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1�B 1 OBJEC�÷�WTS

Tb know the characters of'vertebrateg, their different groups, their origin and their diversifrcatim

in geologieal time scale.

1:1 INTRODUCTION

Vertebrates also referred.as craniates (with cranium - crain case), inctuae, jawtess animals

(agnatns) fiihes, amphibians, reptiles, birds and mammals. They.possess a distinctskull' paired

t[k, , highly complex brain, the heart being always ventral, is muscular with three or @
chamberc red blood corpuscles are almost alwap found'

.The vertebrata or craniata are referred as Euchordata, (in ufricn the notochord is no[ continued

to the end of the snott, but ends before the fore-brain. Some distance from the anterior end

of the bodP.

13 GENERAL CHARACTERS

vertebrates are bilaterally symmetrica! triploblastic metazoqtrs: fr"J.l"T ** II:j trry
,"d"* - head, tr""k Ji"it merlJ u *roog,9"r:"'1.t"**ds cephalisatibn - a coucentration

i -r

Ftg 1.1 An idcaliscd Vcrtcbfatc (diagnmmatic).-1. Mouth 2. Pharynr 3' $ill sliE 4; Heart 5' Ocsophagus 6' lJng 7 ' Liuct

g. stomach g.Intcstinc 10, c-oclomic cavity 11. splccn ra mca'rs. Kirlnel la' Gonad 15' Ncural tubc 16' Notochold'
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c)AutodLsuC�] �– �¶Jav.aFe maChed b the�� �› m direcaybyliments.|�� ,minct bony

mes under A�…�R�˚
.     :     �E    �]  �E   �]

�A           1              �E
     �R

0 �Ó tOSu�¢ TLupperJttLmscdçp h the�B �n the lowerlawt articulated h direrent�R

�J �¢ �] the lovferiaw�˚ �N ed�M�V the wPCrJa�“ H�� �å �°

�g

�µ raracFpr3d)thO10Wr

"t artiCulated o 
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�í �] �{�u�xŒ⁄
���ƒ�ô
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TTTllT�¿ �æ�µ l

Œ⁄�ü �À �� �d Æ��F 1�H1�ø
|�¡ omach L quite simib h au ve�V hates but

�Ì�Ł�Õ �R�� �¶1   1Œ⁄
embryo,�� not h the adult�g �V åNStinctive L

of clets tt pOuches leading outvJards tom an

�R  :
�� cirdatory system t J dttd�� �B

�V  heart is VentFtt COmpOSed d drec,�¤
�V

�| Œ⁄Œt�[ �@�t   �º
and  mammA.                                                                             :

ThO centrd neWott system EcS in the dorsd median line,and�M
is tl�Ł ular in its Orign�¡ Its
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�ª

1. htromyzonda .

2. Il{yxinotdea

1.42 Gnathostomata

This superclass includes all vertebrates wrth upper and lcrypr iaurs' It is divided rnto selpn

class€s.

Bdinct iawed vertebrates.     1         ::: i

Jav7ed tt po�\ ing miLginOus tletons andI�R �V SCdes

m�q
�g

��  | :�¡      .
JawedØ[�@�R poS�\ g a skeletoni d bone sdes may"

CyC19�RICt�b
æ⁄ 1 0r Fnoid�B ,�¡ �ß

"   ,i

mi�D�� �F �c �'   �É
�h�]

�g

�¤�E �A   �] ,   I.:’�¡
VembFateS possding�� �� l egD With tt devdoped
membranes.                      .

�g �ø �R   �F Ø� �O
Aptev KKIwiblandsmtti�B (0�R

�g

�Ü
)�B �E

:�ø �O �� s�ß �F �M�d.�R çW
Ou4�] bined i�c )i�]  �¡ || �¡�E
1��   ���i :/�Œ �� �z�B�æ. 11

1.    Placodemi�B

2. Chondrndthyes

3.  Osteiathyes

4. Amphibia

5�B Reptilia.

7. Mammalia.

The first kaown vertebrate fossils are t&o-sc of Ostr-acoderm as.frqgprcnl of 
fonl' 91*es 

from

the ordovician -d ;;d.J rr.*rt in the exinct silr"ia1.tno Devoniart about 400 million

years bacl. fn"y nro" characterised by the ab6ence of jarrs afd the possession 9f bony

annour. They could f;;;;:b*; d;*. A ,.ri"6 of forms evol,ed in the'siluiian

The frrst jawed vertebrateq, the placoderqp hnrrc wolyed frT..aq anc+tor like the ostracoderms

by a conversion of ;; [iJ d4,arc.!-inj9'tho uppe,r,and,,tor"e' iao's' Variety o{ prey yas

captured-u,fus.the pto"a"rrlor"orn"l r[--G&'".rid. q?t;"d heterogeno,s fish like

Eoup of 
'Erteb,rates 

Jo *" common t""ilid,]1il-trv' 1t" 
t*iaa glll arch' bot? u norilal

e1 and had ao role h;#r;;;* ,f 6"ffi.'fr;ioe pqcodedi rke the {capthodhos

had betwcen the pectoral and pclvic Ens ;'*J; "f n+tgtilea' lt indigated the origia of

nns Am the fn ttii&. rtere- *r" ot["i-ffi]fft of Att+ryq'* w1U i1 articulatioa

beLsEGn the thcacic?d, ffi *sqH .i th;h;. sttgoqetqqli+l w.r r,te armo.red

|
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Era

CocnozOlc

135

MesOz01c

ll l,�P

Major Geological and
climatic conditbns

Aninal groups that have
evolved�¿

75

1 0uatmary Maint�¶ �Ü htthJ�¯ �Ò �i :

Short ltt invasion OF the

�\   .ç� .�ˇ �k �R
��      �¡ forest.to�R 1�– âM�R �¶ grass

lands     �E 1

�¡ltiary     ’
Creta"�¿

�g

�]l spFead 6f�B ��
"��

�ØÆí�ß ,

||�] ||�] N:

�u WaSSiC  ttm and ttable dhte
_. �A �� th�� �] se�ƒ

11�Ú �Vm

�P �d̃cl l�Õ �o �ß �ó �R �T �b :
extcnsive desem

il�u          :

Pemian  Hgher land area    �]

1,11 1�` �ƒ�� :�M �\ TTtt JI

T�˜ �Pt�P �d�Ô ���Ó

�¸ �ï IT�] �z�I�Õ �b��
�]�V .

)�u �P �g���� �ø
Silprian Uplifting of land:- Shallow

** - Warm climate,

Oidovician Shallow seas - warm cliqate

Cambritrn,", Efensirre shalloy seas in
the equatorial regions warm
climate

Proterozoic Changes in litho sphere..
High land masses. Shallow

�UT�æ ::�� �o�° �Õ ,

Æí �g 1�d �F �«

�g

�¡
|:

hM�@�c �‡L=EvollltiOn Of
Man     :�M �] .�¡

�E

,LinctiOn of archiacF�Ú �¡

�^ many reptil�¡ : :�¡

�Õ
:  ::

Earliest truc mammalsi  :

Replacment Of�R�fi �˚
like rep�R �Eby predO�\ Ors
of dinosaurs       il

iplverstty Of Mammal�«
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|||�]

Large ttlDlpodfauna.:
Spe�R�Red a�‹ �˚ �× �B
Fkt appearance Of kptile�˜
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�]

||

�ò �í å¶ :

EirulterOds.Frst  i

ŒG�† �Õ �P |
of Jawless fomsi
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Many invertcbrate�L  :: �‚ .
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�¡ om th�MA�å ithodim�E like ancest"�R aFOSe �V �Re Ctti�W �R �Rs ttShes a,d bo"nsl�Õ
Thc sharks have cvolved by derneFatiOn of bone"more prObably by neo"ny(rctentiOn Of

J�¡ �] nile charact�` s mtO aduk life)�B         ’             :

The bony flshes ttre of two disdnct mes from the beginning thC ray�¡ med Oncs

�¢

�g

nthOp"�} ri,and t�g lobe innOd Ones(CrossOp"Æí�Ñ 1)�B Nied lo the latcr are thc

prOSent lung flshes.

The Palaconiscoidea was the st�v m group of the ray anned Flsh;whiCh�] evolved into a multiplicity

Of fESh�¤ mS.�ü à£ rostd and Tcleostei a�{ :�c iVe�Õ �Þ s�¡ �Rt prOgress of the Flup.
Teleostei show rich distribution s��

"the Jurassic�B
                     �u

Thc lobe inned rlshes whilc�¡ ourishing in Devonian supposed lo havC be�� me extlnct sincc

the Crctaceous.In the Devonian pc�Ü od thc pools drLd up and the�A heS the Larim‘�K a had

to shi�¡ �˚om p001 tO pool and thc luy prOved hdpm to them:�Z D basd lobes pf thc Flns

hadi also thc skeletal elements and they became the bast of penta dactyle lmbs 9f thCr

desCendants,the land vertebrtteso Amphtta nOurished in the CarboniferOu,period an‘fOrmel

numerous �V ieties.Onc of the groups,S�@ lou�g amOrpha was morc adoptcc to hnd H�‰ than

other and tt was so:much hke rcptneso Mos1 0f the Amphibia became extinct,�¡ �vay tt ind

only h�˜ ,loads salamanders ncwts and a few ttmbless bwowers.         1 
�E

ThO Reptilia spread aä¿ Over the land thrOughout the Mesozoic era:They flouinhed o,land

in water and even�g the a�Þ .The rrst ieptiles utte COtylo�˜ aurs.:An oarlier branch 6f thc

reptilian stock was thc Synapdda,mamma ne reptiles.By�� ce�Ü 1 0f MeSOZOic the fanta�� �‰
:

r�¶ ptiles which weFC bipedal carnivOres,some were hcrbivorous,huge and amphibious,becantc

�ß �� T�� �u �º �� Łâ �¿
�¢ �V�V  ding reptiles.The rttmtt J

ld SPJ8�¿ �Ł�˝ �ä :�L Lc snakes are tle modincd

d6scendents 6f the lizard g�� �–p.

BIds are�g rived�¡ om the ruling reptile�˜  Tho�  inccting link Atthaebptev frOm lhe Jurasslc,

�\ �¶ �� :�¾
�R�D �£ �f �u�í �Q

Mammals have cvolVed ttom thc mammal,lke rcptilc�Ì t the gap�R bFidged by thc synapsid

repdlcs.Thc last of them thc ltttdosOurin 9f the Jurassicico1ld Liardly be distinguished from

the Flrst mattmals.Thc living repr,settativC1 0f primit�s c ttammals arc found in thc,outhcrn

lands, like Australia and Ncwzealandi                                                .

Marsupl�‹ �] the pouchcd mmmals Of Aulralia ra�˘ iatcd int6 dl enttonlnentJ ni�V es�{ th

’appropr�Ü Ø˛
�g

Odincations forming grdlps parancl to the pla�  ntals elsewhere.Outsid,Australia

they wer�b �Ú 1�† d by th�¶ �� Ore adval"d maF�E �‰JS,the pl�� �£ al iammalsbutin SouthAme�Ü ca

which wasinsolated�E
"Om d�g

r lands"�í re thel pl�˛

�g

itals could r,ach it,lthey flouttShed and

arc stin numerous�B                                                 �A

�¤�Ô �˘ �£1�Ó ��iltti�£ :i�� ���˜�Ì�í �Û�æ�yræo �É�º�¿�Û
stock about a milllon ycars ago�N os,m�¿

forelimbs for skilled mattipulation�B �¡nOther E

xrttl�å �e
e�·

1�‹
1�› �Nll�ö �Ł�ç�˚icarn�g �P/idl geveloped Specid denti.On Td
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somc e'yen specialised stomach for masicating and dgestirg their particular food. Other
mamm{ian lineg are the ant caters.with reduced dentition, elongrcd snout and tongl'e and

well derrcloped claws, the highly successful and the most mrmerous group was is the Rodentia

with dentition adapted for gnawing
/

An efficieni mode bf reproduction with intrauterine derclo,pmeptl a"d a,constairt temperature

which stabilises ttre rnytiun of vital functions and m*abolism help"d tkllmlmmals to attain

The development aod functioning of the cereb,ral corterq neopalliun and 'ne{e1 dglbl"

circulation consisting of the greater (sftemic) and the lesser (pulmoolty) circulations have-

helped the Mammals to a griater sucoess on the evolutionary ladder of vertebrates'

1�B5 SUMMARY

Thp vertebrate body is differentiated into head {cephalisation], trrrnk withtwo pair of appendages

and tail. Gill breathing [pisces] is replaced by lungs in tetrapods' laws suspended through

ilrr;inu"t"r-;-b*;'vertebrates-while in Dipnoi and letrangl 'h." 
nyol+libutar ts

modified into stapes. Anteriorly, the dorsal tubular nerve cord is swollen into brain' cerebrum

;;J ig5 height in mammals. Kidney'evolved in 3 stages viz., pro, meso & metanephric to

excrete nitrogeneous wastes, Riptiles and birds are uriolefic'iexes seParate' fertilisati:" :1"'t
internal and parenilal *" i *btt i* seen h matry grouPs. of vertebrCtes particularly in birds

and mammals. Birds and mammals are warm Uf*d;J animalq- Supphylum Vertebrala is divided

into 2 Super classes: Agnatha fianvlessl & Gnathostorirata' (Jawed) Tht lat]er includes pisces

and tetrapods while aiatna iicludes cyclostomes [Lanpreys & hagfishesl

16 MODELEXAMINATIONQUESi�UON,

Ansrcr t[e foltowlng ln about 30 lints'

1. Describe the general characters of vertebrates'

2. Gwe an account of origin of vertebrates'

3, Out line the classification of vettebrat"t' 
t

2. Define hertebrata''

4. Ostracoderms.

6. Placodcrns.

6. ArchaeoPterYr

7. Marwials " ''-, 
'
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_CYCLOSTO�ƒ�Q�†A,GENERAL
GttMttD�Ô �M

�\ �¿ A3�� �æ �› æm �¢ I

Contents

2.1 0biCCtiVes  �E                1    �]

2.2 Gcneral characters                 �A   4

2.3  :�› Jh�…J�˚ �Éatton             ,    _:: ::   : �]
 .

1  2.3.l Class:Petromyzontia                 l
�× �B2.Classi M�V ond�¶a     �]

214 �� hltieS OfCyclostomata      l        i
2.4.l Pri�˚ �AFcaves ofCyClostomata    l
�� L2Foatures ofAducementlover ProtochoFdatS i�E 1      �¡

�\ �¶ª˜ �� �˜ �¸ �V�ç �� �q �q�]
�[���¿ �`

�µ 1�I �Õ �P :Q�P1-�¡ �¡ | �]

2�B 1 OBIECTIVES

�� ToknowthldisttctivefeatetOf9cI�g �¤�i landtheiclas:6s andafhiti�g :

22 :GENERttL CHARACTERS

The wc10stOmata(GF"d�¿ CirCular:ØJ �� à� �¡ mOuthl ias�] |�– �  coined fOr thOsc l�q
agnaths which are in possessbn 6F a circular O�� �B�° ning.ThO":art characterised by

’         t

Fig 2'1 Hcad of Peuoi'ttWn A. Dorsal vicv B. Vcntral vicn, C I:tcral vien, 1. Nasal apcrturc 2. Eye 3. Intra oral
tooth plate 4' Mouth 5. supra{ral tq)th orlirilkuz)taiUrif to*t s:nu[*i,tmoarniooel. ' 

,
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�O

�O
The anterior end'bears a suctorial mouth in the form of a circular apcrhrre- with fleshy

papillated qargiqs and horqr teeth. Thc aouth nayte.in th3 foqn of depressioidged with

(iii) The tongue is a muscular rasping organ beanng epidermAl horny teeth.

(fu) No exoskeleton, the skin is soft, smooth and highly glandular. It is de\,oid of scales but ricl'ty
supplied with unicellular slime glands

(v) The endoskeleton is cartilaginous with persistent notochord in the vertebral colunn.

(O Paired appendages are absent. The median fins providedwith cartilaginous fin rays.

(ul) The nostril is a single median aperture.

(viii) Respirationbymeansof6-l4pahsofinterndgiilslodgBdinapairofpouchaslikegtllchamber.

(ix) Heart, two chambered enclosed in a peri cardial cartilage derived from thE hinder visceral

arch.

(xi) Spleen and pancreas abaent. Kidney has segmentally arranged tlbules.

(xii) fertilisation ctrernal, development either direct or with a lanal form

(xiii) The adults are either parasitcs or scavelgers but thc larvae are micro'phagous

23 �¢ SInCAT10N

23.1 I. Class: Petnomlzontia

1. Both freshwator and aarine forms.

2

WLzPcoqrlan 1. t'lecal qtlture 2' Eyl 3' Flrst dorsal fta

4. Scod-Oottl f" j. C.uOt fio 6' EFGfa'l filt ipcrttu'q7 Bngl fumcl'

Itesh water forms are free living@ thi otrers are cetoparaSites on 6shes and turtles'

t.''

Eel lite forms having cylin&ical bodie's

Rugo in szp frm a fen' centimetrcs to 120 cm' in @th"

Ddsal.6o tdl dcrrclopcd Caudal Sn present'

Brarchhl baslct oomPlerc.6
12
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7.:�£ �V �¡ ��
.�O ªY hl�� �� �� �¡11�¡ �] �\ .|. 1�]

�¡ �]  ‘:
&  �ßL�P�q hnnel�� �Ô �� �xsi�_

=�µ
teeth    

�]      1  :’  �E
.1:’ :

�V apiStOn Hke r,ping tonguepFOVided wiml:
tecth�B               ,                     1.1 1_| . ::

l.�ô

’1l�µ

l�� �ç ���V
�c

�Vl�æ lt�V �b pOuchwhichl�V

10�B

11.

12.

Pi�v 23AmmocOetel‘���Bf�¿ �¢ �¤

"�g
�¡ Eye 2 oralhOod 3 cil sli�Þ .    �T    i

13.The metamOrphOs�R�¤�� mplete within a few wecks�¡ th the fOuOwing cha�¡ ges h th81a�W i

O) BuulregEOn e10ngatcstO fOrm bunlfunnel�� th hOrny tceth.         1   1

:�� )|�– Seyesappe�N.     1           1

(�Ü )Vehm disappears.

�Ł  �BillS deve10p h�R
lgilll�� �§and Open ht6 ph_              l

OI:�V �V��u�B�AdOrd tt becomes dividedttotv7o dorJ�ô

�g
and a single�g

�g
41�¡ |

ØÜ )Theco10urOftteSMnchangesttlightbrOwn�ª
�ƒ tled greenish bOwn.::

I�E I�¶ ��

=�œ

,1�� �Y
’�E

,a�ç
h9�RL LdttF�Ô

�g

m�V�† H�Ô :�Z 3

232  class:R�ç �� hondea   �u ��    �]            1 �]

1�E Fd neslimyb�o e�˜ �n h�˜ tthtencnt�E �n hluts�� �ª .�A    1       �A

2. 1�� dusivelymarine.                      �E
.�E  �]�]    �]

3:  �e�� as scavengers mOst�µ On the dead ishes.             �E :  i :

,�E  Su�� �B �›�Y cl absent.=

�æ
�â �T �� �D�OJttf   Æ��V 19�¡ |11�¡

�� �� �� �� � 1̂�¡ �¡  �E |�¡
�\ �¡    �¡ _:�R

Imo�Vl�¡ has two s�i �Ù cular�g nals.      �¡  :
�]
Łk are sep�R �É ,�¡ �fl �vttabØDh�˚ �¶lifehistorypinich un�R �ª s�� d�o �V hOI,v�� �]11
�R�� ed 4nAmmocoe"s(Fig�B 2,�� .T181lrvatwithoutthesucking�¡ OutLtonguOor�g etiOF f

�í �R �� �• 1ær |

1 Łc ��
�æ

i
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�u

Dorsal tt L absento A�� �¡�� uo�g median m�Al vettt WLin�¿ �Ł�¡ �Bmt�¡ middlC ofthe

dorsd surfacc up �Ö  thecload Pit.

1  �¡ ‘     . :  �] �E   �M: �]

7.The cyes are rudimentary.
:

8:

9.

10.

11.

12.

W L4 Wtu81. grc 2. Tcntaclcs t * 
ffi*"rfiil 

n *:*: *= t Anal rm 6 ooacd Pit z

Nostril is rcrninal, which opens into hypophpid sac, opeplngpostedorly mto the motrth'

There are 6 to 14 gius which openby ducts to the oitside by e*ernalbranchial apertures'

ls a single semi'circular canal' ' 
,Internal ear F)ssessl

A large number of mucus glaods are present in thc intlqulent whirch open to exterior by

oo-"Io* apertures.srtuati in ttro rows from head to tail'

The method of feeding is unique. BitiFg is possible by tr*'o protrusible dental plates' which

6qve 4g'ainst each other horizontally'

cloaca is an invaginated pouch having openings of anus, excretory ducts and gqnital pores'

o larval stage' e'g Myine (Hag fish) Eptatefits
Eggs large, development is direct with n

(Bdcltosama)

24 AFFINI]�U ES OF CYCLOSTOMATA

primitiVe�g many resPCa�Ì  but�ì �¤alscd l

2.4.1 Primitive Features of Cyclostomata

1. Ihuejawsareabsent'

bsent, whichwhen present are actually the epidermalthickeningp

3. Tlue stomach is absent'

,

4. Gonoductsareabsent

5. Paired appendages of fuis are ahsent'

6. medullated nerve libres are absent'

7. Conus arteriosusand renal portal system are absent'

8. Adiphycercalcaudalfinispresenl

9. An incomplete cartilagenous cranium is present' t: : '

�¡
�@
�¡

Clclostomes are the living agnathans which arq

others.
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10�E
1��

�•
,1�à �� �‘ �Þ �¿�b�� I  .1�¡ _�¡ l it�¡ �� �A�� 1.�¡   �¡ �à .=  �Œ�¡ �¡ �¡ 1��

11: u�g �� �� åN�� a notodord is F�Û �˚ tr. �E �¡ :�æ ,1:11     �¡ 1 :   -11

12.Se_t�] �R �ô �a �� �í �¥ �‚

�g

å¥ �WpE�Ó �¥ �¸ �Þ �� �ł �§ �• tOthes��

�g

�Eofnotochord asineurJ' 
and interneural arches are present.

13.  Pmrlyleve10ped Pancreas�A prese�' �B       ’i�E     1   �E      1

14�B Straint�x �Z�‚ aryCanalis present.      �¡      �¡ = �M
   1

15�B htdinctwith orv7ithoutpoorly developedl�R d Valve. 1

16�B LdoskeretoEEåKçq Ø[ �¿ �» �q               : :    |

17.�R 1�]

�g

�R�R undivided intoçW
:andthnlpasexceptinbranchialregioni     f

18. :Brinissma�¡ land t�˝

�g

�} �_�� n isp00rlyl�R �¶lqttd:::       .        �]

19�B �\  and X cFanid neryes tt�¡ om the br�V  behind the cranium;dorsal andtntralittrve
roots are separate.

�ø �B Sppathetic nervOus system poorly developed.|

21.Ear�� thsinJe Sem�� chttr cand�¤ present.            �¡  i

22.Hcart t simple and h the fom�� "�Ì hapedtubettpresenl.   :    :   |

23.A single median�¡ ostril�R present�B

24�B Ciliated groOve and endostyle,velum are present.

242 Featu�g �Ì�‚ AdvancelllentoveiProtttordl�x      [_:
1.:�� �¥ tinct head i,pre,�' .

2. P00rly devdOped�g anium�¤ presc�Ú .

�¡ Thoughp�V�V �V�V lpreSent�E �¡ bettadevelopdt�V thatOfAmphiOxu�˜  l l

l�E �]�Õ �¤in�¡ ,�§ |,ofS"ShTd!IL.
:   :                .: :‘:�� ,

�� �V�V�V�V�VOnephil�V �V�Vettsent.:1  1 �E�¡
|:li��

�à1çWå¶ ØÜ1.||�] |�] |:
&�¡ �k �˝ �Œ�o ���� �� �i d�˙ �i �˚

"�P
t.

9. Wttshapedttp,OmmttO present.~

10.�] Eyesandintendtararepresent.

11.Sppathetic nervO�Q �V�Nm�Rpre�b
t�B   _

12.  Deæk �âte liver t present.|

CM-0333
�v 11 
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2.43 Sectndarily Specialised Features in .Accordance with Hahitat.
1. hescnce of suctorial mouth which is used for attac'@og- ..

L hcsence of sr*qial brrpeal fuDael.bGaat *ith brry tcettehng the margin for attachmerit

and scrapping of flesh from the host. :

3. A rasping tongrre bearing hrny teeth

. r-i ltt4. Branchialsleletonaroundthcgi[s .l

5. Sac lite gills arc present.

6. Presenceofhypophpialsac. .

? Nasal opening is a singte mid dorsal apertufe throryb u.tich the hlrpophysial sae also opens.

8. Eggs are large with large quantities of yolk. Cleavage meroblastie and incomplete.

Degencrate Fea&rrcs

1. Exo-skeleton is absent.

2. Unossitied cartilagenous endo-skeleton is present'

3. Poorly developed liver is present.

4. Gall bladder, and bile duct are absent.

6. Muscles supporting the median fins are abscnt'

7. . Eycs are rudimentary, without eye lids are present'

25,. SUMMARY

Cyclostomes are jawless, ecfoparasitic (or scavengers) priniitirc vertebrates skin naked with

,iogl" o*uil, opening 
'into 

the nasohypophyse{ ,uu" Pineal eye present' 'Endoskeleton

cartilaginous *itU ""i*tJ.ted 
notochoid. Vertebrae importantly formed 5 to 16 pairs of

marsupobranchi. Heart 2 chamtrered,.'s' shaped tube. Donal and vertical nerve roots remain

separate. Inner ear *th ror 2 semieirc,lar **F Adults with liver' sympathetic nervolls

s)rstem (pfrorly developed) and a ganglios on dorsal nerrp rOot' $exrdifferentiati'rn ooanrs very

late in life. Develop^ili'ail"-;ffi a hrval stage (ammocggtes), It includes lampreys and

rag frshes.

2.6. GLOSSARY

Endcrbtyle:

Micro-phagous:

Myotorue:

A ciliated glandutar goo\rc'in the venral wall of the pharynx'

Earrng rnicro food material'

Mnscle segnents-

16
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Pronephros:

Slmpathetic nervous:
System

Velum

|�] ���ł �•â˜ I�� �µ �• |�\
:TI�\

1�˛ �Q�� �í �¸ ���q:�ç �o �b�V
I

A ttidtt of autonomic nervOus syst�i �B

A membran,Or membFtt p�cØ[�Ôm�B    1 1 1 :

2,7,MODELEXAMINAHON QuEST10NS

||�S

Answer the followlng in about 30 lines.

1. Describe the general characters of cycbstomes.

2. Discuss th€ affinitiqs of cyclostomes.

Anslryr &e fo[oq,ing in about l1.lines.

1, Ge,ncqal cfiarac-ters of the class petromyzontia. i

2, General characters of the uass Myxinoidea.

3. Atuuoetes.

t,

17
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unit-3 PISCES - GENERAL CHARACTERS

AND CWttSSI�¡0�u �º )N

cOnents
�R
�D
�D

�R
�D

�Q

�h

�R
�D

�S

Objectives
Generai Characters of Fishes

Summary
Model Examination Questions

3�B 1 OBJE.CTIVES

O To knr,.w th: distinctive characters of cartilagenors fishes and their organisation'

3.2 GENT]RAL CHARACTERS

Fishes are aq::rtic cotd blooded vertebrates. paiied appeldages are,in tle form of fins' They

bieathe by. gi is - nu""otu, outgrowths of ti" pnaqrtf- bordering gillclefts and' supported by

gill arches ir Dipnoi a single or double out groih from -t{ 'ut-the 
air or swimbladder -

functions i;,s i lung air being inspired at tnl surface of the water' In most osteichthyes

swimbladdcr is typrcally hydrostatic.The skin bcars numerous scales mainly or wholly formed

in tnc dernis. bu *;;;; iy u tuyel'of epidermis, which may produc: ""'-:l 1:-:* '*
bears sensory *tru"tor"-.,;;d uggr"g*"{ on the lead and arranged in one 01 Tore 

"lateral

lines" along the trunk. the myotomc, p"r.r., in aduli life' In many the '5ut ends in a cloaca'

in others a di:.tinct anus lies'in front of ti" genitai and, urinary apertu'e' or apertures' The

nostrils are paired -i*a; ,"i communicate iith the mouth by the porierior nares; they are

purely olfactory organs' There is no tympanic cav$ or tympanum or e:tr ossicles' The heart

has one auricle and one ventricle -a *"t"i* oory u""*t blood ercept in Dipnoi' The

auricle shows hints of partition into'h*'o ""Jl;tti""t 
arterial biood f'.,m the ltrngs and the

venous bloc,J from the body' In case tt 
"ip"t:ilrt*"-J " 'i*" 

venosls aud there is often

a musculi,, =..,",r, -*ior.o. th"r" i. " 
bJ;;;;riosus at.the base c'f the ventral aorta in

teleostei. E.:.:1:t in Dipnoi the paired p";;; cardinal veins receive.blood from the liver'

kidneys ancl ir;:m tn"-'port"rior region J';il b.dy. The kidney is uriually a mesonephros'

craniar nejnes ..rre ten pairs, sexes ,r" .ffi". 
-Jost 

fshes lar eggs 'which .are fertilised in

the water. c,rr..,pare-.1 Jo ,n, .y"rorro-li tie fishes snow a distin*ion in the tollow'[g

points:

(i)Jawsfolmedfromthefirstvisceralarch.(ii)thescales(iii)occurenceofbone(*v)the
rrue teeth *) the p;d nosEils (o t!" in 

""i"-i"lrcula,r 
canals (vii) r'e reuar portal sysrem

'f-,D;;;,,''" (i*) -a the genital ducts'

lass which contains three classes (i) PlacorUdni (ii)

(.rruudricrrr .yr:.irnd (iii) ostcichthyer. Th;;;;"rri (Aahetohyoidea) ;rrrvived from Devonian

tr: permian pc.iod. They were known ";;;;;; 
rts{s' the hyoiden g'u tlit is complete'

'rl.e h-voideo :'rch does not support th";;;' 
';p"*ion 

of jaws is autodiasrylic' Tail is

tretc l r )ccrca''.
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MODEL E�\ NATIO�RQUEST10NSI:
. '!;.)< :.,,

1.�E �£ s the general characters�†

�c

pointing Out the�E �Ü�V

�g

�i :over OycIOstOm�g
in about 30 1ines .jl.  .1 1      1  :

2. Write short answer on Aphetohyaidea.

�¡ �¤�U�~�¢�¡ �R| .11.|�¡  l  ilil.:  :l  i. . =   �¡ _ : :|         : 1  �E ’ ’ ::

i:��
’Ir�� ::.1�¡

|‘:i,�¡ , 1,11’
:�¡ ~��

�¡  1 1�] �� ,.:l ir�¡ �«

’ .,11   i . :.  1’11:

:�A �O�B�à
1,1 :.::j:L

:
&osteichthyes.:L�l lhcOdems�¡�Þ �–amoul
suspes10n. �]

                     �L
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Unit - 4 CIIONDRICIITHYES
(ELASMOBI�'NCÆí�U)

Cm"�ß
"�S

�B
�D

�S�Q

4.3

�g

�S
�D

�T

General Characters

Subctass: Selachii

42.L Order:Cladoselachii
42.2 Order:Pleurocanthodii
423 Order. : Protoselachii

42:4 Order: Euselachii '

SiUCtasq: BradYodonti

4.3.L Order:EubradYodonti
4i2 Order: HolocePhali

Summary
Modd Examination Questions

4el GENERAL CHARACTERS

They have cartilagenous skeleton. VoraCious carnivoro-us fishes Placoid scales are present in

the skin. They have heterocercal tails. There are claspers on the pelvic lins of the males'

E:rcept in Holocephali there is no gilt *'"''-*aor to these there is often a spiracle with

arudimentarygill.Thegillcleftsareseparatedbycompletesepta,andthegillfilamentsare
attached throughout their length to the .tp*A; ;*tih ocen{s transversely on the rcntral

side of the head. The nostris are also "*""r. 
There is no air bladder' A spiral valve is

present in the int"sti*. i*o the cloaca ,U"'i"rminA par: of g:. *t the genital aoa uiioary

ducts open. t, ,"oi"r" of the heart has a ooDtra:lit conus arteriosus' Fertilisation is

internal. The ova are few and large i.". *lii much yo[' Lalge e'g;pvies are common but

I." li"..ouranchs are viviparous'

42 SUBCLASS: SELACHII

This subclass includes living as well as.extent sharks' rays and dog fishes having hyostyHc or

amphistync suspeoso,ium. raws -" Y-tl"Xf '"tX"{"#' tTlt":,i:::l I,111;'dl;

�� �˘ �� �EIäM �V T�V �• :�V �æ��

Ael Order:Cladoselachii
hey had fusiform body' a heterocercal tail with a

ffi ;il:"i,lllTt?"il'ii3l"'.-ll*lfli.ku"J- keer rikg r'l'r^"i"i rrn' rh-e bodv was

covered *ith small denticles. The large ,",."';J*as unconstricted' There were paired nostrils

arid targe scale like ;;;i;;t"ol*a"d the eves' l.n-9'*t",'*' ' ': -
They werb slender, fresi water, shar\ like fishes, which extended from the upper Devonran

until the early triassic. Scales have not b"", ;;;;a' ro;" *t11"g" of the skull' the amphistylic

iaws and the branchiar arches where **"-"ii.", *"u classified. The teeth were bipronged

'ff #"';;;; ' e'sPteumconthus
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423 �c �¥ �d �ˇ

�À �¤ �� �J �E �Ö  �ł �J

ØÜ �� �� ��
�Ò �Ò �� �Õ

�Õ �ô �R�˘ çS ���u Tm

�E  �¡ �¡ | �� .:  1.

sprayaF�A�b �V �V SharkD�˝ 3/Al

S�¿�¾  (S�V �¯ att rts�ì

�{ �| W�§�� �P �� �| �` :�ò �í ��
j�V �V

�¤ "tSting rayli:�¡

�fl CE���� rdLyp�fi 3.1                  1
R�g�� 6kate

�E�g�‹�Œ�E�E�E�Œ�Œ

�Œ
�¡
�¡
�J
�@
�@
�E�‹

43 SUBcus:BmYODON�˛

0�r �� and�A�\

"�V
S�c

�c
Æesubb�� �i �ª �BFdm

43.l o�œ er�� �¨ �R�Øn�� �i | :�]     �]           �]

�� �H�¤�fl �‡�� .�V rsuOr_�c diSappeared tt about

432 
��

=,Hloceph�â
      �] �M           :
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:.:^.i :|�]  ::.:1.11.�¡ �_� l̇�æ h:l�E �¡  ||�æ �E |:  .:     :li

Cladtisel:tchii
(f)cvonian'

Itcrmiltrr)

[u"aa�¡ d�B.I H�B �¢�¶
’h�V�E              {Jtra�A sis,reccht)

c.g.C�˝ :’�Œ ,��
ra

T�� �\ �Œ �˚ 1.l ill�u 111
Hctra�� �£ho�V  Ru�¡ �¡�¡1_EI�„ �d

(1;�æ :I11�E :T�i :�E :)�˝
,�¶
�A��n�¡ n_ lJulll�M

’�u

lC:’m)
Rcccnt)

.

Strbordcrs

�E
cir�E �¤i:[lth c.J�R ntcs�E nd

rayS

c:isi llas�i obranCh�a
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�´ dass�œçW �R �| æø � �̊˚ ØS :�Z �¨ �� �Ł :�� �i �R hs�� �v

�c
skebto carUtagbouq slin with phoid scdcc,'dx wie c&spcrs; Eouth ud nostrils tffiat,
intestind spiial rnahre,cloaca and internal Oua few, larp and lail ii
ela$nobrarchs are viviparous *ith yolk sae placpda eg sharts, rays skatee.

45 MODEL E�\ INA10N QUES10NS

I�B

�\
r the rollttg h abOut�g IInes

�¡ G�g a acomt d the�c �MH_Obranchs:�„:�� �¿ :�q ��
2 0�V �V,the rneral cbaracters Of�� �P     ’

�Uo An�\ ØÜ O110�ˇhB In abOut 101Enes

l:Holocephali.  
�] l�E  �E   i

12E�N �B

3.�ü �˚ �i thyes�B         |

�g
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Unit�] 5 MORPHOLOGYAND EXOo
SKE�æ�\ rON10F SHARKI

cOnmnts
�h

�h

�T�R

�T
�B
�S

�T�T

��
�Œ�h

�I eCtiVes

htroduction

Hcad         i
FIns

LQteleton

Summary
MOdel�\ ination omtiOns

5.1 OBJECTIVE

O To know the e*ernal features of Indian dogffi and the skin derivative Placiid scales.

52 INTRODUCT10N

scdiodon is commonly called as dogfish as the mouth of this fish resembles the mouth of

the dog. ltey are found in all,paftsoftheseas. scoliofun ylmlaw* found in the seas of

India and in seas upto rraahya arcnipetago. scoliodon has a wide range of distribylon-occunns

in Red seC Indian Ocean, iuy of B;"g"1 and also around the coasts of West Indies' Zandbar'

Crylon and the philippine lianOs. it n t also been recorded in Eastern Coasts of South

America. Scoliodon i.-""roi"o-us and scavenger. Thry are very swift swimming'forms as

th;b"d, is perfectly stream linrcd without having rrgrd prqiections'

The swimming is effected by the alternate contraction and relaxation of the myotomes of the

two sides of the uoav. rnr'n* maintain They are viviparous (give birth.t: young

ones). Fertilization is internal Durin- g *p.rtutior, the copulatory orga$i are inserted into ite

body of the female and through its canal ,1" tAt introduces the sperms into the vagina of

the iemale.

Shape

It has a img; laterally compressed, tP-dY shaped body' which tapers at both ends' Adult

specimen measurcs about 060 m, in iengtt.il *b- of the body is dark grey above and

pale white beneath. 
.il;.r"* p-j:1 the caudal fi* I" -ore or less dark; therefore'

it is also called black firined shark. The t d; be divided indistinctly into head' trunk

and d

53 HEAD

24

The Hcad is dorso-ventrally compressed ani is produced i ill, into a flat, pointed snout'

There are two iarge, circular eyes situated;,;ry on the head' Each eye.T Provided with

a movable nictitating.merirbrane, which is situated atoog the antero - ventral border and can
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N�å �� are nOt cOnnded with the mouth�B �‡ �œ�Œ there are no intemalå¥ �R Bchind
�¡e eyes are situated ave�} à£ �R caned the,�B nchial"gin�R �Ó Æe�˜ Œt �V �b Open
nto the gill pouches and there into the ph�‰ On the ventFal Side of the head theFe iS a

�§�B�d�� �í �Ý �d�D�£
j�Ł

i�` �R�� �� |

�IŁJ |�¤ �M
�¡�V�V

l�¡
|

1 1           .  =:  :     :     . �¡ �A1.

4 faint line nms on each side of the body frOm lmd tO tait WhiCh t caned lateral h,
undeneath which a canal runs along each side of the_bodyrand Pcittts special tceptOrl

H8’lSidevic770FSm�� � 
"1.snout 2.Moutha Eye4 oillsli��

5.Ptt�¿ �v rln 6.Tmnk�¡ Pelvic rn
8.Ana1 2Flrst doml nnloØÜ doniFanitGudal�g n12.Hcterocmal"�R .

54 �fi NS

�Q �Æ
�� TS�� �� liSC��

liOdOn,19 
�V �V �� �V �V �V�� and O paird�å

Unpalred FnS I ttd dol��
:�g

�i i btFimar�¡ �V �V and�¤ situatec a�Ü tde�� oont

�Ü�l �I r�� à� �ô �¥�d �ì �ø�Ú �I �Ó .�V
�V m�A�»man

�¡ �¡�æ median m�L�§�Ôtuated h the mid_ventral �V  just opposite the sptt between the twO
dorsal�¡ ,�˜ ,�å Ls h�¡ Ont J tt secOnd�N �p basal edges d�� �| dOM
and � �̧b

�g

d ans tt produced behind into basal tt v�¡ iCh are 10u narrov7 and tteshy
prO_es�B                                         _

�í �r �x �� l�⁄ Łc i

�� WntFal 10be Of the caudal m�R wen detl�B
which�R L�ˆ :�˛ e�˚ �B�� �At�i �Rsmttr�„ 1�æ çq åN �� :
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5�x
:

EXOXEIJON‘

Eac,h placoid scale consists of a basal plate, which is embedded h the derm.is and spinc: "',

�\
plam:�¡ L rhomboidal or diamond shaped plate formed of a cmentæä ,subStancet

ntine forming�g L b100d VNels,nerves and

lymph aanneL�÷ �É basal phte t,�fl �æ�L Of�g �•ntt d�g uc�� �vh to the cement of ow

�Q                          ‘

J             5   .:

�¡ t�V ofDq�¡ r�c �� �R ��
�g

4�ò
lUniCC�E

�R

�†

l�V

I�¡

11

�I �˜ �V :Lªà ��   �c �ì �º �} �E�Q�¿ :.

�]�\ �¡�] 1:?�Q :�� �¡ �¡1.�¡ 11�E .I=1111:::111
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TTTTttVTTTII�” �˚ �Ei�E
.F�u IilT�E �u~�] T�E

1

�‹ 5.3�ƒ acoid SCa�ä oFScoliodon i.spine 2.�� �c l plate.

56 SUMMARY

Scoliodon is commonly called as the Indian dog 6sh c,hich has wide distributioa They are
fast swimmers with carnivoions habit. Body is didsble into hesq trua& rnd tfll.,Hcad
ilorso-ventrally codpressed- Mouth ventral with backrrardly directe4 polyphyo{ort t""ft. f"it
fin heteroceicel t,rpe. Skin is rough due to the presence of ptacoia slbg Lt"ral line sense
OrFnS pr�\ t�B

:�Q

�g
�B

�@

�Œ

&o followtng in 30 lines.

1. , Describe the ercernal characters of Dogfish.

Anryreq the foEowlry tn 10 lines.

L Write'jiu acdount,ou "placoid scalas" .

|�u

�¯
�Œ

2_
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Contents ' ' .':.- ' :..,,.'.,.-.:.'
6.1 Obie€tives ,,,-,' -"'
62 Endoskeleton. 

'

6.2.1 Axid skel.ton
6.2.2 Appendiortar skelcton

6-3 SunmarY ":-i- 'r:"i'.r

&4 ModelExaminationQuestions

):

61 OBJECTIVES

’�x
�¿�]�] �¿ �¿

:�b
�] �x �¿e�t �¡ �� �‚�] 1�] Œa�„

62 ENDOS�R�R çp

62�B1  �r skeleton
tl:]. ., ::1. .r'i

çÖ vetbnl columm:The vertebrac h dog�� =C about tt h numbeL TheSe tte
pier�å d�fl the nOth�V �à �ı

�g=Ci��

�Ü ttwo�g es O��
�g

�viagenous,sdid smcturet

vertebrac C)tail Vertebrac.Each vertebra t houovJiat bothithe s,Such mesl�¡ vertebrac

ABC.
Fg 6.1 vCrtcbrac of scdifutt A-T+nf ytcbra (Antcriof vics') B' T'S' of tnilvertcbra c T'S' of caudal verteSra

,1,NcuralspincZ.rc*6.r,*l3.I.Icurilalci+,erotrum5.Ttt6vcr6cP'oocss6'Passagcfornotochord
7. Ilacmal arch'8' Hacmd caaal9' Ilacnat ry

The wrtcfua c@sists of h ce,ntrum ryhich is concave at both e{s andithe holloun of centra

are filled with the temains of the notochord. Ihe centra artictlate oe nP Cno{er, end 
1o

cnd. Eac,h centnrm bears dorsally the neual arch enclocrng spinal cord",'sttachld to the

centnrm laterally are a pair of tranbverse processes, which are $ort in the anterior region

of &e tnrdq ad fmgpr'J bent do*nwards in the posterior pa+; thcy lar snol ribs lying

in the transverse ,"p,ir., Caudal vertcbrae are distinguished from the truat vertebrae by the

28

�O�æ�–�æ�ª t____�– =___1_ �æ

are ded amphicoelous(�‹ 6.,  �E
1

�_
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�¡ ,i�k of theäå �Y �r �à entirdy�c up of�V �w �¢ �Y deposits of�E dcium salts�]

Dndition d the tt b not a primitive character

�†gius clg,�¤ �u : 
�£1�¡ �� 1�] 11

1�ï �R�¿�_�ˆ �^�y:�ß i�¿ 1�� �i �Ü�º �Ó :Ø[ �æ�E

�¡ . 
�]

_�µ �˜ :�æ 111 �‚ �R|
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�¡ 1       1 .  :|11    
�] 1   111   1

�ì �¿�ò 1�Ł ���Ł�Ó�£���£�N�a
=�|

�R�D�ł �M

ftg 6.3 Ventral view of the Visoenl a,rch?s of Scotiobn l. Bq$ih],al. 2. Cardolryal 3. Epibrarchial.
4. Crratobranchial 5. Fused IV and V pharyngeobratrchial 6. C.cratoLrandrial. 7. Hypobranchial

.?rry of the mouth, parallel to the potato.Ererdratc and form the lower jaw (Eg; 63):

At their hind ends, the pdatoquadrates aad meckefs cartilagas are hioged and move on one

another; anteriorly the two halves of -the upper and lwer_ ja*s are johed by ligamsats.

The second visceral arch is hyoi{ arch;pach half is coiposed of a dorsal segment hyomandibular

and a ventrd segtrient, the ceratohyal. The ceratohyals of the'two sides meet in a median

basihfl. the hyonandibular is a stout pd articulating above with auditory capsule, ani below

with 
-the 

up,peiand lower i"u" .t theii juaction The upper jaw is attached.to.the cranium

by ligamens and suspended ftom the skull by the hyomandibular this method of suspension

is termed hyostylic.

Tte remaining five visceral arches termed branc,$al are,hes and suppom tho wall of tbe phaqmx

be&rcen th" gll snts. Each half of the arch is suppo.rted by four cartilages. They-are from

above, the phanTngo branc,hial, the eprtranchial, thrc ceratp branchial and the 
hypobranchial.

The hypobranchials of the two sides nget plry in a median basibrTchial

622 TheAppendicularSketeton

Fins : There are nvo linds of finC the median, or unpaired and the lateral or paired. Both

arisc as ectodermal folds into which e*cnds the mesenchl'me which gives rise to the sup'porting

ca{ilages.

.The median fins are supported I a series of jointed cartilagenors d", F -pteryglophore
on somactidia attac,hed to,the wrtobral column by ligament. lte pterygiophores prrp1prt

dt.rlfy the horny fin rays or coratqtdctia {si!1g as'a double series.in,*",*q ot.fim".I

side of fin. The ceratotrighiq tholryh'. termed horny raln do not conJain trut hgfpt wtich is

epidenaat, but has elasin of mescnchymatous origin

�Œ
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�¡  
�\

�‹

�g �c

1Ø‰
�R andandsmliodon ch�æ �ı ol�E F�� �� Fn�V the�c �V mJ�\

1�„ �¡ m�� �å �V l�¡ ,3 Mesmewiu�� 4.Mc�ˇ �o �} Jl�ß
’�¿

äF

�c

6SàÛ �ß à� L�E �p

"    _

�c

Æ��� æøand Pmonlttns

�� i�I �ß �I �R�I �k�fl�T�� �fl�F�� �ô �R�p�‡�d
ht�fi ,mOre i�N in the middle of each halt and the�c Of�c �� �R �Y

"Ø‰JenOid’futs�B      _      ��                �A

The portion dOrsal 16 the JenOnd fact tidistigished tt the scapula ad�R �V �h�V�VÆe01
6 the cOracoid.�� coracoids d the two.sides are continuals acron the vmtral h v�¡ ere

s the scap�¡ e Lave a�� �µ the vertebral columm.        1
The�ßOralØ° /�g e fOr their skeletOL�E each threc hge basal dthges named"�} æ��'

�| �ô �Õ �R �o �…   �à �â �í �r �ì
PcMc Gldle�˚ �–Pelvlc rlns    l

�V         :�q �µ
lyingh�V J�ˆ

�] �b

�u
�u

�\
�u
�u

�\

�\
�Œ

E'a5 srb*tmofhl'iqlkdlardrdvicfindnatcscoffrJar L Lchoprtea I'adncotpdve.6o(D6rtvie?)
*, stoa s. s.4'" (treicd'ti.) 6. Aammcy clrril.F t 

-dif=fi 
iJp"r r. oo,,.r g*

r0. Adrl crrtitrgc dcrrycr 11. ccreotrictiria som..tiai. ra. nnlp.ryl3i*
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E6ch petvic fin has a si4gb ba*{rydly dfo€ct3d- basal ca:tlip'(basitrerydunj l$tSEqF
wlft tte pelvic girdb: -Attrc,hbd,to tto,tq&t€gfrrm ue thc ra'ilia! cailitnges amd$py are

fdlmd by eratouic.hia ufiich sEpom thc.ilEf,. rlr tho nalc iha*, the posterior radial

�] i l�A �¡ �]’ �¡     �¡ |�A 1._t�A     �� �¡�E

carflap of each side is cnlerged and grmved to form thc daspcr (Fi& 65).

The eadosLeleton of the shark is formed'of cqrlilago- The endos&elaoB tm bc divided into
axial and appendictlar skeletons. The rcrtebrrc w'anphirnetous, nuobering about 130.

Caudal vertebrae can bc ideilified by thc prsssnoo of h&oal arches. The splanchnocranium
is composed of 7 pairs of visceral archcc. nie [iuird&hhr acts'as a l,ever suspending the
jaws from the auditory capsule, hpstylic,g5po of !m suspegion. tha pectoral girdle is booplikc
while the pehic girdle is a transverse:Dqt:-h psterior radial iarfiiryg of each pelvic fin is
modifiedasaclasper. . 'l

63 SUMMARY

�ƒ E�\ �¸ �M:�b �h:QnTI�Ł �M

’1 .-.ir: i....,: .''.' .,. i.i!;'1i;ri'?-
Arswr the fotlorlng qUesdon in about 30 Uncs.

ADffi ttc fdkalag gcrOmg,h sbottt 10 lincs et.

1. Describe the skull of. Dqfish. : i .:. ..

e Giyc an rcsouat,of:Qtdr,cgatdus.ad,SPlan€hnffieiun. . ,' l

�R1 �] ,1.1�� :|�M

64
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�¡1.|�B �¡ ,1,i

inner�A �� of the L�V �� �ô the�R i�¤ ��rOLd up lowimdin On itser so as to fom a

�k Lh�� �c �˚ �o �í :Spiral diabout t770 and har o o m�Z the scrOn�c

inceass�o �R �ƒ �� �ì �Ù and�R�B cha the tt p�\ p J the food�¿ �M the

�c

�E

h�� ær opens h to the re�\ v�¡ ich in mm Opens tt into�˚ �V �V �“ In the recm�g

the reml ttd TCns l�ò �E
hto the dOaca the alimente Canal as�¡ �V �� 1�x

i�V nOTge�gJ
d�� �⁄ open.

t il i,

Liver�] 10ng yellowish Jand madc"J t770 10bes�Q �� i mend backwardsi�E along thc

Feater ptt of abdominal�ˆ .�¡ e tt tubes Tc�� j�� �¡ed antefior�Ł wheie they are attachod

to the wan of the nbdomind cavity�fl a ligament.Stuatel�g t"l anterior part of tho Fight

lobe�� of hrt a‘Y naped thin walled sac caled the gan bladder.I�ô �¡ �V ctiOn t �_ store

the tt seceted�fl the h�B

�c

81�R I COmpact and bilobed:Jand ltutt betwecn the two limbstofithe ttomach.
�¡ ,doul lobe t tQ paranel to poSteHoF part�˛ the cardiac stottaça �V iCh the�� ,tral lobe

tT    �‚ ’lTel�g
�ƒ ��Pens�‡O�V�� �{ �� �¡ �É

Stt Spleen�˚ �ƒ m�u�V�g�g
�¡�EdO�u

�í e�� 1�fl �� eŁâ �£
�c

d the ndiac�Ó ��
"��

�v o th
to the tt stomacho Spleen�R a lymphoid orFn9 mctw,:�¡ such produces lpphoges

and mters out innding b�V  bodies�B         �� ��

�Ô e food of the Scarilaran s mainly consists of other mes but h also feeds on lobsters,

rodK�] ch�z i    �E    �¡             ��

ScalilD�v oa Cannot masticate L lØD �{ the teeth are nOt suited O this pwose,but�¡ swallows

�P�I �r �Ø
�D�£�� i�í Œ⁄�y�� ���@�¨      �I

�� �q �\ L ju�µ makes the�� od maline and �VelpS the�c of.the pancFeatiC�˙ �° :Æee

pancreas�\ ctes uSmogen�E v7hich secr�g es usm and starch splitting fement caned

amylopsin.�» fat splitting"ment the lip8.The ifood�R .digeced and b ahorbed�� :the

hØS�� ,which po�\ s�ì �z abSOrptive sw�Ù .�� v7aste produm are thm pass�g out.

’74 URINOGENITAL SYSTEM

l1-.scoliobn and other vertebrates the organs of reproduction and those of excretion are

closely associated Threfore they are studied together. , ,

Mrh Urllqpnttd SFt ms lte kidneys in the malc are a pair of-hng strap shrycd structure.s.

