1IB) “This type of muscles is found in the body.wall and hmbs and . is
responsible for the movements of the, skeleton, he the name skeletal muscle. It is under .
cerebo spinal nerves) hence s called

nearly haif the animal’s bod.y weight. Strip scle is very complex in structure, It consists
of long, cylindrical ﬁbrqs with Blunt en he fibres are bounded by sarcolemma and contain
mény nuclei forming a syncitia. In sofls the nuclei are present jusi beneath the sarcolemma

l@f—is enclosed within a shealth of connective tissue kuown
as epimysium, which is coptinuous, with. tcndom attached to bones. From the cpimysium
further connective: tassue m%;}nes extend inio i‘m muscle tissne and surround the bundies
of stidated muscle fibres (fasiclli of fibres ). This is the perbifiysium individual muscle fibres.-
are surroundad by ‘a thi sheath of the same connective tissue the andomysmm ‘This conngctive
tissue allows blood vessels and nerves to rcach thc mascle tissue for nouras.umsm and nerve
impulses respcctwsly :

3, Gardlac Muade

The' card:ac mu,scﬁe is mvaluntary but strzatcd It is confirmed to the waﬂs of the heast and
the large vessels joining the heart. Cardiac muséie consists of short columus ‘or cylfinders,
united into a close. mesh work {Fig 31 11 C). The mesh work forms a sy@cynum,bm.ame cell -
junctions are not-easily seen. The colurans are connected by slammg branches. A cell containg
sarcoplasm and myofibrils like skeletal muscle bat only one nucleus. The cell is’ enclosed iv .

~ sarcolemma. Sarcoplasm is in abundance. It is correlated with the capacity to with stand

farigue. The myofibrils are distinct. The transverse tight and dark bands are 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 countracis f;ﬁnxrkly but oot get fatigued. B recoives bnth
the cranial and autononnc nerves. - o : :



3L7. SUMMARY '

. : . \ . -
The study of the fissues constitute histology and the tissue is an aggregation of cells that

perform a specific functions on nervous and  muscie tissues. There are 4 mjor classcs of '

tissues ¥iz. epﬁthehal cﬂnnecﬁve,mrvous end muscle tissues.

n

prtﬂehal tissues are generally seen lining the organs either internally or on the surface or

both. They are secremry or absorptive and protective in function.

Connccnve fissucs are mesodermal in -origin and are characterised by posScssing a ground
substance called matrix. As the name indicates, these tissues bind or connect different, tissucs
“as the blood ligamentstendons, Adipese tissue serves in storing the fats. Skeletal tissue has -
a tough matrix. Mammalian bone i§ characterised by the presence of Haversian system. Red
bone marrow is haemopoi@tic (production of blood cells). Blood is ‘red river’ of the body. it -

Contains RBCs,leucocytes and platc!cts kept circulated in the plasma Neutrophils and monocytes

fight infection. Lymphocytes produce antibodies and antitoxins. Lymph is similar to blood with '

corpusc]es and proteins.

Musclc tmsue is contractﬂc in nature. Cardmc muscle keeps up rhythmcity as it is syncxtlal much
wider with sarcoplaros, with larger and more mambcr of mtochondna compared to the smooth'

and skeletal muscle fibres.

The - nervous tissue is formed of highly specialised. cells called €Urons - with dendrntcs and.
axons. The axons are medutlalled. or myelinated to act as msulitb The dendrons lacks pissl -

granulcs while the mitochondria are more at the axon ‘termind
318. MODEL EXAMINATHO_N QUESTIONS \-/} -

. -
L Answer the following in .ibout 30 imes. Qr Y
. e

1. ‘What i is an epnthchum ? Descr@ Various types eplthcha

2. Describe the varicus kinds of mus tissues.

3. Describe the various components of blood.
1. Answer the folloﬁpg iz sbout 10 lines.

1. What are spccialiséd types of sirﬂplc' epithelia?
Give a brief account on contieetive: tissue.
Give a brief account on cartﬁage AU
Describe the structure.‘of bone .

What are granulocytes ?

Describe the general structure of muscle.

b A S T T o

Newron
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i : 322 INTRODUCTIO_N C O
In the previous unit, we have bout different types of tissues and their functions, In-
this unit, we will be lcarningsthe Histology of the various organs and organ systems.. The cells
“together constitute tissues. tissues in their turn.give rise to organs and organ systems. s

The study of organs.is called organﬁlog' 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 capsule) an interstitial connective tissue or
stroma. The stroma contains blood vessels, 1ymph, nerves and the - epithelial lining, Organs
are linked together into organ sysiems. The oigan systems are interdependent as for example,
" the digestive tract is effective’ only when coordination of aervous and circulatory systems in -
con;unct:on with the accessory digestive glands is poss1ble The system can be clasmﬁed as;

(i) Integumentary ( skin & its dmvatwes),
(ii) Digestive |
(ii) Circulatory

", (iv) Lymphatic

-(v) Nervous




(vi) Endocrine &

(vii) Urinogenital.

323. LIVER L

The liver is thc largest gland in the body. It is a dark red solid gland found within the
dome shapcd concavxty of the diaphragm on the right side of abdomen. It is made up of
- five lobes (refer the digestive system of rabblt) 1t is enclosed within a fibrous connective
‘tissue. The tissue eenters into each lobe and dmdes it into the hepatic units called the hver
lobules. :

Fig. 32.1 Section of human liver. 1. Classic lobule not su a capsule in man. 2 Position of Glisson's
* capsule in pig. 3. Portal area. 4. Liver cords-vsually ongaell thigk with kupffer’s cells 5. Central vein (mtralobular
bragch of flepatlc portai vein 6. Heps ezy. 7. Bile duct. 8. Hepatic portdl vein.

Histologically. each liver lobule is a ong
called, the Glisson’s cupsule ( Fig. 32. contains in it blorod vessels (branches of hepatic
portal vein and hepatic arteriole). and small bile duct which together forms portal areas.

prism bounded by the fibro conceive tissue - -

The liver lobule is the unit of hepatic structure in mammal: Each lobule is roughly five or .

" six sided polyhcdral prism in form and is composed of anastomosmg and branching plates of
«cords of pareachymal 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- partxally scparalcd from an adjacent cell to form a bile canaliculus.

Nuclei of liver cells are spherical .or oval. Each nudc,u:;_has scattered ch;‘oniatin granules.
The cytoplasm stores glycogen and fat droplets Pigment granules may also be. present.

Blood supply

Liver receives blood both by the hepatic portal vein (food]adcn blood) and the hcpatlc artery
(Oxygenated blood) (Fig. 32.2). The hepatic portal vein and the hepauc artery forms branches
which run though the Glisson’s capsule in between the - lobules, . They are described as the

mterlobular veins and the hep_atlc arterioles. The inter lobular vcms are connected with-a

centrally situated mtra lobular (Tributary of the hepatic vem\ or central vein of the Iobule
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This connechon is by the smuso:ds which farm extensive sponge work between the cord 0F
hcpauc cells. Blood enters the sinusoidal mesh-work at the periphery of-a l@bule from inter
lobular branches of the hepatic portal and hepatic artery and ‘passes in a radial fas}non though o
sinusoidal spaces to drain from the lobule by the intralobular or central vcm (Tnbutary of
hepatic vein). In'the sinusotdal lining 'of the adult liver, two types of cells with mtermcchate
forms are present. Large part of the sinusoidal lining consists of endothelial type, secreting.
bile. Among the endothelial cells are (he Kupffer’s cells with cymplasmc processes. These

A -'cells are actively phagocytic ‘and frequently wntam engulfed and degeneratmg erythmcytes, i
' "-\,‘p;gmcnt granulcs and -iron contanmng granules , AT .

sl
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. . Fig.322 Liver. A Structure of.a tiver fobule. B rt:bn magnified. 1. Lobule. 2 Liver cord. 3. Canaiculus. 4. ‘
-Sinusoid. 5. Endothehum of sinusoid. 6. Bile ductile!7. Brauch of hepatic portai vein, 8. Branch of hepaiic artezy

e

' : Bnle canalic‘uh

_Between ‘the adjacent\ FOWS vér cells are tmy chanriels, the bile canaliculi, which drain

B peripherally into bile The bile canaliculi are simply spaces between adjacent liver cells
" and have no other linin

thelium. ‘The hvcr cells secrzte bﬂe into the b:lc canahcuh from'

where it passes nto, bnle duet.

. The . liver is a very 1mportant gEand of the body in view of its. functional 1mportanc»3, it is -

regardcd as the chcmlcal work .shop of the body (Rcf d:gcstwe system of rabbit for functlons)
A . R

‘ (Umt 25).

o

324 PANCREAS_',; '

' The pancrcas is a large elongatcd ‘membranous gland lying i the U-shaped concawty of the

“duodenum. In the fresh condition it is pale pink or white. It is covered by the. areolar
tissue. This tissue extends into the gland and dmdcs 1t into lobules or end pieces or acini-

(Flg 31.3). - _ 7
Pancreas is both an exocrﬁne and endocrine gland The two funcuons ‘being performcd by -

" dlfferent cel! typcs




Exocrine portion (ﬁcﬁni)

The acini or lobules form the exocrine part of pancreas. Acini are tubular or pear shaped,
surrounded by a thin connective tissne mnwmng blood vossels, lymphatics, nerves and excretory
ducts. Microscopic study shows that each acinus is made wp of 3 o 8 pyramidal ceﬂs
arranged arcund a small central Iumen The secuons af acini may be round, oval or @Ecmgated
with their respeciive lumens,

ﬂ\:?"rhﬂ- W I ‘ —

Fig. 323 ’1"% €3 the prncress.of rabbir, L Acinl 2. Duct 3 pymmld @- acini. 4Comectw fissue. 5. himd
wigpel, 5. Islets of l_.a.ngcrh(ms blood capallary .

I an acinar c-t:h the pucleus is spherical lies thc basc "The basél cympi&sm shows

longitudinal striation, owing to the presence merous elongated mltochondrm The apical -

- fanction of the gland cells of the acint thesis of the digestive enzymes (refer digestive
system of rabbit). The pancreatic juice contains trypsin (protcolytic enzyme), amylopsin or
amylase {Diastatic enzyme) and stepsin or lipase (Lipolytic enzyme) Pancreozymin a hormone
acts on acinar cefls, which release enzyme rich pancreatic juice.

cytoplasm contains acidophilic sec,retl ‘Z;ﬂ: gen) droplets or granules. The important
18 1

Endocrine portion

‘Istet of Langerhans: The section of pancreas is identified by ths presence of the Islets of
Langerhans. They form the endocrine part of pancreas. They are spheroidal masses of cells.
They are pale staining cells, in the form of irregular cords. between the cords of cells are
capillaries. ' The islets of Langerhans is separated from the rest of surmundmg exocrme acini,

by a thin capsule of retiular fibres. Three types of cells are recognised in' an Isle.t of

Langerhans (i";,g 324) They are as foilows.

-« eells: Alpha cells secrete thc hormom glucogtm. it ralscs the blood sugar level by promotmg
giy@.%emiiysas : .
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Fig 32.4: Diagram of a small pqn{on of the péncrcaé_ as seen by low-power electron micro-scopy. 1. Acinous
(exocrine). 2. Acinous. 3, Mitochondria. 4. Nucleus. 5. Nucleolus. 6. Zymogen droplets. 7. Endocrinie Islet of
iangerhans. 8. Alpha celis: 9. Beta cells. 10.Capiltary 11.'¢’ cell, 12 Delta Cell. 13. Conmective tissue. 14. Ducts. .
B (Beta) cells: They occupy central position in an islet. Beta cells produce insulin-'glocogené'sis
conversion of glucose-into glycogen and also Insulin promotes the transfer of glucose across
cell membranes, particularly those in muscles and liver.. Subsequently blood sugar level is
lowered. Glucogon and insulin are antagonisticyin their functioning, - :

d (Delta) cells: These cells are found -z’tmong\ba cells. Approximately they. form '4,%701" ‘
the cells. They secrete gasftrinI in smallnts. It is similar to the gastrin severed by the

stomach. \

325 _'HISTOLOGY"_O'F @Qﬁmﬂ. -

N\

~ Stomach is the WideSl% of the- ;iiirl;entaxjy- canal (Réf. - digestive system of Rabbit).

Distinguished igtb'thrcc regions as the cardiac, fandic and pyloric. Histologically it consists. .