They, e,xtend alnost cntire leggth of the bOdy. Itey ar.c mo-onephric i11,srigii. Eac[ consists

of anterior slender parl pnitd peseqephros, and po*srior thic&or nut catte.f reaa'or caudal
34
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�a�Y �æ3 �â �| �ł (�¡ �ì �| �� �] G
C�� �� �' �¢�� ä¿�kS�\ cL�X�ª �c �c �¶�â �� ON

Cm�\       :

�¡1 

�c
&2  Gb�Qå��· haCers

�í

�g

�t

&eI q*rd ehil.cters of*&o$crygE, |tZ fiwdCheractcre of Crocsoptcrigfi
$moary
Glmsary
Uodcf fxanin*imO*tlo*

&l  o

o ro kaov fu ditMrc fcatnrcs of b6y ftk and thcir diryrsity of fcms"

82 GENEmmRAmRS

The oste[chthyu oqEpqisc ee @ fiSGq xfrich fotu ec'rmiority of thc tiving fishes.Tbc
fnst bony fish qnt:forna as fcsil in thc ear& oaudrn ry;'as sirct thc ctass iI ofa., tf"o
Elasmobranchii and their bony *elcton is a rctentiril gt tliii -*a-ron r rpoi"lir"o *a
pefect€d for modeni needs. Tteyarefoupd in Ea;nc and frcsh waterc. Tho eioekelcton
i'' io ry fEn of crcloi4 ctenoi.rl or ganoid sr,ale6. Tte nbuth is usu4 terminal Thcre is

1[1l.lty* me intJruancnia."pr" r'";;-;;; A d, irrru*
prolee-rocFtom -the gill' arches. There is rnually a swim blddff,Tlkrc ar€; drrp.rr,
no naso-hrccal gr*. m"r" is no fuca * ufrar* orffi."
smell. :

The csudal fu is diphyoercat rtc wa uc smafl end mcculs" qcavar usdy moyasuc
some tincd hotoblasic. The,nli&rt ,* "-dr"*r;fit1il;*-Fffi;-r, ,r*"u,etrernal

The class o*eichhyes has two s,b crasscs l.Actinopter,,gii zcrossopterruit

82el Gcncrd Ctar&ers of Actinoptcr,rEii
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Fig 8.l Some Actinopterygili�g �Ìhes A.�I �¡ �Ó �ô B�EPabpr_c�\ D.Amia l.Eye 2.M"tl   :

30"�g Ju�‰4 PcCtOd in’PcMcin 6 Lttl�� �¡�Ü�ß[l�� �T�À�I l�� T  �]
11.Trunk 12.Hcad 13.Rostrum 14.Nostril 15:I

18.LolverFW19�E Nasal mbe 2�‹

"�ô

�� lS�E 1’ i �¡   �¡        1   �]

822�R Cen�V�› aneoS�˛ Cro,Sopt�q �¡
�] : �c |��

:

�Ü �O�§Æ��� �º �Ø �¿l�V �V =H�¢
Or�˚ �b�] 0�¡ lprent.|||l ti
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In 1938 1�c cOLCted a niOlls�T �Œ
�R
�¡ Om th east�� �í t�˛ sOuth A�¡ ica.�¡ vras lvc

ViSSi QirtenaFy Latimer whO sent a sketch�v

�¤kà£ �å university cOnge tt Grabams�§ �� ä¿e
e�� �V �V �k �V �h(COClamthusJ d the
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�ƒ �¿ comoid scales�M �R an enamelled
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Æe

�c

AdinoptcJ��
Crwoptcrygil
(ctrocnfohthYcs)

or&r! I
=irriprui". Ilienoi

o,il),*wrto G'& lr@

"m#;
chondrctei

Semionotoklca
c.g,, LePifubw

SuF OrdeF

HoloStei

Ad�u�˚ FrOndea

c�µ �†�¡oBI�u �\

Supcr order

Telpostei

c* friPPor,omoua
Cla;r:tas

Arubos

�c

�R

83 suM�\ Y

ostebhrhycs (bonyfishos) cnioy widc diryfution Body corrcred by cydoG ctenoid or ganoid

sqah& GiIs arc *," J. Uy-';,urcurue. Gill filamentsLe free ani'us.q[y a swim bladder iq

presant. Neither oroa"a ; ,pir""l* ,r"- Lr"u"lir- is $oall caudal fn hmoccrcal or

diphycercat cr""rogo ;roblotir. rrrtircai- *.-"r osteichthyas are ditisibb into two

subclasscs rt', Aol""e;#1;vfi--; *d *-l ::g33*OP 
fi!4 fishes)' rhe

ffir';'ffiffiil;;-irL * uoir ph o{ $d'rtrrfirdu':

84 GLOSWY

BaFbel  :

cOntinend Sher

Estug  :

Phn740m :

A bend - like appcndry prcsd"et 6e Dorth

: Thp zorc exteoding from thc tioc if permaneat immersion to thc deflh

usualtY upto 120 Dcters'

Tte wide lou'er tidal Part of 
" 
ti*t

Tqry 
1& og'tbe Pchgic ry of the sca

�g
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85 MoDEL�\ A10N Q�\ lits

ADsrrrr thc'fdl*g qlcaffon h about 30 h
P*",br thc gcacral charactcins of crass osteichthyes. what a:€ thp ,"t, dffib"c.*,bctrcen md C,roosogergiil

ry $c fellefrDg gcflor h rDout f0 ilre& 
:

CtasEify Osteig"h{s into srb classGs with suitable cxam,plcs.
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Unit�æ 9 COMMONIEDIIBtt �fi SHES OIF:�O

ANDttRA PRADESH

Contcnts

9.1 Oblectives

92 Introduction
9.3 MarineFshes
9.4 FreshWater Fishes

9.5 SummarY

9.6 ModelExaninationQuefions.

9�B 1 OBJECTIVES

Ib Lnow the edible fishes n a major resource and their availability in the state of Andhra,

Pradesh

92 INTRODUCT10N

93 MARINE FISHES

.60respectinely. Important shoaling fi.tno-"""git arc th9 oil-sardines'(Sardtnellalongiceps)

mackerellrsilver U"Ui"r, ,ibbo" fid* cat fishes-and soles''Catches by travelers include mostly

the bott6n feeding fisies like rudder frshes (I*ttvinra 9) *"ppejs (I-utinus sp') rock perches

(Epkefiuhts I *f ,tJtn"a" ry \'r^'r* o'bit; t:-".o1 the important edible fsks

of Andhra pradesh ;;d""1, in this il; u,hich are found in marine and fresh waters'

G;;"1" and ponds). \-
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Latis calctle (Ibl : Pandu.hepa)

Its body is cowted wit! large scales anil is rectangular in shape. It h an.inhsitant.of cstuarial
wate1. Caudal:regton is round. It,is a *mesticated Esh.of tfsh water. It is on ediblc fish.rt.is.fouaaabunduntlym9anirira,..'-,_--:=.
Pleaortyansniga (!bl: Iftranti),'. , : ,

ln; s,lout lips are turoed Uackpaids, torer portion of thc'opgiorlum has saw Ukb g/fu,
,,^l""dr otr prawns: crabs and;1qa{ fishes. It ir 

" @{ ftt tate" *itt great pteasrua *""*"
of its good taste there has been a local proverb: Tlave tLis fish 

"oo Uy *mrg the child.

�MyIJgillccPra�  _�] ,_�¡ 11�¡ |:�¡ �¡ |�¡ �¡ |�E �¡ 1
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11=11�¡ :�R il11�¡
| Tl,T�Õ �VIIF

�› �R �í�Œ�` :�Ö
=:�l �Ý �V)o�‹ 110�E    �E

‘�L    _   :i:
l �V an e10nptd and cOmpr_db�ô Hcad �V �¤oered tt osseOus PIat_�d
are ndy papinated andæ¢ �� �… Pcctoral h:has �V �× �V �° Caudal m�A

�c

b�…�æ :

�¡
l fOmd h�¸ �b �¿ .l�V

SuSuyŒi�¤ ØD �E �W inOt ttma h Hå¥ .1 :

�„ �ƒ ,�Ö
�g

�� �¨ �ƒ :l MapuFdlall   �¡ �¡ 1�] 1

�F�[ i�F �ø Øª �g ŁJ �fi �G |

p�Ó .It is fOund in ttuaFiCS and ttesh mters. 
�M    �M  �]

~�¤
�R m(Rohlll KFlg.%lD)            _      

�A .

çW �� �r �A�k tl�¿
.�o �Ł�s�À �ß�ç�› � :̇�� �Ø �Éttf

Goda�n�…and Krishna Hv�Æ   ��                             1  �E

Mastacembefus gt t stus (Tbl,: Pggra).

�� Ø}      �fi�� �� �£�˙ �fl�fl
bollt in�b �z land Gp�R �¡ near the bank.It

�^

�Œ�¡
�Œ
�†
�‹

is the spiny eel.

Mysus vittofrrs (Iktam'i)

The body is short and ompressed. Abdomen is'rounded. Snout is rounded br obtuse. Four

pairs of bartrels are presint. Pe4oral fins are with a spine. These fishes are found in fresh

Notoptcrus natopterus (Satwa) (Fig. 9,1 E)

The body is oblong and la[erally compressedl Snout is obtuse and conrer Doisl fin is small

and tuft lika fnal fr is very low and rtP: like. Stalr,s are small. Pelvic fii is rudimentary.

One row of spines on bach side is present along tlie spinal column. The body is coyered

witli scales. Dorsal lin is long.,Anal fu is long. Caudal fin is.rounded. Phosl murrel is O.

maruliw.It has white,dots arragged lile flowers on each dde, Kali murrel h6 black serration

along thc side. It is follnd ia tanls and ponds. It attaiG 3 ln feet h lcngth. So-: people

snoot.;it bi gpn when it comes tpthe waier srnface fot air breathing. O- htnctaus is'dhoke.

O, fiifris is.korra meen. thiy frovide nutritious fircd-

Hiknilisha @1.:'Palasah) (Eig; ,.1 F)

ruiUay is laterally mpnci..A AMomen is serrated. Snout is rounded., Ulpo Jarv has'

ocdan mtch at oontre. Ca*"t fu is forked.:,It is &e +EgectvsmQn$,sardincs. It'is,found in

ttto@offiL Gsr: rahga) (IB Z1,m , , ,. .

ft is also called frcsh water dog fich. Dorsal surface is pointed. Barbels are foru'aad roqgbly

. egud. Dffial fir ls sffi ana Jto"t spino. Skh is smooth aod Dated" Qt hl ro spUcs aoa
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pair�˛ �ï �k �E çq �V

�c

m�V �V .The�c arCh t tt dew10rd and

�| �| �R �h  �‹   :
t The�p �q �R oomus meFiOSr���m�£ a spidy��

�¡
�Mp�� �å COmpleliely

�ƒ �‹ 1àÛ �R �R �Y pmitioL

.A�V �ï �ô meFy�§ given or�¡ �Bm the ererent branchial sNem On �V  side,and a

�c

Vein Opens into �V  let�q �À d the�˚ m l   ��   :

�� iaV7 1�ƒ �˚
�g

La�ƒ �� C h the gut there�¤ nO�¨Ø[ ��̃� �ˇ �× �V :ht�fi �˜ �˚

�¡ �R a Spiral�v
"�µ

�¡ �� b�g i conSIStS of�\ mlinvertebrates and de�] �R �q Vegetlb�� 1�¡ �Õ

�g

r,

çq n�� eaten in lQc tt�Y L                 :�u

æk centrd�� nervous system�¤ m aven�Œ1�b d brain.�V  paired Owiducts open�� ericil��

into the �V b�A and in male,�Y ØSåN mtt caw sPcms throu the�J
�g

toFy tubules of
t the mesonephros.            

�R

��
�R �c �� å¥ dismbutiOn being�� naned m small isolated E�c . 

�¡  ,  JI

�y
"�fi

�¾ FEg nl�¤

Formd in the stagnant pools qr water holes of the riwrs of the Australia

It dgcs not aestiyare and is said to hhabft g4 p*ryil-.*:I, rt rey,1s to derial

respiration.wheo thc *ater bocoWs foul in dry season- It dies if' fepoved from water'

3. About 6rp fept in bngth.

1. lte scales are of qdoid t,'Pe.

5. FtYc pairs of dlls slits. -:
6. Paircd fins are leaf lite.

7. The male does not-possa,ss vasculs pelvic fitapens

8. Fin raSn are well dstploeqd (are.hipternia)

g. airbUOoer sinde Qung) (Monopncustia)

:

\ 11. Larva is devoid oJ erernal gills.

�¡

�@

�Q

�¡

�@

�Q
e dry season in borrouig constructed for the putP*"-' Thc entrance

or tue.uurrw i8 prrused-with a.mrd stoppcr rcnfldad by sewral roud .hol€s'

About �V �Ł �V�]|�â �V  �c
50
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eediRg�¤ ��

�g

pmicŒi�Q the ttL det10p h�g �V �‹ gius.

8.Fm tt are reduced.           �¡

l Atr�� �R ŒGdOIâ˜
�¡ m (D�V �V �Ł .  1 _

�¡ KidncF are nOt sO dOyte. |

1�¡ Œt PO�\S fOur�A �R �˛
�c
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5. Four pairs of gill slits.

6. Paired fins are reduced and are lo4g and fiIament like.

7. Male does not posncss rascular filaments on.pelvic fins.

8. Fin rays are absent.

9. Air bladder double. flunge) :

10. Kidaeys are not so elongate.

11. Larva possesses four pairs of apparent e,reraal gills.

In some species, vcstiges of those may be forind in the adult just above thc opening of
the 

"p"*i,r

103 AFHNITIES

Dipnoi are a group of remarkable fishes that show affinities with bony fishes on the one hand

:ly l" :1T* ":^:: :::-, -103.1 ResemblencewithAmPhibia

1.Dipoi aE cap�¡ le of living in ttshy plas and pO�\ p�R �˚ �ô Tespiration for

-' liYing in addition to the gills.

2- Irnae of. Protoptenrs ani l*pifusiten
the tadpoles of frog.

TtB iihedrt of Dipnoi resembles with that of an amphibian in having two auiicles, and a

conus divided by a longitudinal vahrc. '

A pulmonary artery and a pulmonary vein are present'

An inferior wna cara-.and an anterior abdominal vein are present as in amphibians.

A pair of erCernal nctrils are presont aird opcn into buccal cavity.

��
Jaw susPcNon ls autctylic�B

The brain rmmbles that of the�c �M�˚
�g

in the smcture of the ttha hemispheres

posss extemal gius and can be compared with

3.

4.

5�B

6.

7.

8.

aod a qm'all cerebellum

More opr.adphibians differ from Dipnoi in thc abccnce of scalps and in 4p a4d in possa*ing

neotadad,il E;,b" 
:

f032 Rescnblencewith CrossopterrySli '

Early Dipnoi resemute ctoscly to the Fi+d'rc'ttestomi in goneral st'-ufitt:' 
':6. rry*

sinilai lobate finr, a;rr ;4"""*1"" -,o" scales and pdEs full palatine and spbnid teeth.

�¡ ey �V  r�\ ble M�ƒ �¿ h�R�V �h�V
�c

d the paired�g �V  �V  �V  and

�c
Of the"bladder.   :

�� �u          :  �u          :: |         ,
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:f033 Primitive Ctaracters of Dipnoi

A number of characters of Dipnoi may be considered as primitive, such as presence of cloacd
a contractite Gokrs, a diphycercal tail and a spiral rlahrc in intestine.

103.4 Secondary and Specialised Cheracters
\

1. Neulocranium is cartilagenors with no ossification.

2. Maxillae and prcmaillae are absent from the ikull

3. Anterior vertebrae are fused with the skull.

4. Dentitiory is peculiar and is in thc ford of tooth plates

Thuq Dipnoi constitute a very unstable group of ahirials which 
"lthorrgh 

fish like in a number
of characters possess certain features that are nol present in any other fish but are found in

f4gnibi} However they'do not appear to be relrttod to Amphibia and can not be includpd

accordinfio Jarvik (1955) Dipnoi show structural resemblances with Placodermc Elasmobranchs
and Amphibia as much as with the Crossoperygii but a closer affinity with tlie latter has not
been estabfished. Aeording to Roier on the other hand lung fishas md the Rhipidistians
.of the crossopterlgii are clearly derived from a 

"omm(m -""rr,or.

|odern P1p-3 thus appear to be a group'that has noi'dndergone much change during the
long period of its eristence after the permian times. It is true inat tncy 

"r" 
oJ ancestrai to

Amphibia but the'ancestors of tne."'t*o gro.rp. wpre possibly a"ri;;jrr"L-;"r"iir-*
stock. Dipnoi are therefore of great significance and help in trating the evoluiioi oit".rot ia
vertobrates.

104 ANCESTRY

10.5  SUMMARY

The lung fishes share the characteristics of fishes on one hand and that of auphibians onthe otlel It.yrears as an off shoot of a""1i-;*.;pTryE*.stem. They afford best
3ample for discontinuous'distribution and are -considered as Jegenerate .p""iair"a forms.hoaptmts and l*Oibsiren harrc two..lungs while Neuemtodes. (Australia) has one lung.
Larvae of 'hotopterus and l*pidosiren possess exteraal gills and resemble.frog tadpoles. Theyalso resemtle amphibians in having 2 auricles, a conus-arierigr*, bt"t" +d""."Iryri" i".*
clolca, coauq diphycercat tail and the spiral valve are sone primitive features. Absence o:ftoi[u: and preqaxillae, fusion of vertebrab with the skull and peculiar dentiori in the form of
tooth plates, and lungs being dorsal in position are some of the sfcialiied characters. . 

-
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106 MODLEXANAHON QUES10NS

�M| AnsFf, thc followlng ln rboul 30 [ros"

1. Oualinc tho gpncral elaracters of Dipooi.

2. Discusi the rffinitias of Dip.noil

AnEEr thG tdtonltrg lD rbot 10 llDcl.

f. Dcscribc thc lung ftlry.

L Ptotwotts

3. Ns,erutfu.s

a. Iafubsiru

5. Spocializrd charactets of dipoot

1037  GLOSSARY

Bnel

Ø‰ mmtt ner

�c
Phnkon

�c

A snall proocss appended to thc mouth of oertaia fishe

Projectim of thc cmtinental part into the sea

A narrowarmof the sca at the mouth of ariver, upvfiich thc tides penctrate

twiedaily
Floodtrg or rveatlyswinoing oryltdsms in aqnatic environment, primarily

microcoopic

Situatcd near or on rftrcr
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l14 Gmeral charaders
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"��

l the characteFS Of amphibi�b
�A tO c�G �ı �Rem and to�v �� the diemic�¡ araers

of some important aphibin fomd h sOuth�O                    �]

112 1Nl�¡ oDUmON

ut�¡ ao��

�R�Ó T�FÆí
113 ANCESTRY

Amphil'ipos are thought to harrc originated-from the rhiphidis.tiaa t to ,r,.i livrd dnriry, theDevoirian pcriod. llre earb trt .poA, and thc cteolepiilfsh;bclonging to rhiphidisia sharcnumber of cDara<*cn. Ctief anong Aesc Oaracters; ---
(i) the structufe of strull

(ii) the stetetoa oftinbs (Fig; m.f)

(rii) tha structuic of td€tl ed
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A -E --
FigllJ,.FolclimbstplctonandPecto4lg]dlcof(A)Ostcotcpidand(BJPrimitive.Amph*f},.,.

Supraclcithntm e Scapula 3. Huln"-.i'1. Rroi* 5. Ulna 6. Ocithrum 7. Ogvicle 8. Intercla*iclb'

Lungs ar€ present in lung fishas (Dipnoi) but Dipnoi are considered to be too sepcialized

to be the direcr ancestus of amphibians'

Having orginated in the Devonian perid amphibians were the "t::ntatlthat 
ha:e lived

on latd upto carboniferous p"tiod, when the first reptiles are believed to have orignated'

il; .r,hiii -o".n diversity Orti"g tti. perod, most of them have now become extinctThe

modern amphibia are represented by three living orders, the Urodela (or Caudata)' the Anura

(or Salientia) and the ap.O" (or Gymnophiona)'

1T.4 GENERALCIIARACTERS

Amphibians are distributed widely in fresh waters and on land' They are conspicuous by their

absence in marine waters.

1. Amphibians are distinguished from the fishes ty thl absenca of paired fins and instead'

they possess pentadactyl limbs (except in Apoda) although in a few species the number

'of digis.is.reduced.

2. Like fishes and reptiles they are poikilotherms i.e',' their body temperature varies with

t. They, possess cills for breathing during the lan,al stage; but in adulg the lungs..take over

the functisn of respiration (there are'ho*"""r, a fJw species which retain grlls even in

adult life).

4. The skull is autostlig ie, the .hnid 
arch which 'is fully functional i4 the early teleostean

fhhes becomes b;L;ry and tft opp"t tyo'-lb"l"T:* converted into columella

aur\ and ti". Uet*e"ei the inner ear and the tyumpanic menbrane'

5.Theskullisflatandthenumberofstullbouesareverymuchreducedinmodern

6. There is no secondary.palatg in the skull and the interual nare open far forward in the

mouth.

7. The teetL when prese'nt, frtly- be present on premaxillary' eU*' 
palatine' vomer'

parasPhenoid and dentarY bones'

8. skull with two occipitat go:ndy'es articulates witl atlast a cervical vertebra'

56
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12.

:....::...:',
Thc nruabcr,of.wrtgb,re6r tadcs from 10 in Anira'to approximateV'ry in Apoda. The
vertebral cotuiln is divisibte into four regions, namely the cervical, the Sdominal q
tloracolumbar, the sacral and the caudal vertcb-rae. The cenical and sacral vcrtebra is
usually one, but the aMoninal and the caudal vertebrae variable.

Sternum appears for the first tirne in amphibians atd thc ribs are poorly dcveloped.

The muscular Erctco also piesent a typical feature in amphibians. Many changos in the
apaxial musclcs and thc appcndictah muscles dso ake place which help in the locoaotion
of aninral oo land.

Hdart is three chambcre4 with two auricles and a ventricle. Sinus venosus lies on the
dorsal sidp of the heart and oBens into the right auricle The oxygenated blood ig broguht

The t5pe of circulatio is double'ciicualtion. The counse of circulation'can be depicted
as folloun.

�u�¡
�C

�h

�Œ�Œ
�Œ

�O�¡

:�� àÛ �� �� �� �� �F�y�˝ �øi�� �ø�Ú �V:�\

�w�DR�] �c
���Ł�oh�«

�“ �� �RªJ�Õ �ßfold of�E �Œ the �V dmo h somel
l�˜

              l  .

I*ngs are the chief respiratory qgFn! of adult amphitiani.They are sae like strucutres githeJ
ye t-oqrt or folded inner surface. The upper endof ouun"oio togs;a ,""a, 

" ".riffitfonq laryruqwicebq.

The tidncys ane meconepheric the frmctionirl.k dogy of'lannal and adutt fshes and alsoamphibiaos t1pc. The a4hinephric dua in ma"y anilUans L U"aU as grnitd andcxcrctory duct.

�� Oonads are paired smmes.L females the ddum�P 0�Brtthe m bØD �� 1�¿

�• .h ttSpe_b�c m�o��_al
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19. Jaoohm's agrn c t***d oqgilr, which is of na6al rcag; and is
, [d wi& olhctuy epithc&nn appcar br tho frst drc. in anphibianq it bch in the
tasdlg of food. ,

m. Ite anphibian eye is basically lite that of other vutcbratcs. Lacrimal glands arc poorly
dctEloecd but the eye ii tept aoist by an oily secretio of Hardcrian glasd"

21. th€re is a coruiderable rariatim in the auditory apparatus amotrg ampffians, while the
qqlamrndcrs and neryts lac& a niddle car, the arurans poss€ss then" Columelh aurisr
wHcU t a modiEcd hpmandibular helps in'the transmmission of sound waves from
.tlmpanum to innpr ear in frogs and toads. ltc tympanic cavity is onnecteU with pharynx
by mcans of eustachain tube.

n^ me *in of anphibians is inpo.rtant in both ,*plr.utio. atd protection. Tbcrc arq a
nrimber of nucuous gtands u,tich hetp in the tutrication of the body and keep thc body
noist for Some amphibians, especially thc toads cmtaiq poisopous glands in
thcir sldn, which,heltr in protecting 1f,6 inimrls.

115 �N SIHCA10N

It is very difficult to classify amphfrians Different authors adopt different mcthodi of
classification. The plassification giten in Parker aud Haswellr revised by Marshall (1y74\

recogpizes two subchsscs. the Apsidospondy'i and Lcposondyll It includes the living order

Anura rmdcr thc Apddospoddyli while Urodela and Gymnophiona arc kqpt under the

$rhlass Irpos@dyli. This classificatipn is bascd on the assumption that thc thrtc orders

haw a diphy'etic origin. Rcceil studies horcver, indicate that thc tlree orders must havc

evohred from a oommon ancestor (monophy'itic origin) and a separate subclass r iss^mphibia

is crearcd to incl.udc the thrco modern amphibian orders. Romer, rvtom Parker and Haswell

quotcs cfieasively;'in a recent book on the vertebrate bodf -(nom1 tS.. "od 
Parsonq TS

iyn, fl" \er13bratc Dody) has recogniized the monophletic origin of the.se threc ordcrs'

and ircccpts the creation of thc subclass r ieqanipthibia to include thc living *t 
"'

In 66&r to avoid oaror confrrdo! anA actarca Oscustlioo on the divergcnt lemq 
on c,issification,

wc shall deal with 
-t" 

"f*ritiotlo. 
under two top"t"t" heads, thc erinct and the modern

amphbia

fte c*inct anphibia, vfrich flourished throu$ OgTq- to Carbonieroru Pcriod arc,groupcd

rmdcr two'subglnsscsr the Apodoepon$rli and thc l*pospondyti

Sub Chss : APsidosPondYll

f. anphrtians grouped und€r this srbclass are considcrcd to harc dcrived directly from

tbc crcsPterYgean aoacstqs.
. t rL^ -^ir--lre- -lorro,Z. 1!r* arc tfio'rnits of centrq thc aaterior intercentr.a and tbc posteriuTpleurooelrtra

3. rtis s.bclass is repr,cccntcd by zuper ordcr lalarri*hintia.

Su1:r@
1. The.aaoe llhEhtlodo|{ia is dorircd fron thc stmchlrc of tccth u,tich halE prooineot

radiating t fl"lithgF of tb'ca"mel surfacc q8' 10'2)

..:"'j"
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Seynouriamorpha is anahenau order showing mosaic cvolution. It strares number of
characterc with Reptitia. The rcccot trcil is to inlcudc t[is gloup under reptiles"

Sub class : Lcpospondyli

Members of this subdass arc obaractetized by the prescqce of lepospondy'ous verrebrae. TtB
centrum.of this subclass has-ciginatcd by tho dircct qdfication of embryonic notochc'd.
Thcse aninals appcared in thc earbonifcrqrs pcriod,but di,*ppeared in the Permian period.
The subdass fssists of tbrpg CIrders namely 1. Aistopods 'Z Nectridia and 3. Microsauria.

They are reprasented by small snake lite that tivcd during the cartroniferous
period.e.g OpnAfurpetm. : .

Order-2:Nectridia

Saroplewa aill Diplu,at&rs, whic,h livEd in the uppci Carboniferous periOdbelongtothis

group. They €rfiibit a number of primitive cliaracters. Thcy"share many characters with the

prinifive lab5ninthodonts. Only their vertebrae rcsemble thoee of Lepospondyll' : ,

Order - 3 : Microsauria {Adelospondyli) ,,] 
l

Animals grorrpe{ un&r this order ar9 often referrred to'as.Permian urodeles. Lysophus is a:<

*U t"o*r example of this'group. It had an incompletely roofed skull, and had lost the

circum oftital bone.s. ftis species is ooosidered to bc a iear relative of modert Urodeles

by f€,w authors.

,'

All thc living a1nphibiaa5 are grouped under one sub-class the LissomphtD@ u&ich is rbpreseated

at prescnt by thrcc orders "t 
f"n*" :

:2- Urodcla (oi Caudata) and l

3. Gymnophiona (or Apoda or C-aecillia)

L Ttc ddest knom fcsib rrultodlhg to this order is TfodobCsictryl -CfriGl 
ums found in

3. The musctlar tail which is the chief.organ of toaoSo{on in fishes and other anphibians

ta;;G;t b6t in the aninals belonging ro this'order and the order derives its name

4. Thc body is gencrallY short.
,:

5. Ttc fihd legs are kng and pourcrfrrt They are ir"tg fT leapi,g mov€m-eni oJ the animal

o laqd 
"rd 

q,ate; ia ai, h-eh in srJ-rmmins; rtc foretinb,s are rglatively short and

oodafu four digis.
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fig U5 Somc Uro;b.A. Selamaodnpaculoea B. Amphiuma C. Protcus-D:-Lmbtf'stoma carolina 1'Sre2'

Foc rimb 3. fr;tililfl.;rg-einl'Sn" i. v.",e$ot ro*'limb6 ?. vcstcsi.l hisd liiib'

Or0er : Gynnophio4 (on Agoda on Cagd[ie) . :'

L ltcy arefound l" tt"piq"l and sub-fopical rggions and arp cdnmoqly known as ca€{d!ian$;

3. .They lacL Eob6 a@p+tc!,I and tbe gycs arg lrr,-nugh tedrrced and becgme runeisless'

4. ThE hgdy is ootrcd sith a scaly transrrcrscly T't* skin in {fiich are eob6dded

ruoorois *{*;-bd;il6 ile hcao r storaly built,and hQlp$ iu

ftc tympoic ocobrre ad thc tympanic cavity are absenl

ThE tail is alrqcot u ndinentarY'

lte aotoaa pqrids-tortrr"t €xtc,rt and th3 wiilrag arc'amphicoclors.
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7�‹

�g
à s

u�� VäF:N7"�� �� �� NIS

�µ �ƒ L�¡ a COmplete bony,ool

Ya! n"oSS*t penis for copulatioa. .ii in-ternal.

:

In species. which are vitiparous, the development is internal atrd as f,any asr nine puqg
ones are given out,:,whcn hatched they hqve a pair.of glt slils and no erternal gi[E a+d

the tail fin i$ @! The larva swims about in the water like an eel .and thc
lmal"Fi041�� 10ng�B

1�† �� å¥ �R �V losiSthetaillnand�x �À �V 10St�B
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�n                 B
Fig.11.6�c �r �fi M A Emb�g�� �˚ gillb�æ .�� Jt guatting
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1�¾ �S�x�M:l�x ili�T :�¾ |�† ØÜ �–

11�B6 SUMMARY

The amphibian origiq general charaders and classification with Indian examples are discussed
in- this unit. Amphibians arc the frst tetrapods that hew colonised the land during. the
dcvoniaq period. The early tctrapods and the osteolcpid fthee (Rhipidistia).share number of
€haracters viz, in sku[, limb skeleton, teeth and lungs Amphibians are poikilothermous, naked,
glless,dicon<ly'ictetrapods, Sternum appeared for the first tine..Heart b Schambered with
double circulation.. $alemenders and newts lacl middle ear ryhib it is prescnt in anura,s.

The class Amphibb is divialod into subctasses apddoepondyli and Lepospondyli to.indude
alt the living amphibia$ a&oc-athg diphyletic orgin. Hmrcver, recent studies's[pport
n@oPhylctic aDcestry (Rmer & Pareoos, 1977) thus includfog all the livigg amphibians in
one s.bclass r issarnphibia

11.7 MODELEmMINAHON QUEST10NS

i*" thc fe[oulry h sboqt 30 lircs.

1. Dcscribe thc gcnerat characters of amphibians

Z What do you know about modern amphibia ? Add a note on the general characters

of Gymnophioba

ADswr thc foltowtng ln about f0 liics.

1. Dwcrbe the origin and crolution of amphibians

e Wbat are thc majo anphibiaq spccies fouad in your locality ? Ideatity and give their
diagnostic fcaturcs.

3. Aubsrylb

4 Poitilotlierns 
i

5. Rhipidi*ian

0. Iahninttodmtia

7. Urodela

S. Seymouriamorpha

9. Lissanphibia

113 GLOSSARY

IL

Amphicoelous

�G �R �V �c C duct

Donle�c

Vcrtesrae having both the anterior and posterior faces of the centrum'

concave.

Duct into cfrich pronephric tubulas open

Thc typo of circnlation, in u,hiJi thc hcart prodlces two circulationq thc

eiln&ry circulation to the lungs and the ot!e1, th.e sptemic circulation'

rftfotr supplics to thc body Parts
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Emblonerollst

Met�c

Opisthonephric

Kidney

Osteolepis

PhylTnetictee

SteF00SpOnelus

Stemun    �u

hapOd

,�i �Ł�Bney�Ü �]�] eVidm���V

�c�Ó �í Fati��
n�V �V�ƒ �• Of the�b

Kidney�� n�� �˚ �¨ �BfmesOttametanephric�¾ �• of�R .

�˚ �¾ are�� �� bOny�ª�¡ L�Ł

�g

dosemtheh�g�E �  �R msoml
pk�� dem anmoF bbOththelucmesand�V�q    :
AFaphicrepFentation bud on dOsensOf�@ l�V

�c �g

�E �‚ .�M

In modernAmphibia the hypoccntnrm hrs b,ercone thc main ocotrum and
pleuroccntrum is reduccd .oe lost. such vertebrac are knowa as
stcreocpmdylus.

Breast boae of vertcbrates to w&icf, rbs are attae,hed inhigher fmms

Fourfooteil Trnal

.1191�¡
�� �� �fissuGGESm FORFUR�\

�\
ING

1 Chordate ?lrllrc4ry by Dhami & Dhami
L Fishes by Chandy

3. Fishcries of hdia by Jhingran

4. hesh urdff fshcs of India by rsrmn
5. Food ehcs of Ap. by Dr. V lagannath Rao
6. tli*cy of fshes by Nomm
Z fatrodrraioq to chordates by TC. Ilfqjhu1lruia :, .

& Lilc of &rrcbrsfics by LZ.yry
9. Oddlr and Erohln of rcrtcbr*es by Cobert
10. fh,hm chordata by Nclwoan ,l

1i' 
fts bgoe of zoolary ob. tr) bv hrtcr & rra.*e, edited by Marsal

12. thomsm's outlines of Z@ cdited by R.itcnc.
13. Vcrtcbratc Zodq, by yapp

14. Scoliod@ - rndian Zmlogical Memdr _ by EM ltarilnpatau
15. Sataserutafu Vols (g - (fV) of tblugp ehdemi

n. A Guidc to the t* l{,1 e-pmr"* Uy J.c. Da,iel (vot f tr & :Itr ,,*r,rr* nJ, Bonbay Natural lfr$. Soc. 1963 & [yn).
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Unit-12 REttLIA�] GENERttL CHARAttERS
AND CLASSIFICAT10N

ConCnts
�¨
��
�Y
�Ù

Introduction
Ge,neral Characters

Chssification
124.L Snbclass:Arapc,ida
lZ42 Sub cla$s: Ictt5roPterYgia

LL43 Subclass:SYnoPtosauria
1L4.4 Sub class: LePifuauria
12.4.5 Stb class: Archosauiia

L2.4.6 Subslass:SYnaPsida

Su -ary
Model Examination Questions

�ª
æu

12.1  0BJEKy�� ����ES

�[  intFOduCe the reptiles as su�\ Su land�g �ò ebrttes and �V  �—ttatiOn.

1" INTRODUC�RON

�O�E�RàÛ �RSnakes�� Crocodiles tt d�ø �í �Ó �ŁL�ò
h faCtOFS reSponsible For tLtt sucss upon

s and mes ttra"�¢ �j pentadactyl limbs

m land;�] land Sdy �V  WhiCh helps �V

l nour�| .

I23 GENERAL CHARACTER,S

As the first full land-living vertebrates, 9" *p,ifo e'&ibit 1a1l 
characteristics which are

closely related ," .-;;ffi*. "" *;;A biris and naamalr, oc thc *"t .L1 
.

Ite reptilian sldn is dry, rolg! and non-ghndglar typica[y conered by cornified epidqrEal

scale.s or scutes.

Linb6 are perfected as e-fficient walking leg in all'respccts' Itey raise the body off the'

ground LnO qrPPort it fully'

Reptilianbreathingsystegisconstructedotrparl$birdl.anrl-,-malsbeingstrictlyair
b,rsathers. Air is ,oppfiida the l.pgp tnrnosh trachea and broolhii via nootrik'

�� �Ü
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�t :�ï :�� �q �V  �V chambre�†l�� �h �Ò �×
�Õ �Ý �µ lVentriclet

keep the amdu b100d spparated from venOus.�] ee pairsof tt arches persist as i
mphibians.�b �' �b l cOrpuscles are nudeatd,biconvex and oval.They are cold�] blooded
or �¿�¡Oth_ic�J �¥ 10themicp.

h shape of skun�˚ �µs greatly h ttent t�� iles.�¡ �R llingel�¡ Itt the�¡ St Vertebra�‹
�E a SiCe Occipital condyle cmonmndylicl.^�V �˚ fOrame�Ü gener�q �r E�˚ �] �å �V �¡00f�Ò

the skun:The eyebd tt suromded�Ł åM�V sderotic bones.The parasphenoid L�¾ duced
�å abstt on the noor d the sul�B àÛ �l number and P"�R�l lutiOn d openinF�¡ the

laterd iegiOn Ofut skun known as tempOral�V �¡ me Or fOSae se�b
�b �R �‹ tO�R�H �I thl

group:    |              �E              l          �L

In the most pFimitive foms,the roof and’ddes Of the�› �x are�q ,the En�b �dd mnditiOn
which persin h turde�† �Ü a diarid tt t770 pairs d lateral fenestrae presento nis 

�V
�˚ present tt an�B �R

�u
�V �˚ �B reptiles.�¡ �¡ �R �R w�¿�� sinJe pair�� fOSSas the�c �–

and p�x �� �Õ �– �¿

�g

longer m�c .�c �V  fO�\ r grOup the mammals arose.B��
division depending on temporal fenestFaC t Oudined in nble_I and �Y

�g "�ß
dhI�T �m12.1.

Repttn dd ttMtttwO tendencics:�R e redu�R�u �˛ �\ �\ ary bones �V  the d�fl l�V nent
Of temporal�N �i Ø° �h L bem/ett parict�F pOs�µ �� �¡ �]SquamOsal and iugal�× :These
opening not Only.linten the skuu but aM serve fOr the attachement of powem iaw muscles

On_�V mneF Surfaces o�¶ 12.1)�B

3

Ftgr,, mic stuir structurc io Rcprirh A- ^q 1 :r".p"a._! u':npto. o. Di.pdd. E p!,"d. 1. o6ir2 pctorbiur 3 qrumcrr + rcmpo.r?t s. t -ir* i;?G-"rp"., 7. partoor.t
The adult reptilian 

.Heg is mctanephric and is_capabb pf producing 
" n451y tl,p"*oriowater oonsorving urinq the uricotelic excraion. t*irr"r-r.itilo ercretg a semisolid uric

.C

1

/1
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The central nervous system is advanced in pgsse.sing n hfgg cerebrum in. brain from, which

arrse L2 pairs of cranial neFyes. The eyes are notably advanced to distitrguish colourg at'least,

h tizards.

Male reptiles, in genera! porye,ss an ingomittent organ, 
" 

p"; either single (Crocodiles) or
double (Lizards) for the purpose of internal fertilization.

Thbte - I Ibmporal Fenestracb of Rcptiles '

lbmporal Fenestrae

Condition oF

skd

PFinCipal Croups
Nlmb�b �˚ angement

Ana�uid

Synapsid

Parapsid

None

One

One

Solid'roof to skull

Low behind the eye qith
postorbital and squamosal

meeting above.

High behind eye, usually with
postfrontal and suPratemPoral

meeiing below

Postorbital and squamdsal

usually neet between them

Cotylosaurs, 
.Chelonia'

Pelycosaurians apd
mamryl like reptiles

Protosaurs and saurofleryglans

Eosuchians, RhYncocePhalia,

dinosaurs, Pterosaurs;

Squanata" Crocodilia

�g

�@

�E
�R

Diapsid M

Reproduction is oviaparous (Snakes). Large shelled eggs containing a heavy store of yolk

are laid on land in burrow. A few lay leathery eggs'

Cleavage is meroblastic and the embryo is protected by chorionig amniotic and allaltoic

membranes. The latter acts as an embryonic respiartory orgq!' 
:,r , :

124 CLASSIFICATION

rre mainlv utilised as ; the reptiles. The tgmporal
The skull and teeth are mainly utilised as criteria for classi$ing

region of the skull as stated eurie, is considered as the basis'for the purpos€' The classification'

12.4.L Sub Class AnaPsida

Thrs.e comprise the earliest primitive forry o{ Carboniferous pe1+' The'temporal region of

the skull is not perforated. ihis s'bclass is di?idfii imo iwru ortiers :

Order - I Cotylosaurla, the oldest stem reptiles nrhich were closest tc thp early a'mphibians'

They had bony skult *tl poorfy develofd jaws and teeth' All these became o<tinct' e'g''

Scymowia, *ith singlg occiprtal condyle ;i;p*f"tate rmf, ugr bo resarriuJ'a-r a lift
pe-tween amPhibiaus and rePiles

order - 2 Chelonia, a." *- early offshoot of co$losaur-s _Ihi* *: tiri"g ;rq* 
1,1t-l:*rot1

region is complete without true- 
-fossae. 

the body is encfoseA 3 b'ry"": ,the eqrapace and

the plastron which originate from horny epidermal scales outside and dermal boaes insidet
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A vertiCal an�g :�� d absen�� Ofit‘eth are most�Ù �ƒ �� �q features�B            ’

,L�† L a land tort�i �– fOnd h lndia andçç :Lanka oni dFy�� aSSy places.o�å �â �Ì :J�� �å

011�¿apacc�¨ c_large"�¿ �V �Ì�VSi(�fi .O�A .|�E       1
�¢ �fl is a turth fomd in rivcrs Of lndiao lts d�É carapace L disc ke �V  plastFOtt ye�ˆ
b?th COVered by�J �� �E ��

ead has a�r �� ttd�ı �s and feet are webbed(F�µ 11.2B)�B

12.421 SubClass lcthyoptetygia        :��                 :
ed �V �V � ṙl.�¡ �Ù body�ô �ü �« and t�M
lupeg iEib t�� 70�å ders;the�‹

�g

�Ü���� wLi�g
h�µ .e.g.�µ �y �c �î �� Tho kthyosa�� a were
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12.4.4 Sub Class LoPidoseuria

Representatives of this sub class pri.i$o"ly possess a.dlansid- skull, qrpically with two-temporal

feneshae an upper and a lower, uihich ir'so-e case,s, have become reduced' Out $ its thrce'

orders, all members of order Eosuchia became e*inct. The fossil3 of Youngina show much

primitive condition.

order Rh}ncocephalia has the lone orample, the sphenodrin ([tatleria), whijh*reerj)sents this

urJ"* goop 1ng. if.Z C); ft is lizard like confined to coastal islands of New 7*-aland' lt

grorvs to ? length lives in Lutro*.. It is-nocturnal and carnivorpus, feedi"g on molluscs and

small verteb,rates. Its vertebrae are amphicoelous' There is a sternum and many abdominal

ribs. A parietal f;";;;ri* u ooo-fuooioout median eye covered with scales' is believed

to have been an important sense organ rn eady forqs. Tte anal opening is transverse'' No

copulatory organ in male. Due to its priBitive features of eosuchnian anoestry it is considered

. as'living fossit .

order squamata embraces the most succpssful living reptiles' In this group the skull has lost

eith_er onb or two temporal fossae ,"*oao1v. a""f;"r-{e beei includdd in.sub-ordei

Irccrtitia ( lzarasl-ani the latter - .uqotao Ontiaia jsnakes]' t[e skin is covered by horny

epidermal scales. #"-JJ;-p";"r-i,,1* ueiog verteurae nearly always procoeldus' simple

ribs, two vertebrae form the sacrum, ir p*lorih" gadrle is movable and articulates with

skull. The teeth are acrodont or pleurodont. Therc L a transverse cloael aperture and in

males a pair of 
""""iUt" 

hemipenis'

sub order : Iacetilia The modern lizalds live in {versifitd 
environments' on land' trees and

inwater.Theyposesswelldevelopedlimbs.Mouthopenstoamoderateextentasmandibles
are fused anteriorly and patate bones are f'oa' $op'" iemporal fossa is complete' Eyes possess

both eyelids -A u o*L,lng ."*br-".;-t/.p.;" ."-br-" stretches over the-huditory

Honidr.tylus(riel2jA)isthe:T-*gecko(Wall.li4fd)'thea'gt'ofwhichare
provided with adu"sirJ Jio o, p"O* f--*tipi'g ov"' thc *ru'gt in an inverted position' -

The transrerse ,#;;Aae in each-disc, *Ua UV preslure create vacuum and make the

animal to adhere firmly to the *orr"q" ThL o**, tnt* or their taits when chased' by

autotomy " 
,**ii.*-i-".*pu k""e.rrg;; ;""* uusl rlrrns at its wriggling cut off tail'

e o"* i"n ,"r".ffi t;il:=;;-ffJv squatrrata that lav hard- shelled eggs'

Calotesisagardenlizardcommonthrougtroutlndia.Adetaileddescriptionispresentedin
unitNo' 12

.I)raco,knoumastheflyiqg,rizrdo.rDragon@l3l.,lisforrndinlndia,Burmaand
Maraysia. aevepns " 

*nroiq 
"" 

*T1q,TF#T*;i.H ?il'I'ffi::,1"":;ll
i-"iorgo,"a ribs' the patagium is spr---

branch.

Chamaclconis,arboreal"distributedamongl'dilAloandSriLanka.Ithas.taterally
. compressed b6dy' head bears 

-u T"':';ffi t" fi"3a f"*t a small holet The digits are

uoited andlhe iail is prehensile, U"n ,itf., * gasping the bianches' A club-shaped tongue

is long 
"ra 

prot Gur" with a sticky end. It has the power of colour- change' by melanophores

I"Lfr"t or;;;" o"*"* 1ns 12's c)'

'varanus(Ifumododragon)isth-:Ir.gestamonglizardslivioginesia|ficaandAustralia;;*mi-.n*;; '"fft"d;;; ;; Its ;'*" is verv long and rorked'
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and retractile tongue works as'an grgan of iinetl in contact with certain sensory pits on the

rbof of the upper jaw. Locomotioa is produced by undulations of .the body exerting pressure

on surrounding objects and pushes the snake forwards. Stipping is prevented by ventral

traosverse scales.

In poisonous snakes; the safirary glands are modified into a pair of poison glands that open

into specialized, grooved teeth over the maxillae known as fangs.

Anaconda an,:l Python (Fiog. D.a A) are the largest snakes. They reaeh leagths of 30 fo 35

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

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

elpanded into a hood supported by cervical ribs to threaten or warn invaders. Pre-mqxiiiae

bear a pau of poison fangs. Frangs are fixed in position King Cobras (Harnadryas) arc very

agiyessive. Common Cobra has spectacular marks on the hood eg Naia naia (Fig. 12.a B).

�v�m
�e
�¡
�m
�e
�v�g

�[�]�]
�m
��
�g
�g
�e

�m�e

A              �L      B I

�‹ �b AttB�ü

�g

�¢
�˘�v çW �å �F i�U T�g �c T�E lT&

�í
�M
�ô �í �{ àh �D �í T�I �ô �À

�E

��I�x :i:xdge shpcd h�ä �–broader,bett With a na

�E �@�í �R Æ��Ó �O �›    �o �F

and Europe.They are totay abscnt u Aus"alia.eg�B �ˇ �¯
‘��

�Ł�sà  �Û �µ �ˆ fB),EcL�Œ

�N �E         
��

     �R

�M

Ban�gd hitS,L anOtheF Sman grOup Of polsonous sElakh Ptt�_
[throunout I�g �� �� 1�M

�ø �@:�] �l �ô �ß �ì �Ô �� �¿ �Ó
5Ptt cRat��

:�� �ä
(CiaSS Snakol,2F00uble hOaded snakep,�V

d raceFSç�

�g

neib pos�\ poson ndS�E

�R�‹
�A�Œ
�¡
�¡
�i

�Œ�Œ
�N�E�C �Œ�C�Œ

�¡
�Œ�@

�E�Œ�@

�Œ
�E�Œ

�Œ�Œ�Œ

�Œ�m
�k
�g
�g
�e
�e
�g
�g
�k
�Œ ::  =�E     �\ �Œ~~�\ �\ �\  l�E �B�Œ�A�� J�¡ �¡ L�A �¡ i=,�¡ _�¡ _.lr

B R
 A

 O
 U



1�] |�Ó �â �� 1�æ l�E��
=�Ł

�� �z i�Ó �P1�„ ����:�P �c1�� �z 1.

/

�R1�¿aget��
l rlCl’CrOpSI�· I N0 15 deals h&td abOut the poisonoF ad�g r�R 0�˚ �ø

Fig 125 Sna�` �–A-3 �I �V
�g

�“ ��

�E

�Khiff�x �Q�† �� �� 1�E Nost�Ü 12.�R �� �N,Dark bands 4.Lght

bands 5.Lterally�� mpFe�¸

�g

tall‘.Smal scales�¡ Black sPots 8.Tai1 9.Eye lQ LaFge head shields ll.Doml    �A

l   h00�¸ al scales 12.Bmadvcnt4",�h �E :         
�M

12415 Su�À da�˜ s Archosit�v �Ü :     �] 1  �E           :

�` �' ŒG�R
ettF�¿

�� �Ł�˝ _�¨ �� �˚
than the fore h�R �BSome forms be�\ e tootttes lmOst With homy beaks and l�« �m distal

�ô   �v�£ �Ó �Ł �ì �¯ :�` �d�„ �¶ ær �˝
�q �ï �R presett h�¡ Ont J the orbit.The sub�\ class�fi �R ts�Ò 5_oFderS_  :

|  . |                 
�R

9�g r�¡ äF OdOn�� =h10udsismall aquatit�g �q �‹ �Y rcptiles�¡ HåN :developed such notabile

ChadeFS aS are found in crOcOdttes today but thett atemal nares were placed POsteriOrly

near.�� eyes.Possiblyrwitt the ttsc and succes of 9�V leS thesc P�˜ �¥ CrIIllllated eg.

P�vtyrOsay�L � �̋¡ :1. �O_   |

Oocodilc�A �^ igatOs�z �â i�v �« �� tâ˜ hgcst�S eFtili�O �À _tod�â :�· ’placeci m orag

�J �R�� å¥ �Û�M���Ô�fiL�ï �� �R�ß �R�� �æ
�� �• �Ó �� �M�ì �í �� �R �j �V�� �@�H:�D �˝

|�\   _�R

=.li li�u ���[
�]�\�\ __�æ�A            �\               .

L�c al naFeS�· �V o�V  �V �æ�R �b ªà

�~ k�]  |
"keep Open�¡

9 ja�V  un�V  vrater�A �a�R�˚ t�¡
�RepOs�g.       �¡

�ł �r �D �¿ :�U
=P�¸

���E
�� �E

:��
nce tt ShOFta than tt håN

�g
�A

A

�Œ�Œ�Œ�Œ�Œ���E�Œ�Œ�Œ�«�Œ�Œ�Œ�Œ

�E 1�¡ �¡ :

�¡ill�M

�d
�t
�Œ

B R
 A

 O
 U



�Œ�Œ�Œ

Latcra�¡ y�� mpre�ged tail a�¨
�Mw6bed fect ar,uSed m�\ ng�E   �]

�R

Thc lu�T ,are Wen developed,having trachea and alveoles.A transversc partition scpttates

6r thc th�å adc�¡ om the main abdominal cawiw.ThiS L somewbat simihr to ma�\ �V�c
diaphratt but dirers in not being muscular.

The heart shows complete division of the ventridcs�fl h�I �‰�˚ Cular sept�ï .TheFe aFC tWO

ao�¡ lC arch�g �BAlthoun these two aort"crOSS Cach other at foramen of Ptti�˛
,,the hiner

prcssure in the �Y�ß

�g

des a�� s.�B t anow the blood to mlx up.    ~

Among living forms there are the crocodiles,�Ü aridS,amigators and canmans.The Craca�Ì ��s

(Fig.12.o is LOSt Wide sprcd genuS exccpt in EuFOpe.It has a narrow snout:Fourth lower
tooth�¤ visible when mouth is closed.�I �����TF‘� �̋u With its 4�¢ loWer tOoth ats intc a pit of

maç° 11�¿ and a blunt snout�R found in North AmeF�É �˙
�M
and Chha.G�¿J�g ��  of Central and

South AmeHca is rdatcd to Alligator.Extremely long and lcnder Snbut is pres�v nt in Ca�R ,

thc ish ettmg lndian gharid and 7oHis�ì �÷ �¿ of thc lndo�] China(Bor�i ,Sumatr�£ �B
�M

Fi3 12.6 Crocouus.1.NostH1 2 Snout3.Tceth.4 Eye5.Forelimb a Clavd du�¶
�E   7.Lteralvcomprewd tan86 Donnl�ð al�Õ

Members of the order LroSaurla weFe aying reptiles in which t�g skeletOn vJas light,thirl

and pneu�V atiC�E The forelimb mo�ß �Q

�g

intO a wng h v7hich the fourth Flnger ytt great�fl

clongated to support thc Pttaglum.�x hind limbs wtt pemadactyle but weak,�ª da b,ing

rOduced or abscnt.The skun was pOmted with a proiectiOn and thcrc WCrc two icmpOr�S

fossa�µ ,a �ÌuperiOr and inferioFo No mcmber of this group�R liVingo cgo PraraJl�˝ d�˝ ��|.