~ of the following four regions (Fig. 31.5)

Inner most mucosa regioﬁ is thick and forms a niass of the gastric gland which open on the
surface by gastric pits. The gastric glands are simple tubular or branched wubular gland which
extend deeply to reach the muscularis mucosa. The lamina propria {Aerolar connective

tisste) spreads to occupy the spaces between glands. The most important glands of the

stomach are the fundic glands in the fmidi_c_?regi‘ori-. “They produce the majority of the enzymes

and hydrochloric acid and some mucous. The mucous is secreted by the mucous neck cell,

'between which are parietal cells oxyntic cells secreting hydrochloric acid. The base is composed

" mainly of chief or zymogenic or peptic cells which secrete the enzymes pepsin and rennin, -

Throughout the gastrointestinal tract therc are endocrine mucosal cells that have been termed
enterochromaffin cells. In the stomach one such cel! type secretes the hormone gastria (Ref,
the physiology of Digestion). The lamina propria (connective tissue) is scanty, owing to the '
‘masses - of cardiac glands. Muscularis mucosa i composed of the smooth muscies, arranged

_ into immer circular and outer longitudinal layers. 1t is betier developed in the stomach. -lts

contraction squeeses the gastic juice into the lumen..
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Fig. 32.5 A.T. 8. of stomach. B. Portion ‘of stomach (magmﬁed) 1. Mucosa 2. Submucosa. 3. Muscularis. 4.
Serosa. 5. Simple squamous epithelium, 6. Longlmdmal muscle fibres. 7. Cire muscle fibres. £. Blood vessel.
9. Muscularis mucosa. 10, :Peptic cells. 11. Tubular glands. 12, Oxyntic cells. 13. Simple columaar spithelium.
Sub mucosa: This is the fibro connective tissue reglon collagenous, reticular and ¢lastic
fibres. The cells present in the mucosa are fibroblasts, : hages, plasma cells, lymphocytes
‘and some fat celis. The sub mucosa contains blo?vgsscls lymph and peripheral nerves.

Muscalaris: The smooth muscle fibres are og three dlfferent planes. The inner most
fayer is obhque the middle one is arcular a d hc outer most is longxtudmal

‘s‘ere-m. The serosa is covered by a mesdi @ al layer of flat cells. The peritoneum is joined
to the muscular coat by a thin sheet of loose areolar tissue. It contams vessels and nerves.

32.6 INTESTINE

Mucosa: Thf; mucosx of the small intestine. is specnahscd to form small finger like or leaf
like pro;cctlons of the mucousmembrane called, villi (for increasing the surface area absorption).
Each villus is covered, by columnar eplthehum and has a core of lamina propria. Crypts or
intestinal gland (of Llebcrkuhn) are tube like structure formed by the invagination of the
interstinal epithelium and openmg between the Lases of villi. Between the crypts is the lamina
propria.

To further increase the absorptive surface of “the intestine, the columnar absorptwc cells
covering villi and lining crypts have numerous microyillous processes. The epithelium of the
intestinal mucosa is.simple columnar-in type. There are morc than one cell type in i,
consisting of the columnar cells with striated border, goblet cells, enterochromaffin cells and
others as discussed below:
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: Colmmm ceiis Thesa a;e ta[l, cyiﬁndrlcai w&umnar cells assocxated w:th absorptmn, parhcularly- :
of macro mo&ecaics G .

_--.Un' iffarentiat d ceils In. the has@s nf mtestmal glands (crypts) these Are - undlffercnuatcd )
Ecclls w&m:h raplacc cther oclls b@th fm q;rfpts and on. wlh

 Paneth c@:ﬁls : Scauered betwcam m:siﬂwarcnnated cells are paneth cells. They are prcsent'
- throughout the small intestine. These celis contﬂm zmc and secrete peptldase and possﬁ,‘ o
: lysozyme an enzyme W’h.ll.h hrwks dawm bactena C

-'.Goblct cells: o mﬂerstmal v;lh, tharc are gahkct cells found scattercd between columnar ce]ls
Dueé to the accumulatmn of mucus d.mpﬁﬂis they acqunrc the goblet shape :

,

Entermhmmafﬁm ceﬁﬂs. Enterochmmaﬁ’m ccﬂs whlch are endocrmc in natnre are found both
in intestinal glands and on wlh Jin addztmn io othcr hormoncs, these cclls procluce secretln
: and cholecysmkmm e -

- Fig. 326Aportmn of duodenum magmﬁﬂd i. Sﬁmp]c SGUamons rﬂp&thalmm 2 §emsa 3 M_gm:w}ane 4. BWM
- wessel 5, Longitudinal ancr 6. Cizeular laym’ 7. Crypis of Licberkubu, 8. S.:bmu“cta 9. Lacteal. 10, Simpte
columnarcpnthcl’mm 11 Lymphocytes. 12, Vil 13. Circulsr mussle fibres. 14 Lunvﬁuéma! r:‘suma finres. 15, .
: " Musculasis musersa. 16, Mucosa: 17. Goblet celis. - o

'Sub mum)sa' Thc sub mucosa is mddc g ‘of the connective tissue, It contains hmnd vesuc%s;,

~‘nerve. fibres’ and is aiready dzscussad iti the seciion of stomach: The sub.mucosa. of the -
.' _duodcnnm is having compﬂuad cubular duodesal g;zfmds. iermed the E«‘ﬂmﬁmﬁa ghands. They.
. open into the crypts of Lieberkuhn. The warmom of these. glands ammw »mrfh that of ﬁ;ho: :
. erypts -of Lieberkuhn formls the m&:.,.sﬂtma; juice or mwms mﬁwwq, : :

_ “Muscnlaris The i;nu&cular coat consists of ‘:he: Lot m&ﬁgﬁy r'm& mf*d em*mqﬁr MSC ié;s, and ‘
: the Iong;tudma]ly arranged Eongliudmaﬁ mmcm i—’ﬁhﬂm T e : =

‘ Serosa' Asi m stoma{*h semsa is mmpmed of me::amhr*gﬂm a‘mmawﬁm . amd mv‘_ﬁ‘iz{xgg i Cinane.




27 KIDNEYI -

Kndneys are the excretory “and csmomgulamry organs of rabbn Thém is a péir of dark red . -

bean: shaped kidneys, lying closs to the dorsa! body . waﬁ ope on elther side of the dorsal
aorta in the abdominal cavity. ‘

A cross sectxon of the kxdney mveais that it is cn.,losed wntlnra a_comnective tissue capsule .
The idterior of the kidney is diffcrcntiatsd ato 2 penpheral or outer certex region and an

inner or central medulls region with striated appearance. The glandular part of each kidney

is compcsed of a complex systemn of coiled unmferous tubules or nephross. There are as.

many as 1,00,000 nephrons in each kﬁdncy of rabbnt Nephron is an excretory’ unit. (For
diagmms. refcr un..t 20), -

" Fig. 32.7. T.S. of Kidney { s poriion magnified) 1, Capabie. 2. 'gcms of convoluted parts of uriniferous tubules
3. Gloinerulus. 4. Bowman's capsule. 5; Connectiveissiemdth blood capillaries. 6 looped region of uriniferous
‘ tubules M ila. 8. Corlex. - -

Each urinifercus tubule starts as a :dou yalled “globular Bowman's capsule (with squamous.

epithelium) from the cortex region. The cavity of the Bowman’s capsule contains a buach

of capillaries known as the glomerulus. the’ bowrman’s ‘capsule’ and a glomerulus together - .

constitute a Malphighian body, From the Malphighian body the ‘urmxfﬂrous rubule continues
as a proximal conveluéied tubule (with cuboidal ciliated epithelium). Then it is continued in
the medullary region as the U shaped Henle’s loop. From other limp of the loop of Henle

_forms the distal convoluted poition in the cortex region. After this the uriniferous tubules '

join with one another to form the cellecting imbules, The collecting tubules converge at a
point to form a eonical pyramid. The pyramid is apphed to the Bxpand.cd begmmng of the
“ureter called the pelvis of the kiddey.

‘The mportam function of the kndm:y is the qcparanorx of the urea (-anufactured in liver)
from’ thc blood and iis mmoval from &he bedy (Rz:fcr unit 29 for anatomlcal detaﬂs)

328 TESTIS

A seotion of the testis shows the presence of many seminiferous tubules. Each one enveloped

by a germinal epithélium composed of cuboidal cells with few, pyramidal sertoli or subtentacﬁlar -
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Fig. 32.8. T.S. of Testis. L. Tunica albuginea. 2, Sem ous tubule or crypt. 3. Connective tissue, 4. Sertoli cells.
5. Nucleus of sertoli cell. 6. Spermatozoa, 7. Spermatids. 8. Primary.spgrmatocyms. 9, Spermatogonia. -

10. Interstitial ceits (of tepdig). 11. Capillaries. 12. Basement membrane, -~ -
nutritive cells' among them.. Mitetic ivisio’n of the germinal epithelium produces ronnded.
cells, the spermategonia. .The liiply by mitosis for some time and develop into primary
spermatocytes. The meiotic divisionvof each primary spermatocyie forms two haploid secondary
spermatocytes and from e@mnd&ry spermatocyte two haploid spermatids af¢ produced,

The 'latter attach to the sertoli cells and undergo metamorphosis to form spermatozoa by a

process called spermatogenesis. -In the cross. section, various cellular layefs exhibiting the

‘different stages.of spermatogenesis described above are seen. within the germinal epithglium.

329 MAMMALIAN OVARY

The n;:;ammalian'b{_rar'y is solid, small, round or oval body. It is situated beh'uid kidneys one
on each side nearer.to the dorsal body wall. It is covered b_y visceral peritoneum. Inner to

" the peritoneum is the germina epithelium of cubical cells. Interior is differentiated as the -

peripheral cortex with follicles and deeper medulla. The stroma is composed _bf 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 dcgeneratix}g'
stages called corpus albicans. ' ' ‘ ' o

Germinal epitheliuni uﬁdergoes mitotic . division to form new cells the cogonia towards the

“stroma. The oogopia_in'thc form of ovigerous tube or egg tube project into the stroma. It




later detaches from the germinal epithclium as a mass of cells, the egg nest. One central

. cell of the mass becomes the primary oocyte. The remaining cells form a regular layer of
" the follicular epithelium round the oocyte and nourish it. This structure so formed is called

the young or primary follicle. The follicular epithelium becomes several layered thick by the
continued- division of its cells. The developmg folhcie ‘sinks to occupy a dceper postion in
the medulla. : :

There develops a c,awty in the follicle-the folhcular cavxty or antrum, filed wrth a semiviscous
fluid the liquor folliculi secreted by the follicular cells. The follicular cavity widens and is
surrounded by a compact granular cells forming membrana granulosa at the periphery. The
membrana g;ranulnsa contains theca interna, consisting of spindle shaped- -cells, dense connective
tissuc and small blood vessels. The inner rounded cells form theca interna with connective
tissue and ‘a net work of capillaries. '

Fig. 32.9 Section of the ovary 1. Ovigerous tube epithelium. 2. Stroma. 3. Stigma. 4. Germ cells, 5. Cocyte.
6. Follicular cavity. 7. Membrane granulosa. 8. Basement membrane. 9. Corpus luteumn. 10: Follicular cavity.
11, Many layers of cells. 12. Follicular ceils, 13. Young Graffian follicle. 14. Germmal epithelium.

. 15. Matire Graffian follilcle. :

The oocyte along with a few layers of follicular 'c,clls is found attached to the membrana

granulosa on one side by a staik of follicular cells, the discus profigerus or cumulus proligerus
ot cophurus or simply germ hill. Such a foliicle is a matured Graafian follicle. The mature
Graafian follicle being lighter {due to accumulation of watery fluid) rises to the surface of

the cortex and occupics the entire wrdth of the prt in cortex. It bulges at a pomt called

stigma.

The oocytc acquires two membranes. Thc inner thin vitfelline membrane and the outer thrck
cleat non-cellular zona pellucida. The latter is surrounded by corona radiata made up. of
enlarged follicular cells with fine processes between them. 1t imparts. a striated appearance
to the corona radiata and .allows passage for pourishment to the developing oocyte.

-
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32.10. NERVE -

" ‘Each peripheral nerve, compriscs of hundréds of nerve, fibres.  Each nerve fibre is made of
o .a centraly placed axon surrounded by myelin sheath and neuriiemma. Singie fibre is- enclosed
- within a thin connective tissue covering called the endnmennum Many such fibres are: grouped

to form perineurium or-interna! perineurium which is also made up of connective tnssue' .