Fig 12.7 Pclvic girdle in exrinct Dincaurs. r{. saurischian pclv.k glrdlc' l' ltium-2' acetabulum 3' bchium 4' Pubis

B.omithischianPeMcgridlcl'llium2.Acctabulum3.Ischium4.Pubis.
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�` �ø�fl�� �‡�ø�Ô �ø1�v �o�ø�ô �ø�˜ �ß�Õ
h tFiangle�‹ 2�¯ �¤ ,The"�V �� h�x

çW �Õwas the large�Õ ,canlvOrOus animal:I�g �dnd h
B�� 73rasa2s was herbivoFO�Q ��Te diStinguished�fl a�g �Ł 10ng tail d neck�B  .:

Order Omi�¡ ctttL�V rati�_ �i �P b�g �ˇ u�¡ had beak�] �Q jav�� .The plvicgirdle�¤ tâK :

lke,ttta_radiate.The publis I�¡ Paralld with an eprended�l �˚ um(F�µ 127B)�B 1�¡ 10triaW
poss�g

"sa,edett�¯
��bOn,t�Ü �] may hM supported a homy beakorraJ�E �“ â� �� �c

�g

about 30

feet b�‚ �˜
‘�g ‘�b

deve10pedpttechOms and huge sta.         1

Unit)16 dealsçq th the Dinosa�� �R in mher deta�R .�]   1

1246 Subclass SynapSida             �L_            .

�§ �Õ �ô �Õ �b l�˝ �[   �„ #�d �R �fl �Õ
�c

�¨ �R dh�ª �ANon�� �� �ƒ �o and R�æ .�R sub�› indudes�q �� dÆ…
�� �� �M �¡�� Vrere laFge LâK �R

"eptile�A
�� �~ a pmiar v7eb of tt pFCiiming On

the badc as a sail v7hich L supported by intemal skeleton mnsisting Of enomomy lonPFeuFal

.spina cg.�g �¾ �V �u

�É 1�� Lr nmpsida 6D�ß �â �Õ s Of eFdinct reptiles vJith �Y �ï �R i characters h �Z �m �' h�›
and dentition.%�B �ä �¡ ara�Ô

12.5  SUMMARY

Class Rctrilia b defined. The chss Reptilia is diyidod into 6.sub classes based upon the
presctrce or ab,sencp and position of the temporal racrdties of skull. Orders Ctcroda (sub
class Aiepffidllrlncocephatii Squgmata (Sub chs. Iapidcauria) ana Croeoatna.tSuU cfass

fcnosauria) are only represented by tiviog inembers. All the living members cxcept chelonians
bear diapsid skull.

126 MOIDEL EXAMINAHON QuES�¡oNS

Ansrer trc foilorlEg gesdms h rbort 30 llncs cach.

1; Enumeratc the gencral characters of dass R.Gdilia.

e GiE ar outlinc dlassification of reptiles with cmnpbs of eash group.

ArlE ttc lUlhrtry qpcsdos ln rbot 1g thcr ach.

f. Ocscribc the tenporal fgqcotrac in rcptiles lnd crylain how thc ch.cificaiton d nefdloE
is based 6 this charactcr.
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13.1 0BJEC�÷ �WES

This tssOn deals wi�V  �V o organisation of a reptile represe�' |1�– ��

‘�å

ail SO T to underst�»

i�¡ biOl�» �Ł�E  _   :.  . �E    :   �A �\ �A

132 1NTRODU�ÓN

Catotes represents the group of g4rden ll4@ foud widety distribuird in'temperate z)nes,
like Indian slb-constineng Malayasia and,soraheia.China. In North India it is popilarly knonnr
as'girdt' and is quite commor i1 Adlr:a Pradesh locally called as 'Thondal.

Calotes lives'on trees and shrubs in galdens and jripgles. It runs fast and ctimbs the re€s
rrery swiftly. It i6 actirc duritg dgy time &edrng on the insects. When.excited or ltrieatened
it!hea<lindneckturnrbdandhenceftis .{no.:e-lle$ thi "Bloqd Sucker', a mi*nomer. Thus

lizards exhibit coloui chaneinq machdiiisam . .: -

133 MORPHOLOGY r' ':
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The head is roughly triangutar. in shqpe and bears a: pair of relativd snall ryrc protected
by upper and lower morrabltj eyelids and a nictitating membrane which is normalty kept foldcd
iq anterior corner of the eye. The e:rternal nares at &e trp,of the head (snou$ are \rcry
minute. The mouth is quite wide. Behind the eyes a pair of e,rternal auditory apertures lie
havlng a t),mpanum at'their bottom. The neck region and abdominal regions are distinguishable.
On the ventral side a cloacal aperture opens as a transverse slit at the junction of trunt
and tail. One pair of forg limbs, short in size, comprise branchium. (upper arm), antebrachium
(fore arm) and manus (hand) ending on five clawed A[its. eacU mna finU rvhich is relatively
longer than fore-limis, consists of a femur (thigl'), crus (shank), and pes (foqt): Each foot
terminates on five thin toes ending on sharp claws. Behind the trunk a very logn cylindrical
tail tapers posteriorly.

133.1 lhtegument

the body of the lizard is covered'by horny, epidermal scales completely which form an
exoskeleton. The scale size, and shape differs according to fhe requirement of the body. On
the trunlq they are large and kepled whoreas on the head the scales fu.e. srqall. On the
mid-dorsat line of trunk and head the scales are modified to form spiny crests.. the skin of
lizards is characteristically dry without any galnds. Scales, produced. by ths Malphigian layer
of epiderms are periodically shed in flakes. The colour gfiange,of the skin is biorrght about
by the pigment cellg the melanophoreg. scattered in thc slin.

134 ANATOMY

The body wall encloses a spacious coelom in the trunk which is surrounded on all sides by
peritoneum. the cmlom is disposed into a small pericardial cavity, enclosing the heart and a
posterior very large perivisceral cavity containing other viseral organs except the kidneys. These

Frgl3.2Visccra otCalotal.Hea42.LEftlung3.Leftliverlobc4.Gallbladder5.Biteduct6.StomachT' 
.

Paicreas 8. Fat body 9. large intestinc f0. Obca 11. Cloacral opening 12. Small intestine 13' C'oelomic cavity'
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:  �L i  :  iF        ,              �A                          ,   :   |

�� �ï �� �V i00mpletely�N .neyØÜ �˚ a watery,�¡ �¿ �R aund�E �¡ ere�g
.�r �˝ lm�\ S Of 03 1321 fat bOdies�R ccorpOra adiposab in tt pderior region which�� ØS
�† soure d food�� �¢ durtw�R �R �� t�V �fl obmatio�¡ l.    1

,134�B l J�Y mentav Cam                      i
�« mOuth t�¡ inged�Ø �‹ �� �� and t s90rted�‹ _�� bOn�� J the upper and lotr

itt l leads into a�‡ �ˆ buccO�] ph�\

�c

:�E �¢ �B �V  pLL�E OdOnt le.amedOn
the outer�˚ �R d the iaVA and are,�V �‡ On bOth the iaça A ndy�V �ƒ �°

�g

�R

�g

�� �fl haS�¡
":p�@

�˚ �ß mntaining taste budso L�˚ �˝ Jands in the m�R �R secete lm�æ
whid helps h suowiu the prey Whi�¡ �Rnot�c �Ł the"�V  h �V  pOSterior�¸

l of the roof at �V  nes of the jatt a pair of Eustachin tt open as usual�g å¥
vertehates ct 13�� .

�E         ��
                                     | : it

ªà �b Alincn"mllal�ß �˚ �â �� �BtedJandsOf�› �R �ˆ �¡ PhaF2 0csop.�¸ s3.Stomn4 Pan_5�B
�ï �¡���� 60�� m�¡ Rmm a CIca0 9 u�� ,baldder lQ Ile�Ł mll.,�' b3ddC.. :�¡  �E

:

�¡ e phOx leads pstoriOrly into aåM �ß w shOrt oesOphT�† �Y Ldªà Æ… bchind lo FOm
the stOmad.�p �� �Ra tub�] saJtt the let side dbOdy cavlw vJithOut �V  vrem�] marked

�Ù �å �¡ �Ô �¡ �Ni�§ �| :

1�ˆ �Ł �ß1:�` |

waned�ct tube�B 11 fOms on its upper let side a tt�¡ btt pout the ca�\ of
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�e
�Œ
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DEttsØ[

"Jands�¡ere�N �N�¡ �Mg�G�Œ�¿�@
�g;l�[ �I1    � �̇˙ �� 1b�� �˚ �R�r nd simted in bewecen the luw

lobel A b�g �]duCt Carries the tte�¡ Om tt gan_blader to the d�Z �� ��

Æe

�c

�| �ƒ h the ioop J duodenu�¡ �R�� ØDm mtd�� m supplies panceatic.
juice tO the duodenum throu�¡ itS dud.�| �� app�\ to po�\ ,intestinal and gastric

�@ �– alSO pouring�� �GØ[diuim and FiCjuice h to the FoeCtiw paFtS Ofthe ttnt�V
�Amal�B �¡ ese secretiOns tt On thc food of Carara v�¡ ich mainly�� �¥ ts Of inHts. |

1342 RespiratiOn

çÖ �Umemtt nares lead into oractory sacs which open anterioFly tt a�� pair of intemal�E nares
insidc the bunl�ò .BChind the r00t Of�R ,tOnge there is�v OttiS,a median 10ngitudinal

Øò
cates tQ fom tWO�� m�˚ t each entering �V

l�˝ of its ovm sideo Each bFOnChus�R �R 6,u�ƒ �b �b
by Wtihgenous Fings.

�Q tå¶ �fl rl�D �@ �Ó �ß �R �� �[ �Õ �F

�B

�¾
are fomed.Since v7an of the lung ana alveoli are supplied vJith numerous capinariett gaseOus

exchange�� keS placc.         .

For insPiratioL the tt and Outer inter�c �˚ d mmesh�¡ �¡ the ribs play tt impormt
roleo When the mmes contr4 the tt mow�R Omards and forva�� .thus enlarging��
body�c �� �fl�Bnisin mm wands the lunF nen�R �M att prmure fans.�÷ �� amOsphreic
�â �� �R�Ahin pressure ttt�¡ �_ amospheric�â �O h hia F�R �‹ rus�g s intO the luna by

v7ay of extemal nares�B

Contr�â h of inneF intercostals reduce the�R ,mwles Of lunF cOntract so that pressure
on the tt ris up.Cowquendy ewiration of foul air takes PIacc.Thus ringed�q

�c

�¡

"anded lung SCace�_

by septa and tt movements�– �‹ sOme of�g singninmt features in

the=espration of a�— �ł �ß�¡          �]               �A

1343 Blood Cll�Ł �¨ ation       
�]

�o                                     ,

The heart of�c compriS Of o tv7o a�˚ �R Sand o pdiany�¡ �nd�g ventricle.In gernei4�M

�˚ rmmbles to that d L�g �O aO�‹ 131o.o�¡ 9 rint �V �n
a�R �£ are formed by an

interaurin sepmm.The right�� �˚ b�¤ hger �V  thelletlÆe Fight auricle�] ceives

dco_enated blood�¡ om the�À �I wEonls�¡ m�G ���¡ �' æk precaval and a post�ƒ

wms empty their blood into the sinus venosus v�¡ ich opens into the rint att through

�� �[ �˚ �R ape�\ Fded�fl a.pair Of��

�c
valB:     .  ��

�� �� auride�g �R �� �»

�g

b10od�¡ om a�R �† p�R�‹ Vems vAich �V �˚
i tbrou�¡ a commOn a�ume h the doFSaSI�h �Bnis ape�\ h noØD�F�B

3oth�» �� �˝ open into"WntFiCle in4Lpendendy�� �� hd�� �R F�Ù �«�R �R �t
�capemes Fded by l�¨ �� �Û �µ 130�u
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Frg. 135 Cah+Iotcmal stnrcturc of thc tcart and archcs 1. Iatcmat carotid 1 Ductus cambus
3. Rigtrt systeaic4. sinu- aurierrlarryrturcs. Right auricb 6 l.cft ytcmic z. pulnmaryarct

&:GhgfitiEtcf,de q.Vcotidc l&.€tnttrrtntrel! rf.'Iararfiirfcuhrrcptua 12' C.voq do.adn
13. Auricuto ventricut u v.t$9s 

"l+jtr cft rud.rc tS. .ruqoog,r rria 1*porond iC faer xrilirrh..qDdn,
qrtcoic 18. kft carctid artery 19. Brtcrnal carotid.
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Three aortic arches'aftc fron the venric,b: ttrb pulmary and bft sysrcudc arches from the
cavum wntrale and the rig[t systemic arch froh the cavun- dorsab. All. thcse arches are
provided with a part of semilunar \ah/es at their bases and are tnud togrther by connective
tissuet The two systemic rchcs cross and trrist while passing forward from the heart.

Tte right auticle is filled with venous blood supplied by the sinus vEnosus. Simultaneously
tb left aruicle is filled with gx5rgenated blood receirrcd from pulmonary.rrcins, Both auricles
comract at a time forcing the deoxygented blood into the cavum ventride contractst deo:rygeneted
blood. goes into the pulmoary and left systemic archm. The oqgenated blood qnters the right
systemic arch"

In reptilia some mitrure of arterial and rrenous blood is unavoidable. Most recent wort suggests
that qgenated blood recaiwd by the cavun dorsale nainly goes into ++, qo,"Jl""i
carotid arches. Somp of the righl systemic blood, carrying nore oqtsen is'added to the internal
carotid via ductus iaroticusr a connecting artery between sysemic arch and internal carotid
artery going to the brain (Uromastix)

Artcries

the puln.onary arc;h is divied into the righi and left pulmonary arteries just in front of the

The right and left systemic arche.s cross one anothei at the anterior end of the hearg oreod
outwardly, loop backuards and unitc in thc niddorsal regign to form the dorsal aorta.
Tte right sptemic girrcs off a short b,ranch, the conimon carotid ufric.h divides immediately
in 'front of the heart into a right and left carotid arteries. Each carotid furrh"; aiuiJo ioto
internd and eEernal carotids which supply bboa to the head region. Eacf, carotid artery
connects with the systemic arch of that side Uy meaui of an artery the ductus caroticus.

A common subclavian artery arises from the right qntemic just before the union of the
systemics. It divides into the right and left subclavian arteries which emend into their respective
forelimbs.

The dorsal aorta proceeds Uacfwaras on the midorsal line beneath the vertebral column and,
giv.es off the following branches:

(, Several paired parietals to,dorsal muscles and vertebral column;

(ii) An anterior mesenteric which crosscs the coe$aq supplies to snlall intestine;

(iii) A coeliac to stomad lircr, pancreag and spleen

(19 A posterior mesenteric to the rectum;

(v) Paircd gonadials (spcrnatic or ovalan) to the reproductive organs;

(vi) Pair of iliac to the hind limbs;

(vii) Few paired renals to the kidneys;

(viii)Median cau&|, the-terminal portion of dorsal aorta enters the tail.

\bltrs

The sinus venosus collccts deox5lgenated blood from two precaval veins situatcd at its
anterol4teral angles and a post caval vein at the posterior aagle.
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The postcaval vein joins the�R �Q�] the posterior anA.�E �¡ �RfOmed by the union of rint!

and le�¡ ererent renal tins into�¿ d open tt and let gonadial veins�\ �n �BAtØS
upper end the pod�� �R �q �_ �Z thrOu the mass�g �u mtta"=d httC
vems.                                                                                                 �L                     .                          .                 .

�¡ �åe tt two portd systems h Cararr Lh.�¡ Og thehepa�� �j d enali�B

�g

t�¢ �R pOrtd

Ve�g iS fOrmed by the �Von�UVeins coming tom the alimenm m mmely�g �V�Ràp�' i

�� �' �V StinO_and stomach.�¡ �b
"F,�V

 �V  and breab"h"�¿ Æí �V �B
|

�a |

�â �å �L � à̂Û �¨ �fl
�¡ �� �I L�� Out"�V  OfØ‰S�› �G �ì ��

�� thr thei�¡ ter two fOm the�\ pitlaitayªÙ �B1�� Optic�R �˚ lies h�¡ Ont�† ØS�A

ä�
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-Y
1�¡ �R�¡

=�¡

�R�¡ �Rtt

:�fi
�¡enbH�R�ˇ Llow tt optic lobes tt lonitudinal hes bands v7hich connect�o �V �Vdm
to med�]

�c

�Ù

h eFnellum t feebly detlopad behind the optic lobes as a tt band On the dorsal side.

�� med�] oblongh has a wntralŁJ �I urc�¡ o�¡ wheFe the Spinal coFd beginso in�_  meduna

�Q �� �b 1�] the FourL vemmclel�¡ r00ffOms �˚ �ƒ �ł �\ ld PEmas.the vascular�M

�fi
�E

enospinal�¡ und ttL the uttdar interior of caviti3 of the brin vJhich L ttreted

�‹ the  �V�V �B

13�I 5 �� hJ COn                      i
The spinal cord of Caldes t fomedlon a ttd vetebrate �V  and Very closely,�E mbles

to that of�Ù �Øth rneral i t slintly CiOrswentrdyicompF�\ d"nding�¡ om the medu
tO the mudal region�¡ �� h�� �AneurJ mal Llargements�å

�g

cora are foml in the

�N FegiOn foming"�‹ �æ IPIWS �V  h �V �V d]�q �¡ g�g the�' �V �V�E
Sacd"�c

�g�¡ cncloss a narow tt the mtt Canal which mntins�g rebrospinal�¡ uid�B

�� �—�˚ �v nc�\ are 12 palrs.Out of whia lo�R s cOrespond to those of�¡ o3remammg
t770 the hypo�v On and �V �k aceSSOry�Ó�] m hind"�r t d the medda.�g d innervate

theimas oftOmp and"�J ireSpively     _       .
Notewony sense orFns�˛ cararc are a patr of Jacobson�R Ows.Thm are loned in the:

r00f�˛ bunicavity inàÛ �� �˛ the intemal nares.They tte lined by oractoFy epi�¡ elium�B

ney men the�� �Ü �¡ the l lJ�b �v �ó �æ �� hOugh�o�� r�Ø �¡ �R �† . .      .

1346 Exmtow Ouns
A �V  J metanephric Lid�¡ eys�� dark r�g co10ur are pLced in th,posterior�¡ ost abdOmind

regiOn�� �¢ �˝ Oopy ptty the basc Of the tailo Each Lidney t two lobed(Flg.13o anter6

1ob�� �{ �¡ee but podator lobes�g hed h the�] middlc h.Each kidney d�V �¡ rany

opens into�˚ �˜ �Z dua v7hin h ttt openst into the uFOdaCuEno A ttary bladder9

simted ventre Jb Opes intolurodacumo the Lidneys acrete uric acid along�� th a litth

amount of vater m�¤ discharged into the urodacun.It�¤ picked up and ttored in the

winw bladder.�⁄ �C �V h vater t absorbedi Laving only solid�˚ �l acid to."eliminated.

134.7 Reprodutt Organs         
�M     �R

Ses are sepate.h the male,theFe�M a par of te�Õ �° nitish Ovondi bodic�A lying h iont

�˛ lid�¡ eFt B�R�R�¡ On the inter border of each tmis a long convoluted tube,the latter

A              B

�æ �m1"Carar_u�c �b ØSA Male B.FemaL l.EP,�� m�¤ 2.Test�g 3.Vas dc�‰ renns 4.Kid�g y5.

uru‘uttq�ß Lld�˚ �¡ Oooca&Penis O.Oviducal rll"d lo ovav l�¡ Q�Kduct 12.R�g m�¡ 13.U�V�¡�¡��

�� �˝ Lr 14.0�u niO�µ Ofu�g tr 15.�¡ �˚n80f�˚ uctl     .
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jous thc ureter to fusrn p q,llgoupdEl.'&ct wffi opB.t&pcq*ouy into rncidffi. , 
=

Behind tho doacal apertur€ on eithcr side their is an cvpr sidc vascolar, groorcd md spEe
copul*ory.organ, the hcmipeni* Both hcnipcncs are svcrtd dufug copla6@ as cytiodrical
bodies' pass sperms alohg their gro@ into the crocal of the fcnata
In the female here is a pair of orllarics, f,,hitish lobulatcd bodie& lky are amaricd to thc
abdominal wall ,[ mesoaarium (fig. tn B). A Pair of ovidnctsr. ooe (n cq.L silo e't
in front of the &ary. frey are Uio-*arcd. The oiducal frunels are dircctcd Gilr-dl,r..E""h
oriduct open into the cloaca scparately in frmt of the urttel:
lte fertilization is inrcrnil the female tays about a funnsoft-shellcd eggs in .h"llorr, d6[ftr
covEred pit. Durirg the developmcnt amnion dlantois and c.horiooarefoncd,.

135‘ SUMMARY

00resp the rden�µ �§ a LSt�\ erp mosdy tt m�˜ and Shrubs�Ø �� m
inseª¯ .Body divinle m h�� ntt mnk and tt m with2Pairs JPenmde�¡ �Ó
Body covered by epidemal des’incOntrast to the demal ules of thes.D�ä �R e Fem
inlcudes the�R �� �V  cathal,�å �g and,�â æÛ :The luns areçq �¨ mic saG l�˚ ��

inner lining raised into septa whidl are richly�c for FSeousi exche�E b�˚ �@

iS p�R �˚ �¤ �fl �� �V �V  interventricular septun dividi4�¡ intO a dorsal and�] a�⁄ �˛

�c

Ø[ �'

":BFain Sho�¡

t advanement o�˛ ammphibia�¡ c�` �˚ m�M12 pais of�k
�ì �� i pFeSmL Pineal eyeti pF�\

t�E h7_3�° àß �ô �Þ and�\ �E
:J�ß

�V �¾ �R wnsi
pruntin�R )roOf Ofthe bunl ca_wivo KidneF are hØÜ �� ttc s�\

�c

�R �R S pttS
a panr ofØÜ �' �B�ï emaleJtt tbOutia don sot ne�¡ edi_Ø[

�c

�q

cotred�Ó Embpaic membFaneS proted the�Œltt enry�B .

136 MODELEXAMINAHON QUES10Ns

�E�� �]�Þ .�c restlm h abut�⁄ �� ��  .�¡ 111:

1.�� �R L�� �C �� Ø[ sNem OF�g�Ó �¡            ._

2(h m aoount�† the smcture and woFICing�ˇ the�¡ ee d the r�¿ �� ØD

�¡ �] ��
::�V  brain d Carar�� andlshOW �V V l�M �� �� �ˇ than t�R

�g
�‘

�j

�V�V �� :rdmag quesumo h abut l)�� Och �M  ~

1.Wic an aCOunt On resptraton h�÷ �R         �¢
 ,

2.å¥ L the�z �˚ d,�V �· Of G�⁄ �É         ,  ,

:�� .:�P �¾ L mialei a1 1�˝ �o �ï �˚ l�ô �� Ovls�˛

�c

   _�E
�E

 �]

4.1:�E �ß �Ù Jands l�¥ :

�V �V �Vl�� pOrtd Omsi�� �V�V
6�c

�c

Of�o       :

||:rT=TI:�¡ �¡ 1

&Mmep4ric�Łm�n
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�¡
�Œ

�¡ ::�R
�¡

:
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U�vt�c 14:S    NOFVNMttUS
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14�B1 0BJEC�÷ �WES

O To rmderstand the reptilian organisation of ttc endoskeleton.

142 1NTRODUCTION

In vertebrates the bony skeletoq the supporting frame work,'ties withis the body and hence
called as endos&eleton This develops from mcscrchlme or connective tissue. In enbrpnic
stqges frs, the skeleton is formed with cartilagc and is later transforned into real bong, after
passing thtorrgh a series of changes. Dermal or membrane bones devclop from craniurn
e,*eriorly, later incorporate inside the body. The endoskelctoa compenents consist of:

1. The axial skeleton the skull and vertebral sslumn.

.2. The appendicular skeleton includes girdles and bones of limbs.

Vuimus (common name, monitor) belongs to class neptilia order Sqqamata and Lacertitia
forming the group of lizards. The study of its skeleton not only e4plains the general organization
of the skeletal system of a vertebrate but also reveals &e peculiarities of reptiles.

143  AXIAL SKELETON

Skult
The skull of Varnus is well ossffied and contains several frore bones which are lacking in
amphibian skull. It has four regions (1) Craniun (2) Sense .capsules (3) Jaws and (!) Hyoid
apparatus.

1. Cranium

Tl" crani-um (Fig. 14.1 A and B) consists of 3 reglops from behind to front u, follo*.,

, (a) The ocipitrt reigion is the posterior end of the cranium perforated by forpmen magnum,

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

ii) Basiocripitat forms tho floor and bears a posterior knob like oocipital condylg and
(iii) Dxooctpltds surrounded magnum laterally, giving out poroccdDitsl prmecact. These

three segments unite and form a protective covering over the exit of spinal cord. The,

single condyle is characteriS,tic of Repilia.

O) The prictel rtgion, situated in front of the ocspital, is made up of (i) a" anterior
bosisphcnoid and (ii) a pair of dorsally fused pnrietals make up the floor aid roof of

86.,:
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"�¿

�V nHEE reSped�…�T

^parict�v

fOmeni�Ô prunt.The sides are fomed d so�¡

t�z IC aS alitph�c �· lading h this plae�B   :    :

0�⁄ e rrOntaltton �V  2 components(�Ł a"of triangular Frontal dorsally�G �� by a

Frontal siture�g �v dlinc and(D a pansphendt a Ventrd lon3 narrOV7 rdttb�g �N
which Onends�c �– �⁄ �� �R O fOms an h�� �V 3ete Crmum�¢ �� �Q of tt absencc

of oribitospLnoids and Presphenoit

Sense Capsm�] .

The�c�£ �B 3 sense capsules enclose and protect�E the sew�M organs

(D AualtoTc�V ,0.Optlc and�N )OBFactow.          i

(�l auditOry Capsules con�Ì ists ofa signle prootic bono�¡ cach Capsule.

01�� �¡ Ø[,CapSuLs torbitSl are One p�V  on thelddes of cranium�B �¡ interabitral septlm

dividOs the tv7o orb�¡ so Each orbit L surrounded by ave bones n�J �ApretOntaL Supra
’orbit4�]

m"�Y L�i i and ju�r .AH ttse bones range themsch around’�V
fOFm the Orbit which lodgs�E the tte ban�B

�knil o�ô �˝ �| y CaSule L�� adc IP of tWO tFianfar nat bones naML which�g
"medin�¡

b
�]

one p�� ce.A pair of voEnerSfom the iner margines of p�g t�ª �V  naFeSI     I

�M 3. :]h��                   �v                   �]  �¡

(�¤  The upper iaw is f�� �la t6 the cranium.It consis�R of the fonowing bOne�ß      .

:�M 1  11                            
�� �ß

~

p�¡ �� �\ �� �� �] �â 1�] �`
:ViCWB Ventnlçq ær �¡ �� �¡ �\ �� �V 2�¡ �� ab�¡ �V 14Jupl=�¡ çp t

�¶ 1�Ù �Õ�E �b �¶ =�� �@ �� �V �V �—�b�Ł   �]�b �� �ô �� �V �ˆ �¤ �\ r�˛

�c
"�\

�R1
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(r) Pairod prcmaxillae sre fuscd ia midlirc'to form a single bone on y,hich rinc pair of
dorsal prc,maxillary, madtlary and formina are prcsent. Focteriorly a long nasal'process
and anteriorS a par of vohcromaxillary processes are prominently seen. They bcar 6-8
teeth.

(ii) Ir[axillae are broa{'krqgutt vertical bones occupying major portion of the upper jaw,

iust behind the premaxillae. Ventrally between the.so trvo bones, an apcrture opeis into
Jacobson's organ. (O Tte Jugd is a slender crrrred bone rvtie.h in additim to form the

The above bones form the outer set. The elements of inner set forming the upper jaw consisi
of (i) thc perygoids a wary bonc ventrally (ii) the transwrse ar ecotopterygoi4 a curyed
bone on the inner side of the jugal(iii) the epitorygoid is a rod-like boae extending from
pteryoid to prootic.

O) The.lortrior is atso scmioval io shup" and consists of thc foltoviing parts (Fi& 142)

(r) tte dcntai, is the large* anterior irart ufric,h bears neiual forminae and teeth;

(ii) The suDra anguLr is a flat some what rectalgualr bone behind the dentary;

(O The 1ngutar is betow the dentary and su.praanguhr;

(lY) Ite udcuhr is a slender bone, forms posterior part of the jaw, its free end is tipped
with cartilage, it artioraltes with the quadrate of the upper jaw;

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

(vi) The splentel is a flaq thin triangular bone fi:red on the inrer srufacc of dentary.

FIB�g 2-riæx �† Vamu00u�‹�R �X 1�E Om�g 2 Fom�Q,forbmnches dmandibularneE 3.Denttv
4.Aq"hr�� häF :foramen 6�� uprd angular �˛ Attb�R dF&A�¡b�c �Þ ridr a m

(0�⁄ e SIPensorium of lover iaw�� th upperjaw and"�« �V �ð �ï by O the qundHL

a mtt StOIIt rod.�V  O �V  SttamosaL,�b rved bOny�˜ _.
1 1:         :

4   Hyold�\ tls   I      �]            
�u

i

�p twid appar�� �RMd h buccophOgeal cavity consists of a o baslhH c�b �A

�¤
=�o

�Ô �¡ �Ô �c�R�¸ �fl
�i t�c aâK produces O�� pairs d

�R hOnS(COmual.the mttr ptt beT a
disd ttb:ØJ 143p. _:            : �E

The"mprOrl region of tholskull�w 3�˚

�g

Of �[ �� �¡ �– (D Supml�b

"��
r�P �c On the�� �› .

(D the pOtteFiOdtempodifone On the ttes of�⁄ �“ �É�v re30n andØÜ)the laterd temporal

.b�� �Æhtt sPa6 0n  sides behind the orbitsi Fi
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�P

�@

�Q

l. prqinqat timU of antcrior6ornua 5. Pctcrkxcunua 6- Basi$d:
t i�M        1:�L i                          : :

Vettbnl Column        t

�Õ   �� �fl �ô
:�¡  |, _.  �E     1. :,       1   :: :  : |

all wim pF000eleus�E enm��

in�c the vmebrac�B

8

�R

�@

�P�Q

Frg (.4Vcrtebrac ofYaranusA. Athsvcrtcbra B. Axis Vcrtcbn CTypicat 
'vcrtebra 

D. Firt sacral Vertcbre E Sccoad

snraf vcrtOra. F. Caudal rrcrtcbra. 1. Ncural crosl e Dorso Ltcrat piccc 3. Ligucnt 4. Ortontoid fea 5. Cavig
for opeipital- modyle6. Vcrtrat piccc 7. Ncural spine & Prc zygapophsis 9. @ootoid proccss 10. Fl,ootcd 

-Spinc

11. Hypapophysis 12. Ccotnrm 13. Poat zlgapophsis 14. Faet forenrical rib 15. Transrcrsc proocss

16. Articubr facct for ilium 17. Y*tapcd chcrroo bonc"
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��
�A

01L C�~ �R �] 8 o the ThOFaCOIMar�˜ �I the s�� �R and o�\ y CaudB�B

�� wrthal fomula tt QTL 2 S2 CSiS3.   �]

o Fst Ofthe�g �s d verbebme�R adas. It b ring�] shaped�� �R a facet for the sice

�c

4 qOndyle Ofthe dÆí .hre L a toua lipent which stretches ttansversely agoss

the neural cand.�¡ ere tt no cen�\ �B�¡ e spinal coFd Pa�\ throun the�Ł �r �hneurd
canal o3:F�¤ :

�¡ �¡ fomed of a7 median ventral and twO doFSOlateral pieces foming upper splnal canal and

�Ra lover central canal of adas and nts into the odOntond canal of adas�B

�] Hond�R�Z �� �Athe a�R �B�¡ bears a proi�� Ø[0�¿ the Odontond process which�¤ modiFled

�â �� �Õ W�}�î àhl�� �� �Ł�¡ �� �º�RlII11�a [:ldd��
�›

’Fum haS a�Ü

�ZOlike

Other c�� �¶ �� rerded�c �@d verthac h F�ˇ �R ;�¡ Om�M�¿�E

�g
Ø[�BAll are sinilar

m a neural�c �Œneural�I �Appophn a Ventral tt�˚

"�¡
�Ł�R and articular facet

fOr�Ó 0�µ 14.4o

�a�ø �å �` �¿ �c
���z

’�b

d

e prO�\ a smau nwal spine,and the�¡ st

ones bear facets fOr �Yh(�‹ .�g D and�� .

0)�¡ E Oudalvm�\ F�\ itly b00mesmab h J".�o �E J�o lhas a Y�\ shaped
�¡ evrOn bone�� �R �o the�å

�c
containing the�� �k çq l KFig�B �¡ 4D�B

�V �V
�c

e�ò �o �ø �˚
,��

�v
�� �× �� �ˇ �i Shaped�˚�]

;me�â �ł �µ o�µ 14o�B �x claViCIcs are applied

to m�� h�� �R .

�� �Üha�v �˚ �Rte with trtebrae sming frOm 4th�å �Q�µ d to the sacrals.Each rib has a

&�î d bony vertebral p�� and ventral calcined c�ð �R�¿ �{ âL �R�� �æ bari.Except thc Erst 3
pairs Of thOrocOlumbar J�µ nich aFC attatd to the st�� äz �� ithe d�Ú �í are tee.

�‹ 145 Stemum ofCaloL l.Gro�\ ror inte�æ �˚ IL 2.Stemal plate 3.Stemal ribs.
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ThO pectOral girdle�  nsists.Of two ide�V
ØD hJves lying One on dther dde Of the interhvicle

d�` Sd,and d9se�� cOm�]�_�Rto the stermum and da��
ch�B

lach har has a bony scapuh,a

�¸ 1�ð �æ
�ø�e �f çW �I �çŁ÷ �›

�fl�R�g9�` n�å tme(�fi �¡46�í T’lel�å �‚ �M�\ agen�B

,c�å
attd regim tt peJorated

Pel�a c girdle     ,    :

�– �– :�z �\ �hDIc�Þ �� nsKELEToN

PectOral�Ñ rdle

["ltitrT"r,,#hx-HLy:: jys_y:p.",meetwitheachotherrrcntrafly.
�F�§ :�� 1Łƒ�W

~�“
�N�† �ø T�� �u�o ŁÕ

f"r1'1"#il"#T,;g S:','-:: " n*' ;u'T*i r'#ril #T;"Hffi.liiffiB�å h tt�\ s md�¤�˚Ø[
�g

dttel�â
��

II�� �Ł �O �Ł �˝ ª�
�]
�ícartilage and a hDOischinm�g

�zæł �ßØÕ Æ� 4�Ü :�V �\�Ñ W�V�z �µ �a��d ttd�e �å forward�� �Ó �b �• l�• �Ô
�µ
�ª�ç1�� �Ł �V miiSChiODublc renesØ‰�Z �¡ ,,�¢ �B11.,�n �� ^^�] _�¡ �E _��   .

111:�ƒ �h �` �Ł iri�w
Ca�˚ �� �Û Ltti��

�u
�• �Ô

SPd�g m me grdle mO twO

�A��L‘^^�æ ^___   _ �¡. _    �\  in10r Fommen�B �¡ c aetabulam�¤ dma�gdäF �o�µ ,uncti�˚ �� �i �¡

=Æí
�† LIttTH�Ł

�ß
�E��rEOmmmo h aetabulalm

�VOmi �V�V�V limbs cFig:46B).�´2
ll

/�u �R�í
|�C :�O �\ ��9

A

�E�É :�í �£ �� �J �Nptm�Ł�E �Ł�VaàÛ developed

,'r1"ffi,,hf};ll[h[Hy,i T:":,:::1" _'j ry rorerimh consist or (i) Humerus�@��d�g ��d dn�Ü �S�ü �[ �[ aå¶ �÷ å¶ �Ý(' 
;1"-til,IJ"ffff1"#:l,l'lll:H';.T:':1*:,.r.eaa aiatrocurear endE the raterffffi1#Y r*:**;I;ifT,l$,iE :#r*ffi;?*,r; #Ta�˚ dd�g�Þ is prOtti�¡

~�•
�£ �' �i �V:�Ł �T

�B
�¤�BTL^ __J,_1   . _

~~~~ �R�] �¡�V �� �¥�B�����E�k
l�Ì �� �� �ì �D�fl ��̀¿�ì :�V �Vl.�� w�E1�Ł

Foinaland tt m�g .The�i �� �„    s:�ß �˛ �fi ��
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�m�� i4
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Thc crrIols are tetr arratrgetr r, uw rv're' -' arpals and a pisciform
prorimal ,* "oi*J" 

io O" tiaO"; a distal row <if 5 distal <

at distal 
"o6 

sf 'rlna. z

AB
imdDoncsA.HurrrcntsBBoncsofforcarmandhand.l.Mcdialproccss2.I..u.l.*.,.iu

HlKm,';f;llffi iil!iU'il+ffi'{:;-?:"#:r"ryT:,:;',T:&Radiusl0Urnarc
11. Intcrmcdium ra r.r"ta Jrpar.ig. o"* u. rh"unges rs. Distal carPals 16' Radialc 17' c',ntralc'

(ro Ft"e slender matacqraols 9f unega] size bear phalanges 
-at 

their distal ends' The digital

formula: pollex (Thumb) has only 2, sEcond 3; thtrdi, fourth 5, and fifth 3 phalanges'

The distal phalanx of each finger carries a curved, sharp pointed' horny claw'

Bmcs of Hlnd limb

The skeletal elements in each hind limb are fi) the fctnrlr (ii) rruiaandFibula (iii) Tarsals

(rv) Metatarsats and Phda4Pe

(0Thefemrrrwithastoutshaft,bear8proximallyaround.headpr(rcesstoarticulatewith
acetabulum. For insertion of muscles *o p*uu"'-*-lfu lesser and greater trochanters

�l

�E

�ì �� �–b�« �I �«
Condyle iS groOVed�‹ �¡

|�¡
=�¡

|�¡ |�E =|

12

13

ä\�[ �‘ �� �Õ Łk:�E
�EçW�S�M

pchaner 15�¡ Gà�
"FtrOmnter i.  = 1

�_ :Ii’�u�u
~�u

:1�] �] �] 11::

92

B R
 A

 O
 U



~�] ~ T�\

�@ ne stout tt and slcnder ibtt are ttraint bon"nidl �V :�g �» �x bOthi,�ô

�ä .:�…

�D�� :�| �A�� �Ó�R�b�d�A�]�ï Ø°�� manged�¡�Ł��
FOVr9 a ttd rov7 J only 3 tamls�� �¨ tir�� �ä �x ��

tan_cach having tv70 t�\ LI�Õ �]   i  l  �u

(ivD Disdy Eve metat�] of Vging J�í ,terminate on phalages.The digital�c �¡ �A
the same as for tlle hand�] Nhanux ttst tOC)has a Second 3,�˚ d t fOmh5,and’�œ h
3. the terminal phalanx of each toe bears a horny pointed claw-

145  StIMMARY

�A �� �Rhm COmprises d tt and Vert6ral column w�E bile the �¯ �V
�c

�fi �V
includes girdes and htt bones.Skull conints of canilL sense capsul%iaWS�] and[�R �V3
Lower iaW COmposed of 6 bones.The vertebral collmn conmts of about:85�¡ �n �q �Œ �eØS

8 cervicals and 2 sacrals.The tt bears the odontond pro_.1�� sacral veFtebrac hat

�—�å �� ransverseiprOCessO,.�g artianate�� �� �W�N The Caudal vertebrae lttr a Y�] naped
chevron�A bone with hacmal mal and become rttre�¾

�g
�µ S�c�Rrp�¥ �fi ,.Ttt Ste_

�V ���ä �ï àå plate.�¡ e twO halv�� d the pectoral�v �R embra�å the thoracic Fu10�E ��

�Õ �k       �I ���¿ �Õ �ˆ :

14.6 MODEL EXAMIN�o�¡ ON QUEsTIONS

:1 1illi�¤ �¤ |
�R �Ü

I. AnsllEr thc following quesllons ln about 30 llH gach.

1. Desqihe ,the sksll'of Vannus.

Antt the Followlng�� n abOut 10�¡ mes each�B
1 

�] 1   1  ’:      1 �] �¡   .  ,     �N’      1

111ØÜ �ƒ �Sofi�I �� �˝ �H �E  |�c     ��

|11"�˜ |�¢
.1�� :�~ ���Ô

�¡ VoØSâK
lohmn of�'

�fi �Õ  �E

:   :         =.�R  1    ::,1.: �¡
�]
: :|�¡

�¡ ,’Ptt d�\ :�V ,limb�� 7-r.:
�]15�u Bmes of�V lh�' :�d 10f�X �Ù �Ô
�R�C�¡  .�E : |:  1   �M �¡ �� :i: :�A (11  1.f�¤ .:1 �]�¡ 1

6.Sense capsules of�¡   �A .

�¡ �ü jtt of�ˇ �⁄ �§

8�B A�R
=of��

�' çW�o  |.:11:�¡ 1 �¡1�¡ :

_�� 7�f �I Ø[1�¶�ô ª»�¡ Off:�c
1�E �à �Ò 1�ƒ �˙

�� �Ø �� ’�g
���[

11.Febic�v de Of�¤ .

:�� ::

�¡   11�¡   �æl .      �]     �E  : �M�¡  �E ~=  :   i               .

�] �¡ : I=�]  �¡  �] :�\ I�R F=�] 1�E �¡�E      lti.

|,�u :�R �¡ f�A �A�¡

:�h �R�¡( �¡  ��
‘
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�ì
�‹
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U�‡t�E 15 POISONOUS AND NON�]pOISONOUS
SNMttEES

cOnmm
�\
�E
�D�Y
�@
�@
�@
�Ù
�Ù

Objectives
Introduction
IdentiEcation of Poisonous Siatres
PoisonousApparatus
BitingMechanism
Soale PoisoE
Summary
Model Exanination aucstions.

15�B1 0BJE�\ ES

Ib prescnt an analytical descripion to distinguish and identify poisonous and non:poisonops
sakes.

152 1NTRODUC�¡ON

India and Africa are rich with snake fauna but a good majority of them are non-poisonous.
Out of about 216 species of snakes in India oaly 52 are poisonous. These include 33 species
of terresrial forms and 19 aquatic. The former comprise mainly the Cobra, the Kiait, t-he pit
vipers and vipers and the latter sea snakes.

For the general characters and dascripion of a few common snakes refer unit 12 (squamata).
Poisonors snake.s possess a pair of porson glards that open into modified groowd teeth on
Daxillae called fangs. In non-poisionous snakes these are abseat. A good number of peoplle

die because of snake bite and it was found that a good majority of them died due to sheer

tlghf aod. un&ientific treatment out of i.gnorance like mantraE plat medicincs and mqgic

spells. ltis method of treatment cannot save a person bitten by a poisonous snake and

rmnccessaiy in case of a bite of haroless saake. It ig therefore necessary to have the knowledge

of identifri4g snates from non-poisionus ones- tfhe followipg description for
idcntification is bascd on the arrangcment of scaleg plateq shields found orrcr the body and

the shapc of thc head and tail (F[. 15.1).

153 1DENTInCAHON OF POISONOUS SNAKES

r the d�R Lteru Oomp"ØD thC Snake t poisonous and�¤
�E
m�R �c ake:�† wat�å

�c �g

nOmpOISOnoL r the td�A 91inddcal�' Omd in crOss sedionD�v
�¿

d,�^ s poSteFiOrly

�R aland wL.

�g

�@

�@

�R

�E�@

�@
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�v
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�]�S�u:�ç ilT

It may be poisonous or nm?ofootrous. To make sure, the scates on the ventral surfae hre
to be observed.

The preseace of snall w,gtrd scales resembling those of dorsals or if vpmral scaly pldes do
not e*end across belly and are bordered by small scales on both sides, the snake may be
recognised as non-poisonous (Fi& 15.1 A and B).

A

�q   �� å¶ �vçW�Õ 1�E

R]�I L�d ª�    ��
Conver"�µ r the ventrd sdy�� aØS�å end u�µ across the beny covenng the m�� �¶�¿ ,�� �Rout any sm�x stt On the dØD �˚ e snake may L poisOnOus a nm�c �i :��
look fOrithe d4 0f the�M scales On the head of the snake ct 14�B l oo      i ll

�p �Ó i�d �b �S�g �„�çà� �ø F�Œ.�ƒ �]��
�� �í �T �ˆ�� �ß �Õ �˘ ���~�[�× �„ Æ��� ?�� :

Vlper can�g �z �˚ �» �œ �ˇ �ô Inttandttrf��
�� �� �À �R �˚

�]
touches tte eye m masd sOles.ney��

�{ �Ó �R�ô �Ù �@t�ó �º �£�Dtt�q �D�` çW :�c
:

a hood cFe 15.�¡ Do cOFal Snakes have spec

�O J

�–J,it�¡

�¡1�– �� 41.

�¡1åö
=�c
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If the vertebral scales in the middorsat regtoo ue larget than other, heragonal in shape and

thc 4th ilfra-tabial scale is thc largesg the sna*e is a poisqagqs Krait (Fqg. 15, 1 and D).

In the abcence of the above said characters of scaleq if the snake has large shields on its
head. It.is non-poisonous. For main points of distindion see:table No. 1. '

154 POISON APPARATUS

All poisonous snaltes posscss a poison apparatw.It includes a pair of po-hon glands, a pair

of poison ducts and a pair of fangs (Fig; 15. 2).

T�‚ 1�æ �î �J�| �í �� �í�˜ �˛�É �Õ;�í �y�˛FT�¿:Ta

�| �| �@�‰ŒiŒa1�Ü �¸ �| I
fang.Each fang L a specialised�R �c�‡�ca�Ł tooth Which becomes tubular and groovedo Some

snakes have a pair of rGrve fanF behind the lmdod one.In cobras the fangs are FIxed,

whereas h vipers they are�� �¢ �Rd into a membmnou ttDtth When�¡ ot h operation.

55 BIING MECWISM�]

TtB skull ,boqes of a poisonous snake involvcd in biting mes.banlsm hve greatly. modifed'

Chieffy the qua&ate and-ptcr-ygoid bones work as levers The other skull irones arc manipulated

by th; two bones A"rg *iii squamosal. as a result of their movement the mouth is opend

Ttb ncm step is the,formrd thrust of the body. this is brought'Sout;ty cotntracting the

mElce s thB bcndingE of the irpper part of the !o{y- of the snifb':When straightenod

. :.

Er oeeoing of.qouth1d:for*rd (fot11 thc bpdy,are aecompard,ed.by tlg,contrdion of

sdteaon"rypid. mrdce.,ilrtiqhim. of- thcsb nuscles wr,r the marillaG &ag'the fangl to

- o""t f;"ld- in ordcr to strikc'thc.pcy.

�� �j �� �¡ �£�� ���¡
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i�¡ �]

’��
�– :�¯

Tabl�� _1

SNAKES

Sca snakes �¡�aCttndr�� J�i
not compressed�A
�–ard srates

with large shields
batween.the eyes.
Sea-sna*es
poisonops

I

Head with t'lny granular
*ales bctween the cyes.
Non.poisoltous snake
(found chiefly in creeksI estuaries) i

I

JL-J
small scales oh the belly as aelly sclh not Belly platis covor-
on back. Non-poisonbug broad enough to ing iho ontirs

extend right across width of the

Smalt scalcs on ihe head

�r �xQ:

3rd upper:ab:a:
touches the eye and
nose shield

i.' -I
Cobra
Necfc withlhooa ana
maikingis. Sub-
caudals dividcd.
Poisonus

Non�� ��f
th��  �ª �ˇ �� i�à ‘

�w:sths d�g
 �w:_

b�� d h oith"
N�� .�] 10�w 2.

�µ ��

�g

�ô 3ontira. Krait
Poisonous

.+
Coral snake
with coral
spots on the
belly
Poisonws

ça �P�q�ï �R�F�ˆ6�P�EØ°SphenOphte_Ond���� ���î=àÛ �j�[r
�� �µ90id�i �i :mHle and tta�@

�B��
�¿�O �� ��Ves �V �� �y bJ�\ d8�¡ hdy and penetFat�g then deep�� �¤ �� Ø° :�¡ m�u
the l�\ ri�T �Rc10Sed by �V l�˚ EØS�i �V  ofthree tmporal�� �� �V �É

�c
,�ˆ ��

��       �Ì
entire p�f �� �§ :�c on h a�c �E 1.   :      1 1.  

�E    : 1.. ::�u

�ï       �y�x
=

Small scahs or Sh:�� lds on
shields orr thd head the head
and a pit lietween I
1o9e and eyc. pit vipei I
Po�¤�˝�� �V

�� �� �° �F�� �I

�w

Sc.ales in rhe central
row on ths back enlargod
and hexagonal 4ttr lnfia
labials arc th. largpst.
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Frg, 15.3 Stult of gisonors snake with ja*s opcn 1. Fang 2. Maxilla 3. Nasal 4. Prcfrcntal 5. Fiontal 6. Parietal

7. Squamcat 8. Pr@tic 9. Quadraie 10. Stapcs 11. Mandiblc 11 B.sioctiPtial 3. Ptcrlgoid 14. Basisphcnoid

15. Ectoptcrygoid 16. Palatinc'

156 SNAKE POISON

Tte posion, secreted by the gtads of a saake is a. complex organic Its colortr is

yrllorw. It has no tasfe or smell. It contains TVo poisonous proteins dissolved in organic acid.

its drled powder is soluble in water or saline. The solution is poisonous. Verrom secreted by

rtyiogs poisonogs sn4kes have theii oUm qharacteriSic toxicity.

As far t[e efiects are concerne4 the poison is of trro type.s: neurotorh and haemotodc'

poison of cohra and trait is aeurotoxic. It effects the respiratory $yrstem acting on the'n6rvoil

;1"q U"rn 
"e"" 

and phrenic nerves are affected leading to blindness rnd asphyxiatlon or

respiratory paralY8is.

Vipers,verom is haemotoric. It effects the hear! breaks down the red bl0od corpusclcs fnd

.ais*ft* the endgtheli of capillaries, causing haemorrhage and coagulfiion

Aatiwnon seta injeuions are given to a victim of snake bite'

15�B7  SUMMARY

hh and�˚ �R L aFe J�˚ in make fauna A m

and�c are.ee d make fauna:Out J 2

�� �Ł are aquatic�� �ƒ �Ł �BAmong the

�r      �Æ
�æ �y�D�¿i

�g
snde b�R

�D �u�Û �fl ;�h
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15�B8 MODEL EXAMIATION QUES�gNS

. [. Ansurcr the follwoing questions ln about 3{t tincs cac}.

1. Hon' do you differentiate poisonous snakes from that of noa.. poisonous snakes;

2. Ex"lain the structue of poison apparatus and mechanism of biting of a poisonous

II. Ansum the folhroing qucstlons ln about l0 llnes caci.

1- Describe the commonly occuni'g poisonous snakes of India.

2. Describe the nature of snate poison and explain how it afrects the patient.

3. Describe the porsop apparatus of a snake"

�\ �\
�\
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Unit�] 16 DINOSAURS

Con��
�g

16�B1 0bimiB

162 htroduction

163 0rder�] Sawinia

164 0rder�] 0�c

16.5 

�c
16.6  Summary

16��  Model�c �RªŁQuCStions

16�B1 0BJECr�\

To disclss the dominance of Dinosaurs on hnd apd their e'finction.

162 1NTRODUCrION

Æí

�]�m
�]
�]
�g
�g�g�[
�[
�[
�g�@
�@
�@
�v

Inlhe Mesozoic era (about 225,000,00 years ago) tlie earth was doTinated Uf 
leYat 

groups

of repiles. During this period for a time there evolved a group of reptiles of gigantic size

of ferocious c,haraCer.*hi.h adapted themselves'to different types of environment' They were

diapsrds and were toowo as Dinosaurs (terrible reptiles). They made a great advance over

thetreptilian locomotion on land. They had shong limbs to support an'd keep the body a little '
distance above &e grouad level just like a mammal. This arrangement naturally increased

their speed and range of vision'

A notable common tendency among Dinosaurs is the disproportionate development "t 
*1

limbs and a cormter balancing tail. These characters contributed more to their speed and

vision. Long slim necl has further added to fmd out choice food'-Because of tliese evolutionary

adrrance4ents, the reptiles became very abuadant and sn- 
1ad, 

into all the habitats' from

semidqserts thrgu4 siwamps to the open oceans. They variedl&ty in size and appearance

and Came to dominatc 3[g mimal life practically eveqmhere' Consequently the Mesozoic era

ii:considered as the gdden ap of reptiles'

-- -id- ^ ---rfl:-- re other
Ttc Dlhosaurs include two distinct orders; oae with a reptilian pelvis' saurisc'hia' th

'ryithabirdlikepehis,theornithisc}in.Inunit12rmdersrrbclassArchosauria'diagnostic
characters of these uders have been described in detail
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163 ORDER�]SAIIRISCHIA

The Saurischia first evolved in Triassic and remaincd in existene rmtil the Cretaceous. On,
the basis of their lss.ring anid [ving'habitats sillrisctians are divided into.tm s,rbor&rs.
The Thcropoda and Sauropoda" l

These Dincaurs liwd frm rpper Triassic termgh Ctetamous. Thc6e wrc of *-all sizb,
slender aod,hollow hed reptiles rutich rceched to a maxinum length of m feet. Alsng wi&
such maE-si"€d ooes evoh,ed ooltaterally fhdgfca dinocarus ufiich were big hpade4 carnivorous
with wide jauns, equipped with long stabhing ad tearing teeth. They reactcd a hagth of 50
feet and stood 14 feet hth. Ttey were fee&g on small dinosaurs. the skull thongh
disproportionite was remarkahle in prorlding adoragc fu the pqnEsftl masticato,ry -ruclcs
of the jam. Hind legs were Dassive and wre ablc to support scveral tos of huge 66y
reight. Thcse arimals, \aBished at thc end of cctrypu* poscffiy &rp to t ck of food Ee
Tftw*rcsotrttt (rg"'=r- 16.1 A).

�n

R91o.l Dlm�\

�c �c

B Omal_�c
�c

Sub�Eom mmpoda                                  �]    �]1 . ,   1�]    ’�]

�� �  :å¶ �y �ß �� �› :

[��
:��

�u�]�Œ�Œ�E�Œ�u�u�Œ

�P�¡

711�–
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164 0RDER�]ORNITHISHIA

These Dinosaurs appoared in late Triassic and became er(inct during upper Cretaceous. In

them the public bone of the pelvis had rotaled becalnrard so that it occupied a positiqo

parallel to the ischium. In fact this condition is retained in modern birds- the birdJike pelvis.

Due to anterior prolongation of ilium the pelv\ as soen from the side, was tetraradiate in

'contrast to triradiate pehis itr Saurischia. In majority thele was a single new bony element

bn the frort of lower jaw, the predentary, that formed the lourcr part of the horny beak. The

teeth were limited to the sides of the jaws only. All the Ornithisihia were vegetarians which

fall into four suborders as following

Suborder : OmithoPoda

Ttese Jurassic ornithischiars were of moderate size when compared'with Saurischia. All were

bipcdat with a reduced antorbital fenestra. The primitive forms which were medium-sized had

strong hind limhs. They gave rise to far more specialised types'

The'Hodrosann or duck-billed dinosaurs'whose well preserved fossils spell out many peculiarities'

Their long beats and jaws contained a large number of small teeth arranged in parallel rows'

Besides *"re ,er"ral distinguished by unusual adapations in the nasal region of the skull'

The premaxillary and naSal bones were pulled over the skull:to ford, a'hollow Qrest as in

Paqosanmlophus, througfu which internal nares traversed ia a loop' These adaptations- s.ugg:st

that they had some trnctioqai:i4po*ance either concerned to food-procuring or grovel under

water.

The other specialised forms, Iboodonts, were of dryland habitat' Their skulls were made of

a solid dome of bone with knobs and spikes. This stpuctue possibly was used in defe'nce

l, ' i..
Srtb-order : stegosauria , "; 

'' ,iir' .lrfli"* ' : i"

These Jurassic Dinosaurs gpew largi tti" Urg,O of'Z5','feet and adapted' four footed mode

of locomotion. They dweloped peculiar fldttened, bony plates of triangulhr shape on their

back, neck, body and tail in two rows. These monsters tails were armed with four long bony

spikes eg, Stepsanz.t (Frg. 16'1 C)'

Sub-order : AnlrYlosauria

The ankylosauFS WerC artt�µ 9d DinPsaurs,

tank’.
102
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Sub-order : Ceratopsia

The ceratopsia were horned Dinosaurs which evolved during the waning perod of reptitlrnage. They were like rhinoceroses among modern ma--las. thly were large quadrupedals.withhuge skulls provided with Iong starplon s for protection irt"*opr"r.*T r"o*I a *one of the completely known dinosaur whcih grew to a length ft uuo* 2a feet.They had avery brief histoyr which appeared and died out in cretaceot irig. ro.zt. 
- ---r

Fig 16.2 Triceratops. 1. Horns 2. Fore limbs B. Hind limbs 4. Tail

16.5 EXTINCTION

The mighty race of Dinosaurs met with dramatic extinction by the end of Mesozoic era itserf.Several reasons have been ascribed for their sudden aor", ral rrimarily the dinosaurs failedto respond positivery to the changing and conditions ;;"'mesozoic era. Further, theappearatrce of the blood thirsty warm blood"d ,,;;; ul-o,t", prime reason for theirexinctiqn' Besides, valcanoes, infightin& evolution of alkaloid a:weretograzeindiscriminately*."-.o.J'o;;;;;;rffi l,li'il:f "i"T:JffiI*#il;:::'ffi T# ;ff#;"T:["r:Hy #; ilffi.I,"* the dinosaurs were i,,.

16.6 SUMIT,IARY

Dinosaurs were the

rm,ft*T;,[1";:"ml,ttrj#yii*'Jt.:T#:::ff:,,,Hilrj,.,;"::flhabitatsdominatingtheanimaun"o;;;;;;J"J;il"T[:-JT#,:i#,:T#TJ,H
with triradiate on suerischea while ii l, ,",.uruoiate in ornithiiihia as in utas. mis mighty
IlTo]'00"" 

disappeared rro- 
"-tt bl the end or -"ro-i" era owing to a cumulative

�¡
�C�@�@�@�@�¢
�B�@�R�@
���@
�@
�@
�E�L
�@�L�@�L�E
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t61 MODEL EXAMINATIoN QUESTIONS

I. Anrnr thc follqfng qucstions ln about g) lin€s''

1. llvlesozoic era is the golden age of reptiles"' Discuss'

U. Atlswr tlc following ln abort 10 ltnes each'

1. Pelvic girdle of 'dinosaurs'

2. Mesozoic rePtilas.

104
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Un�ï �] 17 AVES�cG    CmurIRs
AND CLASSIICATION

Contents

fl.l Objectiwe
172 Irtroductim
17,3 General Charcters of Birds
L7.4 ClassificationofBirds

17.4.1. Sub-Class:Archaeornithes
fl.42. SlrbCtass: Ni thes.

17.5 Summary
17.6 Model ExaminationQuestions

i

17�B1  0BJEC�\ S

To understand the characteristic peculiarities of birds, suitable for aerial life and their broad
classification

172 1NTRODucTIoN

�ì�h�m�e�‰�n�` �M�I �ô �'    �Õ
�D�I �¸ �D�‚ �� �Õ �ì
geared up tO l high metabolic activity and �W
of fttr utilisatiOn�¡ i"�¢ :�fl the lungs.     _ 1   �]

Birds posse"ccrtain unlque characters �Ìuch as the absence�A of teeth,Li aortit aorta and
rint ove and ttd�æ .Th�µ OIFactory:10bes a

organs Of smeu. Birds shOw sOme re�˚ arkat

l�» �í PttT"�µ I�� �V�U�·

ExOskdetOn and endoskeLton�† birds enibit
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173 GENERAL CHARACTERS OFBIRDS

Birds outnumber all other vertebrates except frshbs. They are widely distributed all over the

world. They are found virtually every where from the edges of the polar ice .caps to the

highsst Himalayas and Indian slopes to the roughest seas.

1) The birds are craniates characterised by the presence of epidermal exoskeleton in the

form of feathers which cover g;eater part of the body. The claws and beak are covered

by hormy sheath. The feathers provide a light insulating covedng to prevent &e loss of

body heat.

2) The fore limbs are modified into wings and provided with targe feathers. The hind limbs

alone support the body weight when the bird is walking or in standing position. For ihis

p*por" tt " articualtion of the hind limbs is pushed forwards

3) Endoskeleton is usually spongy with air cavities. The bones of the skull have become

anliylosed.early in the life. There is a single occipital condyle. Thp premaxilla forms

almost the whole of the upper jaw. The lower jaw consists of 5 or 6 bones' Teeth are

totally absent.

4) The cervical and free thoracic Vertebrae usually have a heterocoelous centrum. The ribs

are double headed, provided with uncinate processes. The vertebrae in the sacral and

lumbar regions fuse with some posterior thoracic and anterior caudal verteblae. All such

fused vertebrae form a slmsacrum which supports the weight of the body when the bird

is walking. The posterioi caudal vertebrae are fused to form a pygostyle or 'plough-share

bone'.

5) The pectoral girdle has a number of adaptive modifications. Thg stemum is broad and
' 

ventr-ally poauced into a keel called *rinu in flying birds. The 
-muscle: 

of flight are

attached to it. The coracoid is stout and pillar shaqed. The scapula is flat and sabre-shaped'

Tte clavicles and the inter-clavicles unite to form a 'furcIla' also known as 'Merry

$ought' or wish bone.

In the fore limbs carpals and metacarpals are united to form a carpometacarpus' only

three drglts are Present.

The pelvic girdle consists of large iliac boneS. Ischia 'and pubes are directed baclan'ards

and do not-form sysmphyses. Acet$ulum is perforated

Thr tibia ls fuseit with the proximal tarsals to form tibiotarsus' The distal tarsals fuse

with metatarsals to form tariometatarsus fuse with metatarsals to form tarsometatarsus'

Only four digits are Present.

The digestive system has some unique features. the oesophagus is generally enlarged into

a crop. The stomJ;;rfly aiiaea into a gl+dular pro-ventriculut Td 1 
muscular

i- ia.The latter L mgmv -r."ol- and.grinds the food particles' A pair of caeca are

Iound at the junction of small and large intestine'

6)

�´

�ß

9

10) Lungp are sponsl and non-distensibfe and attached to ribs' Lungs are @nnected to a

number of thin *AtO & oy., whig[ maintain a constant supplyof aesh air both during

##"it;",*u ",.pir",i* 
some air sacs usually communicg.te with the pneumatic cavities

of the bones. At-,h; ir".tion of the trachea- and bronchi, the syrinx is found which

producos the sound.
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174 CttsI�fi CAT10N oFBIRDS

�¡e chss�¡ �h�V�V �V �V �V �Räł 1 �A|  :�A   �u 1�¡ �¡ li

l.AFChaCOmithes �Uo Neomithes

l�¡ .i stl:�V �V Archa�Ó �˚ �‡ �– �� �i :�� �� �‘ �� �i �c �z �Ó |�¡

�� �Q�� l�¿ �� �T1-ent�•

11)Heart c9�g iStS Of fOur ch�� �Łors,tWO auricles and two nØ‰ �c bs.only thc rint am��
arch is presento The right auriculo�] ventåN �@ar valve�¤

�M
large and muscdar..the renal portal

system is poOrly developedo the sin�g venOsus and mcus aFtenOSus are absent J�Õ

�D �å �N�Nåx �Q�¿
��
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10 Eyes ae ttuany�] �ß eded b aclm�� �V  a considerable distance.�˜ arotic

WçW �í �ß

�Œ

�í �� W�í�R iCl��

aCa.�p uFin9

10 Sexes are separ"e.TeStes and vasa deferentia are paired and fOund One On el�¡
er side.

�£ �¸ �å :�ƒ �â Gtt�µ �¨
| �¡

::i li 111 
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�Õ �~ �Õ �` :�¿ å¥ �� �Ù �T
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B  �M   �]

�fi81�¡ 1�¡ ha�Ł �\ �¢ A Sketch oFfosilim�ß �� Ø[ Shäå �q SLctton andFeathes B Mons�\ ion ofmhaO_.�¡

�¿ ttmm 2.Hunlcrus 3 Fu metacrpals 4.RadiusS.Uina‘Rib�¡ CI�\ d tOes 8.Tail Feathm)Ftt Qdal tFt�� raC

h�� J�¡ �� �˚ 110 Tcett h beak ll.Sclemt�g bones h�g �¡ 12�V Lll.Wit�V
�V

�Ü httClaxd�Ó
"SS�E

Eye

These birds were not capable of suG�� �c �⁄ �Rt.L Sman ttemum.the man wing Spread

and a long tail gat a deaF i�… ØSæum that these tts could only hop�¡ om one brttch to

mother.Smdics d th cast of endttanlum revealed�� �] the bin ttl mooth cerebrd

hemisphercs and sman cere�g 1�æ�E.The ccrebelhm Occuplc‘|�¡ pOSntOn bcbind the optic lobes

instead of overlappmg them.�¡ 9�] smanor�� ,�B lthe mebenum t a nthcr evidencc of the

�� t�¶ d pOwer J Hint J tt�˙ sc"�� :The brain d�˝

"��
�V

‘�`
 Wtt predomlnant�Ł Feptih�B

Thus�¡ �R clear that the birds ar�˜ �¡ om bipedal,arboreal,reptile likc ancesto�A which had

ht‘d pOwers of nint.   . _        : �¡ i

1742 Sub �¿ass N�å �˚ �˚
"G�Ü

Neo,�M�¡ I�V �V�V
"�Ł

�¡|:�¡ |:

�÷ i sub class indudes a�¡ living birds and the some e�� Ct t�V �R .B�Þ dS belm�v �� to thiS Sub

dass have an extreme,shOrt tail usuany cnding in a pygostyle.Teeth arc abscnt in all thc

living birds.Carpals and mctacar�¡ are msed tO form carpometacarpus.Forc hmbs havc
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Bird

Albatross, Storm Petrel and Diving petral

Pelicans, Cormorants etc.

Herons, Storks, €grets & Flammingoes etc

DuclgGees & Snans etc.

Valtures, eagles, Kites etc. (birds of prey)

Fow\ pheasantg patridges (Game birds)

Crancs & hstards

Gu\ ternsr tapuigE, plovem etc.

Pigeos and doves

Pmots

m�B �Bs

OvJIs

�c

ett

1�¡3

Order

Procen�c s

Pclinifomes

.(loo� 
�ok�z

=neS

Anserifoms

Falconifomes

G�c

�c

�c
m�N

�N

�c

suM�\ Y
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17�B6 MODEL EXAMINATION QUES,HONs

[. fuiswer the following questions ln about 30 lines each.

1. Give an account of the general characters of the crass Aves.

2' Classify Arcs.upto sub classes and girc general eiaracters along with examples.
II. Ansnrer the followlng in about l0 llnes each

1. Archaeornithe.s

2. Neornithes
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Unit�] 18, PIGEON�] MORP�UOLOGYAND
EXOSKELETON

Contents
�E�W�D�D�⁄
�Q
�v
æu

�E�W�B�U

Objectives

Introduction
Habitat
Habits
E:Cernal Characters

Exoskeleton

18.6.1 Quill Feathers

18.6.2 Coverts
16.6.3 Filoplumes
18.6.4 Down Feathers
Summary

Model Examination Questions

�E
�V

�W

�I

�a

18�B1 0BJECTIVES

O To orplain the morphological details ap d their significance. To describe the structure of feather

and different kinds offeathers.

182 1NTRODUC�¡ON

The pigeon or,the eommon 'Indian wild roc* prgeoqlis scientifically knonm as columba livia'

A number of varieties of pigeons are found with slight variations in.size, colour, fEathers and

other details. However, theloflowing description will generally apply to all varieties'

183 HABITAT

stral rock bird found in mediterraiatr in Etuope and Asia. But now aIt is a common ancel

;;b"r of ao.ertic varieties are distributed all over the world' They are commonly found in

grain market, warehouse, old tall buildings 'and in other such places'

184 HABITS

Pigeon is a gregarious bird and feeds on gfains,, seedg fruits and yoqng green shoots' These

birds are monogamous i.e., one male bird and one female bird.keep company' The courtship

is very comBoo- Eggs are laid in the nest. Both the p1-"r1 incubate- t* "*.P" 
yolng

birds are fed by the parents by a fluid which is secreted by thc crop during breeding season

and known as "pigeo; ,ilt-.'ih" pigeon flies swiftly, but cannot walk rapidly on the ground'

External Characters

The body of pigeon is divided into head, neck, trunk and tail' The colour of the bild is

blue-grey. The entire body is covered with feathers 
:xcept 

at the feet and beak' The body is

,o""i ti""a -a offers minimum resistance to wind'
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The head is small with a round cranium. There is a prominent beak The beak !s fgrmed by
the upper and the lower jaw and covered by horny sheath, ,h" ddi"A;.-til mouth
has a wide gap extending along the border of the beak. At the base or trc upp", u"d o"
each side, threre ib a patch of nakd swollen and soft skin. This area is knoq,r as cere (Frg.
18-1). ft is suggested that the cere may be a receptor organ, but th;;;;; 

"ap"rl"otaevidences to this effect. The external nostrils -" obliq,r" rlit.. m"y are sitgated ctose to tne
anterior margin of cere, and remarkably backuard i"'p"riti.. The eyes are very large andt:Td'.Eaqh eye has an upper and a lorver eyelid. In addition each eye has a bansparentnictitating membrane' which can be pulled over the eye ball. A little distance behind eacheye is the auditory opening or ear, which is conceared-by a*ric.rr feathers.

Fig' 18'1 Pigon (clobmba rivia) - Extemar fcatures. r.ccrc2.Nqtdr3.Bcar.4.Thrcats.TLora6.BE.,t
7' Abrtbrrcn E. starcs (oroorucoecutcs) 9. oarcc lg_r.-ryf ;[, ur r1. r, fcathcr (orpcctriccs)13' wing fcathcs (or rcgirics) 14' Black barbs rs- wi"gie. Bact 12. Ncck 1& nii*a orop.nia! 19. Hca<t 20. $rp.

Neck is very long cylindrtcal and mobile and distinct from head and trunk The trunk. is boatshaped due to the presence 
.of -a 

mid ventral ridge, the k*l .; carina of the sternum. Atthe posterior end the hdy is drarm ootLo a sho* conir:al projectioq the ur.pglum or

�ð �j �X �M çp æu�¨ �Ò �R
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tailo A number d large d feathcrs�å redces are found attached to the td.OntL d�å sJ

Side�� uropygium t a smau papin.which�g �b the Opening of a preengland or ou gland

�⁄ e sJin of the b�Z �Adry ttd lacks any�v ando Preen gbd�A the Only skin Jand fOund�g

�c

The C10acal apeme L a large"ansverse dt fomd on thc ventral sracc at the

Jmdion of the m and uropygium�B  �]

Æe fOFe limbs�¿

�c

intO WinFo Each fore limb consists d an upper am,a foFe ttm

and a h�� �p forelimbs La long quin feathers only three digis the�˚ ça SeCOnd and

the�o

�g

L are b�Y tt The second digilt�¤ �Emuch longer than the other tv7o.�� thre�v  part�˜

of the wi3F are bent upon one another in the fom a‘Z during resting position.Dwng thc

�Z  the�� L�ü �¤ f�R Ødended and held at rint anJes tO the trunk.A fold of skin

�e�Õ �í �A�æ�R�� �†�� �Ł �' �£ :�[ �ßt�T �ßnl�r
part of the upper am and"unk,whi�V �RknWOn as‘po�g ptta�Ú �Y ’�E

�] )hlnd hbs are tt for bhcing=�R �Z �ƒ .Each hind limb tt made up of the thigh,

shank and foot.It is not Chected outvads as in reptiles,but downwards and forwards.thc

femur�R med mder the body and diclllates vJith the acetabulum,at a forward position.

�¡ us the movement�¤ ahost FeniCted to antero�] posterior�A �â on,There are four digilts.

An ofthem end h homy daws�B
.J�c

1�˚

�g

digit KhanuxD�A direected backwards and au Othcrs

�ð e forv7ardly d�^ à£d.The tet are covered by homy epidemal scales the cameoscutes while

the rest J the hind hb L coverd�I

�g

atherS�E The whole d th �V d limb tt p=anel with

the sagittal plane of the trunk. .

186 EXOSKELETON

The exoskeleton of birds consists of scales featherq claws and rhamphotheca.

Scales are horny and epide.rmal in natgre arrd found covering the tarso-metatarsus and the

four digits. of the t*f. qO"o are abo of horny epidermal nature. They,are found at the end

of each digitrof the'foot. Rhamphotheca, the horny sheath on tle beak is also epidermal in

o@',

Feathers are also horny ad epidermal in nature. They do not origi+te rmiformly fofp'jhe

entire,surf,acc of the,body. Theie are ceitaia we[ defined areas - the feather tracts or pterylae,

from where the feathers i"ofop. In between, the feather tract5 are areas known as featherless

tracts or apteria. Only a few small feathcrs the filoplumes ar"ise in th,ese an-tcda' However,

the feathers (found in pcrflae) are long enoug! to cover the lntg! dso and thus the entire

Kinds of feathers ;

.:. 
''.

The feathers of the birds are of sseral tinds srrch"as 4rill feathers, contour$ filoplumes

coverts o,r doc,n feathers (Ftg.'18.4): ' ' , '1 "* :

1E.6.f Quill Feathers

fhese are thc largest of alt the types of feathers. They are found on the wing5 and tail' The

qui[ feathGr p"r.*r* a typical stnic-rre. ry-6 feather T*ito of : tr lo.nq ce*ral ads

called shaft or stem. The ;rd-at part of'the them is hollow, cylindrical and $ort which is

.knmn as cdemur q. q,rlil (Illg 14.+ A). A small apcrture is found at its base wtich is

*1"a ii*r* ,qrfmi. a s-"1! conical.prqiec*ion of the skin, the feather papilla fis iDto

\:----'
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the infeiior umbilicus. The distal part of the shaft is solid and known as rachis, which bears

on either side an elpanded membrane consisting of delicate thread like strucutres the barbs.

The expanded memberanous pqrt of the feather is knoum as vedllum or vane. At the uppel

end of the calamus oq the ventral surface therc is another snaller aperture, the srlperior

umbiltcus A small tuft of barbs is found near the superior umbilicus, almost covering the

latter. This tuft is knbwn as after shaft or. hyporachis.

't'13
Fig 18.3 Pigeon-Wing bones shouring fuotion of fcatherr. 1. Humens 2. Radirs 3. UIna 4. Qarpols 5. Fksr digit. 6. Ala spuria ?. Carpometacgrpus 8. 3rd digit 9. Prordn t phihex of 2nd digit 10. Dist f puanx of ZoAAgii

u. Ptedigitals (2) 12. Mid digitals (2) 13. A<tdigitals (1) ld Mera carpafs (O) fS. Seconaarics (f2).

The- barQrs e$end outwards from the rachis. AII the barbs are finely connectod to each other
to form a continuous membrane. However, a little amount. of gentle pressure can separate
them' each barb is a thin long structure arising fum the rachis. it" .icr*"opic examination
of the feathers will reveal the structure of the barbs so that we can understand tbc rrechanism
of interlocking of barbs. The barbules arise on both sides of the barbs. Thus there are fiilo
sets of 

'barbules 
arising from each barb. A proximal set of barbuleq dircctcd towards the

base of the feather, be1 Brooves or fl3nges. A distal set of bartules, directed toc/ards the

leatler-tip, bear minute hooklet oi fmmicefs or hamuli. Ihe hoollets of each'distA UarUute
fit into the groove of each proximql barbule situated on the bar to in front of it. In this
mAnner all the barbs are firmly connected to each other and form a continuous sirface to
withstand the resistance to air (Fig.lg.4 D). , , .r .

The feathers found on the wing are- tnortm as rembes. There are 23 such feathers in each
wing' of these eleven are attached to the bones of tt" hana or rnanus and knom o prlr"ry
quills. The other twelve are attaehed to the nrna .ad these ere called secondaries or errEals.six of the primary quills are attached to the metacarpals and hence o["a ..t"*.pi quilts.
The remaining five primary quills are knovm as dgtals. These arc further aistryG"a irno
ad'digital the feather attached to the only plalanx of trc third digit; tc,o mil 

-affi 
anacteato the proximal phalanx of the second digit; trro predigitalis, attac,hed to distil' pihlinx,of

the secord digit.

The quill. feathers found in the. tail :re6t'on are tno*n: as rcctrice$ thore, are t*Ekrc .ffi
featherq arrangch in-a semicircle around the uropygium --- 

-. -' 
.

The first dtgit of-the hand i.e., pollex bears a tuft of small fcathcrs whie,h b callcd ah sp6h
or false wing or.bastard wing, :.

11
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Flg; 1&4 Pigem-Diffcrcnt tinds of fcathers. A. Quill B. Dwn C. FiloplumcD. A pan of rachis magniticd to show tratbs,

bartuhs and hoo&lcts 1. Rachis 2. Vcxillum,.3. Umbilical gnrove 4. Superior umbilcus 5. After shaft 6. C:lamus

?. Infcrior umbiliors 8. Bart 9. Ptqimal barbule 10. Hmkleti 11. Distal barbulc 12. Proximat barbule

13. Flange or groovc 14. Umbilical groove.

lE 62 Coverts

Thesc are like the quill feathers excopt that they are smaller in size. They cover the gaps

$gtwcen the bases of the quills. They are found amidst the remiges and rectrices.

fS.63 Filoplumes 
.

These feathers are found scatterea on the body surface and .can be seen after the body

feathcrs are removed. Filoplumes are very delicate with a long slender calamus, bearing barbs

at the tip. There is no interlocting arrangement in th9 barba (Fig. 18.4 C).

fE.6.4 Down Feathers

Thesc are rcry small and without a shaft. The $amut it Y.ty 
th:*:-ft" 1"T.1""".-:"

interlocling agangoment. These feathers are found covering the body of nestling birds (Fig.

1814 B).

re*n"o arisc from the papillae in the skin with an epidermal covering very much like the

scale of a reptile. fhe feather papilla grows into cylindrical tube and sinks into'feather follicle.

The puc oi Or feather papillae is dermal and vascular and forms the feather pulp. The

outcr layer of the feather-papilla becomes cornified and thickened. The malpighiao layer of

the featircr papilla proliferates and forms a number of vertical ridges. Of these ,h: P central

ri6s unite to form the rachis zrnd the remaining ridges form the barbg with their barbules

forming thc vane.

Tte fcatb€rs harp tcp-important functions to perform. They provide an insulatiDg coyen-ng

and thus prevenr the loss of the body heat. They also serve as organs of fligbt by constituting
l16
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the wings in the fore limbs. Protective colouration is yet anothe-r function of the feat$rs

They also play an inportant role in s€xual display.

18.7  SUMMARY

The pigeon or the cotrlmon Indian wild rock pgeon is a gregareous bird fceding m gnins'

seeds and young green shorts. It dips entire beak under water and drinks like a horse u rite-

other birds. The pigeon is monogamous, It lays usually 2 eggsrincubated by UoO Oeparens
for 1rt-18 days. Young are fed by pigeon's milk secreted by crop.

The body and wings are covered by feathers: Wings and tail covered by qoilh. Tte barbules

of the quills joined by barbicles or hamull Eyes are with 3 eye lids. frqre are 3 figpres
and 4 clowed toes. A fold of skin stretches between the fore arm and up,per arm is called

the prepatagium (alar Membrane)and a post patagjum between the upper arm and thc trunk,

The halhx is directed backnards. The urepygiuru (tail) with the low pree'm glard.

The quill feathers arise as epidermal feather papillae, grow into feather germ' emboddcd in
feather folticle much as the reptilian scales. Flight muscles are well dcveloped

18.8 MODEL EXALINATION QUESTIONS

I. An$rcr the following in about 30 llnes:

1. Describe the external features of pigeon.

2. Describe the exoskeleton of birds.

II. Ansnrcr the follrming in about l0 llnes:

1. Explain the structure of Quill feather.

2 Feathers development and functions.

�R

�D

�A

�R
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Unit�] 19 ENDOSKELEToN OF PIGEON
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19.43 PehicGirdle
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19.5 . Stfnmary
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19.1 0BJECTIVES

In tLis lesson the endoskeletal features are discussed., There are two main divisions of
endoskeleton (i) Arial skeleton (ii) Appendicular skeleton.

192 1NTRODUCTION

The endoskeleton of the pigeon like that of any other bird .is highly specialised aad unique
in structure. The sku[ rryrtebnal column, the bnones of the girdles and limbs are so highlv
modified that they can be easily distinguised from thc omesponding bones of any other
vertebrate. Many of the bones are pnetrmatig containing air spaces.The bones are lighl qrilfisu1
any marow in them. Some of the air cavities of qhe bones communicate with the air sacs
and ultimatefy with the lungs. The endosteleton consists of:

i. Axial skeleton comprising.of skull and vertebral @lumr.

ii. ppendicular skelbton consisting of girdles and the limb trones

19S AXIAL SKEIETON

193.1 Skult'Stnrcture

Stull of the pigeon h-characterised by large size made of light and spongr bones: a complete
frrsion of bones; very large orbits, a long and pointed beek; a single occipital condyle; lower
jaw having two movable joints with the freely movable qUadrate.

The Skull of. the Galtus (Eig. 19.1) the fowl is generaly used for the study in place of the
skull of prgeoq becaule of is larger size which mates thg study convinient in the laboratory.
The slCIll of. Golhts is built on the basic reptilian patttgfn, although there are a number of
unique features as mentioned in the earlior paragrapb"
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Ihe occipital region consists of four bones:

(i) Supra-occipital (ii) Ilvo ex-occipitals (iii) a lower basi-occipital., All these four bones

surround the foramen magnum, a large Opening which is directed bachrards and dormwards

and visible ftom ventral side. Ttere is a single occipital condyle. On the ventral side below

the basi-occipital is a large basi temporal plate and little anteriorly, the basisphenoid is found

which is continued into a slender rostrum as -in lizards

12
11

A

B
Flg. 19.L Skull of Gallu ,4,. Dorsat vic*, B. Ventral vii:w 1. Prcmaxilh 2. Noetril 3. tagrymat a. Orbit5. Zygomatic

_ - 3ry 9f 
ft9nta! 6. Qr{drsto-iupl 7. $prre-ccipital & Iamboidat ridgc 9. Parictil 10. euadiatc 11. lrpt

12. Fronal 13. Nasal 14. Maxilla 15..NqS! pfos of prcmaxilla 16. PalatinslT. JWal 18. Rostrun ls. BGiEdcrioi6
20. Pictl€pial ?t. T.inpanic cavity Ze Bisioecipiur 8. Occipial ondylc z. i"oir"o r"gnum 25. Eoocipitnt

26..Basitemporal 22. Eustachian opcning

�O�{�Õ ��å¥ �Ù �â ª� I�� �‰
�£ �ø �¸ �Ö �ƒ T�æ �x�x�J�RàÛ :

�� �EØ[�N�• �¿�~
The m�� �� L�§ ia nerh�z �– and prOduced�˚
premagina and�] mtt there are tw0 0ther b

M�A�D �ß �` �£ å¶
mandibles by twO.0�É pr�¨ �¡ ,sO that the�Ù �R �¡�� æk ���� dOuble�c :�R

�E
:��

.��
�� �•

a�Q
�æ

^"�Ù
�� �fl �� dØ[ �� upperi�Œ �Ò

~ �]                 : .=�¡ ::      �M
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�fi 319.2 Hyoid apan,S01Ganus I Entoglossal�å ntohya2.Anterd�g �� uiIBasihyal
4. Urohyal 5. Posterior cornua 6. C.erarobranchial Z. Epihranchial.

The lower jaws of the two sides are frued anteriorly, but free throughtout and leave a wide
gap. Each lower jaw consists of five bones, all of which are fused together. The fgur bones
are 1) a large dentary (the two dentaries are united anteriorly), 2) splenial, 3) supraangular,
a) angular. These four are invesfqg bones. There is a replacing bong the articular, which
forms the posterior e:rpanded part having concave articular facet for the quadrate.

The hyoid apparatus lies in the floor of the buccal cavity and supports the tongue. There are
three bones in the median axis. 1) Entoglossal 2) Basihyal 3) Urohyal (Fig. 19.2). Entoglossal
has a cartilage infront. A. pair of short anterior cornua project bachrards from the entoglossal.
A. pait of long posterior cornua airse from the junction of the basihyal and urohyal, which
are directed backrrards. The posterior sornua consists ceratobrachials and epibranchials.

1E3.2 Vertebral Column

The vertebral column of birds is characterised by its rigidity because of fusion of vertebrae
in some regions. It is further characterised by the e)creme mobility of the neck and shortneis

of tail. The vertebral column of the fowl is divisibte into 1) Cervical region 2)Thoracic regron
:'

3),Sacral region 4) Caudal region,

1. Cervlel nglon: There are 16 cervical vertebrae found in neck region. The last one or
two vertebrae bear large ribs which are double headed and movably articulated ribs.

The cervical region passes into the thoracic region. it is not easy to recognise the transition

from'the cervical region to the thoracic region. However, the first vertebra having its rib
artioralting with the sternum is rEgarded as the first thoracic vertebra. Starting from the

third cervical upto lfth ce.rvical vertebra, the structure is "pbrs of less alike and thesg

Structurc of a tlaical ctwical yertebra: ilhe typical cervical vertebra is a slightly an elongated

bone (Frg. 18..3 A). A wide cavity or canal is enclosrid in its entire length. This canal is called

the neurhl 
-canril 

tnrough which the spinal cord passe.s. The main body of ,tfae veltebra is

the centnrm which is found at the-floor of the ieural canal. The centrum is tery unique in

having saddle shapped surfaces. The anterior'face of. the centrum is concave from side to

side and @nvex dorso'ventrally. The posterior face is convex from side to side and concave

dorso-ventratly. Such a @ntrum is described as heterococlus. Such articular surfaces of the
1"

,#,.-r-:&,.
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centra al10w grcat",obility 9f neck�E ThC sides and ioOf Of the neurd cand are thinner and

constitute the neurd arch.There is a smJl mid dorsal prd�¶ ctiO�� from the neurd arch,which

is ca�¡ ed as neuni spine.The transv�° se prOcesses are sho�¡ ,outwardly lleCted proieCtiOns

on both sides Of the centrum..Ventrally.the ccntrum scnds out,a short process known as

hypapophyst At the base of each trttsverse processes,an aperture�¤ found thro�„ �˝ which

the vcnebrd ane�fl paSSe�˜.This aperture�R called vertebmrmml fOn�» �@ �B A baCkWardly

directed pFOCCSS�Mglven out from the transverse proceSs.This�R kno�¡ ln as the rib.Genera�¡ y

�¡om thc margins of thc neural arch articular surfaces ar6 found epnendin3 which areulled

Zyga,Ophyses.The anterior articular swface faces upwords and L known as pres"phFiS�E

I�� Ganus however,the pre7gopophys occur On the upper side of the transverse processes.

The potterbr artittlar Surfaces arising hm the neurd arch which face downwards are the

prempOphySis. The posogOpophyses of cach vertebra articulates and overlaps�� �R

prezygapophys�¡ of the succecding vertebra.The�¡ tt two�å mcal vertebrac are mdtted to

form the atlas and a:us.

Fig 19,3 Pigeon-C.enrical and thoracic Vertetrae. A. Tlgical oewical (dorsal vicw). B. Atlas Ertebra (antcrio,r vicw)
C Axis vertebra D. Frce thoracic \Ertebra l.-Pct zyXapophysis 2. I&ural spinc 3. I\trcurat arch 4. C.cn ical rib

5. Prczl,gaPsPh)sis 6. Vertebraterial canal 7. Transrcrsc prracss 8. Centnrm 9. Ncurrl canal 10. Faoet for occipial

Atlas or First ctn/ical vertebra: It is very.sniall and ring like in apperance. The centrum is
poorly developed. The ileural spine and the postzlgapophysis 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 procesi ofthe second vertebra.
The anterior end of the centrum has an articular surface for occipital condyle of the skull.
TLansverse processes and prezyapophpes are absent (Fig. 19.3 B),

^&ris or second cenical vertebra: fnis is also a small boae tut larger than the atlas. It has
ao transverse prooesses. Ribs, are also- absent. The centrum is pr.oduced anteriorly into a
slender prgcqss knovm as odontoid pt&ass nhich fits iuo the odontoid candl of the first
vertebra. Tlie odontoid process is considered to,be the ccntrum of the atlas. T.tis neural
spine is small and blunt. The anterior and the Dosterior zygapophyses are found (Fig;19.3 C).

,12
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2.�[ Oncic reJOn:This�S
�“ On t characterised by i�g r�‚ �– �fl �c a resdt Of the fusbn Of

vertebrac.There are Flvc vertebrac in ano The rrst fourth arc fusca the throc L ice

and the last One�R 1�c ed with the sacral and the Flrst ave caudal vertcbrac tO fom the

synsacrumo The ist three Or fOur thOradc vertebrac are i"d��
th the last cervical

ve�¡ ebra lo fOm a rigid girdero The Lansverse processes of these fuscd vcrtcbrac udtc

foming horizOnta bony plateso Theh neurd spine fOrming a continuOus Hdge in the

mid�] dorsa region.The hypopyses are�G ed midventrany t6 fOrm a�E �� mpressed plate
for the attachment Of the ieck musdes.

Au the thoracic vertebrae bear ribs each cOnstting of a vertebrd and a sternd portio�â