, and forms' fasciculum. The connective tissue’ enclosmg togezher numerous ‘such fascmuh is -
knowm as’ epmeuriam or externai penneuriu- The connectwe tls,we contams sectmns of Ty
:artenes and vems ' i : - : faw :

Fig 3110 ATS: of newvs. B Twwm tion of spinal cord. 1. Axon2. Myline and nevrilemma, 3.
Endoneunum 4. Penneunum 5. Fastitulests. Vein 7. Artery. 8. Epineurium, 9 Pia mmcr‘ 10, Arzehnoid
mcmbranc 11 Dura maear 12 Do plus! 13. Dorsal septum. 14, Dorsal hom. 15, Grey mattez. 16. White
matter 17, Ventral horn, 18; Central canl- 19. Ventral fissure; 20, Blnod wwris 21 Ven!mi funiculus. 22. Lateml

fnmm!us

(Ref. Nervous -_tissue ; ﬁl)

32;11‘;_— :SPIN_ALC@R@. -

Spmaﬁ cord is the posmw* ce:aﬁremtmn Of Ehe bram (medulla ablongdta) It is a 1511‘g-

‘ cyim,dncal strueture, ‘which nasws thmugh the nemm -;,anal ef Lhe vertebrae. .

A cross section ef the sgvmai cwd shows 4 ceniral canal in it, which is contmuous w1th the -
~ventricles of the brain. - It .is .Jwied by cuboidal epxthehal cells. thh few cilia formmg ‘the
‘ependyma. Central canal coutains the cerebrs spinal Nuid. It is surrounded by two types
. of nervous tissue. Inner gray mater and the outer white matter The gray mater is H-shaped -
_ in’ cross section and is composed’ of multipoler nerve cells in groups, non-medullated nerve

fibres and neuroglial cells.  The anterior and poslenor limbs of the ‘H’ are called the anterior -

_ and posterlor horns They extend into t‘xe surroundmg whlte matter and are: contmued mtol
, the spmal ‘nerves. The whn;e matter, tormed by medul.lary nerve ﬁbres and neurogha surrounds -

the gray matter and lS dmded into three such funiculi: - a dorsal fumculue on the: dorsal side

of the spmal cord, ventral ffuzmculus between the ventral dm*sal horns, and pair of lateral' o




funicuii between the dorsal and ventral horss on each side. In the mid dorsal region the

- white matter has a dorsal septum and - another situated mid: ventrally, the ventral fissure.

Meninges

Three protective membranes (meninges), the inner vascular pia mater, the middle arachnoid

* and the outer thick dura meter enclose the brain_and spinal cord. Space between the pia -

mater and ‘arachnoid membranc is flled by the nutritive cercbro-spinal fluid.

32.12 LUNG

The lungs are paired organs situated ome om vach side of the thoracic cavity. - They. are
invested by the visqeréi pleura. On entering a lung the bronchus undergoes repeated divisions
to form a branching system. It consists of bronchioles terminal bronchicles, respiratory
. bronchisles, alveolar ducts, ajveolar sacs and alveoli. This branching shows a retrogression
in the size. of the tubules and their histological structare. ' e

" The epithelium changes gradually from a pseudostratified variety to ciliated cslumnar type
in the terminal bronchiole, The consective tissue around the epithelium is rich in elastic
fibres. There is a region of smooth muscle fibres surrounded: by the adventitia consisting of
a thin layer of fibro elastic connective tissue. Distally in the respiratory bronchiote, there is
cuboidai epithelium. outside the mucosa, the wall is-very thin. Containing clastic fibres and
sca_ﬁtcred smooth muscle cells. - Aj the distal end the respiratory bronchioles divide into two
of more short come shaped, thin walled, irfeguiar alveolar ducts. The simple sgquamous
epithelium is supported by a very small amount of fibrous {fb The alveolar sacs consists.
of a cluster of respiratory of pulmonary élvqo_li.. The wall o alveoli is formed of a single
layer of moist, squammis epithelivm and is covered .-Q etwork of capillaries. . The alveok
capillaries other blood vessels and branches of the bronchus are all held together by an elastic
connective tissue having smooth muscle. ' : o

3213 SPLEEN Nadh

_ Spleen is ,therlarge's_t' of the lymphoi:%ns.' Tt is the only orgaﬁ specialised for ﬁlter'mg
biood. It consists of a soft pulpy mass surrounded by a capsule, which itself is composed

of a dense fibrous connective tissue coniaining numerous elastic fibres, and smooth muscle .

fibres. From the inner side of the capsule, strands extend into the pulpy moss as trabeculae
and divide it into compartments Of lobules. Artery, vein and merve also accompany ‘the
trabeculae. : ' ' ' '

The pulpy substance is of two types: the white pulp 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 are formed of reticular tissue and splenic cells. Comparatively the red pulp 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 haemopoietic organ, producing
lymphocytes. It acts as a storage organ for red cells, it filters the blood. The production

of anti-bodies.is  anpther important function of the spleen.
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' Tubular gastrxc glandq contaif
" muscles only seen in the siomach. The intestinal mucosa consists of colums, paceth, gobiel -
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F1g 32 1 T. 8. ot‘ spleen. 1 “White puip. 2 Red pulp. 3 Artery of malphxgh:an venous corpusc!e 4. Sinus
-5, Fibrous trabecula ) Pemc;lh of white puip. 7. Capsule.

32.14 SUMMARY

In this unit, -the microscropic detailed structure of the varions organs is discussed. The

‘mammalain liver is composed .of 5 lobes, each > consists of several rows of cords of

parenchyamal cells (hepatocytes). Each lobule Is,covered by a fibre-connective tissue called
Glisson’s .capsule. Glisson’s capsule is abgefftnin man. Kupffer's ceils are found Bning the
sinusoids which are phagex_ytgc i, éngull the géﬂéraﬁng erythrocyits, pigment granules and )
iron containing granules. Liver is an( aportant orgen regulatmﬁ various chemical metabolic

activities and is often described -ag, ch% work shop of the body, Pancreas is 2 endbcrine
bules) and islands of celis called langerhan’s isiets with
wall of the digestive tract consists of 4 iayersf viz., Scrosa,
gosa. Lamina propria.is well developed in the stomach wall,
chief and oxyntic. cells - in- addition 1o goblet celis. obhqua

organ and consists of several aef
3 types of cells viz, o, 8 &
milscularis,' Submucosa znd

& enterochromaffin cells, Villi crypts of leberkun, payers’ patches are characteristic of
intestinal wall. Kiduey is differentiated into outer cortex and inver gmedulla, The Malphighian

. capsulés and ascending coavoluted lobule lie in- the costex while the descending convolnted

lobule, the chlc’s ioop and -[hc mﬂecﬁng winles e in the medniia,

The testis is formed of the seminiferous tubu:e:ﬁ cﬁnsgstixag of cuboidal cells with cells of

setroh

There aiso 'lie the interstitial cells. (1é¥digs cells) in :h stroma whxt,h are cadocrines in function.

The ovary agam contains cuter cortex studded with g;raii;an *:n::ﬂx IPs with m@mfmg and mamr‘,d

Lova whllc the medulla with the vascalar stroma.

Theca intem'i seems {0 secrete estrogens:. Thﬁ gaaaﬁan Ro‘kmss afier mm?mmn pradu{,es

" corpus luteum which in turn pmduccs p:ogﬁstefmek

The lung alveoli are _ﬁncd by the squamous cpithsiium. Splen is the largest lymmphoid organ.
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‘1‘15 spiccn pulp is compos.ed of white and rrcd pulps "The snleen :is_ haemopeistic 'as well
a5 the phag&cyhc 0&‘&,3*1 for i‘_he worn. out-cells. . '

v 32.15 MODEL EXAMEN; TION QUESTEONS
“ . i N . " ! 7. N - B y

t L ' - Answer the following in ahout 30 ines.

1. Describe the histology and ‘enumeraie ihe’ fanctions of liver or pancreas of rabbit.

- 2. Sketeh acd lgibel the section of thcj,': 'm:ammalkia_n ovax;y,‘ describing the prqécss of

naturat:

IL Answer the Howmg in about li} imes. :

L Whal‘. is thc cniowme part- of pancreaq‘?

2.8 S‘kctph and label the section of storﬂach or mtequne ertc a notc on its charactcnshc

' features.

Describe, the micr@scupic stracture of the te.stis'

Y

Dieserite the, mxnme atmcture of meal cord

s:n?f

'Wnﬂ, ‘a noie on the l‘lsm}ogy of z&bbxt hmg

_C,a\

Write a note on fhe spn:en

s
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331 OBJ ECTIVE

® This unit descnbes the kinds of eggs pw( o5 of fertilization and Tater development of Zygote

332 INTR?OD,UCTION

Orgamsms develop, grow and die.. In nature however, eify number is maintained for
. perpetuation of the race. This multnphc&tﬁon is possible.by of reproduction in several
successive processes fike gametogenesﬁ, fertilization, cl, orgauogenesm and growth, Thus

the transformation of a single feitilised Zygote ceg into

like its parents [ontegeny] constitutes an important ch of biology, embryology. This study

of development of a species ie., ontogeny 1g¢

paved the way for the Muller and Haeckel's Diogenetic or recapitulation law which is popularly

stated "ontogeny recapim!@tes phylogen%mbryology now a days is called as iDevelopmental o

Biology’. To a medical student, developmehital biological studies are of partlcular interest.

© 333 TYPES OFEGGS

.The ovary has an epzthehal leyer consisting of ‘germinal cells. Each germmal cell undergoes
" the stages of proliferation, growth and maturation in a sequence which has been understood

in the foundation course’ ah'eady, as the oogenesis. - Durmg the growth and maturation stages,. ‘

the egg cell accumulates reserve:food materials, in. particular thé 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 successive maturation divisions take place the homologus chromosomes exchange .

their genetic components and- reduce half to original number spec1ﬁed for ‘a -species.

Consequently, only one set of chromosomes the haploid, remains in the egg. Second polar

body is extruded soon after the fertnhz&tsen takes place. All polar bodies dlsmtegrate and
dlsappear Thus only mature ovum remains at the end of oogenesls

~ An egg—cell is enclosed by a thm viteiline membmne, contmnmg ooplasm aud a large lmcleus

~.

¢ multicellular, well-organised adult

als th evolutxonary path way [phylogeny]. This |,
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l'Amphmxus, emhbri;m mrammals, ]
- Amphibia and luag fshes in which y
term felolecithal is arjt}izﬁ& to

: aibummous layers (Whi[f: of egg) surrosmdmg the vitelline mcmbrane

The 00plasm is ﬁllcd ‘with yaik o deaatemm&ms whtch is ‘meant Eﬁr nourishing the gmmg
embryo.. A large. nuclcoius ot wwarai nummh me often m'a.,sent in the nuclevs. . -

F;g..’i} L Typﬁ:, of eggs. A Mesoiemual {Tciolulthaﬁ‘r B. ?eﬁicrnlemha:(lsaiemhai or
. homoiecithal) C. Centrolecithal . Macrolecithal(Discoidal) 1. Animal pole 2.Vegasal
poic 3.Genminal vesicls (Nucicus) 4, Yoik 5 Goplasm 6.Vieline membrane 7.Noclews.

i macrolecithsl (Fig33.1 AD) When’
crolecithal, Intsuch egg‘; i .the distribution of

On the bas}s of amount of the 'gfpik cmd its wim n oopiasm there are Chleﬁj’ three

types Gf CgLs. namely macmhw&agg megolecis
ycix quantity is less Zhe egg i seid “0

E@ﬂ&&iﬁag egz contaia wnoderate guantity of yoilk as’im.
 is concenirated at vegetal pols of ghe eig hence the |
* Magerolecithd eggn possess a very large dmeun* of
ticely leaving only a small amonnt of ooplasm with ruclous
te disc. Such eggs ars otherwise known as discoldal eg, Reptiles
araount of yollc accumulates in’ the cenire of the egg when it is.

yolk almost filling the ooplag
at the a.mmai pole | ke 2 %
and &rds. In imsoets heawy

‘calied as the cemmﬁamsmi Thﬂ aapiasm envelops the yolk in this case.