and

ardculates with the ve�¡ ebra by a double head.�¡ Om the ve�¡ ebrd Part of the rib artes a
smau bony Out growtL the uncina"proces.�M

Lumba �Krte�\ ac are 6 h numbtt and ttuated �_ tt tO thOracic vertebra,Thty lo�Ü �Bt have
frce ribs and ience regarded as lumbar ve�g erac.HOwevet sOme authors cO�Ü ddcr them as
sacral vertebrac only.

3.Sacmi n�� cDn3 There are 14�] 15 sacrd vertebrac(Fig�B 19�£ 14th.It is by the fusiOn Of
the fonowing boncs the synasacrum r fomed l)Last thoracic vertett�v  �Ò  the sacral
vertebrac�Ì The rrst ttve caudal vertebrac.Thc synsacrum providcs surfacc fOr attachmcnt

to the heavily built ilia Of the pelvic girdle�B

4. Caudal ttJOn:The ttst.Flve caidal vertebrac are Led tO partidpatc in the formation

of the syttsacrum.The next rlve O,s�j caudal vertcbrac are tmall and frcc.Thc last fOur

caudal vertebra�v  are fused and fom a cOmpressed uptumedibone,the‘pygOstyle’or the
(plough shape bone'.

2�E

6.
7

Fi3 19.4 PigcOn�] Synsacrum l.Lst thoradcverteb,2.�a iu�'
|�E

SynSacFum 4.Acetabulum

5.QudJ sacrum 6 Pu�\ s 7.1�g �a
�g
m8.CaudJveneb�V9àÛ �¡ �Łe.

1 ,
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Fig 195 Pigeon+audalrrcrtcbrae 1. Frec caudals 2. Pygoetyte.
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sLmum tt a veFyiabr�c and biry�R �V M bone�† �¡ �¤ a broad�� �ƒ �� bonc

cxtending far pteriorly below the abdomen.The d4 Ventral ptt ofthe demum�R Foducd
into a vertical�� �Athe keel or carlna�B �¡ e laFge muSdes of aight are�c tO the keel

d the stemum.On tt broad ven"�v �Ü

�g

r,mudl d the body�¡ 2cint d the ttd�¤ �c �k
during aint.The r�g �˚ �å end Of the ttemum proi�å �¤ ä� �W�N

�g

�¿ the�æ�c �M�� �YL ROm
the m�Ù �R dOrsaliside d�g dernum�E a lide posterioF O thC �Y �� �R �˚ are tv�� ��

proceses kntt as JphOd proess.The shorter one t the mmal EEphOld Pro�\ and
the 10nger onc�A the Lmmal�v phdd procs�� ne dist�v �µnd Of these proc�\ �Œwanded
and plate L Ant�V  to the clcemal xiphoid pr�¡ dorn there L a cosd Fo�\
having notches�� r the attachment of stenal paFt Of the l�fi �� BOmm the mantriw and
the �V d pr�B _there�¤ l deep roove,the�� r�‹

�w

oove for the mictLtion,the
lower end ofØ‰ oOracond cag.19.o�B

Fig. 19.6. Stcrnum of Gallus. l. C.{rstat fa@ls 2. Manubrium 3. Carina (hcct)
4. Stcmum 5. lo*erxiphoi{ ploocss 6. Obliqucxiphoid

194 APPENDIcuLAR SKELETON

194.l Pectbrarcirdle

The shOuldeF or the pectoral girdle t veFy disth�˚ th�r �E �B�¡ �ä �˚ ª¯ �˛ a�b �@�R L ooracOid
and dh�� cleso scapt is a 10�q L nat,swoFd lne bona lt h�G Over the:�¡ x trad�� g Jh�RL�p
scapula tt prOduced hendy hto tt acrOmion pro_.l k jOined to the�c at h
anteric:end at an acute anrl by a liFmento TheicorcOnd�A a stOutl bFOat:�c pib
�« bonc::�x �  ̇dOnl end Of each cOracOid�¤ produOd into an a�¿ �å u�g d�˘ �¡

�c
�M �R t"Stemum a tt cOracOid goove.on th Outerside d the cOracoid�R

�¶ �¡ �R

�ˇ �R çW�Õ lT�fi ��
d�g

�c �c
Jenoid�ò �phead d

��  �ô

r�ô çW �� æa �ø
(Fig�B 19�B7:4),   11 �A                               �Œ =
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�p1�Õ Æ„ �� Ø}�¨ �Ô ���xÆ��P
�¡ PhnaxOf�Vll�g 8.Grpme��_muSaI

1942 Forenmbs        i

I�¸ �ıof thc head d the humen,a sma�¡ leSS�`

�Q�o �í �| �o �ß�e
humerus has a deltoid Fidge for the ins�å

tion

umerus beaFS an artictr swfa�å ,the trochlea

�{ radius�R �˚ �� �Rrtt me�å �•:�ß �y
=�„

çS�Õ �I�æ��
the m�¨ �¶a of humer�' �Rlh distal end mictted�e �¿ ra�q �Bthe uh�m 10nger,stouteF

�� �r :�R

1943 Pd�� C girdle
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of three bones. 1) Ilium 2) Ischtum 3) Pubis. All the three boses are united to form
innominate. bone" At the junctbn of thc three bones :a' eup like depresiion is found,,which
is knoum as aetatulum. The hsad of 'the femur afticualtes with,the acetabuhirn. A laige
foramen is found d,thc bottom of,the acetabulum, the arrtabular foramen which.is oqrcnid
by a thin pembrane (Fig. 19.8 A). , . :

,

The ilium and ischium have become elongated and wider in order to distribute thc bqdy
werght evenly duriTg iocoqotion on land. ile ilium is a large; orpanded bone consisting of
a pre-acctabular and a post acetabular portion of more or less equal size. .The pre- acctabular
part has a concave outer surface while the post-acetabular, part, is oonvex on thc, outer
surface. On the posterior edge of the acetabulu'n, the illium is produced into a process the
anti. trochanter wiich ,works eigainst the ,trochanter of the femur bone. The ilium is a. broad
bo:re fused posteriorly'with the postaielabula ilium- there is a foramen known as iliq ischiatic
foremeq which seperates ischium from ilium. The pubis is a long slender, curved rod fike
bone. It turns parallei to the ventral broader .of the ischium. thi pubis i" *p".ratJ-to-
the ischium behind the acetabulum bJ a slit lii<e opening the obturator f*"-*. The pubis
is extended anterior to the acetabulum 

"s 
pre-u""iabuhl or fre-pubic process. rhe iubes

and ischia do not form symptyses. The nvo innominate bones are united dorsally with the
, s)'nsacrum. Ventrally the two halves lie apart from each othei. In all other vertebrates the.
trro halves are frrsed ventrally.

Fi919'8 Pigeon A' Petvic girdlc' 1. Ischium 2'?at-aoctabutsr itliun 3, Iscrriatic foftrtrca 4. prcroctebulrf irium5. prepubic procrcss 6. Aoctaburum 7. obturaror foram", g. pri;g. ffi;h r. ;;";;.'*."*"##;' 4. Cncmiar ctest 5. Tlbio-tarsus 6. t"rr.r. z. r"o"-rer.n"e* * -t* r. lst Dcta,.,,al

19.4.4 Hind timbs

The botes of the hind' liilb'consiit of a femur, a tibio-tarsus fibula tarsometatarus andphalanges. Femur is a stout bone. The anteroir end is diffo*tiat"A *, 
" "-"A*-,r"U.ahead and trochanter. The distal end of the femur is produced into pulley ut"-"."ayi*. tt"two condyled enclose between them.lp.inter csodylar g[oo.W- N. srrra[ scsaqoid..bone thepatella is found in the intercondylar groove, qn the d"d*; ,id" 

"f ,h, il;#; The
. ;..' .'':,'. r ., .:. .:.
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stail c@siSs of tibio-tarsus and fibula- The former articulatc.s with the femur. Tlbio-tarsus
is a long bmc formed by the frrsion of tibia with thc proximal row of tarsal bones. The
prcimal end of the tibiCarsus is projected into two large ridges the cnemial msts,'The
proximal end of the tibiotarsus also bears two articular surfaces for the condyles of the
femur. Tte fibula is slender, smaller and tapering bone. It is closely applied to the tibio-tarsus.
The next part of the hiird linb is the foot consrsting of tarso- metatarsus.'It is formed by
the fosion of distal rw of tarsals with the second" third and foruth metatarsal. The proximal'
end of the tarso-metarsu bears articular surfaces for the tibio-tarsus. The distal end of tne

tarso-metatarsus bears threc pulley like surfaces corresponding to the three metatarsals. The

ankle joim ie., onnecting the tibiotarsus and tarso-metatarsus is formed between the two

rows of tamal bones and hence it is described as inncrtarsal joint. At the lower preaxial side

of the tarso- metatarsus the first metatarsal is formd. The first digit or hallux is diricted
backwards and contain two phalanges. The second, third aqd fourth digits are all directed

forwards and contain 3,4 md 5 phalanges respectively. The last phalanx of each digit hzlr a

pointcd and crned claw. The drgt"l formula is 23:4:5:0

195  SII�\ RY

Endodchon of pigeon�� �æ�Ł
�g�g

of amal and appendicular skeletal s�¡ tem�E Axial skeleton

indudes LEl and wrtebrd,column while the appendidar skeleton embodies the girdles and

the b�� b�QL Skull includes cråN �' jaws,sensc mpsules and hyond apparates.BId

�R �R à£ n�R uniquc among vertebrates being pneumatic and ankylosed�L �Q 0=2�å mSOt every

part of ttddd ytem is unique.Skun m�� 10condylic ana rounded pottenCrly with edentate

and Pointed L�Z .Io77erj�W  gea�¡ y reptili�@ �BStem�Y�¡ �—h Carha ckeello COra�� id stout and

pib�‹  R�˚ �É gire t tetra radiate as in omithischian d�q �E SynSacrum,pygostylc,

�w å¥ �˚ �ƒ �° tibiOt�° �fl
�c

�� �fl Sus,=c�V
�V �¿ :arities�¡ �V  SyStem:

19‘ MODELEXAMINAION QUESiHONS

Arsfrr ttc td{ry qrctlons ln about 30 lines each:

l- Describe thE stull of Pigeon.

2 Describc the rertebral column of pigeon with an emphasis on the various modifications

formd in its strucnrre.

3. DcscrDc thc appcndiorlar skeleton of pigeon'

Ansfrr &c follorlng qucodons ln about 10 llnes cach:

1. Dcscribc the structrue of a typical cervical rrcrtebra of pigeon'

Z Dessfrc ths sruarre of sternum of pigeon'

Dcscrilr tbe structure of pectoral girdle of pigcon'

Descdbc thc sructurc of pehic girdle of ptgeon'
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Unit-20 AN�xOMY OF HGEON

Contents
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Objectives
Introductioa
.Viscera

Summary
Model Bramination Qugstions

20�B1 0BJECWES

This lesson doscrfres the various iirportant orgaos litrc hcart, lungs md thoec funhg part
of viscera.

202 1NTRODUC�¡ON

When we begin to dissectithe bird, fhst of aII we come across the skin, then the musclcs uf
the abdomen, thora:r and the broad stornurn. Internally we find the body cavity or coelom,
which is lined by peritoneum. Various orgaq of the body are found srspended in the @
cavity by membranous folds kno*n as,'nesonteried.

203 �Y SCERA

In �V  n�V runon we ind the long J�� �ß :�ß �‹ ’or oesOphT�˚ �˚ �I �˚ çŒ and
Par�v lelto the mhea Or�� d pirl Mouth�A hml abOVe and belov7 by homy�˜ �Ø �B�p

"�V  pOSt�† �B�¡ �æ�R hah"tOpe
,Isifollov7ed by a narrow shOrt pheX l�˚ �˚

çW ªJ ltt�R �R ��
r�c �˚ and digNed htero The�� �� �Y
:hin nu�˚ �É �¡�ˇ lh�¡ �ß m�W which

mttt�z �k:�ß �� �¥�Ò �E�x�` �V parants�¾ �Rthis dt�p 0�Bp�R

�V�¿gF:�E �• �ô �r �R�ô çW �ŒretW�[ �DTª� )�œ

gi�\ d�R l�V ,hard biconvg smmre.Its
waus ac hu�E mmulari The Lttr�ƒ �B �MtadeiOf a hoO�c hpr.A number of
sm�vl pieces Of stOnes which are swamowed along�� �o grains are toÆ˚ fOundl h the inner
cavlty of the gi�\ do These small pieG Of,1�» �� help in crtding the Food�c �p
�¤ am�N�¶�—ery ttached"the�� �» :�p

�F �fl �Õ
body wan towTds the le�¡ Ofthe medin h

�µ      �ð �� �j �ˆ
other�B �¡ �Ł

�c

ai�…�ß �� �� �i
vJhin divides�¡ e peritond cavity intO a tt rint Cavlw and e ma�¡ er HIC�� �µ Su�˚ a
�‹ àÛ m is�˚ �Ó fOund in other veFtebFateSI
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�] lbe gzard is followed by a long small intestine, consisting of a proximal duodenum and a
distd part, the lleum. The "duodenuui is 'ul shaped aod rteives two bile ducts and three
pancreatic ducts. The duodenum. pasqes irt-q,fhe ilcrrq withotg nay demarcation- The ileum
is coiled, very long tubulu structure. the hext part'of the alimenlary *"a t;; 

";lntestine 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 caecag
which also aid in digastion. Tte last part of the alimentary canal is the cloaca which opens
by the cloacal aperture. Ihe cloaca consists of three chambers, the anterior large coprcdaeum
(receiving the rectum), the middle urodaeum (receiving renal and genital J""tr) and the
posterior proctodaom which opens by cloacat oepning. Cloaca reabsorbs water from thc urine
and faecal matter.

The liver and the pancreas are the two glands associated with the alimentary canal. The liver
is bilobed large, dark red coloured organ found behind the heart. The rght lobe is larger
than the left. Each lobe has its ocm bitc duct. there is no gall baldder. There is a small
sPlcen fotmd near the liver. hncreas is fo-und in the loop of duodenum. It is a pinkish
coloured gland of great sigificance. These ducts arise from the pancreas which carry the
pancreatic juice to the duodenum.

4

l-)
9

t0

��
�@

�R�]�B
�R�R

Ir.lt 20.1 Solt Atratomy df p[ogo f . Mquth 2. Uppcr bcak 3. Brtcmal notril 4. Crrc 5. C.ocnon custachian opcling

O. OUft Z. e*crut car opconrg 8. Uppcr larymx 9. Tonguc 10, Loucr bcak 11. Ocsophagus 12 Opcning of traclca

13. Tlrymus ihnd 14' Tnchoa 15' clrop 16' Pcctonlis major musclc rz Rigbt.wfuig 18' Dord aorta 19' Hcar't

20. Rilit lung 2f. Dirlt lrng 2a night lobc of livcr 23. t,cft lobc of lh,er Z. Bilc ducts 5. SPlcco 26. Prorrentrictlus

, 27, ilcuq" 2S-Qizzrd 29. heuoetic ducc 30. I-cft lidcny 31. Panerces 3iL Urctcr 3. Duoitdnum 3{. Bursa fabrici

. .. :. . .-, 3li.Ricctdcacca36.Ooaca3LRoctum3&Gecalapcrt-ulc:
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whi�˚ together

�E�h}�fi �x�Ò1�B�L
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by pc�Ü tOneum Or pleura.

A number Of air sacs are fOund cOnnected tO the lungso Air sacs are eppansions Of the mucOus

b�u Jidl�Æ �Ł�í �Q�� f�ß ªN
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l pair�˛ large aabdominal airsatsare fO�i �˘
I Surfa�g
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are callpd vasa defcrenfio, which run backwards parallel to the ureters. The atterior part of

each vas deferens. become.s uore densely convoluted to form the epididpris. Before opening

into urodaeuq each vas deferens @com.es. gdarged to form a semlnal vesicle. The seminal

vesicle serves the purpose of storing the sperms. Tte copulatoy organ is absent in pigeou

In the female reproductive organs, the orary is found only on the left side. The one on the

right side is atrophied. The oviduct of the right side also atrophies and only a remnant 
-of

the oviduct is found near the cloaca. The ovary is considerably increased in size during the

breeding season. The ovary is quite large and irregular in shape. It isattached to the kidney

at the anterior part on the ventral surface by the peritoneum which is known as mesovarium.

A large nunbe, of round follicles of different sizes are found studded within the surface of

the ovary. Each follicle contains an ovum. The left oviduct is long convolute!- a1d muscr|3r:

The anterior part of the oviduct is enlarged to form a wide oviducal funnel, with large median

opening havitrg fimbriated margq. The ne':il part of the oviduct is- provided with glandular

"pitnfiu- 
where albumen is secreted for the egges. Then follonrs the uterus, which secretes

the shell.of the egges. The terminal part of the oviduct is a small vagina, which secretes

mucus. The vaglna opens into urodaeum.

Adrenal glands or supra renal glands are found as prominent, yellow coloured lodies o{

irregularcnup" Stu"t"a anterior 
-to 

the kidneys, near the gonads' The secretion of adrenals

is known as adrenaline which is a hormone that controls the involuntary muscles' Thyroids

are paired bodies found on either side of the trachea, where. it branches into brochi' The

iecretion of the gland is thyroxin which regulates the general metabolism'

çW  �å
secretes albumen and shen to the egg. ,

204 SUMMARY

20�B5 MODELEXAMINAT10N QUESTIONS

Ansrer the follorving questiols ln about 30 lines'

1. Givtr a general account on the internal structure of the pigeon'

Ansu,er the fottowing in about 10 lines:

1. Describe the digcstive system of pigeon'

2. Desctibe hings ad air srcs of ps€on. ,{dd a note oa he 'grrif-rcance of air sacs'

3. Describe the genital system of pigeon'

4. Describe the heart of Pigeon'
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Unit-21 FLIG�uADAPTAT10NS AND
MIGRAHON IN BIRDS

Conteits         i

21.l o�´ eCtiVes

21.2 htrdu�å LE
2.3 HintAdaptttiOns
214 MigratiOn OfBirds

214�¡  causesE   �L

21.4.2 signiFlcancc i .

21.5  Summary�L

21.6  Model ExaminatiOn Questions

21.7  Glossary

21�B l oBJECTIVES

This unit gives an aocount of adaptatioos ln the stru;ure of yarious organs in resgrtse
to aeriar mbde of life and the sigdfi-cance of seasonat movements.

212 1NTRODU�µ�¡�¡oN

213: FHGHTADAPTATIONS

we have noted the birds shour rrcry interesting struchtreal modifications ltis is particularly
true, to lift and maintain the bodyin the air.-"oo part of *" o*, accordingly modified.In addition, the birds atso show habit of nigratioi fron its home to aooocl'part of the
yorld andbackscasonallyfor purposes bf f""Aiog and for breedir& Now we shall discuss theflight mecnanisrls and .i6ty nuUit of thesc 

"rrttbtp"d"

Birds are the mosc suocessfrrl animrts in adapdng themselrrc.s to the aerial modc of [fe.Adaptations could be found'practically in e'ery organ of a bird. sgE"],i" frlr-Xpr",l-,are as follows:

The body of the bird is streamlined so as to offer minimum resistance to air duing flight.The body is boat shaped and all the feathers * uu"t**aty air*"a and lie flat over .thebody' such an arangement of fcathrs would cnsure ,nioi.ra rqsistence to air. Anrtterremarkable adaptation to flight is found in thc -ndifi*d. J;,h" forelimbs *o 
"argr. 

tt"wings are corrcred by long feathers, tr:-qffi..'rt".prt_ry ,;*;';ffi; #ffi"" *of the forward thrust, actlng 
". 

prop"u"r., cfrile tt'e;il;; are dainr/ responsible forthe lift' The air space that occur;betrpeen the fe+;s- op".i.llr-a*.r0, the tip of the wiqsserve as slots' The slots allow the air to escape thefeby reducing the turbulence and resultsin the smoorh flight of bird in the air. Slors are conspic,ous t" ,i;-ni;il0-i*t'rlffibirds which soar on thcrmal up currents. Slots are also found in the wiags of large birds

19| fr,ffi}Tfl.$icn ".u 
r^t niers. rhp "h;;;;';. lqrq wlng atso-asffi-to ad
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The muscles of flight are enotmously developed m fllyiag birds. A nassive and powerful

muscle, the pectoralts ndor, which is about U5 of the total, lodf weigbt is found. It arises

from the rvhole of the keel of the sternum and from the clavicles, Elling up the entiro wedge

shaped space between the body and the keel. This muscle is richly supplied s,ith blood vessels

ana it is the chief motive force during.the pourerful donm stroke of the wiags. The elevation

of the wiogp is performed by the supra coracoift (pectoratis minor also called sub clavius)

which arises from the anterior part of the sterntrm, dorsal to the pectoralis major. The. dorsal

rupra.humerals or scapulo-humeral and coraco-humeral muscles cause the rotational movemer^t

of the wings. These muscles extend from the pectoral girdle to humerus (fig,21.1).

Flg 21.1. Pcctoralmdsclcs of pigcon. 1- Gaviclc ZTcndoo of thc subclavius 3' Humenrs 4' Foramen triosseum

5, Coraooitt 6. C.oracobra-nchialis ?. Pcctoralis majo,r & Subctavius 9. SteFruo.lo. Pcctoralis major'

Endoskeleton is well adapted to the aerial mode fo life. Various parts of 
.the- 

skeleton such

as vertebral column, skull girdles and limb Uodes are htgh! modified to suit'the aerial mode

of life. Many of the bones of O" bird are ligbt add do not have marrow' They are pneumalic

filled with air and communicate with the air sacs. the long pneumatic bones are provided

#il ..-,o *,i* sacrificing the strength (Fw zr.z). Ttis principle is often used in the

;; ;aai" aeroplane. the vertebral column has undergone remarlable ch3lSes' such as the

great mobility in the neck region, the shorteness of the tail and rigdity of the trunk region'

The cenicle and {ee thoraciJvertebrde have heterocoelus @ntra, which provide free mobility

to the neck region. The rigidiry of the vertebral qolumn h lu: to the fusion of vertebrae to

form two girders. Th. 6i1 *a"t is formed by the fusion of the anterior thoracic vertebrae'

The sccond girder, the qmsacrum, is formed bythe firsion of lasJ one or two thoracic' lumbar'

sacral and anterior o*iA vertebrae. this rigidity of vertebral column is of great advantage

to the bird for withstanding the pressure of air during flight'

13;2
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Sternum is very characteristic part of the skeleton of bird. The ventral part of the sternum is
produced into a keet of carina.. The massive muscles of flignt are attached to the sternum
and keel. During flight much of the body weight is canied by the sternum and keel.

�E�º �Hr�˜ �ô 1�ô �Ł�fl �£
�q �‡

’��

rganised m meet tt high energ

ª…ic feame ofthe cirdatory system s musuany
largc size oli thO heart,beating rapittt The Ovgenated and thel�¸

�¾ �Ł ØDed b100d�R kept
weu separated Further the bttds are v7am b100ded and maintain cOmparatively a hiner

"�°

tant temperature.This can be correlated tO a very 
�Wtt metabOlic activity of birds.All

thcsO�A are the adaptation tO aerid mode of�Q �B�¡ elmp aFe COme�ged �_ the tt sacs which
make the �K sP�µ �NOry System most emcicnt rFEg 20�B

�´ �BTh�µ d�� sacs act like benows theFeby
al10wing an cmcient�¡ �Bw Of air in and Out of the luns.B�m �R arc Only vertebrate�Ì  where
thcrc tt no dcad spacc(�» taining unused airl h the luns.

,T

�‰3

FJg4.3.neLttandttSacs�° a�\ Jl�¡ �Ø M2�t Œi3.BFOnChul
:mArhi�¡ O�X �� ."�R �æ‘^�� �c o�¡ �\ _^= ‘�E  ^^  �]    �M4.�c lbmnChess.ØÜmmtBroachus 6. parabronchuss Abdominar ar. *" 9i;;;;;il;;H;X;;#;HXHH' ll.Air sac dcnding in to humcns 12. Intcrclavictlar air sac.

The maintailance of equilibrilm is of greit importance for the birds during ftight. The erandistribution of ureight is.ensured by the p*fti; 
"t "o* 

;uan are artic,lated. at a muchanterior point. The muscre of flight u/hi-ch are,"ry -;;;;;;;ffi;*L , *"sternum and the sternum in turn is attached to the rib,s. 
-

The nervous T t"-,:: very well d*loe"d. The cerebellum is unusually large coasisting ofa median lobe and lateral flocculi. Tlansvcrse co"voi;;; found on ttlr"Lur* *as to increase the Erer malter. The great development or ce"eueuum is obvio.sly in re{rcnseto the active flying habit.of the birds (rrg,.zt.q. cerebellum 
"*.*diout"s 

the coplei move,entsof the winp by regulating the equ,ribirrm. 
-T: -."^g partic,larry *" *;-;;well developed' It is very latge and roaches a high level of ehaeocy (Eig. 21.5). The m,sclesof the iris and citiary muscles are striated and concern"a Jtn the pourcr of acooqmodationby changing the cunature of lens. These muscles *" ;; t^,*,o operatiog cftich is of greatadvanrage to the birds while flying Thus the birdr;;;lr" *irn is described as telescopic. vision. rhe birds aro very poor in or".tof-JJ il;"d;;;"b";; 

"#rf.r" p""rrydeveloped, because of 
-the.fact 

that the birds flying in "t a" ""t depend-qo s'ett

3
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Fig.214 Pigeon bæm �å �c 1�Þ �R1.OractOvIObe 2.0�c ebral hemisphere

Frg; 2f5 ihe 9p of pigcon l'-sclerotic @at 2' Chopid coat 3' Rctina 4' Pecten

5: Optic acmci- ciri"ry iri.* z. Iris 8. Cornca 9. Aqucous chamber. 10. sclcrotic plate'

rte spongr bones with air cavities. !he: 
ngdity of vertebral 4r." fusion of a number of

oones in vertebrdl coloumn, skult and also-in li-Uq make the body of the bird lighter which

are of great advantage airng flight. Besides thb corering feathers, the muscles of flight and

stnrcture of brain and eye arJ of 6asic adaptive value. It'ther the efficient tlpes of respiratory

and circulatgry s),stemsl" ii conformity with the high metabolic rates of the birds' Thus we

find that birds have a number of adapive features in response to aerial mode of life'

214.MIGRATION O=BIRDS

��æÛ �v�R�D.�÷ �¨ �l    �˝ �� ª£1�I �{ �r
in the present CentwI Migration Feferes to SCaSOnal movement of bttds�¡

0�] One rcg10n to

anOther to obtin the advantages Of favouFabL COnditions of life.Migration also implies a

rtmm to the orignd placc.The most COmmon mngrations are thosc of north to south and

backo Such migtt are d�\ ibed as latitudin4�E DuFing summer nOrtheFn reglons orer

mOre favourable conditions of life_and so the b�Þ
dS migate�¡ om south tO nOrth.h WIntCr

�I Fetm �_  tt BirdS liVing h mount��
�g

FegiOnS��
�k�� �E �Q �§ �P

feedingl and in summer they retwn to mOuntam�E
.CfOF breedin8

to as altltaldlnal�E

h lndia there�N �VØd�| �¤�� J ur�� �¿�¡migr�· eLttF�ì �dt�Ò :�Õ
of Himmyas in central and Northern Asia,for breeding duril

and r�L �ßar mgrants are the ducks and geese,sWallows,flycatche�˜
 ctc.A number of b�Þ �¡

miFate to northem places Such as Ladakh,Gngit,Bhutan,Sikkim etc.,fOr brceding during
�Ù
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summer. Most birds leave for northern places befo,re hot weather @mmences in March/April
in oui country. They return i, the early autumn between September and November ufien
there would be severe cold in the northern parts.

The direction and course of movement d*iqg migration is not firlly understood. Most migrating

fr{s foUow prominent land markg such as riverq coast lines, .o*t"i, ,-gar "i" Sorri"g
.birds migrate with the he$ of up currents and tend to use short sea crossi;gs. Birds seem
to possess some sensc of general direction. The! do not learn the routes of migration from
their elders. Young birds without any previous experience of routo of destinatiJn, complete
th! migratory journey with regularity and jrccuracy without any mishap. eviAentty birds are
guided by instinct impressed upon their individual memory .o ih"t it has become hereditary.
Birds flying over the- sea during the migratioq do not go much higher, since they do aot
meet with any obstacle. Generally birds fly at a height ra'ui"g between 40+9m aerirs. Bfds
which have to cross high mountain barriers fly at a very tign atitoa" M;y migratory birds
such as Geese, Waders and passerine birds have been observed over the rria.riv--Atitoa".
Many climbers have observed 1[s lsmeins of migratory birds such as ducks, cranes, ;;d" ;eagles etc., streum in the Himalayan glaciers.

The Arctic Tern (stema paradiseu) is a champion long distance migrant. These birds nest inNorthern Europe, Asia, and Alaska. The migratory: nignt towards south starts beti+,eenseptember and November. They reach Antarctica in *oth"- h";d;;-*i"o",i* *"yfrom December ro March. They return to norrh between apa;rail"l.;r*;,* #*"u*flights the Tbrns cover nearry 9000 miles gach way rn, ,ii p" o,ooj*ct Gcotopurusticola) is capable of non-stop flight of 2,400 kms rrom iitgiri, its feeding place to Himalayx,its breeding place. Storks and plovers are also exampl". oitoog distance migrants.

Fig' 21'6' Map shoq'ing the rc{t: 
119-dis1lnce 

of rnigration of Arctic Tern. 1. Ataska 2. Hawaii 3. 7455 mites (distancebetween I and 3) 4' 9319 miles (oistanl u*"o I and,|,) 5. south America 6. Antarctica.

�⁄
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21.4"1 Causes

The migration of birds is in rasponse to some stimull, which coutd be provided by the

phpiological conditions of the gonads. The amount of day light or the photoperiod has a
direct influence on the physiological conditions of the gonad. It has been observed that in

birds ;hich are.caged in autrurn and eryosed to illumination to make up the rloss of day

light, the gonads do not regress. Such birds fien refease4 move away northwards where the

conditions are more appropiate fbr breedi.g On the other hand the control birds which

were not provided with extra illuminatioq did not show any urge to move away towards north.

when released. Obviously this was due to regression of gonads. Thesc experiments by Ronan

sgggest that seasoml changes in illumination may be an important factor in migration.

A bird enters a physiological-state that triggers,the migratory instinct prior to the actual

migration. In fhis phase the day light which reaches the eyes of the bird, induces nerve

impulses. These nerve impulses reach the hlpclthalamrrs, which in turn induced the anterior

pituitary to secrete gonadotrophic hormones. The physiological state of the gonad of the bird

is changed because of the action of the gonadotrophic hormone, which provide a stimulus

for migration.

2L.4.2 Signifrcance

Migration confers abvious advantages to the Uriras. It helps the bird to live in favourable

conditions of life all through the'year. By migrating from high dtitude duting winter, they

avoid e*reme cold conditions such as freezing of water nnd 3fisrtsning of length of day.

During summer when birds return to northenly regions or high altitude, they get the advantage

of longer day light for . searching food. fney avoid e$reme hot climate. Flrther they get

"ooogh- 
food 

-due 
to lunuiant vegetative growth, and suitable conditions for breeding.

215  SUMMARY

21.6 MODEL EXAMINATION QUEST10NS

I. Answer the fo1loWIng qucsttons in about 30 1�g �ª eaCh�E

1.Ocscribe the night adaptations of birds�B

The birds are the unique vertebrates showing several adaptations for flight. Almost every

(organ) system is affected particularly the skeletal s,6tem. Even among the soft organs, right

,iro. tn" digestive tract upto the urinogenital rystem, urc find the modffications' The feathers'

flight muscles, pneumaticlor"., keel, the air sacs, cergbellryr, thrc absence of rigbt ovary with

its duct, all contribute for the aerial mode of life. The origin.of the migratory habit of the

Ci.O" L." disputed fact. Pro$ably, of the several other causes, the day length may influence

the gonad condition, through tf,e endocrinal regulations, thereby triggering the migratory

instinct. The scarcity of food, weather condidons coupled with hereditary instinct might put

the bird on migratory route. Interestingly, the young birds take the migratory routes without

receiving uoy .ort of. training or guidance for migration from their elders'

Several types of migration viz., altitudinal, lititudinal (arctic term, geese & some passerine

birds), ."usoo"l, vertical, diurnal etc' are noted to occur in nature'

11"5
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2. What is meant by bird migration? Describe the process of migrations, causes ard
qignificiance.

II. Ansrrcr the foltoning in about 10 lines eae].

1. Ftight muscles

2. Bran of bird
.,

3. Causes of bird migration

21.�¡  GLOSSARY

Acetabulum

Acrodont

Air sacs

Alar membrane

Ala spuria

Allantois

Amnion

Amniotes

Amphicoelous

Anti'renin

Arboreal

Barbicles

Carapace.

Centrm

Cerebellum

�c
Cnanial Crest

Cochlea

Columena

Coprodacum

The socket fcr the articulation of femur in the pehicgirdle

Teeth fused to the edge ofjaw-bone

.Iarge bap acting as air reservoirs connected to the lungs

A fold of skin attached between the upper arm and fore arm of the bird
anteriorly.

A tuft of feathers attached to the thumb of a bird

A sack which groum from the hindgut in the embryo amniotes

The inner of the two foetal membranes of aniotes; the outer being tho chorion

Repiles, birds and mammals

Biconcave. A term used to describe vertebrae in which the centrum has
depressions on both anterior and posterior faces

Antipoisonous serum

Spaces on the surface of a bird's body where the skin is naked or covered
with only doum feathers.

Aninal d$e[ingin or on the trees

small hooked processes by which the bartules of the feather interloc&

Dorsal covering of tortoises and trntles

A part of the bonewhich forms the chief part of the rrertebra

Enhrgcmentof thehindbrain in a vertebrate.It islobed and convoluted in
birds and mammals. It is concerned with co-ordination of muscclar action

The outermost of the fctat membranes in reptilal sffi aad marnmds

A ridge on the tibia to which the main tendon of the knee is attached

The spiral part of the inner ear gonlaining complexreceptor by which rariorts
sounds are perceived

A singte ossicle conn6ctlng the tympanic membrane with the inaer ear

The part of the cloaca of a bird into which the rectum opens.
137
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Coagulhtion : Clottingof blood

CYop : Adilationof oesophaguswherefoodmaybekeptstoredfor some timebefore
passingontothe gward

Cretaceous : In pigeon it secretes nutritive milky fluid. Geological period-lasting
approximately from 1l}5 till70 million years ago

Ciliary muscles : A ring of small muscles at the junction of cornea & choroid in the vertebrate

eye. This helps inthe poxrer accomodation

Desiccation : Dryingup of embryo due to evaporation

Dermal Bone : (Membrane bone)-Bones which do not replace preexisting cartilage but are

deposited independently in the lower layer of the skin

Ectothermic : (Poikilothermic)-Having a body temDerature which changes with that of
surroundirg

Epidermis : The outer layer of the skin derived from the ectoderm

Foramen Magnum : The large opening it the hind-end of a vertebrate skull through which the

spinal cord passeb from the brain

Foramen triosseum : An opening enclosed by the scapul4 clavicle and corocaid of a bird. The
tendon of the pectoralis minor passes thro"gh the opening

Falciform liga-ent' A short double sheet of mesentery connecting the liver with the ventral wall

of the abdomen of prgeon

Fossil : Preserved remains of past animals; generally hard parts like bones, teeth etc

Gizard A part of 'the stomach having thick muscular wall often with horny teeth. It
breaks up the food into small particles

Glenoid cavity : A cup like hollow in the pectoral girdle into which the head of the humerus

fits

Gullet : Food tract in the neck (oesophags)

Habenular : Transverse nerve ffxs[ lrnning across the roof of the third ventricle (brain)

Heterocoelous Vertebra having saddle shaped centra. Such articular surfaces of the centra

Vertebrae : allow great mobility of neck

Hemipenis : Paire4 muscular male intromittent organs in reptiles

Heterodont : Having several different types of tooth i.e., incisors, canines etc]

Hlpapophysis : A median ventral process on the centruiii of a vertebra

Hypothalamus : The floor of the third ventricle in the vertebrate brain which is thickened

Infra-labials : Scales on the lower jaw of the snake or a reptile

Jugal : Membrane bone forming part of the anterior border rin the vertebrate skull

Jurrasic : Geological periodJasted approximately from 180 till 135 million years ago

Lacrymal ': Membrane bone in the anterior part of the eye orhit

Marrow ' ;:}:Till1,rJ,r"i$"#f#*ies 
or the bone. In this tissue the red

Melanophores : Celb sonlaining pigment granules usrrally of black melanin
�â
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Membrane bone, forming part of tbe floor of cranium

lPined eye)$a qttgrqtth from thercof of.the forebraia In lanprry it is
with lens ald tetina acts as phdoreoeptor, h.other reptites its frmction is
doubtfuI , /, | :

A median orpeningbetqrec,n two parictalbonas
- i : ;'. 1

Salimryglands in thecheb.k of mammals ' :

Ventralcorreringoftortoisesandturtles ' :'

A Vascular comb-li[o lrocesses from thc choroid in thc eye of a bird" Its
function is not certain. Probably it suypplies oxlgcn to the insidc of the grc
A very large musde which is spread all along the keel of the sternum. The
powerful do*u strotc is due to thismusclc.

This muscle is rcspgnsible for the elevatioa of the wings. It ariies from the
anterior part of thcsternum.dorsal to the pectoralis major.
Teeth attached by thcir side to the jaw

Organ capabh of grasping

Vertebiie whoee centra are concave in front and comrexbehind

The posterior chamber ofcloaca rvhich opens by cloacal opening

These a1e also knorm as feather tracts; The contour feathers ofa bird are
arranged along these tracts

The last four tail vertebrae of a bird which are frred

cartilage bone at thc hind end of upper jaw which articuLrtcs with tower jaw

Aninrals walkiag on fore and hind Embs

The horney epidermal sheath surrounding the heak ofa bird

A number of frned vertebrae supporting pehnc glrdte of bird

The long bones in nyipg birds have cavities iiuide with a franeryor& of bars
ofthe bones to resist thp prossure

A junction or union of two bones as forinstane tlc trc public bone.q

lrfasmioBra' ,1: . !:'!

Obtique septun :,

Obfirator Foramen:

Occipital condylb

Odontoidprcirss

Oviparotrs

Parasphenoid

Parhtal Bsdy . ,

Parietal Fo�\ en
�E1�¡  1..o�] ’�M 1

md(1�� �\ �§

PlastOn   
�]   1

Pccten

PcctOralis Maior

PcttOralis ttinOr

PI�� urOdOnt

Prchcnsil�¶

PFOCOelou�Ô

ProctOdaeum�M

Ptcryla

Py86tyle

Quadrate

OuadFuped

RhamphOth�q

Synsacrum

Struts

Spmp�¢�¤

|�B .i

�¢ .�]

�\ �\ �\ �\ �\
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��S�R

motic�×

smes

Supra�\ �o ØS

Sub�] caudals

neOodOnt     �A

Rmporal M�R

�c
U�c prO�\ :

UrOmium    �]

Uroda�\

Vlviparous

fic lomd bu of a,bfod locatod rt tlp lo*tr:ond of the trachca wbcre th
trobrocti acfouad

Riry of lqelt oturlapping booepscscot aronnd tbe iris

S& on thp upperiaw of a soalc c rcptile

Oos or twqro*s of rcntralscalesbchind thc clqraa of snales

IlningtegthioS"t$

Muscles connccriag the lo*tr jawwith temlnral'region of the cranium

Gcdogical pcdod-lasted appruinatcly frm 225 till 180 nillion lcarE ryo

A Eoall process projecting bac,kc,ar& frq the rfrs of the birds eac,h

opr-lappi,ng thc ner posteric rb and-sote$ing to strengtben the *zll of
thcthqax
Thc shost tail-stump of a Hrd

Tbc piddle chamber or part of the cJo*a into which the ureters ad genital

ducts open

AlhdE ufiocc youry ones dcrrclops inside the body of the parent

140
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22�B1 0BJECTIVE

O To know the distinctive features and also the diversity of "rrammals.

22.2 1NTRODUCT10N

Mammals arose from.c4tyl,osaurian rcptilcs. They originated in the Jrnassic pcriod about 150
million years ago. The transition from primitive repitiles to marnmal like forms took place in
the upper carboniferous period but in Permian" they had a set back. In the Jurassic period
there were only a few mammals but in lhp Cretaceouq these small forms became abundant
and- before the Eocene, .a variety of different types of mammals evovled 

""J 
,t" n"i"ry

period regarded as the 'age of memrnals,.

223 0ENERAL CHARACTERS

Due to the presence of mammary glands unfirnctional in males and milk secroting m
females the class is named as nammali6. [\damrtary glands are present in femahs for
ycklins the 

young ones. Except a':few forms a[ gvqmilk,to yor"g ooo; pt"ooi. is
developed zrs an organ for the nourishment of e-iryo ro. tt" -"tL;;. 

-' '--:--
The body is usually covered with insulating coat of hairs. The stin is glandular. The
body temperature is kept at a coctaat brrel. Hence they a.e rode6cr*;;"o.;.
The vertebrae and the long bones have terminal ossificatioris. The centra of rrertebrae
have generally flat s1 5lighdy rounded facets and there are seven cervical *rt"Ui"" *m
.the excepion of sloths.

Skull dicondylic. Skull--bones firmly united sutures generally persist. Loner jaw is formed
of dentary only. Mkldle ear with three ossicles viz-slapes, i-r*, and nrllcus.
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Nasal part is llsually lo�q tccth On bOth�¸ �…situated in sockets or alveoli(�� ccodOnt)

�� s�“ �ççW�o
et�I

�I :�Ú �ª�k�~�� �[ �V a�æ
.�§ �¿�¢

7.

�W

�@

�@

�X

Sight Smeln,and leanngi�] IwenidCVel�B

�u

�– :

Fore limbs and hind limbs are usually present exceirt in few forms pentadactyle, adapted
for walking running, climbing, flying, burrowing and swimming which are provided with
horny claws, nails, digih, fiseYes or fleshy pads. ;'i "

A muscular partition the diaphragm seperates the chest cavity containqg tHg heart and

lungs from the abdominal cavity and is of great importance in inspiration. ' 
, 
"

Respiration is only by lungs. Larynx is provided with vocal cords.
, , , . , ,:

Heart is four chambered (trro auricles) and two ventricles. Only,thg left aortic arch

periists; red blood cells are.circular biconcave without $ucleus except in Camelidae.

Urinary bladder is prbsent for excretion of urine.

The brain is highly developed: The cerebrum and the cerebellum are,large andcomplex,
There is a high degree of coordination !n alll activitics including the power of learning

Tbstis desend in majority into scroctal sacs in the adult. Small ovaries with eggs graafian

follicles.

The male has a copulatory organ called penig. .: 
:,,,i

Fertilization is internal. Eggs are usually small without shells. The females have uterus

for development (viviparous). Embryonic membranes are present.

22.4 CmSSIFICAT10N

�O

�@

�P

�P

�@

�P

�R

�@

�S

�P

�@

�P

The living mammals are divided into two sub class6s:

22.4.1 Sub Class: Prototheria

Prototheria is represented by the primitive mammals

Examples Omitlorttytchus (Duck.billled platypus) and

eater (Fig. Z2,L AB\
,..

Characters ' : 
,

Protottcria and Thcria

qomprjsing tire orcler monotremata.

Tacllglossus (Echidria or spiny Ant

Tttey pOSSes tempora�¡ p�V�¡ es in Whi�˚
:�� |�E �¤ ing?":�Ü iC hal�V I�˙ ,Pt91�V �V :hey

are transfcred aft�v r hatching.

1�ß�µ l�[ �o�v �L�Ó �F�ó ,116�q

���V�V 21r�M �V�V.�V �V �g
WS

prcscnts,    �A

Extllna caF Or pinna abse�V P�¡ ,�V Cr e�î �Mp�Ü �V I�¡
�E

�¡  11  1��

calci�¡ ed tccth arc found.They are vcry brittlc and acgcncrat�Ü
fLtter on th�Ł ‘ar01shcd

�g

d Feplaced by holly pl�N

’’1        :    
�] , 

�u
�¡ :�u ::: 11’| �¡|  1 1   ’

Mammary JandS ar�v �� �� outi�v pples and arci mOdinedlsudorirl�« �Ü andSl�¡ �] �E ‘

Forc lcgs arc shOrt but powerful.Hind limbs arO IC’S SpCdaliscl.
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7.

8.

9.

Skull di�� ndric. 1  �]    ’1  1         , 1   :

Mallels,inCus are well developed.Ribs�ð e n6t dOuble headed.       : �M
11

‘T’Shapod interdaviclc alld epipubic bOnes are ttescnt�¤ in�˚ �“ �¡IS.|
Stoma�g �˜ globJ�¡ .IntoSdnc�¤ �¡ ti�^ �»�¤hed i�å O�V�¿ �¿ 11�] int"tine.,.
Lungs are�� lu in tizc as cOmpared to th�v  bOdy size.

Hcart�¤ fOur chamberedo Single left aOrtic arch �˜ present.     |

Kidneys tte ttetaneph�¤ ,tracrs Opm ht6�˚ hOgelid sinus and�i e is p�– �Û htg
the c10aca.

12: Tbstes are attachbd to the kidneys 'and'are dbdoririnali ' : " ,'

13. Right ovary is less'developed or is some what reduced.

L4. Oviparous. egg laying without irterine gestation. Postnatal care of young ones is not found.

Example"�  �Ì � 

�g
�� �¤ Ctt�˘ ��

�g

S(Fig 22.lA&B).
l

�u : :1

: .-t.: 7
Fig.Z}-LPrototheria A. ornithorhyn;::i?,[Tllf":.T:rrf,r.",illfff:beak3. webbed roor4. rail5.

22.4.2 Sub class: Theria

Modern mammals are included in the subclass Theria. This group is split into two infra-classes
as: (i) Metatheria (ii) Eutheria

:

22.42.1 Infra Class: Metatheria ' 
:

1' oldest placental marnmals. A pouch, the marsupium, is on the belly of female into whichnew born yorlng one is kept and nourished. : ., l'l' , --*- -*
2. Hind limbs larger thaq the. fqre limbs aad are well developed, 

:

3. Metatheria has'only one order i.e.,, Ilarsupalia. ;,, i ,. ,: .

4. Thd brain case is small, orbit and temporal fossa confluent. :,. :..,,, iri: .: j

5. Inter clavicle is absent,while clavicle is large. : - ., ; ..,,1 ,.i
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6. C.oracoid is reduced and scapula is entarged and provided with a spine.

7. Epipubic bones are present in pelvic.girdle.

8. The heart possry memtrangus auriculo-ventricular valve.

g. Thc brain is less developed and small.Corpus callosum is absent.

10. lbstes are situated ia sslsfrrm, in front of the penis and are extra abdominal.

11. Ttryo ovidircts remain separate throughout their length and thpre is a pair of vagina and

uteri.

12. Viviparous coddition.The yoqng are born imperfectly developed.

13. ,Io some anirnals a true allantoic placenta with nutritive function formed.

L4: Gestation perid varies from Try{ to animal.

15. New born young ones crawl in to the porrch where they become attached tg ihe nipples

or teats for sufficieqtly loug time.

Examples:- Didetphys (Opossum) Macropus (Kangaroo)

Fig22.2. Somc.Mctatheriens: A. Didelphp.B. Mccropusl.Eye.2' N6tril 3. Fore limb

4. Hind limb 5. Tail 6. Soft fur coat 7' Young onc'

22A22 Infra class: Eutheria

1. Young ones are nourished with in the uterus for a considerable [ime'

2. Allantoic placenta is formed- There is no marsupiun'

3. Epipubic bones are absent.

4.T}mpanicboneiseitherringlikeorintheform.ofabulla.

�w

144

�v

B R
 A

 O
 U



5�B

g?
Frg22.3 Eutheria: A. rr,Ianis B. l.crnur c Rat r, pinna z.tteaallfue 4. Nostrir 5. snout6' Trunk 7' Hind limb 8. Digits 9. Nair 10. Fore rimb u. Tongue rz. r"i, 6. *"ri'il. ffi;:;

Brain is well highly developd large cerebral hemispheres.which are connected by theCorpus callosum.

Y*rr, 
the number of the incisors, canines, premolarq and'morars in harf of each jaw

is expressed as dental formula 3143
- 3143

urinary ducts reach the bradder by passing outside the genitar ducts.
9' cloaca is almost absent and a common sphincter, if present it is only a remnant.
Example- Manis, Lemut; Rat (Frg.2Z.3 A_C).

22.5 suMMARY

�V
�D

�W
�D

ªà �º�Q �' �d ��
�ó �D ��1�˚ �~T�˙ :�O

��
�W�qittWnails,glandular ski.1�å k^.l�� ,

The class Mammalia is divided into subclasses Prototheria and Theria. The lattter once againdivided into z infra crasses ,ir., oM;;the;; ai, ilh*ri"i*uuroo and opposum possess

t;tttrliril:t 
(Marsupialial *"tii" tn" nnrr", [ion, dqg cattle, rat and man are inctuded in

V4 5�A

4�M
� 

��
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22.6 MODEL EXAMINAT10N QUEST10NS

L Answer the following in about-30, linels. ' ,. ' " '

1. Discuss the general chardctdrs,of mammals.

2. .Classify mammals and mentioil the characters of Prototheria.

II. Anlwer the foillowing in about 10 lines:

1. What are Eutherians?

1 
�¿ �A
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U�vt�¡ �I =E�c�� ØDNAL FEATURES

�c� �̄E1 0bi�g �Œ
i

b,I�� �i �ˇ h�E  �]
|

23.3 Habitat�E : :
23.4 Morpholor
35 h�µ
�Ô 6 S�c OfSkin

�í l Epidemis
3�� 2 Du�R�¤ i

2363 �˚   :   i

"64 Glands il236.5F�c ofthe Sh
23.7 Summary
23.8 Model�\ inatiOn Q�c

23�B1 0BJE�c

,TO k�E
"the eXternal m01p1010w Of rabitic��

rarays ttj"�` abOut the skin and its
hnctions:   :   1:  ::   : |: |

232 1NRODUCr10N

233 HABITAT

234 MoRPHoLOGY

The rabbit is a very widely distributed 
"ql*rt. It is usually found in nature in rarious fields,grass lands and open wood lands. It. reads a rosbriar m, irl orp uo*oro-ir--tn" gro*0.The parental care is :hory by female rabbit. It is a fast ninner and covers 12 to fi km,inan hour, It is herbivlous-Lg r""airg.;;.*r- *i'""i"rgu rariety of plans. rq ispollgamous, one mare riy in th" ;;;;; "r--il tilio.**e rapbit is useful re rnen

The rabbit is a'bilaterally'spmeuical animal, can be divided into tnlo cqual parts. The body is
;overed 

b-l a hairy coat which keeps the body tempera,"r" 
"..i*;;;;'rrr";:**L -*,is uarm blood€d or' honreottemral admaL The'hah posse.s ;il"." *ilJ ; r.Iiir*rc a,imparting colour to the animil.

:

The rabbits are of different colours. The domestic rrarietites are coinnohly rvhite and black
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�D �ø Ø˛ �fl �r :�‰

�Õ .J�ì �Riª� �� �í ��
anterior end�B �¡ ne mouth�R transtrse slit an

�A ded pmnac.     ��

5
Fo.l RabbiL�¡ H�¡m2�ü �B�¡ P�V

�B4 Mmth.�� I�» �¡ 6 FooL�¡ 1�M

NGckis.shortqtensionofthebodybetr*,eenthchead-j.*trrrnlcTtetrunkisdivided
into tso parts (1) ---i-l- ,$o; *ni* i" protcct{ Uy nts and sternum ant (2) a

pcteric gqft part abdomen. Ol P rrcntraf3nfoSil+re-thgthorar and abdmen ate situated

fo.r or frrE pairs of tcatS or nipps or mamrnae on vhictr ;anmaly glands open out' Ibats

ar" .r- r".ria i" -"n 
-_ilrt 

tn"i "t" 
wstrgeal te', n1llctional 

d ,!
f+anus' wmcU is the bfrernat openiag of alim*ntary

At thc posterior cnd of ttcrr*ir'aiill
cand In front of thc anrts-lies " 

*loqg"Italpg*" which in the male is situated at the

gp of the 
"rio "o"J 

mab-genital*gu,p"'nt"iif" in the female it is situated within a slit

Lnown as urhn.

35 HMBS
: L- ara ohmle.r than the hind

Thproaretwpairsofpentadacly!limbsin,uuuitTheforelimbsareshorterthanth
linb6. Each fore linb; divided-rt"-rp?".r';;-or brlfhrum,theforearmoranteDBchiumt

and thrc hand or Eatrus **i'1Tg ".f Y";;;* 
palm or metacarpus and five frngers

*-rf,gi". Fore limbs are used for digging'

Hindlinbsaremuchlongerandmoreporverfulthanforelimbs.Eachhindlimbconsists
of prorimal Orig[, the middle shanh or cnrs aad a dlstal foot or pcs' 

-- .

'it is digitigrade' i'e' it runs on digits'
lte type ri'f locomotim forurd in the iabb

ur ries at thc end of the tru,k urhich is every short' The tait js usuau turned upwards'
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T

ri l i:ii i.'r,.l ....'.-' ,::.i

ªÛ�c :�� �I :   i i

��dBmm��̊VEPuorsmmm�u�\ tE�\ �B
�| �� tO new ceLs on tt Outer sideo As

�� .1�R �k �o �o ª�
mOph�V�ch are fOund h the h�ß hpr
l proc_.The cO10ur�¤ f the�� i t dutt�B

|. 1�¡ 1�� :li:.1.   
�]

�ç �¢ �] th ends J the digits tt the Lott eDidemal�˚ �É

Fi9232 Rabbit'vcrtical scction 9f the skin. t **r3.?'11a. 2, sratuu trridum. 3. srratum giatrutaum. r. stnt.mmalpighi 5' Ncrc frbre' 6' Dermia 7- Musclcs. 8. Fa, *n* c. H.n p"F i;id. $,Err gmd. 1r. 31ood vc.,crs12' con,ecti* tissuc' 13' Tactilc ootpusctc. il. ar*",* gri. u. s"uffi* pno. rc u"i, shrft. 1?. I,,if ftflicle

?3.62 Dermis

It is a layer situated below the epidermis and makes a tough flexibte and elastic co\rcr ovErthe whole of the body' Dermis consists of connectlvc urrui ni*", unstrlped museJcc, bloodcapi[aries, nenrcs ano-rhtGers. t*;tu- -|; ;;i"r,-ild;-;&;:#-diil*, *"projections into the epidermig which possess ,** ffi*;r,rraries and tactile coqpuscleshaving nervp endings' rh9 deeper fr **"olr roua"r-"1-'"oipo*" tiss.q rvtich consistsof groups of fat cens, serving as 
" 

i* l*ufatiag layer.

?3.63 Hair .
Hair is epidermal s*P:, ufrich 

.drgvel-op 
as a thiclrcni4g of etratum *ri*i* Hair isenclosed by a tube tike inragination or the "eid""-ir;";;by strarum lurphigit rt iscalled halr folllcle' qiftt"d 

"t 
tt" B* oi 

"""il t.ir r"uu" 
-iJ 

a"r."t tissue ntien fmms a

�R

�¡
��
��

149

B R
 A

 O
 U



wan pFOmberence ded thC halr.pa,�† h�† :�˚ �¤ J�c

�g

nemS and bloOd �YNttIÆe

�� of the ttr L coVered by a cuticle.Oi thc�g �i �¡ �R distigished into tto paFtS.

�{ �v�ô �P�t    �—�R
rtt and�V upeF traVer�V �� d�V �“

:       :1           ’

2364 Glandsl                 �E ‘.    :         �c

�¡ ere aFe tWO mes Of nds�¡ the tt ded d"�˚ �… and sv7e�å
"sudOrifousl Jands:

�� �b�E�ß �‰�ª �� �N�¸
water proof�E and Fcasy�B _                            _

general t�V a�  Of the�R :  ��
:

�Y65 FunctiOn�˜  rthe sHl

The nin�A a�¡ �Nb StruCture haing a Variety of mCtiOns.

�P
�D
�@

�Q

ltc skin s€fles to.mai*ain a'definite 
laet 

of the animal'

It is an important protective organ as it protects from the mechanical injunes due to

ffi;;d'blorvs.
Skin is a germ'proof membrane covering the entire bodp

slinisclosctywor,ente:durethereforeitispliableandcanwithstandrmdcrnecblicat
pressure rather than to ruPture'

Ttedermisoftheskinproducc,mcmbranebones,whichgivestrongrhtovariousparls
of the skull.

It atso gives rise to claws' horns' hooves' nails which serv'e as weful tools'

It also absorbs materials as oil and ointmenL

erature of the bodY'

It also helps phlnical and Plysiolggical regulation of tbe temp!
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9. With the help of sqrcat ghnds which are peqrqnt in the rkiri, the extra amoun[ of thc

heat produced after miScular activity is lost by eraporation of sweat produced !y;srip*
, glr"d.. :[a this way the skin helps to maintain the body tenperattre co{staffry *i[tin

a:limited range.

10. Skin also acts as an orgil of storagg as large am0mts of fat are stored ir-ttb-fom of

11. Mammary ghds produce ,nilk, sebaceous glards s€crete an oily substance caltcd,seb,um

which is respo,nsible for watei proofrng the hair and slrin. The dsnds are,derivedfrom

:

12. Skin serves as nourishing as it is capable of forming Vitamin D in tho pir*ncc of srlo

light.

13. Skin helps in senral seleciior,. Colour of thc stin and rarious other intcgumcotal stnr€ufcs
serye to attract opposite ser

2367 SUMMARY

Rabbit is a hairy quadrupe,ite feeding on gra$ and o,tier plant material, warn blooded (38.fC)
and polygamous. On the V.entral side4 or 5 pairs of mamnae are prgsent ' It Axhibits

' plantigrade locomotion i.e., touchipg the ground|. Stin is glandular. Epidernis is stratified
as in other vertebrates. Stratum oorneum is ketatinised and hence codtain de1p cells uffl,
the cells of the stratum are living and actively diridin& Sebaceous or sacculia'
glaods secrete,sebum while the sudoriferous glands excrete inorganic salts etc, in the form
of sweat. maimmary, glaods aro the modifred sweat glands. Skin serves in many ways as a
protective; sensory excretory locomotory (bats etc") and defensive (as claun, nails). iie.idet
producing bones and teeth, vitamin D in the presence of sun ligbt (I-l.Vligh$, it atso he6
in sexual selection.

2318 MODEL EXAMINAT10N QUESi�UONS

I. Ansrver the following in about 30 lines.

1. Describe the ememal characters of rabbit

: 2: Give an account cif.mlmnralian skin.

il. Ansrcr the follodng in about l0 llnes.

1. What are the important functions of mammalii4 sftfu2

2. Ha:r

3. Sweat glands

4. Sebaceous glards

5. Ma-mary glands.

�q__.F�] _itt l�O �å �� �D�] �R�¡

151

B R
 A

 O
 U



Unit-24 å¥ LETONOF�]:å¥ åY��

Contents

24.1 0biC�˚ �É

�� _2  1nttuoØ[ on

�í   Skuu

Z4 V�v rtebral Column

245  ’�E RIbs 
�]

                  .

�i   Stemum
24��  Pectoral G�Þ �æ

248 Fore Linb
24.9 Pchic Girdle

�Ô 10 Hind�¤ �R

2411l Summary

24.12 Modd Examination Quc�Õ ��

24.1 0BJECTIVE

O To explain the structure of a:rial and appendicgtar skeleton of rabbit.

242 1NTRODUC�¡ON

Skeleton of rabbit like that of any other mebrate consIStS Of the a7d��
l Sueton and thc

�y�I �í �£
�E
�� �çr�| �� �d�í �� :�U Td11��

d�UuT,çq �� � C̊

243 SKULL

The skull of labbit consists of a eranlum (or brain case), auditory olfactory capsules, orbitst

andthehyridaprntusandthejaws. The skull elongated. Its length I s:uTt thari the

width. The st,ructure of the bones is prominent. The cranium which lodges blain in it has

a posterior opening called the foramen magnum through which runs the spinal coid' The

four bones surrounding the foramen -uogr;, constitute the- gccipital region of the cranium'

They are, 1) basi o""iiit l, a flat bone lyt,g at the base and-bearing two prominent occipital

condyles, 2) the t*" ;;;;i;occipitats *tigi ut o contributed to-the occipital condyles' Each

exoecipital is produced below into a process called paraoccipital, which is closely applied to

the auditory rtigion. 3) the supm 'occlpltal is a single largc bone taying on the dorsal side'

whose e:Cernal ,orfu""'i. Air"ira bachrards and upwards and elevated in the middlE into

shield shaPed- Prominence

All these four bones qf occipital region are unitod in the adult rabbit to form a.single ring

of occipital bone.

The roof of cranium, i.e. thc dorsal part of the brain case' is formc! b: a,qair of n}ietal

bones which lie anterior to the ,upr" o""lpital and a pair of. frontal bones lying anterior to

the parietals. The parielals are plate liki bones, @nvex externhlly and concave internally'
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�ß çW�y �ì�� �r çW�ł �Ñ �o
mbdondd sumeo AnteFiOrly they arO conneded toithe��

�R �‹ acOmm)sI�\ Bmen

the supraØD�ˆ td and.the parietal�¤ a median�c �V  knoWn as the her p�\ �¡

�' �x��1�ð �Æ�¸ �x�Ł�D�h�â

F132.1�E A.RabbISkJ1 0omlViCw3.1.Incisor t�� th.2 AnteriOF nareS.a Nasal.4.Zy30matic      �A

proces of maxI�a 15,Frontal‘.PsteriorstlpraOrbitalprons offmnttl �˛  ZBOmaticPro�\ Of

squamosal.&Tnl�g�E�å�� �ØØ‘ 1�´ �R
iä\ �v�^�¡�E�Wmipil l

�u�˙ �Õ �� Ær,�ƒ �fl�` �ø�ø   �C�R
�í �x�¿ 1Œ⁄�x�]1�Õ �ˆ �d�j��1�Y �§���Æ�D�ß 1�ƒ :�¢
�� t�M Ø[Iv�E Just beltt tH,depresdon th�µ

"�¤
a fortten Called the pltlllu Fomm�Ü

:Anterior

tO t�g basisphenoid t the preshenond which t a latero cOmpr_d bone.      .

: .  111  . 1       .�]   ll,11   :
:                 :1 1�� :�L   | =

The mterioF paF1 0f the Cranium is�� mp10�g

cartilar bOn?�V �V om�V�V �Vmerous perfo

ThC�MeS�� �`�˚ um are f�\ ed by �V  alisph�b
Alisp�V �V�mare bOoO Winglike bones,cach

lr�å eSS.Itl�R COmeCted��hterally to the basisphenoid tt presphenond on tt venL�v im�`
but on t�g dorSd Side�¡ �¡:separated iom p�Ô etals by squamosds.  :1  -

�A�ˆ
I�]
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m�� 4�E 1�EB Rab�Y�B �� �æ lo�g ��lmiv�V �¤ 1�E InCiSOr tooth(D�¡ Inttt00thO.3.P�g maXn�¡a

4MÆ…�� �Ù 5.�c .6.JuFl�E 1�¡ Pren�¨ enOid�E 8.Fit�V taryFora�'
,�E

97�Opmatic ProceSS bf

sqmmod n’�¢�� m�gblllh lll B�g âK audit07-t�� 12.Pan �¿�˚ �¢tal prOcess of

:�‚ �R�D�F �fl �� t�� �E�E�E
ØS�E��CCtp�æ�yçp,�æ ��ndyle.

anal.m BasiOcctpitJ�B 21.Basisphenoid.

2AltthenOid�B 23�A Ptewond:4.supm�V�æ mr OFFronml.25,Palatine.�æ Vomcr

, 27.Molas.28.Zy80matt process ofmaxil�� 29.Palatinephtettmttlla":Nasal.

Orbitosphenoids are a par of cart=age bon,s cxtending outwards and banards,fommg the

sides of the cranium in the reglon of orbi�P

|
which cwes outwards,then dovaWards and l

upperiaw b b�� �V �ˇ �¤ ath �V �E’POttC

PrOCeSS�E

The auditory capsules are interpo�g l100Se’betWecn the sq�\ on and the ex�] occip�¡ als��

each ttL Connected With ea�¡ auditory capsule are the�� mpanh and the pariotiC bttes.

M�R �Ó i�£ �F�wT�ß:�Q �y �Ł�� �r T�x �• �[ :��
encloses the attt�ô (�`

lear1 0sSiCles the maLus and�� mpese    �A :

�' �Nä� �Ì �Ìl�N �ö �bl�ö Ø}�~�`�ä �h�•

l�˜
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�] �L�L �]�‘ �]
�u  �]�E �] �M~  �M  �]        �E 1�¡ �]~�˚

labyrinth.EIcemally�¡ prese�¡ ts two Sman openins,the Fenesm Ovans and fenesm rOtunda

visible ody when the tppanlc�g remmd.The mastdl pOFtiOn Of the pe�Ü 6tt�¤ visible on

the surface of the skJl between the�� mpanic and exoccipita�B

Bctween the �V panlC and Pcri�g �¤ bOnes there are two apertures one the stylomastoid 7th

craniJ nett and thc eus�\ �å ,pettE9 9VeS rise to fOm �vustachian tube�B

Thc oHlctOwCapsules,which uc ttteJ�É r to the brain case contaln tv7o bones�E the nasals

which form the roof Of dttory cavitiett They are nat bonct,erdending from the ante��

margln of�¡ ontals to the tip of exteml,arOs.The olfadory�g �¡�Ł �¤ divided intO two by

a medim vertical plate of bOnc called the mesethmdd,which lies in�¡ ont of dribriform plate.

Inside each nasal cavitytis a ttOll �Yc bOne,the ethmo�] â˜ rbina10 which are l�Q ed tb the

mcscthmoid.Thc voFer�R a10ng median bonc having lateral wings.It�R attached to the

infcrior mattins of mcscthmoid.

Thc orbitS arc the pits fOrmcd in betwccn the bo�¡

�g
�� cranium,aud�¡ ory capsule,the oradoFy

capsulc and thc upper j�o �W bOnes.The Only circum Orbita bonO is the lacwal which les
in iOnt Of the Orbit and connects the�¡ Ontal�Mth m�Ô lla of upper iaw.It COntains a sman

apcrture cJlOd ehc lacttmal foramen‘ The upper jaw is made up of premttdIEa,mad�j ��a�£

palatine,ptewod9 j��
1�e l andi squattOsal.                             .

Pre�R�Ô ll�g are the tw0 1argc median bOncs foming the snott They bear the uppr hcisOr

tedh.Each�u cmad�˙a gives ofF three process�¡ ,the n�Ü ØS�gbrocess which rllnt backwar�R
uplo frontals a16ng the�¡ �˚ bOnc�Ô . The palali�_  process which runs backwards along the
palatc.The palatine prOccsses of the"�_  ddes�� ect in the ttd�R )and fom the noor of
the nasal passagcs.�÷ hc mttimary process runs along the magilla�B

Va�˛ llae fOrm the grcatcr part Of the upper ja�¡  They be�`  premOlar and molar teeth.
Maxillac lkc pr�– m�Ô 1lac give or pllatine prOcesses Whn mOt in the centre,there by foming

thc hard portiOn of the pa�Ô �–.I From the Outer side 91 each malgina arises the�� ªàomttc
arch,which mect�˜  ther�¡ uamos�viposteriOry Thc Zygomatic arch fOms the anteriOr and Outer
boundary of the orbit.

Pahttnes arc a pJr of thin vertical plates 6f bOne lying intemal tO the maxillae tb which

�R�Ł a�K åN

�g
Ld m�˚ �å �T �¡ �Ł articulttlr�Û

�X ªÛ

�˚ ptew�ß �“ abOVe�¿
pttsphemokL They surround thO pOStCr10r nol

PtewgOids are a pa�Þ Of narr6�¡
ltrtical plates of bone am po�R

�� �å ly tO the basc Of
the cranium,the ptciªà Oid process of the disphenOid and anteriOr�µ tO p�¡ tines.

�B tfTttLtt�v :�à �¤�� =d�V�V�x ���� �] �]
T�MC

�u t�� �‚ �˘ �† A�� ç� �D i�_
d��

’��

S a hOri20ma pOrti�g �� �i

�å �Ø �ää��Q�J�óª�
�E
���R  �x�a�î

r ja�V sscs soCketS b the t�N �˚ .:
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8f.212. Ratrbit-f-wct;au f. tnctrn mut.. 1 l"ry {cotal fonoco'

e fomonr. l. Uolrs. Cqmoid proc' 6' Cofile ?' Atrgubr Pry*

AA VERIEBRALCOLUMN

The rettebral oolumn ousists of about 4546 rertebrae'

Ite spinal coln-nr of the rab,bit is divisible into fitE regiid'. Tte c€n'ical' thoradc' ltmbar'

sacral-and caudal. fUta f,*U- vertebra is taken as t$cal rrrtcbra' It oonsisS of :

i) r cailmE, xrtich is flat at the snteriq and po*erior snrfaq' The ceilnrm in thc

cmUryon1c mdidon contains 
" 
*r".1;;, - rotoio' and pogtedor thin $snes chUca

GDdJ,s6. fto" Uooo t"e *iO the centrum in adult condition'

BA

�‰

Frg2a3ReDbit.vcrroraA'AltcrkrlrrrnDor(AotctbrYigr).BFosteriortJobar(latcratvicw)
f^ Ncunl qir' e 6gup"phFtt.1 Y"t11lople 

4' t'Icural canal' 5' Transrcrsc procass'

" '*i'frffirq;;i'E;1";t' a Ncunr alct e' PGt z'lslPoPhFl6 10' AnapoPlry*'

DCUrsl arth over the oentrum encloses a neural canal for-the passage of spinalcord

Gtgr43). It.has at * Uir, ,O ilrrTd b:hbt" p"tr of notches called the in&rvertebral

uotelcs, whic,h lea'E ffiJil6"s U"il"" the succe'ssive vertebrae fo: the passage

of spinat nerves.

amediandorsatpltccaswhichiscalledthespinouspnocBss,Nouralspineisborneon
the apex of the neural arch'

trtn.cvErsePnDGessss,whic,harise.fromthedorsolateralendsofthecentrumardare
Oit".t A out war& and down wards'

�ß

I
I
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�R�¡

0 a pair of antertor 4gapophyses, a p& of poaterlr ryElpoPhytcs' ceftain ayflry
pr}rsus, the metapophlses and anapophpe are also present. Metripo,physes lb Suve

itc anrcrior 4gapophpes and ppject uprrards and folardsAnapophyses pregcnt at tht
base of poster.ior zygapophyses are directed baclnpards.

Cenical vertebrae

{here are seven cervical vertebrae (Almo6t atl the mannals including the bog noc&Gd Gifiaftc
contain only 7 cervical vertebrae). fte ccrvical vertebrae are charactcrized by thc sbortncss

of centruq snall size of the neural spine, and the prescnoe of vertebrtrterlel foramen at

the base of thra transverse processes of the first sh vertebrao: the first trc cervical vertebrae

are specialized as qtlas and axis.

Attas, the first cenical vertebra is a ring like structure *ith rrcry much reduccd @ntrun,
reduced neural spine and wing like tran$,ersc p(rcesses (Fry UA). It bears on is anterior
face two lateral oncave surfaces for the articulation of t*o occipital condles

The second vertebra, the ads, bears on its anterior face of the centrum, a peg like prtrccss

the odontoid Intooeos, which fits into the ventral part of the -ring of the atlas. It has a-iline
nhich is elongate and laterally compressed. Ttanwerse p(rcesses are small, difected Uac&wards

and are perforated Gig.245A.)

Fl5Z.4. Rabbit-Atlas. A. Dor6alvic*,. 8. Anlcriorviry. C Poctcriorvicry i. l.Icunt-
caaal 2. Ncurat spine 3. Ncural arch 4. Vcrtcbratcrial caoal 5. Traasrcrse p[occss

AII the cervical vertebrae, ex@pt the last have their transverse processes bifrrcated into dorsal and
ventral lamellae. The seventh differs from the others in havhg a mone elongated neural splnc, itr
haying its transwrse proaesses ii.ple and imperforate, uod-io ,t" pr"*r* of a.littlo 

"oo""*.semilunar facet on th9 posterior edge of the centrum (Fig. US.B.).

,�_

Ats
Fig2'5 Rabbit'vert€brac A" Ards(Irteiat vic,f,,). B. lypical enical (Antcrbrvi€ry) r. I$u1lil {itrc Z oddjo;d
procers: 3- Artic'ular sutfac= for attas 4. Vcttctratcrial canal 5. Centn m. 6. ern icat rfu. ?. noiz2pop$ias a

Ncurat arch 9. Prcqgapo ptr5rsis 10. Epiptyis oo ocntrum 11. Transvere proccss lil l.lcorat crmt-

C8A

�R

�j

�C

��
�P

�¡
�R

�Ù

�E   �¡
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Thoracic vertebrae

The thoracic rrcrtebrae ue l2or 13 in number. They have elongated spines which are mostly

directed backwards and upwards in the fUst nine vertebrae (Flryl2/.S\. The transverse processes'

are short and Sout. Each bears near its extremity a small smooth articular surface, the'

taberalar facet for the articulation of tuberculum of rib. Pre and post zygapophpes are small

but wplt developed for pro,iding articular surfaces. A small fac:t born on either sides of the

centnm is for the artiulation oi tn" 
".pitulo- 

of rib-

A
Fig2{,6. Rabbit-Atrtcriof thoracic vertebra. .d Antcrio vicry. B. I:tcral vics 1' Ncural spine .2'l:n*:o"

proccss 3.Ncuratcanat 4.Ocntrum 5.Demifaectsforcapitulunrofribs 6.Prc4gapoptrysis T.Facet

'fortubcrrrrlumofdbS.Neuralarchg.PctzSTgapophysis.l0.Intervertebralnotch.

Lumber veilehre are six or seven in number and have tylpical structure described already'

Sacral Yertebrae

The sacral vertebrae are 3-4 in number. They are fused to form sacrum (fig'}a'7) which is

wedged in'betrreen the pelvic arches. The first of the four vertcbrae is the largest and its

transverse processcs -"'"r,puoa"d into wiry-rng sguctures. supporting the pelvis; its neural

spine is large. The vertebrao in general re-semble those of lumbar region' but anapophyses

areabsent,andhypapophysesareabsent,metapophlnesaresmall.Thelasttwosacral
vertebrae resemble the caudal vertebrae'

B

Ft&2.2. Rabbitsacru,m. A.I.atcral view. B. Dorsal view. r. Prc- rygapophysis 2. Neurai spinrs 3' Po6t'zygapophyets

4. Centrum t. ,["r*iii.itl.rii" 6. arricutar iacet for illium 7' First sacral vertebra'
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Caudalvertebrae

Thgre are fifteen caudal vertebrae. The antcrior caudal vertebrae have neural spines much
reduced and transrerse prooesses and are similar to those of the.sacral vertebrae. There is
a gradual redudtion in their size posteriorly and the tcrninal ones consist of only round centra
(W%8). The spinal cord does not project in the tail.

FlgZ.8. Batbit-Caudal rrcrtcbra (Dorsal vicn). l. Neural spincs
2.wrtcbrae 3. Pre4rgapophyscs 4. Poei zygapoplqncs.

Ribs

There are twelve or thirteen pairs of ribs, of which the first seven are considered the true
ribs. They are connected to sternum. The eighth and ninth are attached to the seventh rib
(true ribs), -the remaining are free or floating ribs(fatse ribs). The ribs contain two articular
facets on'the dorsal side.' The ventral crpitulum articulates with the centrum of vertebrae
and the dorsal articular facet, the tuberculum, is attached to the trarsverse process (fig,ya.9).

'Fig' A'9' Rabbit-Rib. 1. capitulum 2. Tuberculum 3. vertebral portion of rib 4. sremal portion of rib.

24.6 STERNUM

sternum consists of seven segments of strenebrae lying in the mid ventral uoay *ar.Tf
l"j:iY^:i"^i1fl:"*.".r.". "r11" 

iu' rne n .Ipi"*1n" manubrium or prcsranum
bears a kecl on the ventral edge. second to fifth are-much alike, but the sirh is small.The last segment is called the iphisternum and extends beyond the attachment of the ribsand bears a cartilage, the xiphod cartitage. 

-r ----

Appendicular Skeleton

The skeleton of limbs and their girdles constitute the appendicurar skeleton.

24.7 PECToRAL GIRDLE

�� �Bched tO the apEial skeleton by musclcs and

W�r �� �� �[
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ends bglow in an acromian Fooess. From this a posterior process the metacroml:n 
-ls 

glven

off...At the narrower end oiFg t""put" is the glenoid cavity into which fits the head of

,humerus. Iomediately in front irf tUr is a smell inwardly curved prooess, the coracoid pnocess.

This process is very muc,h rcduced in nammals' A slender rod the clavicle' lies obliquely

.in tlie region between the prcstcmum and the acromion lrooess. Clavicle Ls a membranco

bone, which is connected to the scapula and sternum with the fib'rous tissue'

F,4;Z.l0.Rabbit.ItightPcctor.lgirdlc.lsuprascapula2Glcnoidborder|.tvtltllmianproccss
i]e.-ri"n pro..oS. GbnoiO ."rity O.Coiu*id proccss 7. C-oracoid bordcr 8' Spinc 9' Scapula'

48 TORELIMB

The slreleton of fore linb(8tg.24.11) comprises the following bbnes:

Humens (UPPer aru)

Radius and ulna(Forearm)

9 carpats(Wrist)

5 metacarpals (Paln) and

ll -- --L:-L 
:- .rrfh frtA ntlv a / t a I t l-

a phalangas in each of the digits except the potlex wbich is with two only (2'3'33'3)'

Humems : At its proximal esd the humens consiss of a rounded head for the articulation

ffiiJ;rrri-JJ+; rh" pecrorar- erdlq with two prominences the lesser and the greater

hrberosities for the insertion of musc;hs. A gr*"", G 6Oqt gu'vc"oocurs between the

two tuberosititcs. In continuation *ith t!'e lesser tuberosity' there is a deltotd eridge' At

the distal end is 
" 

p"[t like 
lochtea 

over which iies a supra trochleal foramen'

The radtus and ulna constituting the forearm skeleton are frrmly frxed togelher so-as to be

incapable of movemeni bo, -" Iot actually fused' Radius is 
$orter 

than ulna' The radius

artic,lates pr"d-.tt;h the humerus, ai*,ary with the 9*-p"t bones' The ulna presents on

is proximal end a deep fossa, tn" g""1"r rig*oid cavitylor-fuing of the trochlea of the

humerus. rn" p-Jlot pto""o Jn the proximal side of this is the orecranon process'

The carpals of the wrist are arranged in three rourc' the first row *-*tl.tt three pieces'

mmcly scaphotd (Radiale), lunar (lntcrmedium)' and cuneiform (ulnarc)' The distal carpals

�R

i

I

I

I

I

I _, _._

B R
 A

 O
 U



��

a50 four trapcdun' *f^q nasnum an'l uuclibrn' The�q �V

�c

l10Caled

�\

1�¡

�T�A9

Re2a11.Rabbl.,,tT,*i1Tx3,HH#t!ffi$1i$-fli.. '�Ø t�F l�F �R      il�o �ö �� �Ł�T�O :�¶ �| �� �Ù �� �X �¨�V �P I�F àp   �° 4�c
�\ �L  �\ �Œ ^�] �¡ inmcated bOnes�E Th:�i �¢ ’�E   �FThe�¡ Ve meta�\ lS Fe�M

J�¿�� �� �V:�Ø �“J:
�í �O �í �æ�d�Ł�Û �¨ �x �� �u�� �i d m dawsi

�R

z,PhVIC ORDLE �æ _�Ñ _�¡
��

==�¢
�u

lgalom��

at theb ventral ends leaving a rargE o[-"]-, 
*""ary in a synphpis.

;;r. Tbe Pubes of oPPmite sides ttoite
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�£�fi tt�a �o �l �xi�ç �Ù �•RItt111�I :�` l�� � bilun40"um�_
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�¤äF
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U.IO HIND LIMB

�§���R:�˘ T�� �s�Œ.8�fi 11"�Ü
d ttbda (Shank); Tarsus (Ankle), lVletatarmir,
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Fmun The head d femtr mintes�E �˚ �˚ the�� ä~ �� �� mernd to thC head�¤ a�c

�r �‹ s called the g�B â˜ trodanabr�æ L�µ �T �Ł �Ô �i
ins 11�Þ

�à

"�æ

�˚ Ø[ and,�k
�O �¢ �Ér�R slmted itt be10VJ the"�� m�� �‹ 1�¡ �x dignd�¿ �˛ ifemur�] �@�z
tWO FOmnenes u condylh tth a deprsion b�\ n�V�˚ �A Z13b,the rdLr�c

|�\   .          :

r�ß Æ� �R 1�Õ �fl �� çW �Ł �˘ T�• �£ �„ �º �Õ

has an�c �⁄ �‰�œ �Õ for�¡ eicondls ofifemur‘�´ �� �¤ a tt Splint bone lying

outside the tt Betv�v een�˚ e femur and the�› ØDthere L a m smam�V bone caned

the hee cap�å

�u

1�R �ß h h a deprnion mmed the patch Foove�â �o �Ù ��
d femur and�R kept in pition�fl tendOn mending fom�� .malbri nia�¡ as tv.

�B�R�æ aF S�] h"One fOF aSuuS and the otheF fOF elaneum�B   ’       �M

ne mul�¿ �˚ �ä J tt bones manged h tv�� FOVA:h the proximd�¿ ,there are t770
bones the asmmS Ctibialel and themEomeum(�¡ �Ü h�¤ ,çq �R a stroog�c Fo�\
that h�� the heeli The dista rov7�V �� 3 bonn the�ô Ocalndr_i mmndrOm
and the mboltt One of the taFSal bOnes the m�R �R Cmiddle row3 L htermlated be�\ n
the rov�� .      �A

nere are fOur mmt�n .�p hallux or�› �Ú �R �¾ �R �Y�� �‚ d and�G �Q Wn the�] s�BOnd
�i t�] 2�� d Of the adult.The pFOXid end Of 

�V �” �M produed L�Ł a rmtt nich
miculates tt n�� �R �BEach J tt four digits has four phalangeso Clav��

�g

�˚ .

Au the digits d both the htt have tmau�¡ �Bdule�Q
�c

d bones betvan the,�¢
for additional strend�E

��
��

�d

�†

�‹

�C

24�B1l SUMMARY

The skeletal rystem of mammels di4inguishcs itsclf frm other rrcrteh,rates in somc resppct.
the skull bones are fused and can only be distinguished by the sutures"' The dicondylic
mammaliin stutt ls.Oaracteri.sed by the-prescncc o; thc.zygorhatic arctr md thc thcpodont
and heterodont dentition; diastema is sccn in ratrbir t.owcl;aw is formed 

"f 
d*tq(;nly.

Arttcular-and qydrate have been modificd as ear ocsiclcs aloog witt thc stapcs (hy".a"d6,ih;)
moving into the middle ear. fterygofot reduced and is 

-scalc-like. 
Vertcbral cdumn is

-cnaral*19d 
by tho epiphyses. Ccrvical verteb,rae almys 7 in number onty. Sacrum *rtd*

four fused rcrtabrae.- Typical tumbar vertebfa cootains and anapophy,nrx
strernum is formed of 7 sternebrag the last onc bcing tfe xiphoid'cartilage. rocto"ai gira;
is simplified into a broad scapula with a spine arnd an oUriqo"ry flaced "li"i"t". 

m" dtt"-of the os innominata and the fidbsketetonrenainedbasicallythcsamep.

24�B12.MoDEL EXAMINAHON QUESl�UONS

I. Ansrtr tn loUowlng tn alTut 30 linc!

1. what do 1,ou know about axial and appendicualar skeleton of rabbit?

Z Give an aaeount of skull Uoo"r, io rabbit.

3. Describe the rartebral column ol-rabbit.
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IL Anrwr tlc htlorhg h abod 10 lb.

t DcscfiEc thc s&elat@ of fore c bhd li4b itr ffit

'.. L Dccrcrln thc rtructme of loul!8 irw in rfiit"

3. Dctctfra tho pectcal girdc of ribbit'

+ DpccrDc thc Pctvic girdb of rabUt 
:

' 5. Dcscdbc thc stntctuc of a typical,*ttb* of rablit'

6. Ganiun

?. Atlas

& Sacrm

9. Stcrnum

ltlHmorus.
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Unit=25�` RABB�u�]DIGES�\ SYSTEM

Contents
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�Q
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Otrjedve
IDtroductim
Digestirrc Org;ans

253.L Tongue
2532 Teeth
2533 Pharlmx

253.4 Ocsoehgus
25.35 Stomach

253.6 Intostine
25.3.7 Caecum

253.8 Large Intestine
?5.3.9'Digestirre Glands
25.3.91 Liver
253.9.2 Pancreas 'jr

Nutrition
25.4.1 Iagestion
25.42 Deglutition'
?5.4.3 Digestion
25.4.4 PhpiologofDigestion
25.45 Absorption
25.4.6 Coprophagr
25.4.7 Cellulosedigestion
$rrmmify
Modet Eranination Questions
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25.1 0BJE�\

o fhis lesson dcscribe.i thc'digcsthp orgtns of the,rabbit and the pro@Es of digpstio&.

2�‰ INRODUCTIoN

For any organism on earth ener$/ is requircd. Food is the fuel for eircrgy. Food is a mixture
oJ several complex ingredients-like carbohydrates, proteins and fats. q511r dl*"rly crnnot0"1 T+ such complgx molecules and roquire pr&srg. rrence oe.r1ir,q6nfr^ h"*
evolved in nature. Digestioo $ -d t"b lerelr : (i) biataovn 

"f 
;ir"h t *";-Gmolecrilcq inro some wlat qalt .o1"9',to m'mo.th,'la E"*d(iiiln,rt"rIillj*, orthus for.incd sinaller moleanles into sinple moleculcs gulos", ;fu;"rddrr- ar,y J* *aglycerol c,hich are better soruble in water) with the n+ 

"r 
e*Jmes.

253 DIGESm ORCANS

�¡
.rabbit the�E

�i �¡ !Ø[ �V�V
�]�� �† �� .�¡ �Abounded�fl �V �Vy momble

uper and�ï �¡ �V  upper�¡ �A�I�o d�fl a clet h the middlt�E �R d�� h
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lip. This orposes'the hoit teeth- d l'* T gllTy the verytaU! I T"
buccopha4tngpa *"ity 6trap-"t"a from th._i*ry*ry channel by the dcvelopment of a

horizontal porrioa *ltia[e;ri*ra.ty palate. rt cqslts {aaaa3rlc 
hard palite strerythened

bybonyprocesses,ofjawuoooTgaposteriorsoftpalate.The.roofofthebrrccalcavity
is formed by the hard palate which has transverse tidges of its mucous membrane' the rugae'

posteriorly the hard palate passes into the soft palate *ni9 ef ue.hina F u.tts- flap' uvula'

Many small muciorrs E-* are located oo tU" palate' At the anterior end of the palate is

a pair of opening "ffi"*;;il;,tJ*".1r. 
They connect the buccal.cavity with the rasal

chapbers above. The buccal cavity co{arns some important structures li}e the tongue' teeth

253.1 Tongue

Alongthcfloorofthebuccalcavityisthemuscularprotrusibletolgrre.Itisattachedtothe
floor along the greater part or its length and is airectea The posterior part of the

tongue is hard and h ,0,0,, elevated. The upper .o,fuo of it is with various types of

papillae, which contain t*t" Lri* in them. Tongue is an organ of taste' besides it helps in

;fi;rhg and Swallowing the food bolY'
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are thus dlphyodmt.Th�Ł are ako httrodØD
=e"they are not d alike but�\into four mes aslneisOrs,cantnes,prmolars hndmolars.:The ininors also caned as altting

teeth,3ont tedh have ttrp ttting edges and are used in gEwtt the vegetable matter�B

BeLttd the incisors t a toothless FegnOn9 the dhs"�ß � .̊ in other mammals this�g J�˝ �R

�Bccupied by pointed tcett the Canine�A �¡�˚ ch are absent in rabbit.The premolars and the

molars are the Findingill�ß

"�B

MOlars do not appear in the�v �R set�B

They possN broad crowns on the tops.They�¨ �µ sinà  �ð in thett sndure but ttb in One

resped that the molars ac not�g presented h the tt ntition and appea m tt pemanent

dendtiOn Only.The number and variety of the"�V  tay�¡ �kd by a dental foFmula�B �ßL
dentd fOttula.of ral�œ is:i=2/1,cO/0,pm:ŒG �� :3�À .�§ 16+12=28.Hum�gdental

�â rmula�A c22i1/1pm 22 m 3/3=16+16=32.The l,tterS i�E �� pm and tt refer co the

indsors,canines,prettolars a,d mOITS FeSp�' �V �V�E The rlgutts above and below the line,

indicate thc number oF teeth in onc har of the uppOr tthd 10we�µ iawS�E When doulåN�ld m gives

the total numbcr.                       �E

�O   _7

�T

�U

�A

�´
�u

iF�µ 25�B2 Rabbit�] ToOth(1�h
)�E 1.Cr-2.Bnamel,Gum 4.Dentine S.Omentum 6.Pulp cavity �E

�¡ Pc�¡ odontal membranc 8 Jawbone a sockct 10.APicalfOmme�¡ 11.NeCk 12 Root�B

�¤�Ø �x �Ó �¡ �] 1�� �§�D �×�–�� �Ô�• �d�fl�r ��
the jaw bOne,is�A des�Ved tt th�Þ �Üeck and i66t respedh�¾ ���u

A vertid,sectiOn Of it shOm
that�› �¤ m�g�� up OF thrOc tissuCS Which are harder than bona The crown�A

cOVer�–d by
�Rc haded shining whke mateJd enanlele Th,Outo surfa�å J ne�æ �¡

‘p�B

�¤�] de �V
Of Cement. But the bulk of the bOdy of t�¡ t00th tt mace up Of�g jttn�g

�¥OIvp.IIt is

�Ù �� �O �‘   �¢�Õå¥
the r00t Of the t�� thiand the talveolarà� �æ ØS a continuatiOn Of the ttOsteum of the bOne
which fOns the alveOlar Or peFiOdmt�v membrane.1   �E     :�u   :

Thcr�v

�g

four,d�g Of Salive glands.Thdr(�¿ �˚ :Open intO the"�å d Cavity.ney cond�Õ
|

ofparcttd BIands,inl�¡ Orbltal glands,submaxllªà
�ô OrSttbma�Vdibuiar andihe su�\ :ualiJands

(Flg.25.�Ł �B                          �A
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�b 3 Rabit�N ªk�˚ M�WyJands�E 1�E �� �co�R,Jand�E 21,o13.�\ �ßD�RØ[tdJand�E 4 Su�Ó �c�� �Yh�Ł Jmd�E

�• stlbule and�g d caVity aFe lined�Ł �\ m and�˚ lned the�| �R m S�V �°

�í �† �F �fl �Õ �I �Q �o

�î

�c �c

�E �x
remaining middlej

3 hm as�Z �ƒ Ø[ �˚ Or munter�¿

2533 Pha�@
�R �A the openinF d�� e pOStenor naFeS Of

thc �F�Q�˚ �� tubes tom �V  middle car als9

1eads to the leX Ventra�¡ y and the oesoph�¿

�° �RFded�fl the CpiJOttiS�E It t dilage

covered by the,1�� �l �� epitheLm�B

2534 0esophagus

2535 StOmaCh        i

The stomn�¤ the mod dilated �V  J the c

ialy  digested.                                  i   
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Flg.25�¡ Rabbit�] �v b�� �‹ mal�¡ �c �¡ h�Ł �V �¡ Q�V�V �B �j a FundE 4 R�£ �A ofm�� �Ø �\

�� �r çWŁc�Vª� �ï    ��
us nD�] lenum 2a Ba�¡ duct al.Gudate�„

2�¤ bladder�¨ �¡ �˚ �œ �Ü 4 1eft�˚
�¿ 25,Lttlatu �Ô �x Ø[ml�c

:

2536 1nteshe

Ntt �_ the stOmach l�g proximal�l �Û �� �ß��

�g

,the man ht�� �É a narrov7 tube

�ß �P�i �@
Ø}   �ô �Û

�_ pangeatic dud intO the dista1 1�œ b of�º :

|�c the duodenum the sman intestine f�\ s a stt d loops and coLo h the:Æí
the sman hestine does not shOw much drerentttion.F�'

�g

�ƒme mammm the tton
immediatelyla�¡ er the duodenum is dlbmdated as�L theJ�� �vunum�¡9m the more�R�ß

"�˚
�'

the ilttm.In ttunum,the�� �Mand the intestinal ands are hger than in�o �B

L sman h�� L sems twO main�c �V

�c

Of�R�» h�ƒ �V �@Ø[ �‚

�å �å �¸ �à   �@�x
�M   �¡ i lil : .�E   :              ��

‘     .      1
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?,53.7 Caecum

From the small intestine the direct oourse of the digestive tract is into the large intestine' In

'-ffir,?" i-",t"" of the two is a blindly 
"ooiog 

divertictrlrrm cattgd t\ caccum. It

ends ln a narrow vermiform appendir it is 25 cms long the three way junctiol.is marled

i, 
" 

r*"ffi.g called the **iut rofunes, within 
fr1str 

isr,{ve arraogement, as ileo ' caecal

rralve. It directs the food first into the caecum before enter8g the colon' In a herbivorous

mamImls like the ,"diq the caeculn, is asya4ea with the offtru" diga*ion by bacterial

action.

253*E Largelntestine .,,,,,;,..
The large intestine is about 1 metre toog 'it coosis6 $ twop&'s the colon and the rectum'

Colon is wide 
"Uo"t 

li cms. lolg with a sacculated appeqance' The rectum is narrower

and about 75 cms. long gves UeaOca appearaoce. It incfudes'ihc nrocgfaeum and opens

to the ererior tlr",rgtti'" anus, which-lies under the base of the tail' 'The large intestine

aids mainly in the roi."ti- ani eliminatior of faeces and the absqrption of water;

253.9 Digestive glands

In addition to the glands present within t[ rarious regions of the alimentary canal' there are

two important glaods wlicil'lie outside,the digestive tract. They are thrc liver and the parrcreas'

253.9.1 Liver

The liver is a very.large red gland. It is qade up of'fi-ve t"b"t '15e right and left 
'central'

the left lateral, th" ;;;";; ui'A rrc spigefian l"b"; Its detail€d qtry{ure is gveo in Unit 31'

The gall bladdef is large and lies between the right ad left eatral lobes' The main bile

duct or qntic duct ;;;; fr.o, it, and receiver r,iuriaiury ducts from the various liver lobes

and finally opens into the beginning of the duodenum'

Functions of the Liver

Liver ic regarded as the &:PM wolkstop of the !oQ, i1 view of its.important functions'

It helps to some *"* i" Ag"stio-r,--Uut-it'is uot exitusivety a digestive orga'' Some of its

i-portant functions are stated as follows

-gr""oish 
alkaline non en4matic watery fluid call€d the bile It carries on

the following functions'

a. It is an antiseptic fluid' destroying'bacteria'

��
�B

��
�D
�@

��
�D

��
�B

�@

�P

Itprovidesanalkalinemediumirittreintastine,neutralisrn8thechlme.

It brings about'the emulsification of fat'

It 
.stimulates 

Peristalsis'

It remores crmetorY Pr.oducts'

Helps in fast and fat sohrtle vitasrins' absorption'

2. Liver stores glycogen converting thrc

glycogen reconverted in to glucose'

exceSS Of JuCOSC�]CJycOgenesiSlo Wne�¡

3.Livercellsproduceheparinwgrchisanintravascularanit<oogulant.

needet
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9.

1 1 ::�u :i �]  �¡  |�E �¡ rl�– ��      1  ,:11 1
�¡ �\ �˚ �Ù �ı �˚ �¢ ani�£

�c

�� �Ò �� �R �H�—i�z compOn�vntsOf�\ 00d c10ttingi

Liver cclls manufacturc icss harmful urea fro�� the topFi10 ammOnia.       i

Various ettS arc spthesized in liver.   .                             .
ti    :  �]:.                                     .

Kt�S �¨ Ps�� �� Ofthe�E �R���æ�¡ ,�� �k �I �b�Œ

Exccss 9f am140 aCids are co�\ d tinto mrbOhydFateS and stored as glycogen ln the

liver cl�m ŁÕ�� �b��

"ne,10�E

 _  �A              |  : .
�V the�† �i �í �Ł�¾

"duccs blood coFpuSdes�B

               .
1253�Œ�� �¿�^Œi�ø�j s       i

lkish gland found in the mcsentery betwcen the

�� att duct pour�Ì  the pangeatic juicc�ª �Rh
h an ttcrine as wem as�¡ end�q

�g
Jand�E

254 �ƒ �ƒ

1�¡ gcttbn k ttc ad Of iaking the food hb the=ine�å ary.�� ^ndo LHabbit t l�µ oi�V I�Q
and gnaws the ve.getable mattcr�� th its chisel shapedi�@ �N�´ teCth�E SIhtt ofF smaller pi�å �¡
of vor"L ttatter arO�Ł �� �' by th,m9bile lips and tJ�ä a intO the,CCal�g ���Ł�B

In thc bu�å 40�£ ty lhe�Æ od iS further subieded tO th�v  action cif the nding Chcck tteth.

Instantly thc food F thOroug�\ y mlxcd�� th the saI�¸ secrOted by�� e saliVary glads.ThL
p�g rc�Ł �  ̃ctted�� atticaØ[ 6�¡ .By the movements ol the tongue the food L tuFned fOund in

thC buCCal cavlty tnl it forms l pulpy mass or bduS.Thc sa�Ü va is iargc�µ watery but cOnt�¶

"muctt and d�» :"Cm2�bn�æ . 1

Deglutition

A�‰Or IIl�g ticatio�Ü ,the bolus i�Ì
�E
swa110wed.In this leglYlition th�v  b01us L pushed intO p�¢

:1�ï .:�¶ �¾:�� J�x �ælill�� ::L�b 111:�l RI:1�k

fr6�V �@tering the p,teriOr nares by thO soft

)trachea,B,the cOntraction Of thc phara.lgeal i

Wa�T �� C b01�¡ lS,,Cd htO thc ocmphagus Thc proximd end Ofthc OcsOphagus is�� untaFily
dilatcd t,FCCdVel il.onCC n cnteF�˜  th�j �h sophagus furth�v r progrcss k involunt�B

��

25�B4.3  E)igettiOn     i

Thc food cOnsists Of carbOhydratOs,prOteins,�� ineral salts,�� tamins and wJcr.�R rlti tiR
cxceptiOn of thc mineral salts andisOme of the sugars mOst Of the s01id food Of�A

�E�Artt�E bFatC�A
�¤ insoluble.E�� n if l�˜ mixcs tvith water tt fOrm,ia CO110idd � d̃utiono Such a sol�¡ tion i
incapa�\ 0 0f pas�Ô ng thrOugh thc lning mcmbranc of the gul Thc f00d mu�æ thtFefOre be
rcndcrcd,Olublc and difru�Ô ble before it cai bO of usc tO the animal.’ T�ì e rrOcoSs ol�E

,

CO,rrting hsolubl�µ �• �Rod ihtO a dirudblg�b �l�‹ n t calLd ditteStiono ln ttt pri)�g ss il�”
mdC,�Xhr�� �‰ �Bf thc subst�Y �V  k prOgrcss�m d�A leduced until a truc sduti�� �Ô �¡ �åme4 1.�S .

,901ldd4 S�v lltio�@ �R �R angOd hto a tts,�¡ �a�� d fori su�˚ a change tt brØJ ��ht ab�� �z �¡
lll�” prcs�  �¡ 6f OrgaJl bio�] cata�¡ ts kn�É �ı :�R cizymes.En2�ö nos are clattrlcd h a�å �BrdaI,
wnh thO ft390 Subs�� �V�å upOn w�¡ ch th�” y�B t.T�� �µ�Athe ttbOhydratos are�R �¡ t�g by dinsL:=

�u
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Or amJOlytic e�ƒ �ô �ç prot�V  by r�� 90MiC eDpeS and fats by �V  lipViC enpes Or

the lipases.

25�B 44 PhysidOJ OfDigestion

Mammm retain the food in the buul Cavlty a

�Õ �ç �Ô �h�Ô r�R �¿�x
iftt�[

:�˘ 1�ß�Ô c~�_�x:sm�ó �I
�Tmerely p�\ tbFOu�¡ �í 0�å �V�¿�Ó

lenc of the oesopbpo h the StOmaCh the

Œ⁄:�‘ �P�Q�� �R :�¯ �Ł
Of milk foming clots.This is importani to thC

the motheFo As curdling caus�g the milk to b

�í àp �ˆ l�ß �ì �Õ W�ß
food in the stomach for sotte time rin man a

�fl�� �`:�Õ �]
=�ð

�D�v�œre�� sh�R
,mati��

n d a ttck Crm�'

acid�¡ und�E caned chyme.

The mus�g S Of the pylo�â C Sphincter rdax frott time tO time.Th�¡
the perittaltFiC mOVcments

br�å some of the partly diges�g d food(Chp�¤ intO the duo�g num�B

�Hkuhi and the Brunner’s glands�B

red bloOd COrpusdes.

s into fat�Ł aCidS ttd JycerOl.
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�F �Ô �{ �� �r �[ l�£ �F �ƒ T�˘ �ò
conslst�° of ammO peptid�\ ad dipeptid�\ KPrOteOviCl transfOming peptones into aninO

�N �À �à äŁ ªR �º
us as a resdt of enfatic actioL the proteins

arc all icduced to amino acids,the Oohydrates to JucoSC and other l�_ �R å¶ �ß J�˘ sugars

"d fats��
glyerOl and fattyåN �R �p �Œpassmg throun the intett the food received

more water,�d om varlous�\ ctions.nis db�R ac auid emulsion i caLd chyle.It passcs

drOttL the rett d the intestine�B

25�B4.5 Absorptlon       i                       �R

In order to be of�� O to the organm9 the food must be absoFbed h�_  the blood vessels.

Very�^ ttle absorption of ttt digested food takes place from the buul cavity for ttO stOmach�B

After the compttion Of digestiot 8"�] er part of absorpdon takes phcc h ileumo The

�}�� �� �I �Ł:�� ª� �Ø �÷ �d:�ß �d�æ�O�r �ô �Ł�í
issct.Vdi ar�† bathed�� th the nuttfood(chylen�B IFatty acids and�v ycerOl�¡ in tO the

laCt�V �c Caping �V �Ł �æ �Ó �Brbs the bther food subttances.

‘  Fi3 255 Ra"it=�Y

�g

us shOWing absorption offood.�¡ �¡act�ß 2 Artev a vein 4.Cwtof
Lieberkuhn 5.Columnareplthclium 6.Contective tisuca v�c mucOsa 8.Brun�¡ |�¤ JandS

�¡ Cr the�¡ sorptiOn�� the digested products the nd‘�V entS Of thc alimentO canal pass

intO the co10n.In this region chicay water�R absorbed iom the hid residue as the
conservatiOn of vater k the biggest problem with the t�° Ø[ �R d vertebrates�B �¾ ter the removal

of vat�å ,"��
�g

becomes semisolid h the rectum and fom hecal penets.�[

=�˚
giveS

a bcaded appmance to the rectum FegiOn, The pellets are dischaFged thFOun the anus.

2546 COpmphaly

I�¡ �V�q O obtain tt malimum nuttmt i�b 1�� f00d,rabit has �V�Ved thC habit J

"prOhag 

�` �� p�c i�A The facG prduced during the night�¿
,so�¡ �V l�q L�E

=��
�L:�� ØD�q �‘ |:

�‚ �M�l
=

�Œ

IIF�E TTTT�”�MTTTIII�¯ �”�O

1

�a
i

|

|
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noct�\ al heces are ctten�M and coise4ucit’SubieCted,an the digestive’and a�¢ Orpti17c

processcs.

254.7 CelluloSe digestion              I

�¡ l�í �Ł�†�fl �I �[ ���{ l�D �D�F�Ó �fi L�ç :��
m tt hrge m�å �Y .

Thc auid intcstinal contttts are diro�� Cd into c�g cum.It contains proto20a tt bactcria as

spbiontsl These and the cytases�� �Ve plants themselves help in digesting cemulosc by a

very lengthy p�_ cess.

255�B SUMMARY

Rabbit is a heFbiVOre.The digestive systcm comp�\ s of thc digestive traCt,the digedive

�¤LT�ß�[ �t �v�X �� �ô
1�Õ

�' �Ô �ô �º �RLT�Æ
f00do Respttatory channd is partitioned itt the food channel by the,lateo Pr�å

Cin

digestion win be h�a �]cd h �V  StOmCh and L com�� eted h the sman intcsthe dong�� th

the break down of the fats and carbOhydrates by the secretions Of thc liver,pancreas and

the intestinal JandS�E In herb�s orel as h rabbk,thc htCsthes ac long and thcre will bC a

caccum at the iundiOn of the colo�¡ and thc ucttt whcre,hard undigestcd plant stur likc

the ccnulose win be digetted with the hclp of thC bactcria and other ttOtO�_
ans thtt hc �V

the symbiotic assodation,getting h�� rn nitrottneouS f�� ��ds.The cc�v �ïosc dtcStiOn�R ca�Vcd

out by the mlcrobes by secreting cenulos,am

�Y�� are tl�É rmger shapcd proCesses preSent

�í�� �˘ �v �P�æFtthr�·
into amme adds.

25.6 MODEL EXAI\',IINATToN QUESTIONS

Ansrrtr the following in about 30 lines'

1. Describe the digestive system of rabbit'

2. Give an account of the process of digestion in rabbit'

3. Describe the digestive glands and mention the functions of liver in rabbit,, ;

Ansrrer the following in about 10 lines'

--.--^e2^ ^^ti^-- rsion of chyme to chyle'
1. Mention the various enzJmatic actions involved in the conve

2. Describe the structure of tooth'

3. Give a brief account on functions of liver'

4. The enz,vmes of .Pancroas
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Unit�] _26 RABBIT�] NERVOUS SySTEM
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26.10

1�¡ 1�E

01ganiSedbrJn anddid�g �£b�E ofittt fOr hnctiOnd�s àÛ
"dination

26.2

In gen�v ral thc verebrate,crvous s"tem L diinible into the fol10v7ing parts:

1.The c�\ ll�V �ÓtFtembdudingthe�� dngtttedhth�˙ ttanium and�¡ espllli:

�� rd lresent=in thc cenLal canis Of vcrtebrac.

2.Thc cerbro�] �| �¨ �� I System mcludingtt paired cranial nervcs arLing frOm theh��
.

The spinal ncrveS which Ornglnate from the splnal cOrd.

3.Thc autcDEEOm�� nOWOus system�� nsisttt Of a pttF Of gangliOnated nervc cords and
nervcs.The ncrves form twO sub�] stttems the symttetic andthe pan,ympØ[ �R �B

4��
�Ł�‚ �Xà� �� �˚ �D �æ�¸ �º

au�A,�·
TCO~��

rttm

26,3 CENTRAL NERVOUS SYSTEM

Central nervous systcm consists of brain andspinal cord.
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263.l Brain           i       �]       :  �]

Thc brain lics in the cranial cavlty. It is a sot whitish smcme. It is di�� ded into threc

regiontt Thc forebrain,mid�\ brain and�� the hind bain.

1. Fo]�É B�˚ in (PrCrencephalol)

Fore brain is grcatly developed iJ mammals.It�� nstts of tte oractory 16bcs situ�‘ �¶d

anteriorly and very large cerebrd hemisphcrcs.The two cercbrd hemispheres Te scpartted

dorsally from each other by a deep groove thc mettan�¡ ssure.In ma�\ als thc two cCrcbral

hemtpheres form th,cerebrum.Thcy arc so large that thcy�� �� r the oractory 10bes dorsally.

Only the antcrior cnd of it is visiblc from the dorsal side. They pFOiCCt backward so that

the diencephalon ano thC Optic idbcs Tc ovCrshadowed.I The mid dorsal thickening of thc

ccrebral hcmisphcres formed of ncurons�A Callcd thc cerebal cortexo S’lpcridally each

ccrebral hemisphcrc is dMdcd into a numbcr of lobcs by issurcs.In rabbit ther,is an

obliquc sylvian issurc about thc middle of tlc hCmisphcrc.lt di�� dcs cach hCmisphcrc into

an antcrior fronta1 lobe and the pOstcriOr tempora11�B ile.Rummg longitudinally along thc

vcntral surfacc of the ccrebral hcmisphcrc is a rhinal rnssure. It separttes the olfactory tracts

and hipp�å ampaliobe tom thC iOttal and tCmpora1 lobes.Internal,thC tWo�g
rcbral

hcmisphercs arc conncctcd With clch OthCr by a transvcr"bridge of whitc matter,the corpus

ca1losum. It iS in addition to an anterior,posterior and middl�˙
 COmmissur�¶ present i,the

hemisphercs of othcr vcrtcbrttes�B (Fig.2,1)

10

25!

22

BA

fig.z6.lRabbit.Brain.r\.Dorsalview.B.Ventralviewnerv'esorigin.l.olfactorylobe2.Medianfissure
3. Frcntallobe a. sylvlanfissure 5. Tenlporailot"'-0. rinearuoo! 7' cerebralhemisphere 8' Fouroptic

' lobes 9. Floculus 10. I..aterallolre 1. Ceret,:,ellunr 12. Verrnis 13. Medullaoblongata 14. Olfactorytract

15. RhinatTissure 16' Opticncrve 1?' fituatoryiody 18' Corel:*icans. 1b' Ponsvaroli 20' Olfactory

(Firstcranialnerve 21. Oiticls"tono; i1O-clLojn;;iitt"ol 
zl -T:g:3Y'(frfth) 

24' Abducens(sixth)

25Facia,(..,"",,;*i:::r;(hfl?"ll**fmtgllTl""T,f$('lenth)2espinar

Because of the enormoui development of the cerebrum' the dlfactory lobes i'e' ventrally and

only the anterior puri i. visible. The thalamenccphalon or diencephalon is very narrow'

Mid dorsally arises the tubular pineal stalk It extends backwards and ends in the pineal

body which lies ctosety against the roof of the cranium' on the ventral side of the diencephalon ;

�Ø�Ø�A�b�ˆ�Q�X
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' ;.
is a irucl ihsd deircsslon G fpnmnOmmq .,ItG tnlmdibuluri and the hypophyiiq (of
stonodum) together folp the pituitary Uoay an eidocrine gl-i. h front of the pituitary body

is the. crmsing of the two optic nerues forming the optic .chtagna. The sides of the

thalamencephalon are thickened to form the opdc thalaml. The anter{or choroid Phml
(capillary net work . in the piamater) arises in the ioof of the thalamencephalon and e*en<h

throug! the third ventricle into the tatcral venHcles.

2. Mid brain (Mesencephalon)rvtl[vllrarglvtt,

The optic lobes arq represented by four rounded prominences, the cor1nra quadrigemine on

the dorsal surface. Ventrally there are two large bands of nerve fibrqs which form the crura
cerebri.

J.hidbrJn cRhombeicephJonl

It conskts of two parts_cerebellum and medu�V a oblongata. Like the cerebral hemispheres,

the cercbOnum is alsO vcry large.It proieCtS fOrwards and mle�g the posterior mary of the

ccrebrum. It extends iaterally and tt clearly divided into a median 10be the vermic and two

lateral lobes having a prommence the�¡ omi.The entire surfacc of the cerebemum�§ maFked
by"ansverse folds.On thc ventral side the two nocculi are ttcted by a"ansverse band

of nerve nbre_the pons varol�a .The ccrebeuum t conneded�¡ th VariOus other�  �@�Q Of

the�c by pedunclesI Meduua oblongtta forms th�µ temma part of�� e hind brah lt’s

�V �V �� �¿ 4 the pimater h t�� sr�Þ �«i be�@ �G great�Ł fOlded and FiChly vas�R ,16