The egg is sxrmuﬁded by CEg membranss. Emsdmu:!y outside is pnmary eg membmne

o1 viteltine membmm: whick i secreted by follicle cells or ooplasm itsclf. ‘In tunicates and

fishes this is called as chovion, Zond radiata and zeos pellueida are the primary membranes
which develcp i mamndis ' R ' - '
l

Secondary ege membranes are sau‘eted by owdua whnch mclude ‘the sheE! sccretcd by shcﬁ
glands. of oviduct as in sharks, reptiles and- birds. In Amphibia the egg is surrounde.d byg

layers of jelly to make the egg to adhere to one another, and to submerged objects in. water. '7
“:In birds many secondary membrancs are formed as seen in a hen’s egg. The outer most|

membrane is a porous shell, next. two are thin shell membranes. followed by thin and dcnsc

P |
'R

eog is homolectihial or. aalecithal eg Ash;a:a, _'

———

B



| ,33:.‘4' ?ERTELIZATI@N

Fertllization is a prooess mw)lvmg ihe ap‘m'ommanon of male zmd female gametes follow_ed
by the fusion of thcn' nuclei and cytoplasm . (¥ig. 332 AC). According to the place and

medium there are two kinds' of fet ifization processes: extermal fertilization occcurs in water.

outszde the bodiss of parents e.g. ?‘mg ’a’n reptiles, birds aind mammals sperms are. discharged

into ‘thg oviduci where the’ eggs are internally fertilized. = On. coming i contact with the

ovam, .the spermamzoan attaches its head to the gy and becomes motionless. © The ovum
produces a givcopmtem called fertilizin (qpemes spec:ﬁc) and another species spemfic protein

called emtifectilizin is produced by the Sperm. - Both react like antlgen antibody and form a‘

- chemical-lock- befwecn the two. Thus process is called capautat;on and as a result’ many

o

'spexma adhere to the surface . of the ovam. The SPerm’s acrosome DOW prod‘ucc an enzyme, -
byleridinase which seems to dissoive the.egg membranes. A fertilization cone protrudes from - -
the cgg and receives the nucleus of sperm-along with its middle piece. " Both pronuc}el (sperm

and cgg ﬁuclc‘) fuse wit h each other uam;hlmxrla) 10 form q: "ygote nucieus.

Fig33.3. Process of fertilization. A.sperm approaching thie egg B.Fusion of male and
female pronuciei C.2ygote LFirst polar body 2,8gy nucleus 4 Male and female
pronuclei 3. Fertilization cone 6 Zygote nuclens 7.Second polarbedy.

chhzatmn actwates the egg to siart ﬁmzher ds veiopment Thc fusion of male asd female'
7 pronuclei cosure the specific diplotd mmxbea of the ammai specms, further mtroduccs gcnctlc -

varlatlons n the species. -

235 cmmﬁmi |

'_Immediateiy after fcrtﬁmatson the ac!;waisd zygste passes tnrough a series of cieavages through '

successive mitotic cell &mswm.. The resuli of the cleavage i¢ the formation of a complex
mulhceduldr i)cdy fmm &mceﬁu!ar rygote.’ During ‘the wholc process ‘the general shape of

" embryo does not chan e, Thcre 15 ‘an increase in the number of chs whose size - dc creases

progresswely

u,
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The cleavage of fertilized egg is initiated by the division of nucleus -and is foliowed by the

" division of cytoplasm so that the zygote divides into two daughter ceils known as blastomeres.

In cach division cleavage forrows appear in varicus planes. First few cleavage planes are

vertical passing through animal-vegetal axis. Laier on cleavage planes are formed equatorially
_or transversely. A o S ' :

The plane of cleavage is decided by the position of 'mioto;ic s§indle formed during the

cleavage. As a rule the place of cleavage remains always at-right angle to.the long axis of

the spindie. If the spindle is oriented transversely to polar axis, cleavage will be- vertical,
conversely if the spindle is parallel to polar axis the divisions wiil be horizontal or transverse. -

Usually the plane of first. cleava:ge is vertical _paSSing ‘ihrougﬁ 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 transverse which is at the right angles to the
first twe planes and polar axis. Thus eight blastomeres are formed-four uswally of smaller-

" size at the top (animal polé) the micremeres and four usually of large size at tha bottom

(the vegetal polc), comprising the macromeres (Fig333 AF). -

The arrangement of blasiomeres in a cleaving egg show various patterns. When upper tier
of blastomeres lies over corrssponding blastomeres of the Iower tier, the cleavage is said to
be radial eg. Echinoderms and Amphibians. Spiral cleavage when all blastomeres of upper
tier come to lie over junctions between each two of the vegetal Blasiomeres.  This is because
of the cblique pqsiﬁim'of the mitotic spindleé. During third cleavage four oblique spindles
are arranged in a spiral manner in respect, to the main axis of zygote. ' Spiral blastomeres
tier may take a turn in a clockwise or anticlockwide, direction when they are said to be dextral -
and’ sinitral cleavages respectively eg. Annelid}@ﬂuscs, MNemerieans, Polycladia. '

A

~ The differences in the size of blastomerds io the Frst two divisions establish in some animals

bilateral cleavage. Two of the firs astomeres may be larger than the other two. These
two establish bilateral symmetry wh ccomes more obvious in snbsequent cleavages eg.

Tunicates, Nemaiodes.. -~

On the basis of total ri‘ developmental potentialitics of the blastometres cleavage is -

- defined as determinate anthifdeierminate. The formation of blastomeres with fixed embryonic

development is knowsn' as determinate cleavage. When such blastomeres are separated, each
blastomere is_capable to develop only fixed part of ihe cmbyro eg. Annelida, Mollusca. On

the comtrary in indeterminate cleavage sich separated blastomere has the capacity to form a -
- complete embryo eg. Echinoderms, chordates. '

The role of yolkk can not be underestimated in the process of cleavage as it is aiways present
in the cgg in lesser or greater amounts. Cleavage securs rapidly in eggs containing less yolk.
When yolk quantity is more i an egg. It retards the process of mitesis and prevents the
cleavage plane to extend over dense regions. Thus the yolk influences the course of cleavage.

The result of this influgnce is that the zygote nudéus is displaced owing to the hcavy

deposition of yolk at the. vegetable pole. The cleavage rate in this area falls which results
in unéqual sized blastomeres. ‘When zygote undergoes total division forming separate
blastomeres . right - from animal to vegetal pole at a time, it is called as total or holoblastic' -
cleavage eg. Amphioxus, Placentals. This occurs in microlecital egg. .In highly telolecithal
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, sﬁperﬁcial'cleavagc occurs; the cleavage planes are restricted to the surface



: }aj(cr of the egg cytoplésm as observed in insects.

|
1
P
- Fig333.Cleavags. A Zygote B.Twocell stage C.Four cell stage D:.Eig,ht cell' stage
- E.Sixteen cell siage FThirty two cell stage 1.Biastometre 2.Micromere 3.Macromere.
336 BLASTULATION. =~

The repeatéd cleavaggs result in a mass ‘of bl eres which form into a ball of minute
eclls. . As the cleavage proceeds further, th las?n%res arrange themselves into 2 single cell
thick layer known as blastoderm. Insid%b '

" which is. filled with. a fluid.  This hok

- layer of cells is called as blastala ( ’
blasiulation. The blastula of different

lastoderm_ a cavity appears, the blastocoel, *
ow, Spherical embryonic stage consisting of gingle

4 A), and the process of ifs formation is called the
Jhimals are named differently. Blastula of Echinoderms

and Amphioxus is called ‘coeleblastula and that of Amphibians as amphiblastela and that of
~ insects superficial blastula and that of fishes, reptiles and birds as discoblastula. '

“Rig:33.4. A Blastula’ B.Gastrullation Invagination_1.Micromeres 2 Blastoderm 3Blastococt

4.Macromere :5.Animal pole 6.Vegetal pole. 7.Ectoderm 8.Endoderm 9'.Arc.hcnt_cmnr 10.Blasmpo:£. -
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33 7. GASTRULATION

Gastrulation is the process durmg wlnch the smgle layered biastula ‘is. transformed into two"
layered form known as gastrula. In higher forms of vertebrates’ (discoblastula)- three distinct: .
- germinal layers are established by the end of gastrulatlon The process involves the dlsplacemeut‘ :

of the cells (blastomeres) of the blastoderm by morphogenetlc movements, from one place o
another. These movements can be ‘gronped under two heads : '

(A) Eplboly- These morphogenet:c movements occur in ectodermal blastomeres (mleromeres) )
‘which ﬂatten, divide: rapidly, expand eventually spread over and envelop mwardly tmgratmg .

blastomeres of prospectwe endodermal and mesodermal cells

(B) Emboly: These morphogenetlc movemeits are concerned. wnth mward mlgranon of fature '_ S '
notochord-mesoderm formmg ang endodem formmg blastomeres from the blastodermal surface -

. of blastula and their extension te form the: main axes of the embryo In dlfferent groups
of ammals this may occur in- the followmg ways whlch are very common '

® Invagmatmn Tlus term unphes ‘in tuclcmg’ or msmkmg’ of layer of endodermal ce]ls o

(vegetal region)’ into " the blastococl, the process resembles to that of a balloon Whlch has
been pushed in with a ﬂnger ina reglon (F:g.334 B)

- (i) . lngression The. endoderm forming ceils mlgrate from the. surface of. blastula mwardly in-.
.a Smele manner’ by . amcebond types of movements. ic., several different and separate inward -
- migrations of one of more cells ‘Hence it is als%ed pelymvagmatmn (repnles bﬁrds and_ e

mammals)

] off or separate as a whoie sheet mto the
tin meroblast:c eggs (Flg 335 B) :

AL _ | ‘
F'g.33.5 Gastru!auen A.Invaiunan BDziammanen 1.Arcitemelon
Z.Endoderm 3Blastoparal Elp 4.Ectoderm STrcphoblastéYe!kn o

(iv) Invelution: “This. method involves mllmg of endodermm ‘blastomeres fmm vegetal region -
" of blastula and spreading of such layer. underacath the surface layer. of blastula. - The cells
‘of outside surface of biastula converge. towards externial ‘margins: of the blastoporal lips
wherefrom the cells. gradually roll inwards. This can be well 1llustmted in- *he movements ef

chordamesoderm cells mAmphtoxus, buds and frogs {Flg 325 A)

Ultlmate result of emboly is the pmductlon of an- embryome stag” i th"’h ﬂze embryo is.
two layered - an ‘extermal ectoderm and an mternal ‘endoderm,’ Flm}ier morphogenetic
o movements of endodermal celis brmg a\l:ooiufr a uew interior cavxtv the ar"%*eniemﬂ (prumnve'. :



gut), roof of which. POSSESSES chorda- mf:sodarmai cells. Exterior opcning of the archenieron
is known as the biastopors whese dorsal, ventrai and lateral margins are pamed as ‘lips’

whlch particlarly play as impertani role in the morphogenelxc movements - and mesoderm

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, pamed fate maps, showing in particular, the fate of
cach part of the embryo at late biastufa stage. These maps show the limits of organ
forming substances. ' '

The three germ .ayerz, give rise (o the various tissues of the adult. Ectoderm gives risc to,
the intcgumentary systers, nervous system, sense organs, anterior pitutary, having of stomodacum
and proctodacum, endoderm gives rise to the lining of digestive tract, liver, pancrease,
respiratory system, bladder, certain endocrine glands. {parathyroid, thyroid, thymus) lining of
“vagina, urcthra and associated reproductive glands, auditory tube and middle ear etc. And
the remdmmg tissues like skeletal) circiilatory, excretory, gonads genital tracts, coelom, dermis
and muscles develop from mesoderm.

338. SUMMARY

In this uait certain general principles of embryology discussed in brief. The egygs are broadly

classified into 3 types viz,, microlecithal, mesolecitbal and mcgaiecithal depending upon the
quantity of volk present in the egg.' The amount of yolk prescnt ‘will determing the c}cavace
furrow [holoblastic or meroblastic] after f@rtﬁizamon or amphimixis. The acrcsomal part of
the sperm pmdacés an enzyme called hyaluridinase paving its“way to make entry. The position
of the mifotic spindle determines the type of the cleavage vig, radial or spiral cleavage results
in Ehw, morula, a ball of mass of cells which transf into a hollow ball of minuiz cells,
blastula with the cavity blastocoel:  The blastula no@

blastoceel. The gasirula sncloses archenteron { tive -gut] lined by endoderm, opening out
by blastopore with dorsal, ventral and later lpS Soon there develops mesoderm in between
the cuter ectoderm and inner endoderm now the gastrula is with all the threc germ

iwcrs which glve rise to the vanous ues ‘of the future adult.