form thc.po6�t chOrOnd plexus�� It tt pushed into the cavity cV Vend91e or metacoeD
of the medu�¡ a.       =               

�E

i  �L 11�¡  �A �¡ ::�R

4.Ventttct�� 1.Ofthe brain                        �M

The brain�� theiabbit appcars t6 b�˙  a soHd stmchre but ttt cavitts or ventricles are stin

present. The rhinocOels in thc Oractory lobes are not very obvious. The lateral ventricles

in the cerebd hemispheres arc very ttuch reducedi The twO lateral ventricles cO_unicate

posteriOrly�q h the thid ventride in the diencephalon thrOugh an interventritt fOmmen

fX�� �� :�„ �v�˘ �X �Ô �ø �¥ �ß

j�Ó �� q�R narrOw h"�@vian aquedu��
aeduna oblongata.Sman m��des Ofthe 00ra

quadrigemina,rcprcsenting rOduced OptOcOeL als0 6ptt int6 the�¡ ero Au the veIItrides are
�¡ued by th�¶ nutritive cerebrospinal�¡ uid.

5.Meninges �R
                                                |

�»�í �� 11�F �Ó�u �Ô�s 11�ô �˚ �ß    �Õ
=�¢

s � ẗted�g ly the�» �i ��d post��

�k �o�T
��
�†�˚�í :�T �f �ìand prOtective membrane the dum mttter�E fon

pm��
�˙1�� 11�} rl�z �P 1=Fnddttembuna�¡

e waces between�R

"e

6�B FunctiOns   .
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�§ �£ �]
e�_

�@11�� �[�‘   ��
They are thc sitCS of all voluntary ac10ns,and of tt colls�c

sCmmtions,Wl�¡ �E�E CctFebrllm

arc assoCiated intclligencc,mcmoryl emOtiOns�g d the ttil�g to�E lCar,from cxperlcn,o.In

thc human brah VariOu�Ì  arcas llaVC bCCn studiOd 77hith are assoCiatcd with special actiViticS.

Thus thcre arc motor,�� sual,anl speeCh Centres.                ��

The two pairs of optic 16bcs,rc,c�s C thC�� Sual flbres.ThC potteri�fl pair rccclvcs flbrcs from

the cochlea,whiCh has greatcr importttce as the orgin Of hcaringo Tbe bulk Of the optic

Flbres �vnd in the thalamus or relaying impulscs to the neopallium(CCrebr�E
al Cortc�¤ �EThC

mammalian thalamus is caned thc optic thal�k mis.crun Cerberi carry SCnsory imp�ß ,CS�¡ Om

medulla oblongata and spinal cord to thc Optic thalanli and thcnce to thC palH�i
.  Thc

�'
CTtltt�Ì

tti�x �Ô �Õ �] Fl�Õ �µ �Õ �Ł�H�� :�v �R���u��t�í 11

exccuted by thc CCrcbcllum.

Thc mcdulla ob10ngata c6ntr01s thc involuntary mOVemCnts like(r�¶
Sp�Þ ation9 drculalon,hCart

bC�N,SWanOwing movementS Of digcstivc orgatt attd�v
andular sOcretiOn):

2632 Spinal COrd
of the central nerVO,S SySt�¶ m.It,�Ô ndS from

t narroWS tO fOrm thread li�Æ rlba t�¤ �æ ªÙ le.

�� thin the ncural canal of thl Vertebral column.

�s 1�M�˛ �˘�˚�|�ƒ �‹:i�M
=in unit No�B  31.

FunctiOns
��

The spmal cOrd‘onducts thC Stisory and motor i,puLcS 10 ind�¡
om tllo brain.It IS thC

center for the spinal renex actions.

264’EHPHERAL NENOUSSYST�b

Thc�å Ø[d ncmtt SttCm,CO��

‘�Ü

�Ô ng�˛ �RCb�˚ n ttd ttcl�� ,�R
�¿ �� r�d �[ s��

���R�Ł�§�ß�P��d�h �y�ÒI�� i�Ü �Ł�t tt�M hdc a�g r�� �ßæo� ̃mrying

���y �‚ �Õ �P�Ú t�Û �[ �Ł�µ �P�ç�] �ß �NsI�u �] �R�Ñ1

nervous systCm conSttS df the f0110��
ng Sub�] SystClns.          �L

1. Cerebra1 0r cranial nerves�\
ncrveS aridng tr6m the brain�B

2. Spinal nerVes i nerves arising from the spinal coFd�E

3. AutonomiC nervous System L consists of nervcs COntFOning the functiOns Of thc��

CCra

(hCart,lung,StOma�s
�˝ ,htcStinc ctC.).

26.4.1 Cerebral or Cranial nelres

There are'twelve Pairs

sensory. III, IV VI XI
J�g � d̊�g ���åhrttL �—�ª�´ �Łl�Ł 1�Ł �Ô l�Ì �R
XII arC purcly motor and V VII,
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It ir bgth sensory and motor.

abdOmen.

�V
�E�@
�Œ

�¿
�� Gives

tww-...r1 ,.,

. L Olhctpry ncrycs : It ariscs from thc celts of

IX. 11 �E )�E
                    �E     1 _ f

�ƒ

�g

:�� dU�ƒ 1�¡
�_ digtintedb tt Sides�Ò �V�R�‰’�Ø �˚ �� �—

:�ˇ
�e�EW

|�E    ªàfttT�V �Vh the m�� L�¡ �` �� �B

(1) Superim tarr,ngcal. It goes to the.musdcs of the lar,rnr
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���E�� �R�\�å �' ���ï   l�fl �fl �ø �v�º
shoulder.

�¡  :�¡   |                 �E �M   :  ~                   1

1�I �x�� �aØ‰�xi�M |�M�U�V�„
spinal Ntrves    �E   :    )      .

�n   �„
�E
àh 1�Õ �b

i sendS a b�k �fltO dle pinna or ttemal�¿ �B

�h�Q�u�´ �� �ø   :_
�E   1  �¡

the StFiF mu,lel.             i

26.5 REFLEX ACTION

1�ä �H�| �| 1�¿�Ü �D�D�â�W
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halL�g o neurons,there being an intenediate

he renex �˚ �T i.e�B ,semory re�å �R i sensory

’Oor neuFOn and erector orFn COnstttute the
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ganglion The nenrc ry A &" prodpa! sidc,of thc

;8, thsoonthedistalcfoh thc pocsul|lcn6h&
giqdon are calledprtpr;[ob

I
?2,

��

2

5
6

��
�P

�P

�C

�P

��

�i

�¿

�à

�C�V

li

I

frffiffiry#,ffi4T
13. smallhtcstinc 14. Pancrcas_ D'^:.*T:-'v: ?til--*"o,n"acdtuatcdiotheuallof theeffcg'tofrso

poccgailgliuh nu." ;. il;t .grd"ri: foT ;."rn * gE 8li'. aIG d$atcd io theuall of thecffGcto:

plffi-t'* "- i.ffiffiif xl A*frffis;xf 
cr*n to ttc spinat cord' 5o

l' In the sYnPa'th'9qc sYstem

SEnctusdty the two'cysrcms diffor in'the oispocitioq of ry g1lrq!

the grngFa lb bv the side of the w*ebr"";;;]b".t"+;-n at to+ th fgga"gqg*"

ffi, i" *.-t, oo F sptrslionic fibr€s t** 't Crfar*Tffi
ate cdcddad t Ol"'ii". J'nk tt" t#erctor'orgac tn this Galt

1..1111
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long aad the post. gaogtionic fibrcs short fFgUalty tht t"g s,6t€tns dfrer in pso0udng

aralrent trr"r-itigiro*tantps. The ends of tilarmpathetic nerve fib,res produco *na-lf
The ends of (norephedri"e) ,the paraslmrpathetic ftnes produce acetylcholine. It is fuercsdog

to know that these two systems are aatagonistig i"c., they geaerall; oppoee ono atrotbGri ,If
the syupathesc bd+gs about contraction of a muscle, thc parasympathetic relare1 .it. , ,

Some fondous of thc qmpathetic md para5nnpethetic syste,ms are given in thc fdlowiry
table nd[idi'$itiry'tliE"antaSonistic aaiom of the two Elstems

i spFthetic�J �R    :�L

1:      Aulerates �‹ :i      �A    1

2. Oonstrius arterics‘

3.  

�c

�« Liblad�˘ F and Sphincters

4�B      Slow down the gut movements

Slocm heart

Dilates arteries

Relanes bladder ani aml sphlncters

Speeds up gut movements.

Morphologicallv. in the trunk region there is a segmental arralggment of the ganglia m each,

side of the veriebral coluqn. Successirre ganglia are linked together by a sympathetic ncne
which arises from the brain. The nerve fibres relay impulses up and dorvn'the body. Edch

gad&" is copaected to the rcspoetive spinal nerve (Ventral roo0 by a pair of slender rap!

-.-*ic"or. From each synpathetic ganglion neryes reach the resfective effectors. The

paraqarpathetic system or. the cranio - *crii comprises of the whole of the y.g,H nerve and

its braacheq plus certain other cranial and spinal nerves. There are no ganglil il the course

of these nerves, and,the r#apr"s between the pre and post ganglircnic fibrgs are locqted

within thE walls of the effector which contain ganglion.

26.7 NERVDIMPULSE TRANSMISS10N

The�� e�¡ getanSmitted by a�Ü �• L caned the nerve impt�B lt�R an elemical phenOmenOn

and h cettaln respeos l�g aXOn behaves ne an eLarical cable�B

The eTCF�V
�V tS On lL transmis�N �¡ of neFVe impuL in the giant axons(a�˚ �R

�g

�µ h
dameterD�‚ a sqdd h�@ �˚ �q mu�˚ light on tte even�g that �¿h inside the axons tt the
tr�� �˚ �� b�¡ of nervc impu�µ �B The detaus of these events are discussed below:

The electncal:�¡ ature oFnerve impul,�–

�¡ has beOn�ß served�˚ �] when axon tin �V Fding�Õ
�‘

9,�˜ "When�› �R�V
"_ittingh"�\ ;a pOtcntialtireicnce t ttt�R �k bemm �V  inSide and outside d the axOn.

�¡ ,i�„ de Of the,�^ �R nCgatively chOed tO thO�å ent Of appropinttelyl"iminivolts and
the outside is posttively charged.nis dttttion tt knOwn as F�g ting pontlalo lt shows that�omembrtt sttOunding h axon�R polarize�D

�l �y�I �� �Ò�˛ �q�Rdirerent elect�Ü

‘��

Charges on it�˜  twO sides.�R

�  OVe,itttiOnit�k �� entarily�g �a �ÌØD the inside J tt�v  axon suddenly becOming pitive b
the extttt�‚ �H 60�º �Ri�¤ 1�g an4 0ut�U do negative.nis sudden r,�� of the resting

�� Œ⁄�E �ü �� �S �| l�� �I
�å UŁc�V

�c

,pot�ˆ ä¿ 41is mStored�c L The�]

�c

imp�] ithus is a FHPuA�� d�V �fl �R��
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�J�S:I�¡ ,1

�í �H�� .�¡ �æ ITI�ç �\�� �‚ �U:�µ �¿�¡ �� 1�]
S

i        ;�¡ :�] t.11  .i  .  :

Ionil basis oFthe nerve imp�� Ise,  �Œ    .  1 �]
| |

More recent�Ó �� limcntih�i

"�s

�Ü

�g

�â imt cxplanation tt the�i �i �R events descrttd

aboveo When the�Nn L tt rett the COn��

�g

�Ü�� ofiOns On ttL�` tSide of �V  mmbrane

are very direrent.There L�g :�\ ss of potassium lons Ktt and�| �' tamons mside the

�í �R �y �Ò çW�u �y �í �í �Q �µ lW�s �q �ô ��

�´ �K once they have becn�h �A led iOtt it.ThiS active removal of Na+is Called the s�¿ ttum

pumpmchanlsE WhiCh t the mlor cauSe Of the resting potentiall  
�E  �E    1

�\ + 4�T �ß 8�¡
��
�@
�Œ�¡

�L

�{ + +T.F + �\ �¡ �\ 1-�\ �\ l+ �\ �¡

1  1~ ::  2 �¡
|�]

 113  ::‘�E �u

Fig26.4 Naturc of newe impulse. 1. Mgmbrane polariscu outiioe positive : siXium ions eiSpelleit-W_{itt

lumps meihanism. 2. Sodium p.u$rp stops, and sodium ions ertter axoli Membrane depolarisEd; Iaside

Uccomcs:lixititrc to outsidc ncgati.r 3. SoOiu. prmp operatcs again; mcnbrane repcilaribed; outsidc poeifive.

�Œ�L�J
�Œ
�Œ
�E

i          �c �E    

�g

ide ncæx �É             :

wh�i �]�Ò impulse tttes along the axon�R �¡ odium l�V ,’�� �˚ �V �V  �V d�˚ �fl breaks down

and the membrane becomes permeable to Na+iOis,which bcing.about ten times more

concentFated Outside the mombranc,rutt intO the axon by d�u �˚ m,ThiS,�K �V
�Ltttes PlaCC

W?6.5 Diragram dtowint rhrce strigcs.ih the propegatbn of an impirlsc alodg.n ir*oir::l; Restingrpotcntial 2. Action

poteiltial 3. Aron 4. Dcpolarized scctign of mcmbranc.184
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the tt�˙ �˛
ithe�q �]

�c �Y

å›�ˆ �«1�ø    �V�E�V�V�V�V�˚ �Æ

2‘|,s�– �fi�] :1�n �Ù�Ý �R

��
�g
�¶1�� �P�ð �†c�z ,cyC e�É .        �E �¡           �A

�]

26.8.l  Structure oFthe Ear                        _

It tt h mammals that theicar has reached theàß �T�¥ de�wec of deve10pment.TL middle
Qar and the inner ear have become far mOre compl�¨ and ther�– �˚ �Ü additional extemal ear
or pima.

The tOuter�� �ì �i �§ �H:�i �ß ��

��

|1�ø
�ø �‚ �˙ �`

�H�¤ �� �J �ô :�Ô �¿�Ô
catus(having wax Or cerummOus JandSI Whi�¡

e�� ds h ia lchambeFthe�å �˚ �� earOrttm�� �� �` Cavi�^     :          �¡

�r çW�R :�R

�Õ �P

�u

�] 1�b TI�h TT ttT�Õ 1çW�E�q �÷ �R
|:  �R   1          �]   _1.: l  .

Thc ppadc�� cmbranc L ttGd b the Ln6stra�g �R by�Ü �¡ ain�Ü three�� �Ø
�]
ØD

lthe

:�Õ |�Û �£ lwttTM
�   �D�‰
�]
�¥1�ò i�x ���I

=�D
�º�z�i��11�Ł�fl�E     �–�£�u1��

.i !:.:r :: .-:: ..

4s outqide:srotrlhcom€i gooded with the,"Orun iqns,,patassium ioris begin to re-tdter
inside and le.p1q. ,This qarks th9 beginriiag of ,the. t!e."vqr, process in which the inside of
the axon tggqing"itp qe8n!rye charge. Courp-Iae,rcpolar&adorof the'memtrane is achieicd'
by the pq"dhm mechapsp Bt44ing up ag41, tte N" ,+'iqgs b"tng ,lgorou.ty €trruded fptr
the axon 6mce more. lte relationship between the.se variois events is sunmarised in f'lg.
?5.4 and 265 .

Nerve impulse ca1 thus tre eqplained. in terms of cha4ges gccurrhg in the properties of tbc''
membrane surioundiry &e axon. The transmission of nerve impulse requhed energl which
comes from .A,.TP.

The above 
"eeouot 

b based on the giant,axons of the squid. Experimcnls.carried mrt sugge{t
that the io*,c.iil"rati* or,n" ,eldrs ;;J;p"-:;H ffi;;;**t-;"; ffi
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�g
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OnC end Of eachr�â �Z
‘n�V lØ‰�ƒ �� h�¤
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AB

Ytg,26,6.A'Gcncralisedmammaliancar' B T.S.oochleaof rabbit' 1. Mirtdlcear 2. Malleus3. Incus 4.

st.,6 5. Tcnsortympani o. tnnor"ai i s"ri.ir"rlurscanals 8.utriculus 9' sacules 10' I-agena;or

oodrlca 11. Eustachiao tutc 12 Fr;rrcstra rotunda 13' Fcncstra onlis 14" Tympanic rncmbrale 15' Erternal

euditorymcstus 16. Ertcrndca, rz. dp*".toor"18. Pcrioticbone. 19'RcissneJs.membrage20' Sela.

mcdia 21. Birsilar mcmbranc 22. scar" ty^fi-nia. i rpp"rting cells-.Z. Reccptot cell 25'Audito:y ncnrc 26'

ors." ffi;l;;':;;;il;ffi t zs. edito'v ;Pitherium 2e' Pcruvmph, $' Endotvmph'

Themiddlechamberorscalamediaisacontinuation.fromthesacculus..Isisfilledwith
.ndollmph.Theupperandthelowerwallsofthescalamediaaremadeupoftwomembranous
ffi;#:'.ril";;; *" r in" i"irro"r,, ."-brane and the lower the basilar YI*
Theupperchamberofthecochleawhich.ib:*.:",Reissnefme+branladwallofthe
bonycanatis.thescalavestibuli.Itisperillm,phatic|Pace.Thescalavqstibuliisconnected
at the top of the cochlea {th 4 fo,*u' *"tUut of the cochlea wbfuh is knorvn as scala

tynpanibyanarrowduc!thehelicotrcma.Scalatympaniisalsofiltedwithperilymphand

, The some what complicated arrangdment of the Tt* in the co9hlT may be visualisod if

the scale made be imagincd ", 
goiJig out as a spiral tube from the iarclu6s and as it does

so pushing #o* of It s po*i"- of Le peritymiUatic spaoe and the lwa,s of the auditory

capsule,o.uu.thecoiledtubulareicensionotthe.acct,rusbecoineenclose{,inabonytube

Like the rest of the menibranous labrinth tha soala medid ii lined'by an"epithelium of

ecrodermal origin where-it'overfiJiiiiU^rf- membrane is mOdttreil to form the oryan ol
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9�V,�V �V �Ô SuppOrting and rmptor cens ofl�b 8P�i �' _2�� 1). �¡

O�W�Ü i Oreoriton,ists Of coumiO�å Of tall palar tt supporting ccus and lM�N

,ows of r�– �å ptOr cellsi tt rmptor ceL tt the:htt ccls are over laid�fl a rhtinm

ribbon like membran�v  thc tectond membFanC,in v7hich during ttc the sensory lçW hO�ßG�� �Ł

9f the rttptT ccls�¿

’��

ally em,�� �b�E COmpOnents Ebres ofthe br�V  ofthe audito�¡
.

ol�E �Y�U cramal nerve supplicd the recept,ceL 6f Cochle�Ü .    :

Balin�g and Hea�v�ag

The ear t usuy desdM tt a sinJe unit�R en�– organ.But�g L conemed�¡�gL the

p�Ł Cept�i �� �V  �Valy ttrem kinds of dh�˚ .By tt sense organ the ttd k madc

�D�F :�‚ �¸ ti�” �� �£�ƒ �í   �`�M
�� d scmittcular canals are concemed�� th th(

iS�¡ O a Smnd re�gptoF.The Saccul�V  are itS OutFowtL the lagena or codh Q�ô �å �‹
tho organ d Cortil COntain the sovnd tt�˚ o�¡ The onter ear tt pobably wm�� deteding

the d�Þ ection of tht source of soundo The auditor meams acts as an�ó �N�c�Ü .The ear
ossidP,�˚ anSmit thc vibratim h‘u�g d by sound fauing On the�� mpanic membranc to the

fencstra ovalis.         
�E

26�B82 Structure oFthe eye                                    .

Thc cyes urc �V I�â |�Þ �� �Ô
�M
�x q"�µ �å ’        �] t�E �•

"J�R

L�E �q .

�� :T�{ �x� �̊R�� Ł‡ �Ł�EL�Ł �Ý    �˘ �Ó �„
membrane�] which t transparent and.can cover cOmpletely the front Wace of the eye ba�¡

Movenne,ts d the eyC b�x �¤ brOught ttQut by �V fmus�� ,Of�V  �V �'
nich arel�Ì �j

�V
�V�ƒ bcr, Thcy cOnsist Of thc anterior Htus,posteHOr rectus and the super10r and inl�c dor

,c�� �B Thcre�˚ �B s,pcrior and an intr�ì r obliquO muscl,T"�˚ �@I Surface of tt eye ban
t scPttatOd ioln the tttsid,,wOJd by a rh:h tFanSpar"t layer,the"�´ �V C�¡ ä\  niS�M
rCal�T an artt of the mOdined epidcrm�¤ and�¤ cOntintOus�� th the c�“ d�¶ �� Ofthc eye h
at thc per�ì hett The cOttundiva is kcpt mo�¤ t and transparent by the se�Z �Gm of the
lach�@�¢ortearJand�E �E They are situated at the upper ttter angle of the eye u�� .

�E       67       �]

5.Ciliav body 6:Redna 7.Ob�˚ �É 8.Sctra 91 9ptiC ne�g lQ ttwotll�E �A

�c 187
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mc vtrteharc ep corresponds very much with a photogfaphic camera, thus there is light

prod tq,,t.diaphragn, lens rystem and a surfae s€nsitiyt to light. The internat structure

of thc eyc ball can be seen in thc vertical section" tho wall of the e1le ball is composed of

tb.fo[mting lal,ars

1. Thc ogter firm opaque protoctiv% dense whitq conpectirre tissue layer is the sclemfic.

Beturcen the eye lids it becomes traisparent and is bulgeil out to form the coma. It
is to this sclerotic lay,er that the six muscles responsible for moving the eye ball are

amachcd"

2. Ttc sclcrotic is lhed by a rascular, muscular.and deeply pigmented second layer, made

up of onnectlre tissue, the spong chonoi$ In the region of the oornea it h not

*tiooo* wlO it but forms a sort of curtiin stretched across the eye ball' the iris.

Ite bluE blac& and brovn colour of the eye is {ue to the colour of the iris. The iris

is perforated by an aperture of variable sil tne pupil. The diameter."f P." .pup,il i'
"o;tr"tl"d 

by two sets of muscles in the iris. Thc circutar museles of the iris by theil

omtraction decrease the diameter of the pupil. The radial muscle by their contraction

increasc the dianeter of the pupil' Thus iris regulates the amount of liglt entering the

eye ball. Lying in the outer margin of the iris of the choroid coat is the citlary body'

This is a thiclened zone of the choroid which contains larger blood \tesselE glands and

smooth muscle fib'rqs"

3. Ttc intr€r moot coat of the eye ball is the retina. It does not form a complete lining

fq the e-*-tqlt It is continuous only as far as the iris. "{t is the scnsitive layer which

omtai* ncwc cclls. The retina is a complex structure but it is only three neurons deep'

mnnaiarcfy behind the iris lies'the lens, a tralsparen:. and elaitic body' It is

attactcd tV O" margins of iti transparent capsule to the ciliary !{y'ty}e fibrous.suspensoly

Ite--t".'ltcrc ari radial and circtrlal muscles in'the ciliary body' when the radial muscles

Jntract the lens is flattened. But when the circ.lar muscles conffact it assumes a more

sphericalshapcrthuscanaecommodatefornedranddistantobject'

Bot-urccn oonrea and iris is the anlerior chamicr and betrreen iris and the lens is the posterior

itrambtr. Ttey togother form ageous clamber fitled by a traosparent watery aqteous humour'

ffi,h. A"Lt", behind the Lns is vitneous c.hamber' It-contains a jelly like transparent

vitrcoB humoui. In the vitreous humour is the remnant of an emlUon1 blood.vessel' It

eilcNds from thc Ufina spot in rctiua to the back of the lens' Hence it perforates the vitreous

hunour.

2IiEJ,lI- Structure of retina

Begiming from tf,e outside i.e., ne,xt to choroid and passrng inwards, the retina is composed

of the follwing laYers :

0

0

ueDcnt efltheltum. It is a singte layel or po\gonal "pi'h:u't.Ys' 
The cells contain

;E; d-"r* hr";""[y ii absorbs ligbt, prevents-reflection.

Beneath this pigmented cells lie the photorecrptor or the visual cells of t'wo types ' Rods

and thc Concs. fn" ,oas are singli cells which bear at their outer end a long slender

cylinder. The cylinder **.fr" a a-putple pigmcnts (visual Pqpl") 
ihoiopsin a substance

allied to vftanin A containing protein. rroJ Oe inner end a nerve fibre passes inwards

and lin}s up nith dendrites of the ""[1 :f- 
fu 

-n"o. 
faf^r' 

]ne 
oones possess short

taperi4g pr<rcesses -at*iiui' (visual viole| iodopsin' A nerve fibre arises from the

iooer t d of each oone as in the rods'
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�¡
�P

1    8

0

111
æm ,2�g �E �R tiOn of retina(Mm�˚

"Sditctionofith�Ł
�B1�v mptoFlayer 2 RdT ne�g impult

3.Impulses relard toccntresin brain 4.Pipents�å l�¤ 5.One�å 16rd Cell�¡ Position ofp�˚ �d and
supportiig ncuttialcclls 8.B�g �_laF nCurOn.9 Di�˛ tion ofimpulse 10.Ga�N ce11 11�E

�g
oA�¡ �Ñ �R �� rJ tt �_�æ �_d�E �Õ �µ �›

�g

�à

�c

.�m �� nich h
tur,by thc�¨ VCry ShOrt axOns,rclav the nerve mplttes recelved fr6m the�fi �cl eust�B
next inner iayer

(d)the imer most layer cOnstts oflarge ganglion cells.Thdr axons arO the component hres of
the optic ne�@

In addHon tO thc ncrvOus components d th�] rd�V  desCribed above there are"�ô and
suppOrting ceus lying in between the mentid compOnents.They are the ncuFOgitt cus and

thc import�V  CCus termed Mulllrs ttbÆe .

The rOds det�v

�g

direrene�¡ the intensity of lint but they dO not diniminate her details

Of Obiects.�¡ ey are cOncemed with�¡ �£ Elght�� s10m"�B Thus the eyes10f no�\ al aninals
and those living in darknes�˜  and dcep waters have Only rOds h the retina: �] 00mes are
co�Ü cernedf�� �˚ the recebtbn of stimuli Of high intensity9"day light ttOnl�¡

"aS Wen
discriminate colours and are assOclated with cO10ur�� dOno An imaginary h pa�\ gm
the ccntre of the lens win strike the retina at a pOint described as the y�x 10w spOt cOntaining
fovea centnlis. �¡ �� L ttOstly cOmposed Of the conesi�M 1�¡ 1�� �x 10n t sharpest tt this spot.
The part Of the retina where the Flbres of the Optit nerve converge t caned the �Vid spoL
It l a nOn_sensory reglon v7herc nO mage is fOmed�B

The light,�� �V �¡ ptts thou th ttunCtiVa,cOrnea queous humourp the lens and the

ireous humow fau On the retina All the abOve ltrudªŁ

�g
OfFer"ansparent media b thc

light rays.The Lns plays an impOrtant part in aCco�ƒ �] 10n and focusing the l�T rayS
on the retma where a diminished inverted image L form‘d at the sitc hOv7n as fOvea�⁄

�R �R .

The impu�¤ es are Lansmitted thrOugh the optic nerve tO tte brain duc tO which we can have

thc sense of visiOn�� th the actua s�� �� d�� rred pOsture of thO btt�v d.

In 4ddition tO the car and thO eye whiCh are imp6hant"nse organ a mentiOn t tO L

made abOtt Other receptors�B �÷ � ,̋cntirc skin of rabb�¡ �Ascrtsory and acts as the tangomeptor
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i.e., it is sensitive to the,torrch and other stiniuli. :t!e tongue is provided with taste-buds'

*hi"h 
"ppr"ciates 

various t*t"s. Tbngue is thus a gustatory olgl& -P".od 
epitheliirm

df Oe o*" i. receptirrc to the olfactorylensation, OlfactoreceptT. t* and taste are closely

allied senses

269. SUMMARY

The nervous q6tem can be,claSified into central, peripler{ anj autonomic nervous systems'

Manmalian brain shows its peak particularly tn" 
"ei.utu-uith 

its neo-qalli- u9 cerebral corie:cs

and carcbellum with its vermis and two ventrolateral flocculi. Mid brain represented by

oorpora qua&igemina. Peripheral nervous sptem compiise of the cerybrf (12. r.a"9 a"a

spinal (37 paiis) ";. 
-inJu**omic 

nervous sptem comprisesof slmpathetic 
[aarenergic)

and paraqmpathetic (cholinergic) components which are irntagonistic to each other" * The

li.,i"g "; il *iA ," U" p"f.i."a. Oi stimulation, the live len'e 
gets depolarised 

-(change
;"Gal to give rise to iio, potential (nerve i-pulse) which will t plo-pput"d.along the

nerve fibre. A nerve;;*" can nev€r ie.toppetl (all o..1 none law)' *'Mlmmalion ear is

higbly unique in sereral lispects viz., pinna, 
"u, 

orri"l", -d cochlea' The cochlea ib elongated

ffiLilj*i n the organ orcort1*tich is the organ of hearing while the semicircular-canals

*lO o1","" and macutae utriculi and saculi are the.auditory otg^

As usual, the eye has 3 coats, outer tough ltbrous coat' middle vascular uvea and the inner

sensory reiia.. m" -u--aiu" retina in-formed of rods ad co-nes containing rhodopsin visual

purple) and iodopsin (visual uiot"g respectively for dim and bright !& ryP-? vision. Area

centralis, is mostly'cgmposed of cones. The hereditary diseases, night blindness and color

blindness are the respgctive deficient conditions of rhodopsin & iodopsin'

zl;.t0 MODEIT EXAIVIINATION QUESTIONS'

I. Anur the fOll�˚ ng in abOut 30 1iEleS.

1.Sketch thc dOrsd a�g ventrl aSpects Of tt�˙  brtt of rabbit.W�V e a note on itS

aaractertttic featurOs�B

2.Describe the StructuFe OF the brain Of rab�\
L EnumcratC the functions of�¡

S Various

�c

�E

3.Give an aCCOunt Of the siruCture ttd��
1&1�� ns of thl ma�\ alian ear.

4b�\ ibe the smdur,of the,�h �E Add a note on physiolos Of�� S10�¡

5�B What tt nerVe impulSC? HOW it 
�˜  tranSmltted?�¡

Ho Antt the uOWitt h�R �⁄ t10�a �¢

1.D�Õ �˚ �« the Cranial nerVCS Of rabbit.

2 What�¨ e the mp�—tant�M functions d�¡ ain?       l

3.Valat t renex"liOn? Add�]
a nOtC On refleX arc.

4. Give a brief amunt on the autOnomOus nerYouS System.|     :

5�B  Desgdbe the structurc 9f FCtina.
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U�Ü it�] 27 RABBIT�\RESIR�pTORY SYSTEM
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tiOIQ�� CSdP,S

27.1 0BJECTIVE

O To describe the respiratory Fystem of rahbit and to explain its functioir.

27.2 1NTRODUCT10N

For any living.organism, energy is essential to carry out various vital activities. Energ5l ig

obtained in the'living bodies by burning food stuff (fuel). For this, oxygen is needed. ,In

vertebrates, specia-l organs, the lungs have dpveloped to deliver orygen to the various tissues

via blood. In Amphibia and Rcptilia,lthey are accular while in birds and mammals, they are

spongy textured non distensible lobes. In mammals, voice box is associated with it. 'Further

thg passage is also separated from the food passage in amniotes. The lungs are letter evolved
with alveoli.

273  RESPIRATORY SYSTEM

Exeroal nares lead tp the nasal passage which. is divided into right and left chambers by
means of a mesethmoid partition. The 

-epithelium 
eovering the nasi passages is ciliated and

prcvents the dust particles from cntering into the lungs. The nasal passages open into the
pharynx by means of the internal nares. From the pharynx, the air p^."i into the trachea
or wind pipe through a glottis which is a slit like aperturl present on the ventral wall of the
pharynx.

273  LARYNX

At the hnterior extremity of:the trachea there ii a chamber called the larynx (Fig. n.l). It
communicates with the pharynx through glottis. Larynx is supported by cartiiagenor. pi"""..
A large' thyroid cartilage support the 

-veniral 
and lateral ivalls of the laryrx. .A= cartilagenbus

/flap like epiglottis arises from the ventral wall of the thyroid caitilage and protects the 
-glottis.

f 
It prevents the food fiom entering the glottis during swpllowing. A ring like cricoid,cartuage

I lies at the posterior end of the thyroid cartilage. It is broad at the dorsal side but narrow
on the ventral side. A pair or a4rtenoid cartilages support the dorsal part of the larynx A

�¡91
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pairofsmallnoduleqthecartilagpsofsantoriniaresituatedattheapicesofthea4ltenoids.
fni vocal cards e*end bctwecn t[c thyroid cartiiage and the arytenoids'

ffib pairs of vocal cords are stretched dorsoventrally in the laryngeal cavity t 9T 
p.* e*ending

titween anterior part of thyroid and posterior part of any tentenoids are called thp true vocal

cor&. Another pair e*eids betweeu ihe anterior ends of the arytenoide and thyroid cartilages;

these are called as paleovocal cords.

Flg.27.l RabbiteTFaChea and la�b L�m�RDoM �Y�¢ �� B.Intemal structure

LarttX L CSSCntially a mOchanical valve�¡ thC entrance tO the ah�� . It has capadty to

���E�÷ �Q1��
e�Ł

�Ô �� �í
e dorsd sideo lt rtts thrOugh the lleck,Just

�B�� �Ł,Wherc�¡ dividos into a rint and a le�¡

bronchus,which enter the resped�s c luFlg:

27.3�B 2  Lungs            �E

�ò �dattr�ß �fl �í ��çW�r �Q �Ł�B11�¨ �Ô

M�A T�÷ c�æT�Õ ���u 1�v �� �B�ì T�í ’�¿ �˚
:�æ �W

hk�R
"�D

air ccus or alveoli(Fig�B 27.�´ �BThC Capillary n

alveoli and fadl�¡ ate the gaseou,cXChangc C

�z �¯ �� �¿�M�å �E
wherc thcy are throwL out.
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11

Frg. 72 Rabbit. .{. Vcntral vicw of tungs with a part of trochca. B Tcrminal bnnch of bronchu* 1. Trachcl 2. Antdior

iz!'T3'ruch'*"n*tmffi mifrfiffi-'#:antcrior'&Brbochus'e'

Ftg?T.3Diagram shwing capillary nct wort around'ah,coluc 1. Atveolar 2. Pat of prlmooaryncio 3. Branch of
putrronary artcry. 4. Alvcoli showing capillary nct wort

2733 Mechanism of breathing

The. mechanisni of breathing consists of inspiratio4 and expiration Inspiration ib the intate of
fresh air into the Lrogs. Expiration is the elimination of respired air out of the lqqgs.

The diaphrgm, that separates the thoracic add abdominal cavitieq the ribs and the inter-costal
muscles investing the ribs participate in the process of respiration. There are two pairs of
intercostal mrscles, the internal and the external (fig. nO. The inspiration is an active
proaesF.

is pulbd
orpand.
alveolar

The external intercostal muscles contract and drag the ribs forward- The diaphrgm
forward and becomes flat. The spa.ce in the tforlaac cavity increases and tha luqgs
The air flows in through the nasal passages and the trachea, leading ultimately into
spaces. The expiration is a passive priross, during whic,h the internal inter-costal

-.<. 
1-,
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muscles contract and rostore the ribs and diaphrgm to thqir Pstiqg position' The thoracic

R3�¯ 4Rabbit�] Rib m�å �gn�g

‘�…�F�fl1�� �í�»�Û �I �í �� å¥�Õ �Ù �¢ªp�E
Ribs 3.Internal inteF�] COStal muscles‘

z734 PIIYSIOLOGY OF RESPIRAT10N

�N�EŁc�Œ�xŒaŒa�' \:�ı ä¿
�� stes Thc resP�º �‚ 0�� OF pigmc�¡ preSent hhe lmgst   �L

lungs tO the tlSStCS ttd Co2�¡ Om dST,tO t

Rcspttatoly pigment ttd ns rot in�˚ �^�V�q 02�E and C02

lc tO the surrOunding mcdium.ThiS propcr�Ł

ssues.

alveolar�¡ aCC�E

.�í �E
FItti�¶ �´ �ø�M�Ó �| 1�h�ïI�� �‚

lons(HC03)1         �–     1  .��

�Œ

�]
�k

�h
�h
�h
�g
�[
�[
�[
�[
�v

���a

�V
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�V
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E8' 265 Bvctrt3in qnaryortof q6coraoirunoqioaA- io luagr B. h tlnrc* L Bcdelt 2 ptarma
3.Ahrcohrryre (Air)4- Thxrc f,uid

. COz * nzO=----:H2Cqffi=I+NCOr-
Thrs process is accclerated in thc red cells $ an enzyme called the carbonic anhydrasc. Ttetprotoru pro&ced in the reaction are buffered by the hacmogtobin u,tich fqms thc rcdu*dhacmoglobin Thc sutplus bicarboaate irms p,roduoed in thc ;cdm diffiur" 1",, ,n, p*.*
atrd chbridc iots ECIrE into balancc thc ionic oompo6ifi0o 

- 
u/h;;ffiilu-u i,

�‹�Ł ��

�¡95

�Œ�Œ�Œ

�h�R
�æ�Œ

�Œ

�Œ
�Œ

B R
 A

 O
 U



.,

ox56cnate4 the chloride ions shift bac,k in to the plasoa and the bicarbonate ions stift bael
iato red cells. The o)rygen entering the cells combines wm faemogLoblh and retease protons,

which combine with bicarbonate to release carbondioiide and water rmder the influc,noe of
carbonic atrhydrase and :thb carbondioxide so released difrtscs out into thc lutrgs.

,'

The events iu tte transport of o:rygon md carDondfoxidc ar. depicted in figrre 75.

274 SUMMARY

The respiratory system of rabbit includes tho wind pipe (trnchca) aod lurys,The glottis is
guarded by the eplglotds. 'The trachea is supported by the inomplae cartitagenous rinS.
The right lung consis of 4 lobe.s while the left oo is bilobed" Each branch dividcs repeatedly

into bronchioles, alreolar &rcts and alveoli. The alneoli vith capillary networt allos passive

gases exchange. Diaphrgn and the'eilernal interoostal. muscles help h 'iiispiration 
actively

while theii relaxation and the contraction of thc internal iaicrcostat muscles bring elryiration

In human lung about 75 crore alveoli, amormting to 100 sq. m.'arear hare been estimated.

The laryrx (r,oice box) is the proximal dilation if tn" trachea- It ib supportcd by the thyroid

cartilage ventro-laterally and with a cricoid,- posterior to the thyroid and a pair of Srytenoid
cartilages dorsally with cartilages of Sanrorini at their tips.

27.5 MODELEXAMINATION QUESTIONS

Answr thc follmtng ln about 30 llnes.

1. Describe the structure of tgngs and phpiolosl of respiration in rabbit.

Ansmr thc followlng ln about 10 tincs.

1. GitG a bricf account on larynx in rabbit.

What is haemoglobin? Elrplain its rolo in earrying Oz and Cq

Mechanism of broathing

�Q
�D
�@

�¡
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UNIT 128 RABBIT tt CIRCULATORY�]lSSTEM

�EContents               i

28.1 0�´ ediVes

28.2  Ltroduction

28.3 Blood

11:�d �í |:�E
fF�d

.
286 Arterial System       �E

�E
,28.7 . Ve�¡ ou6 systen i

28,8 The Course of Blood circulation

28.9  Sumnary                   ,

28.10 Model hmination Questions

28.l oBJECTIVES

��  To�k �ƒpain the smcture and functiOning of heart and the details about blo6d.circulatiOn in

the body. ’

28�B2 1NTRODUC�¡ON

:�â �ô �I �u �@ fttt�[ �Ñ �˚ 1�§ �¶ �V :TJT�'
Thc heart�R situated h the thiacic cavi�fl and ttS On the Ltt dde of mediasttnum:a spacc
cndosed h�E

|,tWeen thC twO�� ur4 Sacs endOs�Œ
�� lhe lung KFig�B

�E
28�B 1)�B It�¤ surrOulld�¶ d by

a doubL wa�Wcclpe�ì �V dium endositt thc pericardla nud.�]        ��

|

|

J
|

Fig�I .l Mediasunum shctting the 10cati�¤ 01heart.1.LaF"R2,Trachea 3.Bron9hus 4.Lung 5�B
PIcumi cavily6.

Hcart�¡ Meidastinu�¡ 8.PeFiCardium
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283 BL00D

The blood is a fluid tissue containing the lluid matrfi plasma and serrcral types

of corpgscles. The red blood cells are biconcave and anucleated io mammals (excep ia
camel). The fluid tissue is mainly responsible for supply of olygeq nutrients, hormones,

disposal of carbon dioxide and for body temperature regulation. The blood pignent is

Hcmoglobln.

284 STRUCrURE OF HEART

The heart is a conical structure containing nro auricles ard two ventricles (Fig. 28.2). Auricles

are smaller than ventricles and have thicker walls. The two auricles are separated by an

inter auricular septum. The right auricle on its dorsal side receives blood from the right and

left precavalg which bring blood from the anterior region and the pct caval bringing blood

from the posterior region of the body. A memb,ranous fold, the remriant of embryonic

euslaclian valvc guar& the opening of post caval. The left precaval is guarded by the

besius valve, urtich is a qrescentic fold.. The'right auricle opens into the right ventricle

throggh the right aurlculo ventrlcular apcrtnrc. This aperture is guarded by a tricuspid valve,

whicf preveos tt" bacl$rard flow of blood from ventricle to a auricle. The trlcuspid valve

contains three membronous cusps, which are attached to the muscular pr(rcesses of the wdl

of the vcntricle Uy -* of rcoaom caled the clordae tendineae. T" --*dT 
prooesses

of thp wall.of ventricles are known as the muscull popitlares. The chrodae tendineae allow

the ,alves io be pulled into the ventricle, but when the venEicle contracts, the three cups

close the auriculo vengicular aperture and prevent the backrvard flow of the. blood into the

auricle. From the left anterior angle of the right rrcntricle arises the pulmonary aorta Its
opening is guarded by ttuee pouc,h like scmilunar valves'

�O

�@

�V

A

Frg.2E2 RSbit-Hgart A" vcntralvkry. b. lntcroal stnrcturc' 1' Rigtrt nrbclaviira' 2 Rigft'cocrmon carotid' 3'

t cft oommon carotirl. 4. Lcft subclryian. 5. Pulmonrry J.ty. c rJlt auricle'- 7 lcft rrcntriclc' E Donal amta 9'

Rightventriclc. 10. Post carralvein. 11' Right auric1a fZ' Rlglt prccaral' 13: kft prccanlrrcin' 14' t'eft

purmonary wirr. ,t. to*.*ooi'teffi^l;ln:: X"lx;,}fi}*' 
*tvc' 16' Risht scPtum 17' Auricuro

�U
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��
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The left auricle receircs the o4ryenated blood from the lungs by the prilnonary veins" Thc
right and left pulmonary veins open tqgether into the left auric& on its dorsal sidc. Tho:hft
auricle oPens into the rrcntricle through a large left aruiculo- r,entrictlar aperturg wtfofi b,
guarded by a bicupsld valve. it is also knorm as mltral valve. It contah€s tm memb,ranous
cusps attache4 wirh chordae tendinear, are raised into the ventricle ridggs tno*n as the
columnae coroae. They are more strongly developed in the left ventricle than in the right
ventricle. The left.ventricle is larger. The systemic aorta ariscs fron the anterior angle of
the left rrcntriele. Its opening is also guarded by the three semiiunar yglv6. Simitar to
those found at the entran@ of pulmonary artery.

28.5 FUNCTIoNING OF HEART AND REGULATION OF HEART BEAT

~T�‰
Ø[

The heart beat is a regirlar and rhythmic cavity. The contraction of heart is knorm as thc
s;ntole, while the relaxlrtion is the diastole. The systole and, dia*ole constitutes a heart beat -

:ysto, 
e and diastole movements are wave like motions and are controlled by qpecial'cenhes.

In the dorsal wall of right auricle, there is a centre of specialized tissue, *lf"a ,1" J."
auricular nodc.. This acts as -the pace maker from which the heart beat originates. From -

this the excitation waves are tra$mitted along with the purkiqie fihrs of the-agricular wall.
The two auricles coqtr3ct atmost simultaneously, The aunculo ventrlcular noae lying-attthe
basg.of the right auricle but close to the interauricular sepum grrcs off two fibre$ [" *r,and left branches which penetrate the. wall of Se venticle 

"ia un""t up into numerous
conducting fibres of the Purkinje net work. These branc,hes are called the.bundh o[ His"when the excitation waves reach the auriculo rcntricular nod", it is passed on sinultaneopslyt: q: right.and left ventricle thtough these fibres and the two ventricles contract almost
slmuItaneously

,�Œ�� 3
�]�]�N�� 4

FiSl 285 rtogit.dinal scction of tbc memmalhn 
$rt$ryi1c ttcinu auriolarand associ,rtdpu*injcIibrcs'l' sinu auricular nodc. 2. Aucuro-trcntrL","rriJ]J ffi;!6}amum. L n,tinjc ribrcsof

Although the heart beat is a mlogEnic and beat is initiated at the sinu'auricrlar node, is also

ffiffir:lflJ" t)es of neryes, the s npath"ti" *A p"r l-p"tnetic which arc antqgonistic

is the parasy'mpathetic nerv-e innervating the heart. Its branches end at sinu-auriclewhen the vagus nerve sends imprrrses tI tue heart the rate of h;-b"";rd;;:

�¢
�v
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The sppathett nervcs iavei many endhgs among the muscles of hett beat but the"rVe

enditt are cOnentrated in the shu auricular and a arriculo�]
�R1�ó tricular�¡ odeS�E ThC rate

d heart beat increases due b the action of�b lpahtic nerves.These two ncrves adtt on

�@ å¢ �ð il�¨ Ø˛ =:�¿ �Q TTTT�æ
�U

�U TI�V
çŒ

�M

28�B6 ARTERIAL SYSTEM

The aotta takes the orygenated blood from the left ventricle to the body' The coronary

arteries arise just at the base of the aorta and supply 
:

17

16 -�\

15

14

�Q�T
�@

�S

�] �X

�@

�] �O

Fig.2s.3.Rabbit.Artcrialsystem.l.fu:ry,r..,:'lIntcrnalcarotid.3.I-cftcarotid.4.l,ftsubclavian.5.
Innominate.6. putmorary artcry.7. Lung8. coelil . r. p*,;?tt tt"*nteric' 10' @mmon iliac' 11' Internal iliac'

12. Vesicular. 13. Femoral. lc.-du<tar. $]Iliolumber' to' l-umuar rz' conadial'.18' Renal' 19' Anterior mesentenc'

20. inter costals. 21. Intemal mammary22. Bran.t iur. 23. vli"lii z. xuo, ttutlavian 25' Righr common carotiq'
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�E�Œ

�T�ô �ì �í �R    �I �Lbecome the dorsal aorta O�¶ �í 0.Wlthin
to;

L tt hnomlntt a�ƒ �X�˚ �£ �F�ô �fi �l Æ��ø�¨ �L
cartoid�� �Vp�\ uptOthe neck and d�' �¥ intotlieinmal�� �o mery�¿�˚ suppli�]

bloodtobrain and�� �� mal�\ tidarteryv�¡ ich�o

"�ä

b100dtOtheheaCandŁc�“ �Ó �X
�E       �]    i             ��

     1:::  1�]
 1  :

L Theletcommm carotldttw arise ttctt�¡ om the innominate�¡ om�Vaomttata
theinnominate artery.�¡ runsuptotheregion�g the lettt anddividesintothe letintemal

and�Ú
=�f

i corotids.�¡ eFe t aCarotidsinus atthebasc�� intemalcttDI‘bOth�b

"�_

rint

and Li sid".It containsbarormptorsandi�� �¡ �å thedaoliesh�V b100dF�\re.

m�B  
�� The le�¡ suäFhl�R n�c �æva�\ s�� independent�¡ om the dOrd aoFta and supplies blood to

the let forelimb.

Bchind the origin of let s�R �R�� �'

�g

�¡ �R‘mnS rOund the Li bFOnduS to become the

dorsd aorta which runs along thc middoF�“ ihj�V  bencaththe vertebralcOlummo Wthin
the thoracac reglon,the dord aOrta�x �b orpaired intercost�v �œ�˚ ØS,�¡ LttL supplyblood

to the intercostal muscles ofthe d�Ó  |

l abdomind regi�g the dorsal aOrtl giVeså�  :
the coeliac arcew which supplies blood"�Z iStOml�˚ and splm

the anattor mesen"�v �´ whi�� Suppliesblood tO the lntcstine and Pancreas,

the renal a�R Ø‰rysupplngtothelidney6  .’�E

the 80madial atEy supplying!,,c80mad�B 1 . .
tthe posterlor�� �¡ enm�R�c �` �‹ ,whia supliesto bindeFpä¿ Ofcolon and the Fe�\ .

a senes oflumbar�c �q Ø[ �' �o h supplyb the side vralls ofthe�R �� �i �… �å �� �^

the lliac a�� äFrktt wbin suplytoØS

"uCeityand hidlniàY
�B

�u  )      :      :

�£ �R
luns.                               :          :           :

2&7 VENOUS SYS�ß�œ�I
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�E�v
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�N�k

�E�W�D�@�@�@�¡
�@�@�D�Œ�@�@�h�Œ�@�@�u�[

As already eplined three venacavacD bri�¡ blood to rL heart and empty into the Fint
a�˚ da lhe TctW�� p�ó �ò cthe rint tt le�¡ p and�¡ postcaval CFlgi�« .

Each pre�\ l�¤ fomed�ï he uniOn ofithc�| �Ù �Pal �Vguhr9 1mmmal luph9 and the
suhclatn�ß nSo The externaljurar tonttrbl�B �Bd from the head and h�� :�´ �¿ �p
htemal i�Ł h cOnem�¡�Bm the neck d the bain reJtt POSteriorly the intemalj�c
�¤ �¿�R �ˆd�ì �i �� end iuguh.�q

�fl r�d
�V F.�ó

�vconnected,to ea�¡ otheF by a j�Ł �¸ 1�� ���� stOll

�Re fore m.The ut�r �� �� rOiveS b10od a�E om the lnmomE�� àÛ çq b100d
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ftm thc-ptcdr Utcrcoctat spae! 1ld alqo rc€frrcs an..ryIps rch brhgiry blood froE thc
po.tcdu inlcr@cttl muscloe of thc tm sidc6 anil'thc lubcr rcgioa. The bft prccaval
racircs tb blood frm thc soall ormary veins of thc hcrrt.

Tbc po* carnrl rcin oomncnpcs at thc postcrior cad of the tpdv ia the caudal rdn, it runs

t apaircachofkul andcrcmrl iliscveinsbritrgblood&@thc drighrcgim.

ii" apairofl[otmtrrUnr fronthchitrdcr part of tha abdminalunll

iil aprirofgnurdldu{ufromthcgona&

iv . .a paii of rta l dlr ftom thc Lidncy, and raod pqtal srstcn being ahcnt and

v. fldUevgum-O"li,rc".

f9

:0

17

1

15

�¡

10

1

Er.2&4Rrbbir-Vcoou3@"1.Fricroeljuguhrrrcin.2.PrtcanlvcinllSrOdnieaa.Luog;5'DirPbngE 6'
'frFd":p"rrJ,rcint d;"tt"u.eo.*tloinrwin.g.Ilbtunbcr*g:10.9{d!de 1l'Iatcrotlilirc' la

F.rmt 13. Rl[il L. Xirhy.fs.Adrltreloqrfy- r.IicPdcvdr 1?.Liccr. f&ArylEvci!(rBrtcbnl)' 19'

tetsrqrl Ul ZO. Occsptlgu' 21' Intcmtl i$$ler vcitr"
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Th�˙  pOstcavd then l�� �Ì ttoun tlle�i �R �V Ø° medi�� �ß�Y  andopm�V the�V
�à ricle�B

The�� ood�¡ om the digedit l�‚ �R�  neCte

before reaching the heart.   .

1æk pulmou Velns bringing �\ood ttom the lunF�ß �… onthe don mo�– the tt �Y�z

and opens through a common�E apertureo  i t  �]             1�]    1 .

288 THE COURSE OF BL00D CIRCU� �UON

Th,g nght auricle receives ti" d"o,,1g"nated blood from the tlree renacavac, t*o prccsvals
and one post caval. The left auricle receives o:ggenated blood frod thc l@g$ When the
auricles contracl the blood flourc into the right and left ventricles. When the ventricles contract
the tricupsid and bicupsid yalves are closed and the deonygenated blood from right ventrirde
enters the pulmonary artery passing through the sgnilrunr whrcs which takes btood to tlc
luoS. Ttre blood from the left ventricles enters the acrta to be cirnrtated to the body parts.
the oxygenated and deorygenated blood are separated completely itr th€ heart and thcrc is
no mixing of the blood in the arteries (Fig. 28.6).

pumomry
�|

"

Anlcrbr ond
p6lariot
gahcoloa

�'
�“�]�]��́]�]�]�]
�¢�o

Fig 28.6 Counc of blood circulerion.

�u
�u
�u

28, SUMMARY

The amniote hcart is devised to keep the arterial and venous btmd separarc. The thic&
ventriclo is separated into right and left chambers by dcwloping interrentrftular !€ptun;

horever, it is incomplete in Reptilia cxoept in crocorlilia. The -a--alian heart h characterised
b the preseroe of a right alviculo ventricular ricuspid valvc. OnIy left systemic arch pcng11ils
as aorta in the adult manmal. Rcnal portrri s)6tem has totally fadcd away in manmals ume
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the hepatic Postal system is rcll devcloped to remow urea and srcess sryars froq the btood

.,,,
Thc systolc pd a ditstolc constftutc a 'hart beat. lbor$ thc' nea+ is nngcnic it .is
inncrvatcd by tb sFnpattcdc and thc p"r"tyrp.tnr&r r"qp .Ebrr-!. The pace- nater is
situatcd h thc sinuayiorlar Tdc (rt. aruicb SA no&) rutcrcl-fron the heart omtracion
initiatcs. rtc warp of mracim sprel& tho$ Duef'rd;ort of fibrcE dted bundl!
of HIS. Itc warp of omtractbn sfads frm rigbt arukb to,ldt auddo nhere from at
sprcads to righ vEotrictc and then to tcft vr,ntriclc. Thc ratbit heart brats aborrt 200 tiiues

. , .; ' ,i,,,; ,i..;, ;' , .., , ,l , ,

28.10 MODEL EXATITTNATTON QUESiTONS I '

I. Ansrlr thc follolry ln gh*t 30 Ur6. , 't . :

2. Dcscribe hbfly thc srtcrisl st$crl of raHit. ' ' 
,l

3 Describc bricf,y thc rcaous sFtcn of rabhit. 
.

tr. Arrrtr'thc foildry ln ebort f0 lhcs.

L Dcscribe thc arteriat slnten of rabbit.

3. What do you ncaa by doubb circulation? '

a. Dcscribc thc frncrims"of hcatt rad. rcgulation of hart belt.
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UN�u12’::�] �E BITT URINCC�œNITAL SYSàÛ

�I t�� �¡11�¡ ||
�¯ 2 11trododionN�¡ 1      1

�]�¯ ��  0�æ �@

lo .,Urinary atrd genital organs of mammals are discussed., The ri:ooval of the,toxic nitrogenous
wa$tes fromlhe body is also discussed.

�]
29��

.:iNTROibUCTIo�Ó

The e:rgreqar,v and genital orgqns aro closely 
^*Oara 

and therefore, the nro sy6t6n6 are
sttldied t ether: The. lkidney is nretanophrig coorpaot md bean shaped located dmsally.
Mammals'are ureotelic rind henle's loop ii well derploped to conseffe water. In the evolution
ofrvertelrrda&.*c. will,fufthar aoti,pe:abeence of cloacq s€perate opcniagf of the genital

!.ucts a1d :ufeters in females.wtilc ia males the ureters ioin vasadeferens to forqq ,urethra.

f.,ammals are rather unique in ensuring safe and harmonius growth of the young by
d$clopir.qg a highly specialised and conditioned chamber$he urerus. The'utensupreparee,io

fT.f, -Pplro and maintain the embryo m the.er/ent of fertilisation. If the ovum' f"if. to,U"
fertltrseA,-,1tr9 uterus regresses to its'normal position. Such periodic cyclcs are calqd oestr;
qrc,leq, which are iinique to mammals,. ,. ,],

293: EXCRETORYi�àYSTEM

r are a par�† rdark red b_sbn�u dçS
iney are suspended,�fl m�\ :On�R

re�¤ �¤ etttal in psidtt as the leti�÷ �‹
be duc tO thc lttition Of stOmaCh on the let

ridney hast h ou�fl sm00th m�£ �œ �^ land

�VndeJ�� ��̊V6�V �V� �̊g
� �̊ L̊d�D

.�K��
�c

�ó �R�� �–
� ̃pd�V �B1�X renal artery and the renal�A

�V9’�V lkidney tlarOugh �V�·mis.          �]  :�u  _
�Œ�Ø
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The.mammalian kidney is enclosed in a thin fibrous tissue capsule, the tunica fihua' enters

the renal sinus to blend with $iailar tisuss of the renat peJvb,. fr".s4gittd scqi@ of the

kidney sho*r an outer cortex anrt the inter medulla (Fig. 29.1. A). lhe medulla tourards

the *lus is divided into a number of triangulai masscs called pyamids. The cortex is

continued inside benreen the pyramids in the form of renal eolunns of Bertini. The hunan

kidney may have upto twenty pyramids but thc kidney of rabtit and carnirores has a single

pyramid. The internal end'of the pelvis is subdivided into smdl frunel like divisio.ns called

primary callres each of which is further subdivided into socondary catpes. The main collecti'g

tubutes of the urinary tubules or nephron into secondary calyces.

Fig 29.1. tcrtney. Diagranitoshowthcintcrnalslructureofkidncyof msmaal. B. Nephronofmammalian

tiOncy. f. Rfnatartcry.-2. Glonrcnrlilncortcx.3. C-ortct.4. Bmmids. r. C8l,'ccl.6. Medulla. T. Hilus8'