'_33.»9; MODEL _EXAMINAT_ION QUESTIONS

- L Answer the following in 'i!mut 30 ime%

1. Dcscrlbc the structure of varipus types of cggs with regard to quanuty and d.lSll’lbllthll
of yolk.

2.. What i's"cléa\fage? Discuss its varions types.
i. Answ;ér the foii_ei}wi_ng“in_ aheut. 10 lines, |
1L ‘Eﬁrplain the process of gastl'ﬁlatidn in génerai. |
2. Wl;itc a not:a oﬁ fertilizatidn.« _ . -
3. Blastuia & Blastﬁiation '
4

. Morphogenetic movements and Gastrulation. .

verts into gastrula, obliterating the -
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341 OBJEC'IIVE_ e \\

o e This lesson descnbes the basw embryolo pnmmve chordate bcmg very su'npic The study
€10 o

- will throw light on all b_a_51_c stages of deve _ cnt s S R

342 INTRODUCTION OMX

_Amphioxus is a marine th lwmg in shallow sca watcrs formmg bu:rowq in sandv coasts.

__Though it is not a vertebrate, yet the. _process of. its. dcvclopmcnt reveals ‘enough .of basic
" features .of any vertebrate cmbryology, it also exhibits resemblarcc to thc: development of
' echmoderms L :

~As in all higher chordatcs the sexes in Anq;r’uoxus are scparatc but are. in d1stmgmshabie :
;extcrnally In both sekes gonads the testis dnd ovaries, develop from the antero-veniral parts-
of the somites, in two rows. These two rows are sitnated ope on either side of the body.

Germ cells develop,undergo gametogenes:s and differéntiate into spermatozoa or ova accordmg

to-the sex. . Spermatozoan of Amphlioxus is of very minute size (18 ‘microns) contains a head -
'posscssmg a beadlike' acrosome in [ront, a short middle piece and a’ iong vibratile slender

flagellum or tail. The egg is smail (O 12 mm) and spherical. 1t contains a very small amount

‘of yolk and is said to be microlecithai - homolemhal It is surrounded by a’vﬁeﬂmc membrane

on}y, secondary membrane bemg absent’ (Fsg341 B)

The gamctcs are shcd by ‘contractions of muscles of body wall, first into the airium then Jinto™
sea waters through atriopore. A sperm enters the €gg whlch is.at the secondary uocyte stagc



- The entry of the sperm causes actwatron of egg. The ooplasm contracts, plasma ‘membrane
: separates from vitelline membrane, a fhud is secreted in between these two memberanes when

the latter is known as fertxhzatlon membiane which bars then entry of more sperms_ from
outside. The eégg which is in a secondary. ‘oocyle. stage undergoes maturatron by extrusion of

a second polar body near the animal pole The sperm and egg nuclei- enlarge ‘and beceme
" male and female pronuclei. These two pronuclel migrate towards - the equator of eggs and
fuse to form zygote nucleus. Thxs nucleus is surrounded by yolk free, transparent nucle-oplasm .

344 oRcAleAT_roN' OF ZYGOTE

- Soon after fertilization the cytoplasm of the zygote rearranges its substances into various

regions. Near the vegetal pole’there is greatest amount of yolk amd: hence it is dark. " The

" animal hemlsphcre of the egg having less amount of yolk, is transparent.. “On the postenor

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 fate maps have been drawn
which reveal the presence of their reepectrve organ fermmg subslances

- (1) The dark area, contammg ROLE yolla develops mto endoderm
© {ii) Clear cytoplasm develops mainly epadez’mss;-

(m) Posterior crescentic ‘arca forms meqodemf

(iv) Out of the two areas opposite to mesodermal crescent: the onc below develops nervous

system and the one above notochord. - In addition, bilateral niry and orientation of the '

main body axis 1s also. established as cﬂublted by the cleavage

345, CLEAV_AGE L \../ B

The first vertical cleavage is holoblastic whjc%es through animal vegital axis bisecting the
‘mesodermal crescent (Fig34.3). It is o t inate type. First two blastomeres which are

equal in size establish bilaterel symimet he adult Each blastomere produces either right
ot left of the adult. The second vemcal Jeavage at r1ght angles to the first gives rise to 4

blastomeres. Out of thesc four two belong to the anterior and th¢ other two to the posterior

part of the adult.- The third cleavage is horizontal as usual, passing slightly above the

. midregion, dividing, the blastomeres transversely into four small micromeres at the top and

four large macromeres placed below them. - A fourth. vertrcal fifth transverse and a sixth

- vertical cieavages in the zygote produce 64-blastomeres when | the cleavage pattern becomes
_ uregular and cannot be followed systematncally, as rmcromeres dmde rapidly.

As the cleavage is gomg on, the inner surface of blastomeres whrch are in close contact start
secreting a semifluid, jelly like substance. TThis materials 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 blastocoel - or segmentatwn cawty is filled with ﬁurd Blastula has one cell




_ blastomeres.  Thé blast
- the, blastomcrcs “The cha cells at the dorsal hp Toll i in by the process of- mvolutmn to
' __,form the roof of archantaron Ventral and latz:fal hps of bIastoporc mvoiute nearby the

SR ML Amphloxus AJV.S, of early blastuia . BlLate biastula Shdwmg presumptive areas and.
symmctry 1.Blastocoet 2.Micsomeres ‘3. Macromeres 4, Notochord 5.Neural plate 6. Endodcrm :
7 Second polar body g V1tt11me membranc 9. P’J..‘todenn 10 Mesodermal (:resecent ’

: thxck wail conmstmg paxtly of ‘micromeres and pariiy of macromeres (F1g34 1.A) It is shght!y -

pear shaped. Its pointed and being postenor ‘The distribution of organ forming substances

: (presnmptive areas) which are destined to preduce organs and systems in future cmbryo are, o
. destmed are shown in the fate map of bla.stuﬁa{ﬁg% L B} B : :

34, 7 GASTRULATION

: 'As gastrulatlon bcgms, six hours after feminimn, the. dorsal surface of i:he: blastula ﬂattcns
- to form an endodermal p!a;e.. This then innagidates into the blastococl to such an extent -
. that it almost meets the future ecmderm laye

1o thc mvasmn of endodm;mm cciis

the archenteron whxch. open exren v hrough i known as the hiastopore, Its edges; are’
: termed as- hps of hlasiogmre ( ) At thjs stagc the scmdm'mal ccﬂs (m:cromeres) of o
the animal henuspherc divide !tii'y and spread out by epibolic pmccss over the mvagmatmg -

1l Eaps now become main centres of morphogenet:c movements: of

E ‘Flg,34 2. Ampinoxus A Gastmla in vcmcal section B. Late gastrula in verhcal section L Blastococl
" . 2.Micromeres 3 Antenor face 4.Archenteron: 5i Posterior face 6. Macromeres 7. Bndodcrm
8. Bctodcrm 9, Biastopore 10. Blastocoei(reduccd) ’

1g342A} - Blastocoel is obhterated owing .~
two Lzyercd gastrula i$ formed with. a ncw cavity,



\}.

mesodermal cells which migrate up’ dersa]ly tc a posmou oa either side of the chorda cells .

- Now, the late gastruia is shghﬂy c.cﬁzga‘ced and two layered Outer laycr is the _ectodernx

- which spreads all over except a broad band of presumptive ‘peural plate dorsally The inner
: layer consnsts of future ne&ochord mlddorsaﬁy, flanked on both sides by mesoderm bands and’

- endodcrmal cells spread out laterally and vemrally Blastocec:l complctely dxsappcars due to_ '

" fnrmmg a part of roof of archentergn.” Thus epiboly brings coordmatlon between mvagmatmg
and mvoiutmg cells,” result being the a.hzftmg of blastopore to a more postenor position {from.
early anter&dorsa.) and its reducnon in size. Tt evequlaﬂy tedyces. into an insignificant .

frdCthIl of ongmal Wide: openmg

close contact of these- o !ayers

348 "oRGANoGENEsxs f

The three germ .layers, {Erto, Fado and Masoderms) 'fofméd by the end of gastrulation, are
the sources for the development of all the. mgans of adult animal. The organogenesis is a -
" side by side continuous process of shaping different organ systcms Therefore, for a convcment- o

L understandmg each organ sysfcm 1s m{immw,ﬁ deseribed u,nder sepa:ate hcadmg

3438, 1 Fcrmatmn o’if' neurai mbe T

. The neural tube'is formcd by the band of presumptwe ectodermal cells dorsally At' first |

these ccﬂs flatten and thicken and separate from thc rest of ¢ epidermal cells as neural
piate This plate sinks below so that its sides rise up as neur fol S cnc}osmg neural groove.

Soon these folds grow !;owards each cther and meet togef and give rise to the meural tubc
‘with internal cavity, t_he_ ne_u_.m:‘se!. Thc meeting of thc

] and"gradually extends fbrwa‘rds Fc:r somrﬂ;mc the ?«] tube communicates with the hinder N
- . end of arehenteron by a short nvuroentcnc . t

§ begins from the posterior end

er the blastopore closes.. Anteriorly

gatial,
,M

h - the neurocoel opens, to the exterior through 40 apﬂrture called the. europore, Later this

- also closed by the end of ﬁ:r.,bromc per @‘0 ig.34. 3) The process is termed neurulation _‘ L

34 8.2 Inductmn

" Iu the fermatlon of nevral tuba and in many other organs a basic process is mvolved known

as - the indnction. One t:mbryamc tissne aner induces the ad;acent ong so that the latter
B develops in'a pé.rtxcuiar way. - To all chardates the chordamesoderm tiorsal lip of blastopore) _
hes in the- maf of wchcnteron of the late gastrula; It is called as meural mductor as it
- induces the: ocural plate to become ncnral tube.- Thls is posmble when thesc two. layers' _
-.(chordamesoderm and neural plate) come in physmal contact with each other Some chexmcal

; substances diffuse from the chordamesodermal cells mto neural plate cells _These substanccs

are caﬂed emcators {stlmu!amrs)

The antf:r:er part of neura! plate mduvﬂ& he:ad ﬂrgaus bcﬂce calle;d as the head mductor

' organs and tail- bud “The head jnductor-in ‘turn induces forebram, cyes, ears efc. The

The postcrmr ‘pait becomies the trunk. o spmocaudal izdnctor whlch dﬁ’f;:rcnmates trunk L

chemlcal naturf; of thase suhstanccs I8’ stxli not knom
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34_.8_.‘4' __Eofmat{iqnfof mesodgm#l'sacs: -

34.8.6 Formation of allimentary canal

" is left on its'dorsal side. ‘The margins-of the e

" Fig. 34.3 Amphioxus-Formation of neural fube; notcehord and mesodermal sacs. ‘A Barly stage. B.Late stage
1.Ectoderm 2.Newral plate 3.Notoéhordal cells 4.Mesodernt 5.Endoderm 6.Archenteron 7.Neural tube
' 8.Neural canal 9. Myocosi 10.Notocherd 11.Mesodermai sac 12.Enteron 13, Mesodermal somite.’

34.83 _Formation of ndtochor& orNotgge_nesis

Side by side with thg'ncural',tﬁﬁc formation, the chordai cells forming the roof of archenteren.

strctch and become arched over-archenteron by rolling down movements or evagination. These

cells then separate off from the archenteron, their edges meet with each other in an.
interdigitating manner ¥ form the notochord, This is solid rod with vaguolated cells containing.
jelly like supporting system (Fig.34.3). and this rod is" covered by “a’fibrous tissue- called

notochordal sheath.” This: rod extend through out-the length of the body. .. .

_ While the above describetl processes argsgoing On, the' mesodermal cells ‘arranged on either
. side. of notochordal cell in dorsolateral \portion of the archenteron cvaginate. Their edges

rq]l,in- gradually till they meet with,each othier and cut away from the archenteron as

" mesodermal sacs, Each sac containga part of arclié;nterf}n as its cavity, heénce they are also

aamed as entérocoelic sacs. ° @ sacs furthier grow down between ecotoderm and endoderm

layers, till.the right and igf; sacS\meet each other in the midventral line below the archenteron
of gut. The fusion wal%@en' the sacs soon.bréaks down to form one continuous cavity,
the coelom o the enterocdfl. This process of formation of coelom is ‘called as. enterocoelic
method. It 4 bounded by two mesodermal layers, namely, the somatopleur made up of -

" .ectoderm -and soniaiic__layes "¢f mesoderm outside and the splan_‘cl_l_nqpleﬁr consisting of
. endoderm and visceral layér of mesoderm imside. The mesoderm which - covers the dorsal
part of coelom, remains intact as mesodermal somites. The somites contain a cavity known

as myocoel. The wall of cach somite nearer the notochord and nerve cord becomes thickened

‘and gives rise- to ‘muscle ceils forming the myotomes. The outer wall or myocoel which is

thin forms the dermatome, from which develo

p the parts of ‘skin below the epidermiis. - From -

" the: ventral® ends of 'mydcoél form the sclerotomes which give rise to _thick-'- connective ti_'sg_uc'
“membranes, like myosepta -or myocommata, . B : : : :

' ‘.After the formation ‘gj'f_fli-btochdrd and nesodérmal ‘sacs from the . wall of arche‘nt‘cron-‘a,gap

of 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 (Fig343 and Fig344). = .

-



Fig.34.4. Amphmxus Formatlon of allmentary canal. 1.First somite 2. Neuropore 3. Mesodérmal
somites 4.Newral canal 5. Epdenms &ﬁndodcrm 7.Gut 8.Anterior. dwemculurn of gut. .

349 Dévelopment aft;er hatching

“The larva of Amphixous 'h.atches out by the rupture of vitéﬂine 'membrane‘ when it'has
completed the formation of merve mr¢ 13-18 hours after the fertilization. Long flagella cover
the-body. of larva which aid i in swimming freely in the surface waters. It has no mouth - or

anus and therefore, it is often referred to as free embrye rather a larva as it is mcapable of

feeding, To become. adult the larva undf:rgees the followmg post hatchmg ch:mges almost in
'a sequence -

A meuth appears at the auterior end on the left slde of the :mdvcntral line but soon shifts
on to the mid ventral line. The anterior dlvcmcnlum transforms mto wheel orgm, Hatschek’ :
pit and Hatschek’s nephndrum \ '
An anus appears in a similar manner at extreme posteno nd of the gut near the region
“of blastopore. A small area of endoderm fuses with the. rm. At the point of fusxon of
the two 2 perforation ocours the ana} opening. It sh@n to the left side.

There arises on ﬁgi‘{ side ‘a. diverticulum from %} 1

out into a coiled tube to form a club- shapcd

In front of the club- shaped gland an inv ation’ of ciliated glandular ce]ls develops on thc :

right side of archenteron - the {arval cndo le Feedmg begins at this stage.
By the fusion of vndodcrm of ar ric wall with ectoderm in the pharyngeal region

" snidventraily, fourteen primary gillslitsVappear. Eventually they shift to right side, the first

and last five close up leaving only eight called primary gill - slits. Dorsal to this set appears
another set-of eight secondary gill slits. Now the primary slits rcmarkably migrate to the left
"side of the pharynx. Thus, eight gill sllts are ‘left on cither side. Further more gill slits are
added afterwards on both sides: -

Nephridia appear as blind sacs at the dorsal ends of the gd]shts and acqulrc opemngs to
outside. Hatscheck’s nephridium develops as a small blind tube.

On the ventral side of the larva, a pair of solid cctodermal metaplearal folds arise posteriorly
enclosing a groove. ~These folds grow anteriorly enclosing the gill slits. They develop solid
,, medium shelves, called eplpleura, which grow towards xmd- ventral Line to fuse and form the
atrium. At first it has beth open ends but later on the poster;or opening is retamed as the

atriopore. Fmally it grows upwards and surrounds. the pharyngeal region. Due to its growth,

the coelom is pushed up and becomes restricted on the dorsal side of the pharynx. The
metaplenral folds soon become hollow enclosing lymph spaces in them.

'Most” remarkable feature of the larval development is its characteristic asymmetry (i) mouth
ap thc left side (i) 2 diverticulae left dzvertlculum smaller while right one is large sized;

or end of the pharynx whmn grown‘




|
' ' ” i
(m) anary, Secondary gﬂl shts OR the nght of the body ’With regards to this asymmetry no
satisfactory expianatnon has been suggcsted - The asymmcmcal larva feeds on planktonic
fﬂod material for ab(mt three months ami undcrgoes metamorphosxs to become bxlatera.lly
ymmc&ecal adult ' : -

'34 16 SUMMARY

N The developmcnt of Amphmxus reveals the enough basw fcatures of any vertcbratc embryolog,:
'Oogens:s is pecu.!xar iti the sensc the maiuranon divisions occur after ovulatmns The unfertilised
-ovnm 15 mlcrolecﬁhal 10 o 12 mm] and covcred by plasma membrane and another
mucopoiysaccharldc layer called vitelline membrane. ~ Fertilisation is external. ‘The fcrtnhsed
égg shows well marked cytoplasmic organisation. Thc ovum attaches to ovary by ‘animal pole’
side and accordmg to Conkiie, this is in. contrast to the condition seen in invertebrates.
'Conklin further suggests that thxs 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 ie., the outer epiblast[neural .
& epidermal ec‘.‘odcﬁrm] and imner n‘;p@alast {prospective notochord mesoderm and endoderm].
Later, nenrulation, notogenesis, mesogenesis, enterocoelic pouchcs[coslom] etc., occur making
out a well formed ‘free embryo’. = Al this stage, the mouth and anus are yet to bc formed
and hence it is not a true larva, as it cannot feed. =
Month and anus appear at 16-18 pairs of somites are formed. Snmultaneously, ‘other structures
like wheel organ, Hatschek’s pit and nephridium, @iﬂt diverticula, primary and secondary -
gill shits on right sadﬁ{asymmerfy}, nephiridia, ec al atrinm -with atriopore. snd hollow
metap!eural folds with lymph spaces d-'*vcl The ‘larva’ swims freely Tor about 3 months
. feeding on- plankton and metamorphoses. &, Bmbryologically, it is interesting to note the
influence. of certain tissue mdﬁctom t?ducc the &dj&afsﬁn_ gﬁf* o deveiczp in g particelar .
way, eg.,'ncural- inductor. : : : o
o s

3411 MODEL Emfs@g@% QUEQE‘EQN

L. Answer the l‘&i!@wmg in- mﬁam:ﬁ 3% Emes.

- -1 De.,cribe t.‘ne early de‘veiapmem of %my}mxﬁs wpio the formation @f @aﬁ:z‘uka

2. What is organogenesm‘? Give an account ﬂf i’"‘;i'matﬁ-::»s1 of ihe BEIVE cea"d and notochord
mAmphmxus C L . .

L .Ansmr the following in ai»sui 10 Hnes,.
1 Dlscuss the mee;hod of ormmx@n of msi@m and 'ﬂ‘aus&;ﬁ?fﬁ in fimapigéﬂms

2 Write a note ‘on mducmm :,md itg Hiﬂdeﬁ\f‘ on the process in of development -
Amphmxus. S : '

3. Describe bneﬂy the procsss cf dcvdﬂpmmt after ﬁ&iﬂjﬂﬂg in Ampﬂ;gc}msn .
' 4, Fate map. . ' _ .

5.. Archenteron.
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merobranes are groupcd together an

' 351 OBJECTIVE

@ To make the student aware ofthe prolective and’nu_trit'ivé'dé\.fi_cesin‘a’ chick embryo.

35.2 INTRODUCTION |

Lowar vcrtcbmms i their, cvolahoﬂary proccss left water and mvadsd land far food ‘and

protection, - The amphibians have to a large exient succeeded in their altempi (o come on

to the land and move ¢ with their well organised pentadactyle limbs.” However, they failed to
‘Greed their progeny oa land  because of the adverse’ Smyironmental conditions, like
'd-ryrie%s mechapical injury less protection from temperature, rrents and encmies, i‘@amraiiy _
. there is no other way for them than to return {o watg hi

‘problem has been successfully
meted out by their successors in the line of evolution

membranes (mammals)" The above-

%n mot’ai m c'bntrast to ';h_c éina‘mnia such aS’, ﬁshcs
and frogs. R : _

Foetal membranes are aumhary organs wh;ch hdv{‘- arnsen partly for protection of the embryo S

_and more specizlly to_ provide for its nutrition, _rcsp:ratlon and ‘excretion until the embryo

_ becomes independent. The embryos of fishes and amphibians remain twmersed in water

during development, - In these embryos large endodermal celis contain: yolk which is used for

nourishment and is quit'e' suificient to last until independent life is énsured carried on. ‘In
" reptiles, birds and mammals foe\’al mﬁmbrancs are formed whxc*h are of use during the period
“of ¢mbryonic deveiopmeni alone. , : : .
- The fundameutal set of. embr}:)sm, or’ foctal membranes in ammetos mclude (1) the yolk sac;-
{2y chorion {Seros a}, (3} ammion, and (4) e.ilanims The- foilowmg descnptlons 18 mamly

Com:cmed to the chxk c*nbryo

' 353 YOLK SAC

Yolk sac ig formed by & layer of extra—~embryomc splanahnoplure (cndoderm vxsceral mesoderm) '

which spreads over the yolk mass. This layer ultimately encloscs ‘the entire: yolk and forms

lte réptile's birds - and masmmals, by
- developing protective membranes from the strucl’u%pg outside the embryo. These structures -

© are sxtra-embryonic hence they  are- calledwas ; a-embryomc membranes. Since these
membranes are enveloping- the e';_nbrj(o ] nd . they are named as embryosmic or foetal

pamed - three -éiasses_ of . vertebrates which develop suc;h'

2%69
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1354 AMNION AND CHORION

ihe yol'k- sac. . Thi‘sxs connccted to -'thc'c'mbryo by %1 jnan"ow yolk s’talk' which" is cOn'ti'jmous _

. thh the gut of the embryo. The. endodermal cells are in contact with thc yolk, “The sirface

of this layer is further increased by a series of septa which penctrate decp into the yolk.
The endodermal cells of yolk sac seécrete dxgcstlve enzymes, which make the yolk soluble.

- This pred:gested yolk is now transported to the embryo of chick by its viteline veins. <A large: -
‘amount of yolk is utilised by the time of hatching, Lastly the yolk. sack is-sucked into the -

gut of the embryo and the walls. of the abdominal cavsty close behmd it. The development -~

of yolk sac begins before thc €gg is !a.ld (Fig.35 1A)

At about 30 hours of incubation amnion and chonon are devcloped snmultaneously The
extra embryonic somatopler {Ectoderm + Somatic mesoderm) in front of the head of cmbryo

: r:_s_es up as the head fold of the amnion. This essentially- consists of .a_ double fold of
somatopleur drawn out upon itself. "On the third day, the tail fold of amnion arises in the
" same manner. Thesc two- folds start growing over the embryo in opposite directions, . They '
-are soon jomed by sumlarly formed latcral folds of amnion. Thus all these -folds meet with-
-each other. over the back of the embryo. " Head and tail folds mcet bchmd the n:uddle of .
~ the embryo; this junctmn is called seroamniotic connectlon Aftcr the mectmg both ammon‘
- and chonon becomc separated (Fxg.35 1.AB) ' '

'The amnion encloscs 1he embryo -Its wall has thﬂ ectcderm mmde zmd somatic mesoderm
- . outside.. ‘It contains nutntious ammotnc fluid in whi thc embryo ﬂoats

Fig. 35.1 Diagrams 111§strat1hg the dévelopmem of the exirs embrymxc membranes in chiek {sagittal plane). '_
1 Embryo 2.Bctoderm. 3 Mesoderm. 4 Endoderm. 5.Yolk Sa¢. 6.Gut. 7.Amnictie folds: S:ANantois, 9.Bxira: S
o embryomc coelom or Exocoel. 10. Amniotic cavity. H.Amnion. 12.Bxocoek 13.Chorion. 14. Semmmmnc -
g . connetnon

* vyl



The chonon ultnmatelv sun'ounds the embryo and thc amnion also, Its wall has ectoderm
out side and somatic mesoderm inside. The space between the amnion "and choron is called
chorionic cavity since the chorionic cavity is lined by somatic and ‘splanchnic mesoderm it.

also known as Jextra embryonic cavity, It comtains a floid. The chorion. at a later. stage
becomes pressed against the shell ‘membranes, and plays an’ lmportant role i in. gaseous cxchaﬂ);e
through the porous shell S '

Functions

| 1.. Ewven thoug,h the hen lays its eggs on dly land the devclopmg cmbryo llcs in thc amniotic |

- finid a;nd hence is protected from the danger of desiccation. -

"2, “The chick embryo is protected from the mechamcal shocks w]nch are absorbed by the
' -ammotlc ﬂuld . o .

3. The smnnion and chorion ‘isolate. the embryo from the shell to avoid adhesion or frnctmn
of the embryo with the shell surface.. :

4. The chorlomc cavily or extra embryomc coelom’ provldcs a space for the allantois to
expand : :

355 ALLANTOIS

- Allantois develops as a blind evagination from the floor of the hind gut which grows downwards.
into the extra embryonic coelom. This arises-on the third day of incubation. It is formed

of splanchnopleur, having endoderm on the inner and splanchn@soderm on the outer side.

chorionic cavity and almost filis the latter. The mesodetn allantois fuses with that of the

It grows very rapidly from a pear shaped structure to a Vei organ which extends into

", chorion forming a composite mesodermal membrane, the~allantockorion. Aliantochorion

becomes pressed against the shell membranes and s a pair of allantoic bleod vessels.
Allantois is connected to the hind gut by a na , hollow allantoic stalk. Later the allantoic

stalk and yolk-sac stalk are surrounded by a co «?ﬁ" somatepleur of ventral body wall, forming

the umbilicai cord. The allenstochorion tinues to expand and surrounds the albumen

substance of the egg and forms in it an“albtmen sac and aids in absorption of water and

albumen. At the time of hatching the umbilical cord breaks and allant‘qis dries up.
Functions | | . 7
1: Tt acts as é reservoir of embrf;onic‘ excreiory wastes, snt;li_as uric “acid.

2. AIlan_tochgﬁoﬁ membrane acts like a respiratory surface of the embryo,

‘Thus the four foetal membfa_ua,s: are devices which proﬁde adequiate nutrition, protection and
meet the metabolic requirements of the developing chick embryo. -

356, SUMMARY

In course of evolution of vertebrates, right from, the stage of fishes onwards, attempis to
invade land have had been made and uitimately succeeded in adapting to the tesrestrial mode

of life. One of the severest problems faced by the tand vertebrates is the developmient during

the most delicatc embryonic life. Desiccation, mechanical shocks, nutrition, respxratnon and
excretion are some problems the delicate embryo me(,ts durmg its -course of development,

m
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~ As a measure to counteract, thc problems; the fosml mcmbmx ies have evolved. 'lnc wal]s of‘ -

amnion and ¢horion are formed of somamplwr while the yolk sac and aiia.ntms are- composed

of splanchnoplcm’ Since the choﬁemc cavity m‘itamed between the amuion and chorion is ..

lined by the mesoderm and henw it is also called a5 extracmbiyonic coelom. The amnicn
surrounds and bathes the embryo with its amnictic fimd ‘which provides nutrition and protectlon
to the embryo “The mesoderm of ths chorian and the allantois fuses to form chorm—ailanto:s' .

‘:whnch eventually forms ithe albrumen sac for absorption of albramen and water. Allentois

also stores. nitrogenous, wastes and tence is alse called as ‘precocious wrinary biadder’. The

-choricallantois also provides: resparamry surface for gaswous exchange through the porous shell. -

The f.:sdodt.,rmal lining of the yql.k sac secretes - enzymca ﬂor dmsoEVmg and absorptlon of the
nutrlments - : :

357° MODEL EXAMINATION QUESTIONS

L Answer the fo!io'wihg in abﬂut 30 lines.

L Nama various kinds of foetal. membranes Gf ch,k i)esc:xbe their dsvciopment and
sxgmﬁcance :

I Ansver the following tn about 10 lines, -
1. Amnion 7

2, Chorion. - - IR
3. Allamtois \>
4. foetal membrangs. - - e N
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UNIT -36 PLACENTATION IN MAMMALS
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7367 Discoidal Placenia
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36.16 Summary ° s :
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_36.2 ,INTRQBUCﬂGN o '_ OM

“In all vsvxparﬁus mamimals ("hﬂﬁd} th@%ic}pr%m takes piacs msu.is the utcrus of the_
'mother. Eggs of such animals are microlecithal having less amount of yolk which ‘is not.
sufficient for the deveiopment of embryo 1l it can lead an independent life. Therefore, the -
- embryo has to dépend or the mother for nourishinent and oxygen supply. Such embryos get.

attached: with the wterine wall to draw their required swbstances from the mother by means ~ -

of an_organ called placenta. . In other words, piﬁeénta is an organ built .up of maternal and
foetal tissucs jointly. It serves for the sxchdnge of nutnents and gases betwcen the tissues

of the m@ther and the embryo

he foetal part of placenta is fum_,,n\,d by chorion, and alantois whereas maternal part is

" chntribuied by the wall of uterus cﬂnsm‘{mb of its compact and spongy lavers. In between
these two parts a huge blood situs known as. intervillous space is present which contains a

large number of f‘hor:amc villi and erypts in the uterine wall -The distribution of substarices
between mother and. foetus is done by ‘diffusion which include oxygen, carbondioxide, water,

" inorganic compounds, horiones, vilamins and waste products such as urea.. ‘Placenta Serves .
as a barrier sgainst transmission of bacteria. It alse serves io store lron fat and glycogen.
As an endocrine gland it releases zelaxin (in rabbits) and other; hormones which aid in the -

- birth of young one. It also checks on the passdge of harmful substances into- foetus like sex

v
/
-

f

Mammahan placenta is a ccmpamm sti"uciure conSEstmg of foetal part and matcmal part Cl
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sy

"blood vessels of embry

hormones, blood proteins efe.

L There are three types of placmta on the basis of the nature of foctal membran»s takmg
part in-its formation: the _yolk 'sue, sllantoic or choriom. :

’ 36.3 YGLK SAC PLACENTA

Conmsts of yolk sac. and chorion as the allantois is either absent. or degcncrated The yolk.
sac grows: very large and almost surrounds the embryo. The placenta supplics materials from

“the uterus through foetal wtaﬂme vessels. This iype is i’ound in metatheria (Kangaroo)
o (Fig36 IA) :

A Q .
F1g36 1 A Yo!k sac placentd, B.Chorionic placenienl.Bicod vessel. 2.Chorion. 3Ammon 4. hmbxyo 5. Al!amms s
6.Yolk sac. 7. Wallof . 3-Placents. 9.Chorianic villi,

35. 4 ALLANTOIC PLACEQ?‘

2

ry the supplies from the mother threugh allantochorion. = In
advancsd vondition the al antochorion is fm,nd in all Eutheria. It is firmly connected to
utcrus by an interlocking system of villi, small DrOCEsses on chmson -and the crypis, deprcssmns
in utf:rme wall to fit the vilh. o : -

Alléntoic Placenta is c‘m@d v allantois and chmxors or allantochorion. Here the allantoic

365 CHORIONIC ?LMMTA

Conszsts of only chorion, allantois b@mg small and dcgﬁncrated A]lantmc blood vessels grow

_ and vascularise chorion. The villi appear on the chorion and penetrate - - Crypts in uterine -

wall formmg chorionic placc:ni'a Thls type is found in human bemgs (F1g36 1.B).

I As- far the dlstributlon pa%tem of cﬁmriﬁmc villi and intimate connectlon between foetal
" and maternal parts are conterned there are five types of placentas, grouped as deciduvate and

noa-deciduate, In the former case when placenta is cast off at the time of birth there is
loss_of both embryonic and maternal tissues with extensive haemerrhage In the latter form
since foetai and maternal tissues bave no intimate connectwn and do not fuse no blscdmg

- occurs during the birth.



On the basis of distribution pattern of chonomc ¥illi the following types of placenta under-
deciduate ‘group have been recogmsed :

36.6 ZONARY_ PLACENTA

In carnivores (Cats, Dogs) the villi develop in one or two transverse bands or glrdles -around

3

the chorlomc surface (F1g362.A)

\
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Flg 36.2. Typcs of placenta in mammals. A.Zonary. B.Discoidal. CM
L Chonomc villi. 2. Cotylcdon of bmncﬁmg villi. 3.Place

adiscoidal. D.Diffuse. E.(btyledonaly
with villi. 4.Band of villi.

36.7 4DISCOIDAL PLACENTA - Y

The discoidal placenta bears villi on a dis shaped area of the chorion. It occurs ‘in
_ rabbits, bats, insectivores. and rodei;ts(F_ .B)

1368 METADISCOIDAL PLACENTA

.,
kS

The metadiscoidal placenta, found in human being and apes is characterised in developing
villi all around on chorion of implanted embryo, but soon the villi disappear on the surface
exposed in the luman of uterus during development of the embryo (Fig.362C)

- Under non-decxduate group there are two types ot' placentae exhibifing vanety in the arrangement
of villi: :

369 DIFFUSE. PLACENTA‘

In dlffuse placenta chorionic villi remain scattercd all over the surfaoe of chonon 'I‘lus is
seen among horses and ngs (Fig362.D)
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36, 10 COTYLEDONARY PLACENTA

= :In cotyledonary placenta wlh on the surfabe of chonon are grouped into small patches or
o cotyledons For their insertion small thlekened areas, the caruncles are formed by the. utenne
. wall, Remammg Chor:omc surfaoe is smooth eg- Cattle Sheep (F1g362E)

B Types of placentae based on the degree of contact and mmute hlstologlcal relatxom; bet‘ween o
- the chonon and. the uterus are as- follows D _ :

| '}'.36 11 EPITHELIO CHORIAL PLACENTA

In thls type of placenta exchange of nutnents etc..is done from mother to foetus through the .

) fo]lomng. tlssues (Flg 36. 3.A)

i) Endothehum of uterine blood vessel
~ji) Uterine connective tissuer. .-

- i) Uterine eplthehum S
V) Allanto-cherionic edplthehum (Trophoblast)

v). Chorionic connective tissue- (Foetal mesoderm)

W) Endothe!mm of foetai blood vessels

- VThere is no erosmn of maternal or foetal tlssues hence tlns is: of dlffuse type eg Horse, Plg
- (F1g36.3.A) etc ‘ - : '

3612 SYNDESMOCHORIAL PLA?EN,T

In syndesmochonal placenta the uten?gﬂhehum is eroded hence: chonomc villi come into . '
~ . direct contact with the maternal

- uterine blood sireams, This' nohediciduate type of placenta is found in cattle and sheep w]uch _

, 'have coteledonary type of tnbu fion of v1111 (F1g36 3. D) : : '

ive tissue.  OQuly five batricrs lie between foetal and

'36 13 ENDOTHELIC CHORIAL PI_.ACENTA

In tlus case. two tIssues, the uterme elplthehum and uterine connectwe tlssue are eroded' 7'
- therefore, there are only four barners between foetal and meternal blood. strcams. Hlstologlcally.

this - is: the: characterlstlc of the zonay placenta Hence thls is.a dectduate type eg Cat Dog, '

_ _(F1g363 C)

_'36 14 HAEMOCHORIAL PLACENTA

Due to more mtlmate placental relatlonslnp all the three maternal tlSS].lCS ies the uterine 6plth€lll.lm, L
uterme connective tissue and endothelium of uterme blood vessels are: eroded Thus foetal vﬂh arc .

- dlrectly batched in matecnal blood flowing i into sinuses. Consequently the exchange is done through_
. three txssues only ’I‘hns, to-sonte extent, is the characteristic of dlscmdal type of plaeenta under?A

deaduate group ThlS accurs in some rodents bats and pnmates (F1g 363. B)

g



Fig.36.3 Mammalian placental types. AEpithelio—choriale.Haem C.Endothelio-chorial D.Syndesmo-chorial

1.foetal capillaries. 2. Allentoicendoderm 3.Foetal mosodérmd. Trophoblast. 5.Uterine epithethelium 6.Uterine
connective tissue. 7. Uterine capiltaries. 8. Crypt. 9.Villi. 10Uterine blood vessel. 11.Maternal connective tissue,

"12. Embryonic blood vessels. 13.Allantois. 14.Viili. 1 ernalblood siuus. 16,Uterine gland. 17.Trophoblastic villus.

36.15 HAEMQENDOTHEILA{@LACENTA; o

In haemoendothelial plac'c_:nta'thé three utering tissues and two foetal tissues arc ;eroded thus
the number of barriers is reduced to just two, Only the endothelium of foetal blood vessels

thus lie directly in the blood sinuses of the utérus.  The exchange of material now takes:

place only through the eadothelial layer of foetal capillaries. This‘:typc of deciduate is found
in some higher rodents like rats and rabbits. S ‘

AL

36.16 SUMMARY

Placenta is an organ that forms an intimate connection between the foetal and 'matétnai tissues-

for purposesof nutrition, gas transport and excretion. The period of gestation varies from

species to species. Placenta can also be.seen in other’ than ‘mammals like peripatus, salpa

- {Ternicata], some elasmoloranchs and snakes; but defers markedly yolk sac type.

Placenta can be classified based on several criteria.. ~ Broadly, ‘mammalian, -ﬁlacenta is of 2

kinds : (i) Choriovitelline eg. Didelphys, Macropus & ‘(i) Chorioallantoic ¢g, parameles,

Dasyurus & all eutherians based upon the source: of Chorionic vasculansatlon '
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Depending upon the mtlmacy and the ‘degree of damage caused to cither side at the time of
parturition,’ placenta can be termed non-deciduate or scm1placentaeg Cattle and. deciduous or
placenta vera[trug placenta --eg. higher eutherians]. In'the latter type., the maternal tissues will be
tern away causing bleeding. Theétre is still another type called contradeciduale placenta- -where not
only maternal but also foetal portion of the placenta is lost-as in paramoles [marsupial] &

: Talpa[msectlvors] Based upon the distribution of the Chorionic villi, place.nta is clasz-uﬁed into diffuse

[Pig, horse, lemur ete.],. cotyledenary[cattlc ‘sheep,deer], Zopary [car[carmvores], _

_ d13001da1[mscct1vores bats, rodcnts] and metadiscoidal [monkeys, apes & man]. Based on histology,
it is classified into 5 types viz., eplthehochorlal syndesmochorial, endothehecllonal haemocnorlal

and haemoendothehal placenta

o MbbEL EXAMINATION QUESTIONS |

' L. Answer the followmg in about 30 llnes

1 DISCI.ISS the various. types of plaocnta in mammals

2. Deﬁnc placenta. Descnbe 1ts kinds based on. the dlstnbutlon of v1111 and conncctlon
. between foetal" and maternal parts. :

-IL Answer the following in about 10 lines

L Descnbe the general structurc and functmns of placenra

36.1;--GLstaRY ~ R \\

Apes AR -Ahthropoid primatef ;panzee Gonlla otc.

.:'Chorda' cells . - e Cells of vertebnﬁz‘;glbryo wlnch glve ris¢ to notochord
- ‘C'rypts' ‘ oo Small pits @ the walls of uterus ;hto Whlch fit the villi.
Club-shaped glasd : First"gill-cic thh forms glandular tubc and dlsappears aftcrwards in
. Amp s larva __ o o _ R
_ Endostyls . L ',Glandular c;hated groove on thc floor of pharynx. Mucous produced byit
- . 'helps mfecdmg. Thyrmd gland has evolved from 1t o _

- Endothchum " . layer of thin cells lmmg thc blood—vessels 8 _
Embryomc - Protective dcwces of\cmbryos (in reptiles, bu'ds and mammals) whlch also
adaptatlons "+ aid in autrition and rqsplratmn. ‘ - -
Euthcna IR V(Placcntaha) Higher mammals whosc embryos de,Velop allantmc placenta

' Extra cmbryomc -~ Coelom outmde the lumts of embryo ie., between the amnion. and thc

. coclom ..t chorion. ; : : -

“ Haemor_rhage _ Bleedmg of blood vcsscis _ R
Hatscheck’s Anunpaued éxc,rctory organ ofAmphloxus consmts of uumerous ﬂamc-cells :

nephridium’ -~ -: dnd ﬁne tubulcs



Insectivora
Metazoa

Metatheria
Myocommata

Ooplasm
' Organogenesis
Plankton

_ Polar axis

Presumptive area

Primates
Pronucleus
Rodents

‘Trophoblast
Villi
Wheel organ

Zona radiata

Small mammals, molars with conical cusps eg. Shrcws; moles, hedgehogs.

" All multicellular animals.

{(Marsupialia) Mammals usually having a pouch on the belly to carry and

- nurture the immature young eg. Kangaroo.

{(Myosepta) - Anterior and posterior walls of the envelope enclosing the body
muscles or myotomes of

: “The cytoplasm of the egg. -

The formation and differentapion of the organs in embryo.

:  Floating microscopic organisms on the surface of waters,

. Imaginéry central axis connecting the animal and vegetal poles of the egg.

Part of an embryo, cells of which become a particular organ.or tissue later.
Mammalian order comprising monkeys, apes and humans.

The nucleus of a male or female gamete con-taining hapl:iid chromo'sbmes.
Gnawing mammals which include rats,ngice, Sqi:irrels cta:::.

A layer of celis enclosing carly mammaliaq embryo which develops villi for
implantation of foctusiin the wall of uterus. '

Fine finger-like projections arising _0!@1 placenta which"fit into the

corresponding crypts in the utering wall. '
: A compléi system of ciliated ridg@: grooves in the buccal cavity, under

the oral hood in Amphmxus

{(Zone pclluc;da) stri lair which normally surrounds the ovam of a
mammal, is formed by tife Tllicle cells. It is replaced by zona pellucida at a

later stage. Q) .

v
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Faculty of Science

| ZOOLOGY
COURSE - 2 CHORDATA, HISTOLOGY AND EMBRYOLOGY

- B.SC., il YEAR
SYLLABUS

SUB PHYLUM VERTEBRATA :
General characters and classification of vartebrates w1th a brief note on the origin and evoluuon
of different. vertebrate groups.

CLASS CYCLOSTOMATA
General characters and clasmﬁcanon and affinities of cyc]ostomes

PISCES
General characters and classification.

CLASS ELASMOBRANCHIA _
Classification of clasmobranchia upto order with examples.
Morphology and exoskeleton of Dogfish _ s
Skeleton and Viscera of Dogfish. 0

CLASS OSTEICHTYHYES - : ;
General characters and classification upto sub classessoi;able examples.
Common edible fishes of Andhra Pradesh.

‘General characters and affinities of Dipnoi. ?‘ :

CLASS AMPHIBIA B %«m | -
General characters and classification ypte orders with suitable examples.
Important South Indidn amphibians. %

CLASS REPTILIA

" ‘General characters and classﬁicahon upto orders with suitable examples

' Calotes (Morphology and Anajomy excludmg skeleton)

Skeleton of Varanus.

Poisonous and non- p01sonous snakes (with a note on the 1mportance of snake pmson)
Dingsaurs.

'CLASS AVES :

General characters and class:ﬁcat:on upto sub classes- with snitable examples.
Pigeon — Morphology and exoskeleton.

Skeleton of Pigeon.

Anatomy of Pigeon.

Flight adoptations and migration of birds.




CLASS MAMMALIA :

~ General characters and clas&ficatlon upto. sub classes and the dlagnostlc feafures of

prototheria, metatheria and cuthena

Rabbit morphology, structure and funcuon of skin.

~ Skeleton of Rabbit.
© Digeslive -system of Rabblt and Physmlogy of dngestlon
' Nervots system’ of Rabbit..

Functlons .of different parts of brain.

* Nerve impulse transmission.
,Respxratory system of Rabbit and Physmlogy of respxratlon. o

Respiratory pigment and. its role in the transport of 02 and C02

"Circulatory - system - of Rabbit. Phys1ology of regulatxon of heart beat.

Urinogenital system of Rabbit. Physwlogy of regulation of heart beat.

Urmogcmtal system. Physiology of excretiot, w1th a note on Urea formmon., ‘

. Endocrine glands and their functions.

| HISTOL()GY (Rabbit as an example) \>

Epithelial, connective, muscu]ar and ncr’issues ..
Histology. of liver, pancrcas stomacv‘tes ine kldney, testls and. ovary, pmal cord and .

nerve, lung and spleen. - - . IR
et QN

EMBRYOLOGY Q -
Types of eggs, fertilization, Cleavage and gestation.

‘Development of ‘Amphioxus.

. Foetal membranes in chick.

Placentation in mammals.
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Dr. B.R AMBEDKAR OPEN UNIVERSITY

Faculty of Science

ZOOLOGY

COURSE - 2 CHORDATA, HISTOLOGY AND EMBRYOLOGY

B.SC., Il YEAR
"MODEL EXAMINATION PAPER

‘Time : 3 Hours

~Section ~ A

Answer any 3 questions.
Each question carries 15 marks,

Answer the following in about 30 lines each.
_Describé the general chafacters of Vertebrafes.
How do you diffe;entiate poisonous snakes from that of non- poisonqus snakes.
describe the structure of .the brain .o.f rabbit. Enumératc the functions of 1ts var‘io'us. parts.

Describe the histology and enumerate the function of liver of rabbit.

in Amphioxus.

Discuss the various types of placenta in m@es.'

. Sec B .
: Au@..any 5 gquestions. .
‘Eagh, questions carries 6 marks.
Answer t lowing in about 10 lines each.
Géneral characters of class Petrownyzontia.
Outline the female urmogcmtal organs of Dogfish.

Gymnophlona

" Describe air sacs of pig_eou..Add a note on their significance.

Describe the structure of bone .
Déscribe the structure of tooth.

Give a brief account on Metatheria.

Explain the process of gastrulation in general.

Amnion and Chonon

What is nerve nnpulse" How is it transxmtted ?

Max. Marks :

75

What is organogenesis? Give an account of form@of the nerve cord add notochord !
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COURSE -2 C HORDATA HISTOLOGY AND ['NiBRYOLUGY

Dr. B

B. SC., IE YEAR
ASSEGNMENT -1

Do not copy the answer diresﬂy 'fmm any of the books.

As far as pnssible try (O answer the: Questi'o'ns independently in your own words.

Use your owﬁ foaisgap pages for writing' the assignmént.

1
2
3; C Hitis necessary 1o qﬁotc_ from any source give the corrcci reference.
) B
5 Leave sufﬁcmm: ma:gms for the wmmcnts of the evaluator

6

Complctmn G§ this assignment qhouici 5ot za.ke more than two hours time.

I~ Amswer &he foiﬁﬂmng in ‘hb@m 30 liﬂés

1. Describe the genersl characters of (‘vcloslomeso

2. Describe. the aﬁmezimry camai- of Doglish

3 Ouﬂm@ the g,meral aharactcrs of D%

1. Answer the E’oﬂewmg in about 10 l

My
1. Write an account on ‘PI%SC es’. .
2. Types of jaw suspension -in Wertebrates. -

3. Describe the'drigin anid evolution of amphibians.
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ZOOLOGY
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_A_SSIGNMENT -2

Do not copy% tl'ip'answe} directly from .any of the books.

As far as possible try to answer the‘qt'lestilon's in'dcpendently-in 'you'r own words.
If it is necessary to quote from any source give the- correct reference. h
Lse your own foolscap pages for writing the assignment.

Leave sufficient margins for the comments of the evaluator.

Completion of this assignment should not take more than two hours _timé.

I. Answer the following questions in ‘about 30 lines.
1. Mesozoic era is called the "The Golden Reptiles" comment:

2. How do vou differentiate poisonous sga\gai rom theat of non- poisonous snakes.

. %
IL. Answer the following in about lgzines. ' o
' 1. . Differentiate between Lacertilid and Opnidia.

2.  Causes of birds migration.

3. Describe the exoskeleton of birdQ

3. Describe the tf:mporal fenestrae in reptiles and. explam how the cl_assiﬁcatioﬁ of
reptiles is ‘based.on this character. '
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ZOOLOGY
C OURSE 2 CHORDA’EA HISTOLOGY AND EMBRYOLOGY

.SC., II YEAR

ASSIGNMENT - 3

N.B. _
1. - Do not copy the answer directly from any of the Ibooks._
2. As far as possiblc' ry to énswer the qﬁéstions independently in ydur. own word.';.
3. If it is ncccsr{éry to quote from auy source give the correct reference.
4, Use your own foolscap pages for wntmg the assngnment
5. Leave sufficient margm'-‘ for the comments of the cvaluator B '- o : 3
6.  Completion of ﬂus assxgnment shm»sid not take more than two hours tlmc
I Answer the following. in &bout 30 lines. | .
| 1, What is nerve impulse? How is it transﬁlitteco . )
2. Describe the digestive system of rabbit. O _
3.  Sketch and !abel'the: section of the%mmalian avary.
4, erit'c a note on evtllation. | -~ |
IL

‘Answer the foliowing in'abou@ine&
1. Describe the structure of rétina,

2. Describe briefly the precess of -élaav_age.

3.  What is the endocrine part of pancreas?