Urcter. e. ncnat*in, ro. aryillT;1,;.ffi1[i;:fi:[: 11'#T"ffi]-cd 
tubura 13' Distar

Each kidney is made up of 'numerous functi-b-nal units.cdted naphrons or uriniferous tubules'

Each humarr kidney ."y t a*'" abort one million nephrons'

293.1 Structure of a NePhron

Each nephron consists of two parts (a) lllslphigtrlan capsuhs and (b) Renal' tubtttc or

convoluted tubule (Fig 29-1.8). 
:

(a) Matphighian capsule : It is the anterior most part oJ the- nephron' It is'found in the

cortex. The malphighian capsule has two partr. (a) An invaginated double walled clp the

Bouman's capsule and (b) u too, is made up of blood capillaries called the glomerulus'

B(nryman's capsule : It is a dilated blind end of the ncrhron. it is invaginated to lodge the

capillary rull called glomerulug. The Bowmanls trvo. lavers consists of simple squamous

epithe,lium.

Glomerulus : It is a capillary tuft which closety tits into the inrragination of Bowman's capsule'

T afrerent arteriole breakr up into about hty capillary loops, and forms the glomerular

tufr. The capillary .tuft reunite and forms the efiereni arteriole to erno-rg€ "t:f 
the capslle'

tte .,e*-s"f is'shori and wide, wtereas the effernt vessel is narrow-and lo'g:r Tt.arrangement
makes the blood passing rro- tu" afferent arterioh via glornerular capillaries into efferqnt

lo
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artettc,tO�¡ Ow u�� der great pressure. This facillates ultra niter action of b100d.

(D Renal�g b11�� i convoEnted mbuL:Theäå �¨ �� ptt oft�g nephron�� �Qkts Of much

"�£

dund tubule.It t cOnvenient�µ �˚ibd htO�¤ prOxial�� nvoluted mbule �Ł Henle’s
Loop and o distd convOluted tubule�B

a)Pm�˚ al�� OnvOluted tubule�Ł �x

‘L much cOntOrted structtre lying h renal cort�å
 It is

hd by,cuboidal dL"Ø[ char‘Ø[ eristic bnh border.

b)Henle9s Eoop: It t characterttic of mammals.It�¤ ‘U’shaped 100p dipping into the
medulla.It�R d�Ó tingunshed into a desending limb and an ascending h�R .The fOmer�˚
lined byisq�\ Ous epithe�U um,�¡ �c e tht latt�g L made up of cubondal epithel�g m�E �º Henleps
loop�¤ heant tO in�ô �� the surface for water absorption.It t�N n developed in der�d  |
anmals.

o Distal cttvdlted�¡ bub 8 niS pa�¡ L hed by cuboida1 0�ß thelium�M thout bnh
border.The diameteF Of the lumen is iarger than that of prOpFimal tubuleo The d�Ü �]
convolutcd tubule jdn‘�� th the cOll�˙ ding tubuL and the�¡ �Ér opens intO the pyramid

Each tubule tt pFOfusely supllied With bloOd buy the ettrOnt arte�Ü �Zle,whose branches
envelops the tubule for pro�m r reabsorption.

Ureters:The ureter are slender,tra�Ü sparent ducts arising from the hilus.They Fun backwards,

bend inwards to Open into urinary bladder.

UHnary bladder:It�A a median"ar shaped saq with thtt transparent and�g uscular wall.
The bladder leads hto the urethFao ln ttacs the u�g �Va�â rms the dud of t�g penis and

Pttritªd �z�b�fi�ß�£���P1lT�Ì �í �Ł�ß�ô 71h:�Rl’l�[ I�í
SCXCS thc urethra hT a sphincter of v01untary�Ø

�� �M
es ttal Fegulttes tte passage�� uine.

2932.Physi0101�W OfExcretion

l:�a �y�� �Õ�¾ �Ł�vTt=�ˆ :Ittdtt��
f�V �¿S yddna�å ous compoun�� .

pttments lowevcr,are tirown and excrcted th�_
l�� nia,ur,�¡ u�Ü C add and bJe pipents.Lile
ugh faccal material.Ammonia,urea and uric

acid are�¡ ltered in the kidney.ma�\ a�R are ure,teliCS ioc.,thc chLf excietOry product�R
urca.�£ c brma�r on of urine invOlvcs thrq�v  dttind phases.

Glomerular u�ß tn rnltratiOn

�r �Õ �Ù :�§ �P�¿�Ł�í�I c�| :�V ‘�� �Ô W�§�«
�E
æa

F�{ ���ï �Nær �Ò �� �å �E�å�v�� �F
lnme�g�p:�� �Ì �fi a�í �h�ß�c�' �Õ :�Ł �x�Ó �� �R1�w�æ�¾
causcs a rise in the b100d prcssure.Thus thc b10od pressure is rerated.

When ultrarlltrat�V
 takeS PIa�g i the rlliate contails ha�¡ y soluble substance such as JuCOSe,  _

urea,sodium ch10ride and Other salts besides waterI T��
�¡ltr"t is Called�v �¿�¡�Bdar mtrate.

The �\ �� di,nOW left only�� �� b100d Corpusdes and b100d prOteins�B

II if�¡ �Mli
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Selective rcabsoratlon

The glomerular filtrate movcs backwards by the action,of cilia. Some important.su$1an1s

like glucose, apino acids, salts of sodium and potassium and water are retrbsorbed by the

tubular part of the nephron- which is richly supplied by blo<d vessels from the efferent

arteriole. The reabsorpiion takes placc by difftrsion or by active tranqrort Diffusion being

a physical procesi oocurs automatically due to concentratiol gradient. Active transport on

the other hand is a vital process .*rrt"g against the concentration gradient, requiring an

openditure of energr. Whter is abnorbed by dithrsion.in the proximal part of flenlc's loop.

The loop of Henle is chiefly concerned with the conscrvation of water. nrammals are the

only veriebrates which can produce a markedly hlryertonic urine, The de.sert mammls, which

have a longer loop of Henle, produce a particularly concentrated urine.

The formation of hypertonic urine by regulation of water content is explained by the principle

cou3terurrcnt nultiplter htrpothesls. As the renal fluid floys along the ascending limb, the

sodium chloride is actively removpd and dcposited in the desccnding limb. Thus the

concentration is raised,in the descending limb and the fluid in the asceading 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.

Tirrbular secretion

Some important salts are absorbed by the tubul'es to be released into blood stream. Rw

substancei are added to the frltrate by the secretion of the tubqle cells, such as creatinine,

potassium and hydrogen ions and ammonia. The filtrate thus modified by resorption and

tubular secretion is called urine.. The quantity of urine is much less when compared to thq

glomerular .filtrate. The Urine is normally light yellow dqe to a prgm€nt called urochrome

derived from the break down of haemoglobin Urine is produced and drained continuously

frbm the nephrons, into pelvis ureter, urinary bladder, urathra and then to the e:rterior'

Mammals excrete their nitrogenous wastes in the form of urea. Most'of ammonia upper

oorrnA conditions is converted into urea. About 80Vo of total urinary nifrogln is found \
the form of urea. ur* i* actually formed in the liver. The biosynthesis of urca involvei

many intermediat" .og", and the cycle is called Kreb's onqithine cycle'

nx r+tol
NH3

5

(NH�ª

"

a18

F1829�� .�Ø b’S Orn�¡ hhe cyCle.1.Citru�a he.2.Attnine�E �¡ Argi�\ .4�E Omithine SI UFea.
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��
I

The mis ad.qghino ie bro&cn down by tho tW asdo1sq (fousd in thc lircr) mo
unernd mlthlre. fu lattcr cmbincs ryffi eqrFrqpir aU carmaioAOc funiEg dIrdUiG.
Citrullhc oouhincs !ft.h anqtler nohcub of mosnir-rod sylrthcsiscs lrdDbc, *ta !8!ln
brcals doc,E irto uta ard omithioc. By thh cyctie,tp@iqn more and ,* ** is fdd.
The soruces of urca formation are :

a) frmdcaminxionofaminoacids

b) &om salt likc ammonium carbonatg loctate ctc in dbt

c) frmtheqmrnoaq4$:,

Thc normal voluare of ruea in tlic'.btood is about Z)-{0 ng per 1m d of bloo4 any cxoess
may indicate nalfrrnctioning of th kidncy. 

' e r -

293.4 trhnctions of theH&rey.
The kidney apart from beirg * excrctory organ pcrforms the foltowing frrnctions.

1) It plays an important role iu bomcoqtesb i.G., rnrintritrnce of the internal caviromcnt.,j

2) ft crracts nitrqgcnousrraste prodnds.

3) It servcs to maintain thc pH of body ftuidc and elcctrolytcs.

4- It acts as an osmoreguldtory ogaa i-c., it meintrins watcr balanoc of thc body.

, It Daintains thc opinum conentratibn of crteh blood oonstitucnts"
:

6) [t sliminates ccrtain toxic and drug s&tanocs from thc body.
:7) It synthesises substances rike ammmiq hippuric acid au inorganicphosphates.

8) J:Darglo@rular aetlsfound inafrercnt arteriolesccrcte anenzlmg thereniq ryhichhel..in
ultrafiltration by ingleqsing thc blood pressure.

294 REPRODu�\ sMS�|�� �J

�� S�\ �V )�m �t te in�\ mm and the reprod�R sHem�¤�} �R�V �Y  �A1

�¯
‘�E

l Ma�˛ �R�� IT�V oæÛ |�Ó

å¶ �£ l�� �D�Æ �— k�I     �fl��

�g

,PCrenmial glands and reaJ gland.r

�� tes i‘     :     �]

conne�¿ �� �~

�g

�o �« �c cavit thFOm�¡ narrow�c the tnwanal enal�B

�o
:��

�� �u ��    �í �¶ �� :��
�¿

1 1=�u �]
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lines thc scrotal sac. thc tuoica albugir€a has a minber of iqgrNths called scpt4 which

dividc he.tcslis into lobules. me tuulcs cotrah coavoluted cemintfcro0s trbulcs' The

scminiftrOus tttbt&s uc thc fttnctional uits of tcsto& lte imof en& of the seminifcrors

trrbules afe stmight and unitc to form a net tork trcws aS rctc testc$' Frm the rct3 tGEtcs'

finc tubules, the vasa "f"*tio are given off which unite to f0'm a thick convoluted long

tube, the epldidymis.

Æ�̆å �Z�¯ �N� �̀h�“�R�å �M�M.

Ø[ iOn d the epididPiS and Laves�R ,C�R ��

�ç�L1�í �ˇ �ł �Ô �ô �� T�µ �µ

�C
�P �Ü�£�o �I ’�� �ð �[ �d �ô �Q�í �º �ł
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ti�u �‰~1�¡
�¡ 1

�¡
�]

1Œa  �_�Ø�Õ �ò F=�] 11i�µ �U�E1�h �¿ Fa

�r à� �¸ �‘ŒGŁ÷ �M�¨ �F�˚ �D�Ł

çW �� �Ì :�ô �n::�ô �fl�S�����× �� �� :

�Vl V�c �]1�� TR��

"Oecting ll,i��

rmS�¡ �b

�� �x�� di’�� lds:Thett are a pair Of d�¨ k dongated�v andS bing�� �� tO:�V  covrTers

Jindsi They 6p�v i to thO�– �cibr�M throu pcdneal.pouches The snetion ofthese ndS
Impart a characteristic Odour to attract the other sex for copulation.

2942 Female Reproduction Organs

�¡ ,femtt F�V 9duttiVe Organs includc l ptt of ovarin OViduct�A
VaFaP�fi �fi �R

�g

�¿ �R :

BarthOlin�E s�v andS,çp Cr’�˜ �x ands and Pc�Ü natd ttndS�E There are no pretate nds.

Ova�vesi nese�� �Üpair�à f ttan oval bodt�˜ atta�¡ ed 10 the dordbodywa�¡ �fl �R
�g

�vum‘

They are Whidsh and measure about 18 mm long.ney tt behind the kidneys in the abdomen.

�� i�Ł �� � �̂� �í �Õ �¿ IMis�£ �Q�x�ô �D�¿�ò �y
ova arc relcascd inio the COel�B �Ø ic m�¡ w by the rupture of the GraaFlan fdd�› �� prim�¡ y

00�� e COndit�� �¡.The f01licles are also endocrine in h�“ � h̋er producing estFOge�Ü ,progestr6n,
and rel�• n(sCe unit 30)�B

Oviduct: The lovidu�å is dittrentiatcd into thre regiloEDS.I�g anterior ml�¤ transfomed
into a vttle�¡ imbriated�R nnel the O�� dccal Funnelo ��̄� c hnel h Opposite the ovary�� th

a centraltopening called�¡ Ø[um,ito r�å �R�_ Ova asithey are shed.The ttmel leads into a

S�Ü �¡ lty�˚ ov7 tube calLd�˚ e fauopian tube,nich�A OonvOluted and hcd byi dLted
eptthelium.�{ m1101ian tube leads into a�� dOr,hs convoluted p�æ called uterus.

�‹ �´ .Rabb"�] FemJe U�ânordl.�L
1�x �ßi�l �x içW �í �Ô w�� �ü 1.��Fallopian tube.6.vteruS�E 7 Va�v

RectalJand.12.Pc�v nealJand�B 1�¡ Vu�Ù

�C
�R�@

�E
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Uter1rs : tt h a distcosibte and rresculariscd chambea Ite utqus and fallop'ian tubes are

suspended from the dorsal body valt by peritoneal fotds called nesonctrium'ant mccmal$ry

respectively.

thdnr : The two uteri rmite medially to oPen into a nrrscPtar sac the vagina The ya3ry1

runs dorsally to receive the urinary bladder. ft unite.s with lhe neck of the bladder to fo'I4

a sommon Passage the rctibule.

\ibs6buk : Ihe restibule is, a wide tube, which, t T"q baclcrrards i,€otral1o. the rectu-n'

The nestibules opcns to the'ei6erior by v.lva or urinogenital opening u'hich is a slit like

opening the vrilva is surrounaea hteratly by trro prominent folds called Hbra urqiora' Inside

tk vuhm, on the ventral wall,of .the vcstibule, ttipre is sqatt rod like Tructur: 9{t{.etltyls'
The clituis correspords to penis of-the male. Tte rXinary openrng and reproductive opp9!18p

are scparate in the female mammals'

29,43. Glands

Barthollnrs-ghnds : The"se are a pair of srnall gtands present on the vestible opening into

il.- Tb"* E-0" ,"o* a clear viscid fluid whic.h helps in lubrication dutfurg copulation'

Cqol,sghlds:Theyarereducedinsize.Thesegla,dsPaYormayno[beprgrynr
\lth- prery* they lie on the vestihute' 

"

krincal gtands:' The secretion of these gla"& is stron-g- smglling and hetpftrl in attracting

the other sex for coopulatron. The pcrineal glands'are'Iike those of the malp'

295 SUMMARY�\

�\
�� Hdney�Rmanephric h ranit ttuated�g rttI�[

�b�Ü�à àp �¯1�DT��
�q �DäD�Õ    �� �~RF�I �� �µ ttt�Ł �E
number about One���� PCr kidney.The

convoluted�E tubule lasCending&desnding h
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�� ��� �̂˘ �˚ �� �F
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26.6 MODEL EXAMINAH�˚Q�c }:

I. Anrrer ttp tdlillry ln sbotlt lll llm.

1. De.scrfrc thc male reproductire oryans of ral$ir

2. Describe the fenale reproductire organs of ratrbit.

3. Dcscribc thc structure of rranmalian kidrey.

4. Dcscribc thc physiologr of excrction of maffiral't

U. /fnrcr thc fothrrlrg tn about l0 Hncs. .;

2. Hw urea ic formcd 2

3. Describc thc glands associatod with reproducrirc orgaos.
'!t
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�E
U�vt�æ 308 ENDOCRINE:G�äS�E �]

Conleuts

30.1 Objcctive
fiz Introduction
n3 Htnitary Gland c Hypophysis
30.4 lbEoid.gland
305 Parathfidgland i

30.6 Ttynusglaod
W A&cnat glands csupra- Rcralilaods.
304 Panseas
30.9 Mucous Mcmbranc
30.10 Guads
30.11 Sunmary
30.12 ModolExaninationQucstbns. i

30.13. Glcsary

30.1 0BJEC�ß�WE

o lhis lesson is about the ductless glands and their secretions. They aid in transnittiry messages

thtough chemicals hence called chemical mcsscngers'

302,INTRODU�⁄ ON

The cndoerlne glan& are ductless glaods located at specific *g.tT.i the body' They may

;;"dil i"; of either nenous or specialised somatic tissues. Their secrefions are called

as hocroncs (= L arorse) whic,h stimulate an orgen to carrry out a ftrnction 
-to 1 

stinuhs

at " 
prop", ti-". Slo"" ti"V are ductlc.sg the secretions are directly carried by the bloo4

to the Parts whcre needd.

The hormones are defined as cheulcal mGssengprs or transmitters to co-ordinate various

activitiesofthebody.Hormonesarechemicallycomplexorganiccompoundscalledproteinq
;;rrid, ctc., u,hich 

-disintegrate 
ater the desired effect is broughf.

There are two types of endocrine glads. The fust category inducles Pigit"ty d8n4 thpoid'

parathy,rpid, t\mus, adrcnal and plneat gtands' The second category includes those sndocrine
-gf-Ou'*ti"L 

are situated in organs like lnncneas, gonads, mucus membranes of dimentary

canal. which arc b*t*llt "*Ji'" 
ia their function such organs are termed as heterocrine

glands.

303 HTUITARY�EGLAND OnttOPHYSIS

It b referred as the 'Il{rstcr gland of thc endocrlnc orthestra"' It ccctrols all the other

*a""i* E rar as.far as their secretions are concerned. Tte pituitary gluld 
T JnTted 

on

thd ventral si& of diencbphalon and is conveniently divided into three Pu&' Y"' (r) Anterion

ilL'* oa-.orr"rourti ta MHdIG tobe or prrs lntcrmedia and (3) Postcrlor lobe or

214

B R
 A

 O
 U



1�E i’ =’�]
�R�¡

�‘
1�¿ �R|: . 

�L�]

r�fl �� �ò �¨ �ø?�RØÜ�� ��Jandslm.�¡ h�V�V�E
oid 4�B �¡ ,dd 5.àÛ

�g

6.Ad�g nal medulla

7 AdrenalcoFtC 8.Pan-59.OVarle lQ Test�¤ .

Neurobypophysis.Each part is re,pOnsible for the se�g etiOn Of a nmber of 10mOnes v7hich

not only ttiVate some oth"ductLss Jands have�� �˚ tred over organs.The a�˚
lobe of pituitary Jand prOduces seven distinct hOmmtt of which a fev7 are ttml�R �A

The hormones and the area of function they coOrdinat�v  are as fouows :

1) Growth HormcDne(GH)oFSOEnatOtropic Hormones(SlH)I TheGH reratestheprotein

.�ß �I n�D�í �� �£ �˜ �å�� rdl�Ø �ß �Ú �Gæo ��
giglntism.The hyposecreti�g ofthe Sameresu�¡ shstuntedgrmord�\ smormatlslnt

�¡ �¡ 1:.1  1.:=�R

�Ì  Gonadotropk Homone:Tht homoncin�¡htes the reprod�˚ �] oFganSto produ their

own hormones.:

a)FollidesL�� utattngholllmo�� GD:The F�c �Jimulates the ovariat�� HideS,SCCrete the

i female sex�¡ åN�˚
=athe ocstrOgen"hn talsesto develop the secon�R

�‹ sem:d�‹ �� �fl s�B

It atsoØ[ �o Ls�� �� esiS�ƒ �˚ OVulttOn.: �¡  ,         �]
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0

Interstttial etl sdmulatlng homore (IGSE): Thc ICSH produ.ced by hpophysis i4itiates
the Leydig cclls of testis to producc male sex hormoncs. They are calted androgpns which
control the development of secondqfy sexual characters in males. It also regulates production
of spermatozoa.

tr*utlntsing Homonc (LH): The LH in female mammals helps in the formation of coraus
Iuteum.' The LH also causes ovulation and secretion of progesterone by corpus luteum in
females. : ' i

3) nyroid sttmulattDg Homone O�z �R):T�~ �R H stimJttes the tbyrOid gland t6 sccrete its

�b hOrmOnc,the thyromm causes metamorphosisin lower venebratcs�B

o Ahno�E Co�gicotropic hormones cA�\ )3 The atepal cortex of the adrenal Jand t
stinulated bythe above h9rmone.ItlroduCestt COrtisones tordatethemineraLprotOin

and carbohydratc ttctabolis��            ��

5) ProlaCln OrLctorniChOrmone:Thehctogenic hormone mmthc secretion ofmilkin
mammary JandS�EIt tt�_  bFings the maternal instind in�¥ �~ such as nesting bebe laying

egF.It stimulates ovary,produ�g pFOgNeFOne.

The in"medi��
"lobe or pllHEitaly Jand ttetes a single hormone cakd�g

�\ edin or

mllanoq�F �˚ �» ul�� ting homone(MSH).It Causes the sprea�R �� of colouF�¡ ChrOmatOphores

of the skin.This increas the dark�v �¡ng of the skin and rcsult,h protectte oolouration:

ne pOSttOr lobe or nel�_ �EhypophF�R

�u

dutt threc h�Y �å �� they are:

�¤  0�g OCinOr Pitoclm:Th�R hoFmOneinducescontractionofuterusforthedch3ryofthefoet�A

It a�R o causes the release of�ì �œkin ma�\ aryJandsandaboinducesgallbladder,intestines

and urinary bladder(P,lresh)

b) VaSOpressitt lt cont�_ ls blood pressure.ConstFiCtiOn ofan bl�B Od vessels except thosc going

to kidney.

?�D��Ws�O�j iI�D �_�I �RŁV11�ï
�À ª� ��:  water through u�� ne.I�g oVer pr�g udbnrc

concen"ation ofurinc.Its low producti9�¡ rcsults in los ofwater leading�� dchydration and

�g

using a d�c
�g

ned�ł 1äF
tesind’�a ul   l       �E

Some authors consister ADH and Vasopressin arc one and the same�E      �A
�]

The above mentioned homones are aduany prOduced by the neuFOSnetory ce�@ ,luated in

ŒGŒ⁄ ��Œ⁄
1�_

�E�µ �æ
�ì �T�µ MST�˙

released into the blood�g ream later.

304 THYROID G�¡AND

It is a bilobed gland beneath the larynx. It is made up of nume'rous'vesiclbs rthich are

secretory. It secretqs thpoxine horrnone gontaining'iodine'. The thyroxine regulates the rate

of oxidation of food U tie Uody to liberate requiria quantity of enersf for muscular actTty'

It also regUlates the metamo.pl*i. in lower net.tebrates. The lper secretion of thyroxine

causes an increase in oxidation'of food, high blood presbure, high rate of heart beat' It
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ä¿1          �À
�I �ß �D �Ù ær li�Æ �ø �S

�†thFOid�¤ i ded simple 80itre.

children.      :      rate,lmentd dtthd�Œ
de�Ú andimul�Ø .in

Fi& 30'2. nuou oaiy. A. strucrurc (anrt,rury). Et ! { furoirr ganrt (sho*ing historosr).l' TLyroidcartihge 2'lugttlt 3'.Isthmus. q. *iir"* 5. Trachea i tn,"iourt"rconnc6irctisruc
7. Crclatinous ColloiO S. 

.Fotticula.rcpithetium.

�”�¡lltt11�¡
1�¡

�§�´ l TTT’I�u

3�� 5i ll�æ ���z��çp biCmDS

�Ô �ß �Õ ��I�w I�u �D:�X �˙ �J:=�| �v�R:t�Œ çpcuäF 0�� m  �R ..=�æ ^‘�¡ 1_  1 ...�J
"T�i

�V�V D�Ô �T�E�e �Ł �Q�{ �[ �í Øª
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�c
�ß
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from 1.0 4g per 100 El to 7 mg,pgr 1(n ml,,if the lerel flr4her fqll+ ry-nTYons 
occur; uri4e

output also decreares D"ti"g-fhit conditi'on' the blood phcphrous t,gva inaqaqeE {ron 5

mg per 1m d to 9.mg Per f00 ml'

306 THYMUS GLAND

disintegrtteS a rttalnS InconSpcuous.         |:�]

30.�P  ADRENALGWD66RSUPRARENALC�¢DS

like�� JLm.

l::Hlrapreducestwohorlon"',.udTl:]1*"--ll:.,llti.*i.,1ilm,H;l""d:
ffi ,[:ll]tJ"ff;u;:Hr#:",#[:lllr*xi;x".xl;r:ffir"r:.#;
:ffiilil'#:: ".:l""'f:'T 

[:"fiii".5"T*i H.t# i'ffr,; JJ#1';]H:'epinephrine or adrenaline is'also caileq.as tr5'r+ ur 
rdverse condition. Tterefore,

anger, fear etc. *l*r"r".,* "t}:lj: t:t""},ffitt uro-" 
treuro-transmitters like

ffi ":.::t:'";,"":[J::"1J,";]iffi :lil,y-::i::"*1"='**:f :;"ffi"':"'fi:
:h_ffii;':.x1",,,Ti':::','il,,;:',Ih;';;';i 

u"ti* n"-ouur or adrenars resurts 
'

in immediate death'

endocritre cetls called {slets of I'angernans ' r'sv ,atv "'--- 
"'b",a 

cells praduce insulin'

pura cells. The apr'" Jilt p'ottrice glucagon hormone' "l
These two hormones are antagonirti" to_.u;..n"- lnsulin aerps in the oxidation of grucose

in the body. It promores the glycogen".oT;.,";;"""i"t tr gp*'" into reserve food in the

liver catred.grycogen. The over secreticin oi'i*utin causes hypogrvcagmia,v[e-re normal blood

sugar level is rrao*a,*ii" r* actrYg of insulin Gauseq:a3i"ttt*"'in blood sugar level

anditslossthr9ughurine'Itresults'."l.'*'".*iJl'"o""smcllitusorglycosau
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30, MUCUS MEMBRANE

30.10 GONADS

�L_�¡ �¡
=�E

   . :  _ �u

�¡ 1�]
:I,iII::11 ,�¡ �¡

==�� �ı���Oili�O �æ�O:lil�¡ 1,�¡ �]�A1   1  1 �¡

Fig30.,LT.S.ofPancrcas. 1. Intcrlduhrduct. 2 Pau:rtaScacmrs. 3. Islctsof langcfi8tr& 4. Eoodvesecl',

Glucagon produced by alpha cells elsvates the blood srryar lerrcl and causss hyperglycacni& .

Its low secretion r€$rltsin fall of,blood sugar level. Thus both these hormones are aatagonistic

in their.behaviour chccking the acitivity of the other and 6afulaining blood sugar level Ttc
clmt cdts are few in number and do ndt contain secretory granules: So far it has mt bcc,n

proved to be the sgurce of any endocrinc factor.

.�m :�† �í �Õ �º �ß�� :�� �X 1�l |�Ô �� �� �¥�U�ò
h�R �Ô natuFe�B �÷ L mum membrane of the stomach�\ et�¡ homones ded�c and

enCroFstrone.:�� hOmone gastrin stimmtes�� �L
�† triC JandS b produe the rtriC

i�g �n ,�\ CastFOnl inhibits�� ,pepS�V pF�V Ctim Similarly h the muclls lining of intestine

�ì �Ł�D�« �J �O:�D � �̇ó �Q�� �˙ �P�F
the aini of pan�\ to producc a�R �R

"panamtt juice.The Lwer or hypo a�g
�¡ ,Of

these homonesic_3mic disd�g �É o Pancre�˘ �� ,WttOIS the seqetion,�† pancreatic

,�\ eSI(�´  �‹ erOCrinin a protch�g nattre,controls i,netin Of �V  hçö �Rd iule.

00nadS apa�¡Om being F�_ogenic alsO pttcipatO in endocine segetions.HOvever�E they

Te initiated by the ina�¡ ence of 80nadotropHc homones produced by the pinit�V
 Ind�B

�[

�g

s    �E

In the cOnnective ti_Of testes sØ˛

�g

ered betweenthe�¿

"ts aFe preSent numerOus�R
.

nesc"�A �Ne caned as�^ �� g Cells or intersØ[ Ø[al cIIs�� endOcrinc hctioni ney pd.�å
the male sex hOmone camed ttidrOgett pr testOsteroneo nis homOne t producedtby the

inhence of ICsH 6f pituit�j �É  II:con"Ok the�g �� l�@�»�@t and gron of the_�¿ de isex
organs tO�R �– 1�ł sia,"that they�¡ cOInC ttdb�T .�¡ rerates s�u �R nt%mett and
tads tO the development Of secOndary sexual rh�ï ,acters�¡ mdeS Such as ch�� Le i vonce,
ape�c Of L�G On,fac etc
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Ova��

The GFaammØ[ �z �� ove pFOdue FemaleŒi�£ �V �V  Ca�¡ Od IFoune Stimming

Homonel�c 1�] .FOdudim�ˇ ØS Æe�Ô �ß9�M �œ�R �ß by FSHFof �V �V �¨ J3�˚ �B

�u
�ß �æ�fl çW�o �F    �\

�c
The placnta tt mammA,"�ø àYhOmons to prevent ontion.ney.�V  prepaFe

mammC ndS b�µ �å ä¿�Y fOF the yOung.

Thus the 
�c

nds are intenlal�� 10rdinators of v�Ô b�Q ,�¢ 01q�� �“ la�…M�˝�R

30�B11: SU�\ Y

En�å �—

�g "ØS
d3-nds secrete Lomones FeleaSing �V edy�g t6ithe ib100d�‡ 1�¿

to be�x äF �� �˚ æm �¡ Om its phce of�@

�� �¿ �V h Or epimphirine are dttle"

HOmones �[ �˚ �R as�R�œ�� aS their iob�¡ OVer.The c�� �R �Øh,Jands h��

�g

acti as

T�fi �S
a mNer�» �Mput under the oontrol of�æ malamus.1

As �V �¢ �T any�c �V àY h the prOduction d th.hOmOnes ca�\ diseascs�«

,Ophthalm�� 80i",Crtinlsm,�@ Oedetta,OSteittS hbl�g a,AddiSOns 41,lSepi 4:�¡ �¡
teS

mellitus etc�B                                                   �]

�N  ªN �ª �¸
30�B12 vpDELElh�‰INAT10N QUEST10NS

An�\ the fOll�V �fi In abOut 30 11neS�B

1.Desuibe bricay the ma_dian endo�—
h�‰ �J tem.

2.Dtt the�g �£ Ofæ� �R ary.thFdd and adFed Jan�g ,

3.What are~�à �N �� Jands?Desgibe the ttrdwe and rOle,F�g
uitary ttd�E

Anur the FolldBg tt abOut io li�¡ ,.  �A

1.D�R �R å¥ h eXOginc and endOCrinc�� nds tth eXamples

2 Wite a brief emtt On the homoneS produced by posterior lobe of�R
�E yJ�V�E

�A Z�_

i�æ :�O�æ:�æ 1111�¡ �æ�d�æ

�¤�–�‰�a :�¡ :�R 11�¯ �M    ::    _.1    �]
,

1 l  fl:

�¡
=�u

ll=:�g

:�¡ �R�u |.

�� �µ�æ
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3. Deseribect the structufi'and-filnaion of'thpoi$ ghnd.

5. Gonadotropic hormorcs 10. Pancrcas

6.Neurophysis 11. Islets €f'L8ryerham

T.Parathyroid glands 12 hsulin

E.Thym.ts ghnd lil. Lctdig cell , - . :'

9.Cartisones 14 Corpus luteum

30�B13 GLOISSARY

Acomegaly   :

Adrenal�� nd
i�Ò

:�•

�]

�� ’ShOnOne

Cttpus luteum

CFetinisn’    1

Diabetes mitttus

Diabetes insipidus

DiencepHon

Emerge� �̊¡ glads�A

Epididpes

i�c 111 1

Graanan follid��

Cubenaculum

HeterOcme gland

Henlet 100p

HJus

Homeostasis

lnguinal canals

Lcydig�å ªà

�í

�c

Disproportinate sovth of bonor of fuq-,and limbs giving.aq,flvtrtrd
appetrance

A ducttess iiand prescnt above kidncy

A itdficieacy ds€asc causca'S t lff,Ering the ratc of cartrohydrate
andprotein metabolism

It isparattormone

An pllow tissuc fiUing rp around follicles after orulation

Delay in qpecch and walking of the rtild duc to defrcieacy of thyroxiqe.

Delay in speech and nalking of the c,hitd due to deficiency af thyroxine

A disease h urhich thcre is lcs of water due to dificbncyof ADH

The sccood part of the foreb,rain from rvhere pituitaryghnd adse.s

The adrenal glards which meet the enrergency reqrirements of the body

A thicl conroluted duct'surrounding the testes from rvhich rras deferens
arises

Overgrmth of bodyparts

The proliferations of germinat epithetium surrounding ova.

fire cord connecting the testes to scrotal sac

A gland n&ich secetes ercrnally as *ell as internally

A part of convoluted nephro to increase atxoq6irc surface for qnrtcr

Itc concave part ofkftlncy from ufrere uretor adrcs.

Maintanance of internal cnvironmcnt

The coeclomic canal joiniry perivisocral coeche and scrotat ceehn-
These are interstitiat ccfls prcscnt in thc tcstcs to produea&qcn*
Thc pigrcnt oUk omtainiry denil.

�E
�@

�@

�R

�Œ

�Œ

�Œ

il�E�E 1�¡ |

�A
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11�] 11   .

Micr�[      : �� opl�� mic proJmionsto absorb�¡ uids.

MFoedema  ::Form�Õ lon offat below chOcks�w ,�g the adul�g

Oestrogen    i Afemale hormOncrcntingontion

Osmo�]rcgulation

Partuntlon

t�Ó

Pyramids

Scrotum

Uterus masculinus

Vagina

Ultra filtration : Filtratioa under high prgssurd in'Boumran's capsule

Urethra : A coinnon passage in males for urine adgartetes

l,egulating water level inside the qipal '

oeUverl of the child in mammals : i

The flattened part of ureter at its prigg.

The lobes of medulla of kidneY

The coelomre sac outside into which the testes dascend

Seminal ve.sicles to storc spernry in males

Tle passagg leading from the Pterlq to tb e:rterior in fe9 ale iT!"

1 2

i l��

�æi�å 11�] �¡ �vlt

åK :1,�¡ )=_

�æ�j�j
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�æ�]�O�æ
�M

‘

B R
 A

 O
 U



lFT       TTl�] �A�x TF�A’

BLOCK�E�U
�V STOLOGY

�u
�u
�]

�Œ�Œ

B R
 A

 O
 U



T�Æ�Ö |

U�vt-31 EttrHELIUM,CON�ˆ
�\

,

MUSCULARAND NERVOUS TISSUES

Cortcnts

31.1 Oblcctite
312 Introduction
313 Epilheliun

313.1 SimpleSquainorsEpithelium
3L32 CuboidetEpittelium
3133 ColumnarEpi$elium
3L3.4 Ciliated Epithelium
3135 GlandularEPilhelium
313.6 PigmentEpithelium
3133 NcuroEpit[c.liun
313A Pscudostratified EPilhelium

3Ui.9 StratifiedEPithelium
313.10 TraositionalEpithdru, . .

ll.4 CmnectiwTissrrc
31.4.1 Locc Connectivc Tissilc

3t'42 Skelaalfissuc
31.43 BloodandlYrnPh
Nervous Tissuc

Muscle Tissue

Summary
Model Exanination Que,itions

�R�D�T
��

�R�D�D�V�à
�L

3L1 0BJECTIVE

O The objective of this lesson is to knorrr about the minute structures of the tissues and the

organs.

312 1NTRODUCT10N

�| �Ø �÷ Ø}�N
prunt�ª �� h the inter e�¡ ulT spag�B �¡ �Mproduced by the Cns themsh�ß

There are fourçq �å classes J�¥ �“ VJhi�˚ hat a�¥

�g

Smme �V  hdiOn.

1.EplMum �`  ttthelial issue

2.ConndlVe or supp�z �ô t�z

"  _
3.MEde or Musan tissuc           �L

: il�§
:

,        1

:�å  [t _ �]1.�v �¡.11_�¡ �¡ �¡1:  :J  I:

=�]
 =lti�¡ .�A �¡ �¡ �A

|

: �¡
�]  i::=

�¡ i�O �æ�æ:A.11
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4 1Nemi�� :Nervous timue l   �E  1

The details about�g �� hdJt�ß ues arc tt followsi�æ :

313 EPITHELI�E

Epitheliml uSually consists of closely pack61 cCL�B �¡ C ceus are held together�ª th a try
sman amOunt of hter�å mular substance.This substan�å or the matr�j �˚ produed by the

cells themselves.The celk aFe ar.ranged h shec�g and rest on a thin dttturdes non�å �� h
menra.e,b,1�ô as the basement me�˚ bmhe�B       �¡         1

Ep�¡ L�Ü a.COVei t�g outer sdaCC anl thc imer and outer surfaces of various intemal organs,

�R .�R
J�] �{ �A�Ó�l

m�‚ �˚dl�E �v
TCTFTJ�[

b�g ndS�†

Epithæ¢ �c n may bei�g �V �ô of tt Or mOre lapFS Of Cells.If h consists of one larr of

ccns,�¡ �§

�c

d�c
�E

m�w.�� Ø‰C�y
�V l�E

If lhe epit�¡ lium iS OOmposed of manyªN
=

larrS 9f Celk,I L deS�V
�V d�‘ �� Ø[�æ epithdium.Btted on tte sh�V  of�� 0 0us�� �@1��

eplthe�¡ �Rn is lassiFled aS foll�V ,g.    ~                        �]

Kinds of Simpl�v  Epithelia

31�¡ 1 �Ô mpll Sqiamous Epitheliuln           i li

Sqvamous cplthellum conslst,of a single laycr df thin aat cells.The celis are plate like�� th

�V  �V eSŒt�¡ C ClttC tqghcF(Fig.31.A�] B).Squanlous eplhdiulll�R 911n cJbl paveme�V l

epitheEhm�î the’cens �V ilike"mcnt Shb,h ttrLCC�� ew‘The ce1l oulhe L pOlygonJ.
In eFtdn Cases thc olltlinl of thC Cen,lis wavy,it is thcn sald tO be te,sellated e,�¡ hdium

Sqttmtt epltheliun tt fOund�g �˚ ng �Vc BO�\ oh�R capsde 6F thC Mdncy,the bOdy�B�£ 1�R �
,̃

�¤
�g

1�° S l�¿ �¯;lEner dde of thc l�l la�g C mcttbrane ttnd 1ltdi Of thc iu�Ü �æ nc b16od md
�¢ ph Ve�–Selsiand the peltOniim arc Hncd by thc tcsscHatcd type.

131�� �ˆ �BSi,ple CuboittI Epithelium                        ��

Sinple1 0�ß �æ �v epithelium tt fOrmed by cubical cel�R ,i.e.,thc ceus have��

�g

�ˇ the same
L�† �˚ i�V �Rh�˚ c ttr�˚

"��
�' �¡ �Łh�`

�£ 11�� �Q �D

=�¿

aTs
cpithe�Ü �Y.Ini�V �VJ SecØ[�B,they are Hke i

CubOttd epithettum fOF"1lhe lhhg of ma�� J�_ �¡ ,lkC the sweat Jant paFtS of the liveF
and the thyroid..It fOms thc�¡ ee sirL�å Of t�¡

��
Ovw and�Athe:ning Of the urini�U :Ous

tubules of th9 kidnCy.It also lhes the pigment,de,ithelium of retina,inner llns cap�Ì uL.

�]313, Si�� �� |=COlumnaFEpithelium                .

In columar epkheliun the�g lk are dttinctly taller than the�¡ �aath(1�µ  3.1.E,D�B �æ�� c
inner end of theiceu towards the basemeJt membrane narro�“ �B �' E ceL appu T�ƒ
polygons infthe surface�� ew‘The nuchus is elongatec P�b �Rd With J"10ng a711s Of the.�g �¡ :

�£�Õ �fl ���†�M�à�[ �� �g �r �‹�fl�[
��#�� �í �F �í

or absorptive.                      �]

|=
1�¡ :|

�] �R, j

�¡ �¡ |

�EI�O �æ�æI�O _LI:�O =i�¡ iII:1�¡ �O�æ�O�æ.:1.:�æ �¡ ||:J11  �¡�v�O:i=.:|::
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�Ò�O__�\ �æ5

Ftg;31.1. Simphcplthclh. A-B: Squamouscpithclium' c-D: Cuboidalc?ithelium' F-F: C'olumuarepithclium

1. Nuclcusinthcentrez. sascicutmcmbranl 3. Flattencdhcngona!cclls 4' Bolman'scapsulewithsquamous

.cPithetiuil5.Gtbicatcctl5.HexirgonalappcarancrofcrrboidalocttsinthcsurfacevirewT.Elongatcdcolumnar
.IUt A. Eloogatedcgntralnricleus-9' Cllia- 10' Bualcapeulc'

simple epithelia undergo certain specialisations for performing distinct functions' There are

four such'$Pes.

,,313'4 ciliated Epithelium 
smic lashes the cilia (literallv

The ftpc surfaces of the simple epithetial cells bear tiny protop.lar

; *il A" lint's 'r tu" l"a cavities' tne tratnea (1vind pipc)' the bronchi uterine

tube and uterus contain cili4ed epithelium' I

313.5 Glandular EPithelium

Simple epithelial cells. May txicome .*"*toty 
and fom either the uniceltular or multiccllular

glands, thereby t-p"t " Eararf' tissua beneralised secretory cElls o{ the stomach li'itrg

areuicellularglaods.Ukewisethegoblacellso^fintestinalliningarcalrounicellular.In
multicellular glards, L;t i;tt - ;i*d""; to forur a 

,npmber 
of tubules:in thb fofm of

dilatations. Lu"g ah; *a p-o""ti" acini are'the good examples'

313.5 Pigmmt EPithelium

The cclls oi *"u epithelia contain coloured pigment lranules, as in the pigmented epithelium

of rctina.

�‹�‹
�Œ

�Œ�Œ�Œ�Œ�Œ
�Œ�Œ

4.,
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�\  
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�]

�\

Ti�E

�E �E�E
�E T�¡ �” �˙~’T~1�u ~T�] �¡ �� �u.�� ~~�` �E

F�u ’�u
~ �]  ~  :   

�E �Efi�m ,�u�u
:     �M              .        :     :||:i                  l 

�]

31�¡ :’�R �¡�¤Epithellm   l     :| �] �¡
i :�M  |       :

S6�i dmple cOlumiF�å IS are � p̃eciatted for F�å �¡ �� Sensory�� �R �Þ ,Rceptiw�] IS

6f ttte,hcarmg and,mel,  .   .     _   _

31�¡ 3’seudOltratirled Epithdium    :      ::�A 1

Pseud�å �˚ �\d,pith�¡ m�� S�g dagnglett�v
�x�æ�ˇ F=�£�R�i �ô �dmembrane.But the free surfaces of the ttns

are at�L d�˚ erent levels(Fig.31.2�� �Ł�B

5:~

l               B
Fig.31.2 A Psc,dostFa�� �¡Cd cPithel�� m.B.Stmtirtcd squamous epithellum.1.D�� �˚ �Ł OfttB nudci at

three levels’.Base�g ent mcmbranc�‘ 3.Stratum comeum cSqu�i10�¤ 4 stratum"�n �¡�¿�@iCPOnedd"�Ł |

5.Stratum malPighJ(columnar).

Such an arrangemeit 6i the�g lL givet a deceptive appearance of many laprs of eus �`
stratiication.Hence such ttsuc t dcscribcd as lscudOStratiEcd e�V �V�¶�¡�Y�E�] �ß�« i trachca

and thc bronchi ae linOd by a Pscudostratirled�� l�c
�c

epithClim.l i

313�B9 1Stratirled Epithelium

Stratined epithelia Consist of �Vany layeFS Of�å Is�B �T �AHL Simple epithelit are mined

into the fonowing bas�v d on the shape of the"ns:

�¢I�d �í �� �[���x�ôçW1:�Ł �¥1�� �ô    .�� 1�fl �R�Ù
ccus(�^ .�� .2.B)�B             ‘

�u
�]�\
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b. Sertt0Gd CuboHrl Epithdiun : In this t!"e of compourid €pithoHu4 thc superficial

laprs of the cells are cuhfdal in !,ha0c, as in tho tcqtis hfruhsr Graafian folliclcs of gnary,

and epidcrmis of urodeles.

c. StrafilH Columnar Epithcllum : .The superficial cells are tal! ani the dceper laprs
consists of irregutu polyhedral ce[s, This epithclium is rrc: Pharynx and larymx in part harc

this t,,pe of epithelium.

3f 3.10. Ihansitional Epithdium

In this type of stratified epithelium, the surface cells are large dome shapcd (Fig 31.3 A),
*-"rrt"t.flattend but not as flat as the cells of squamous epithelium. Itrrc intcrmediate

lay,ers consist of potgonal ce[s, betow wtich are smdl rormded cells. In tho tranqitiond

epithelium, there is no basement membrane. The mct ehanctcdslb featurc of the,traasitional

epithelium is its elasticity hence it also referred to as plasthrqftbellum. That is way it is

also called transitional epithelium- ltis is suitable for thc lining of hollow organs or tubes

which are expansible. It is present in the muoous memhrare of the exgrctory passages of

the urinary s],step, the pelvis of the tidney, the ureters and the urimry bladder.

A

�í �X Ø˛ �Ø ��
�E
���å �I i�Ù

mbstance ll.Bundtt dWhi�É rlbres 12 Net wŒi of�¥ �aow rlb�Y 13 �fibrOu�� .

314 CONNECrm TIssuE

As the name suggostq connectiw tissue serves as a supporting sptem bindiry the tissues

togother. It acB as a pactiqg and supporting elements for the body. lory of the cellular

*Lp-rotr of the tissue are actire in storage and phagocy-tosis. Conneclivg tissles in general

*oi"io large amgrmt of intereellular substances referred td as amurphous 5u[516nces' i'e''

matrix io w[i* are found embedded various types of cells and fibtes as Reticular cells,

FibroblaSs, Macroplages, plasna cefls, Mast cells, Fat cells, Connective tissue fibres and

Plasic cells.

31.4.f. Loose rConnective fissue

This connediw tissuc is characterised by the loose arrangement o[ fibres. They serve to

;t"d 6"cil ,ogonh"r and to form protective membrancs round the orgals' There are oi

three distinct qpes-: 1. Areolar 2- 
-Rcticular 3. Adipose tissucs.

L Areolartissuc

the word areolar refers to the little areas or space occuning witfrin the tissue' lt is a loosely

arranged fibro elastic connective tissue and displays a gfeater variety of cells and fibrbs than 
.

any..other oonnectftie tissues (Fi& 3O3- B)'

�I
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Therc arc tro typcs of fibres i.c (i) &ift, strong fkrblctutnon;elastic, qafunt -rqdunb|qqhf'
collagenogs t mtc frbils' (ii) branche4 clastfo'JGtrilfiru'fomcd of aprotein tatled etastin.

Aarong the ell$ the ilast cells producc an anti coegutant, heparin rutib the plasma cells

produce antibodbs.

It prorrides suppor-t ad aUffis smc r@ility. It actc as e pacling uatedal b€t5,EEn Parts

of thc body. It prwides path x,ry for.wssph and ncrrc. Itisdcfensiwandhcalingtissue;

2. Rettculartissuc

Reticular cmnectirrc tissue is made up of branching oelb wtcc plossscs are rsualty in

contact with onc anotbr, forming a rcticulum or rct work of ells The reticiltar ell are

embeffcd in a thict nuid matrir.llgg @L

Ia the qatrfo are finc fibres, th retftthr ft,rcs. Theylbclosclyassociatedwith,thecells-

T.his tfpe of tisuc fqrys thc tanewortroe rymph dadq sp,lc€o and red

3. A{iposc tlssrc

It is a modification of the fibro-ctastic arcolar tissue, in wtich largo -"r.DT of oells have

become actiw in sortiBg fat (Etg; 3.a). Tlb fat storcs in this cells is lbcratcd by mctaboliim

and used as a source of energr. Adipose tissue servps as heat insulating la,,Er. There are

two .type.s of adipose tissues : i) urhite ii) broum cells. of brorm adipose tissue do contain

mitochondria as that of white one but tte cristae are ryithout the elementary particles. Hence

the AIP q;nthesis does not take place for future store.

ry.il.l|. Adiircctbsrc. 1. Adipoccorhte& A Acrrnuhcdft 3. l{rdci.tituttottcpqiptcry.
l. fct@ntcytifln 5. Cdlrpoou.ftoF 6 Bloodrrc..c!.

Ilense ConTcctrpilscre

This tissue has an abundance of fibrcs ru&ith ue conpactly r*.rgtd. Ceth.are proegrdoqltely
fcw as to thc loose'connectirc tissue. The best cnmpbs of &nsc connictiw tissrrc
are tendons and ligamena.

31.42. Skeletal fissue

Tte slcLtal tissuc ls charactcrised by thc posscssim-of a tougL Dafri& It forms thc
endclclctOn of -the \rErt€bratcs' ttp soft prrts o[ thc body. ltcre are t*o types

of sketetal tissCIcs"

(, (.hrdlaes rd
(ii) Borc

II
|
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L C.artilagp

fhe cartilage.is boundod crcmally by e atifi shcath- -!ry $e nerichondrium' It oontains

Uboa vesseL'Nurient naterial difoses ioto thc cartilago, Cellar part of the car.tilag9 consiss

J=J;e*r*" *lriO giye rise to the elondroqtcs. They arc found in fluid filled spaces

called laqrnae or cell oCr trc grormd substance o{ th"- c1{itage coqsists 
9f : q't1{11o

called the chondrln and collagen fibres. on the basis of the cpmpoeition of the inner celluh'

material four tyrpcs of cartilagies are commonly Otlinguishea. They are :

(a) Hpline (b) Calcificd (c) Elasic (d) Fibrous

a. IIpIine *tdlrgg : tiving hyaline cartilage has: a clear, translucent bht!! white and some

*,t t LUsi" matrir- It often contains network of rrery frne collagen ffif-es. lte marix coosists

of 
"Uo"O"iq 

sqcrctedrby thc chon&oblasts (Ffg 315. A). lte cartilage is surrounded by a

fibrous mefobrarc, tle-pcrlelmdrlum. The chondroblasts iust beneqth the,Pelchondrium

are'flattened. Othei *lL tyi"f.g deeper are found in group of two or nore in lacunae'' In

memmals xiphiSernUq sternal ribs ahd the trachea posse.ss this rariety oI car.tilage

Eg;3rSAllyalinccarritagc.u.r'Dryca{laSe.C.Elasticcartilagc.l.Matrixofchondrin2.I.acuna

"r,-orir*."il#i";id;;flbrcs 
z. &rtitageccllsinlacunac 8' Y-ellorehsticfiapq' 

,

p*..ioio.n-a,tng.Cartilagcccllslyinginchondrinmatrix.l0.[acuoa.

;. Cttcifcd Cardlagp : Hyaline cartilage whose matrix is imptegnated with calcium salts

forms the catcified cartilage. It forms a much harder nonnelastic and rigid support' It forms

the skcleto of some thJ-ob'u'"hes and supra scapula of amphibia' '

�«

B R
 A

 O
 U



~~�]   ~�u ~�]
1

i:

�N �M�à �O    :�fi 1.
hnerlayer of�N teoblasts 8.Outer layeF OfOSteobla�g _,PrOmpb�·

�g

PrOceS 10�E Osteore ll.Cand�‰ oI.

�~ �Ubro Ca�¡ lage:In this�O àYthere�A ,predominancel.of’COllagenous v�¡ ite fbres c�µ

31.5.B).T�\ �  ̃kind Of cartilage�� �� �u�˚ �B �� �¿ 1l�V 6f Pads l�ß m as int,vertebrd din
which he betwecn adiacent Vertebrac.1 : |�]  �]�E   �E �f i

li.BOne

Bone or osous�v �z uc t a very hard,rignd fom of cOnnective tissuco lt"�Q dtutes the

cndoske�� on�� �¡6,l of�� �Ahigher.veicbrttes.The bone�¥
�g

�� nsists Of living ce�¡ t the

osteon embedded in a hard�R �BØ‰iL

�¡ �…bOne9��,pt over ks articular surfaces tt enveloped by a specialised conncctive�¥ �Q
COat the�] pemsmu"�BA�� d�� but less well developed connective ttue layer,the endOscum

�Ü nes�R O narFOW CaVity and narrov7.spaCeS The peJosteum and the cndOst�V
 like the

perk�� �k �a �M

�g

FiChly lupplied with blood ttels and ncrves,I It serves t6 m�q n the

�R
�i �Ł �R

�ü �Ô �W �M �÷

�¿ �P �V �R TçW

h�� &ÆíCium""�Ree�Ì icalcium ttia�t ���«l�x ::h�‰ :�U �ô:�Ô �d1�Ø
contribute to thc strcngth and elastidty of bOne. ThO most characteristic features of the Fmer

detail of bone t its lameLr arrangCment of thO calciFled intercemular substance or bone

mttriX Or bone cclls in cOncentric layers around�¡ O central=naFrow cavlty.�]
:

The concentrlc layers�� lamell"dtemate�� th the cOncentric’layers of the osteOmes or the

�VlCeL devele�c �V� �̋�Æí�Ô�B
���Õ     �] �ï :

the lacunaet Lch bone�g �m:gVesi�Ú branc

�¡ fOmd Within the�@�æ �� � p̀rOCS�å �˛ :�V  la_ae caned the mm�x lcull.:1 1
1 i    =       ,.
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Ilc prooescr of di.ccot b3rc cGlls [eo tho cauticeli ,upii to,form a continsors net c,ort

. thlg4h olrt ttc lr&ir. Eoth hcnlac ad caadkuli coot in a f,uid qifr :iub! the bone' 
cc[,i Ur" in a ncdiun ulhich is o&cruntc odidiEed by tbe EiDGral salts' The fluid comes

from tho bbod rcssels o[ 6c pcriostcum,and tbc cndctcun'

Herarstr!SYlStu

In a manmaliaa hng b6nt tbprc are additi@d chanoels @g prallcl lo-the centrally i

located maroc, c"rii. Thcsc arc th€ Harve.sian canals. Eae Har$ei-snn canals is surrounded

by.concentric taye, of ttc lancUae and hrnae (Fig. 31-7). Thrs fonglg l-t}'st"-, 
called the

Harttrsial systcm. Thc6c caDnals contrin marrow and ars gmnccted with each other by

thc wltnenis canal$

�£�Ü�Ø�«�Ü���LI -2

�|

rB3LT.Tsofnrnmafrrllongumarylryggnqdcm.l.Pcdoctcum2.oooentriclaoclla3.Hrrlersi.n
J-r lc-o.ootffi-i c"o"lic.,ri arn*r*orotir.lrmcltac T.Endctcum 8'M8-r{9 eavity'

Borenarror

Bonc Earrow is a subsrance which occupies the central cavity of thc bone' It T " 
*ft

*iil;;;iJ d*;".-il pripary tunctions T: to. produce mveloid €ellular elenoatq ;

crytbrccyteE phagocytic cells and to store iron Yellor bone mariow is found in thc'mrrow

;-ft, ;-G ;r;. It cousisS frinqpalty of fat celts. Red bome is marrow is formd at

the cnd of most 
"t 

O"-f"re b.; -d';o,hi n* Uooo of thc cratriuq like skull sterhunr'

.clavicles, pelvis ribs and bodies o{ r,crtctrae. Rcd boag marr.ow consiss of stroma and &cc '

€olls within it. Rcd bone Earrov is concerncd'-fth; i"t rd- of blsod cells (haemopoiesis)'

31.43. Blood And LYUPh

Blood "U 
ty-pt arc thc .tl-pt" of liquid coancctitrc tissttc'

Blood

ms about Gn % of thc Uody rrc'ight in nanurels'
Vertcbrato blood iE red in colour' It fon

laodaai*..rt"rio"'*.tio".AlretcdbloodbbrightradadPrrpb
hf ffi'#uffi*ffi"t;&'* p"S-th" ;1"-q4 q'n thpre ara

cells or corpusclcs. In plasma tt"rc .rJ; t:,Potof oorpusct* crJtthroctttcs or the rcd

�ˇ
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blood corpudes tt theileucoues"the �V ªY

�g

o�� �R �� p�\ �V �]�A �o

�� �Ù �R:�µ ��    1�ó �ZTa

TW�Õ �¿

�u �u

T�E �h�E �R�]
1=�u�� ,�u TII�u

�M
1

the micobes,

Plasma

The ptasna s'hich ripresens thc matrh is a faint pllilw liquid. About 90% of it is rprtcr.
Plasma 6 a rnEure of inorganic salts in true solution and blood proteins in colloidal,fgry.
The salts torm tTo of the plasma. These include'the c,hlorideg bicarborates, $lpiitc and
phosphatx of,'sidium and potassium. Tte blood proteirs present in the plasma arc alburiiins,
globulios ad fibrinqgen. They form 7 to 8 Vo of the plasma. Dissoh/ed ir the Plasma arc
rndorrs useful and waste substances forping I to ZVo of the plasma. They include thc
nutrients absorbed from the alimentary canal and also waste products of metabolisn like urea
uric acid ctc, lloqone$ en4mes, vitamins and anti bodies are also found in the plasma.

Gases like carbon di oxide and orygen are also prbsent, 
.

Erythrocytcs ( Red Blood Colpuscles)

The red Hciid corptsctes are ytllowish when seon singly, but r€ddish when.vierrcd in bulk.
Eacih h 'iadosed \rifthig an elastiC memtnano. The:cytoplasm contains a respiratory pignent,
henqlobin and inorganicions of sodium, potarsiurq eatdum nagncsium chloride and phoephte.
In rei$ting slow flowing blood the erythrocytas form pibs called rouleaur lto importad,role
of erythrocytes is in respiration carryiag oxlgpn as oxyhaemoglobin from, a rcspirato4r surfacc
to thrc tissue and to some e,xtent COz in the oppooite direction. ln masrmal the maturc
red blood corprrscles are without nuclei, biconcarre, Jrcular and disc like. In other vertebratcs
they are oval biconvex aad nucleated.. In,adult marmmals the red corpuicles are produced
within the red bone marrow. Each is 7.2'microns in width atd 2.2 microns thic,k in maa.
In other vertcbrates, they are formed probably in the rascularized connective tissue of the
liver, spleen and kidney. In onp cubic millimeter of human blood, thcre are 45 to 5 millio
red blood cells. They remain functional in circulating blood for about few waek only
(apporimately 1Z) days). After which tley are destrop either in the blood a or in thc
Iiver and spleen.

LeucSrtgs ($ite blood corpuscles)

I-euqocytes or the white.blood corpuscles are otherwise called amoeboc;rs,becauseof their
irregular shape. They are called wandering celts also, as they can squeezc througb thc

�÷ ��0
EI

�R�e

�Þ

Fig.31.8.B100d cOrpuscles.A.�V

"houes..B.��
iophil.O Neutwhil p.Basophl.�˙ BIood plat"L
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�P �� �� �k �Ø �]�V �y�fi å¥
aan�E blood contahe cint to ten tho�\ d of

white corpuscles.They are nudeated and eaCh measures 10�] 15 microns h sia:They are of

�{ �Õ l�£ �[ çWl�� :�ô �R�H
S��

�í :�` �ß�Pâï�Ú �� �A
Whi�¡ lack the granules h the�� oplasm and they or18nate,the lwphatiC nod�V .�M

Gmmuloues     I              . =

The ttanul�B 9es are Of three,10S l�E �he�¯ rophit.2 Basophils and 3:Acidophils.

Neutrop�V :�¡ e neutrophils tt�v ���Ved�fl �V �˚e acid"d basic dyes.�¡ ey measure m

to 12 micron.The nucleus t rdPorphiC i�E ��.,�¡ �R�� ade up of thre�v  or 4 1obes which aFe

comected by thin drand.They�fl o4�˜ o caued polymorphs.They fom 60 to 70%J,the white

�\ood ceus.The neutroptt are very hpo�g ant phago�° es.The granules h!hem are�� ainly

a spe�V �d oflySOSOme which contain principany hydrolytic enfeso nere number mcr�¿
�¡

m pus foming infectionso Live for"hours�B

:I:::�a llW�Ł Æ„�ò �Õ �y T�I �� l�R �æ�{ �� �ô
bilobed.�‹ measure �_�˜

�c
�z

�v   �}�� �í �R
are �V  important phagou�g �AThey�c
�u à£ �ô of�R �ƒ �Ù traCto i

lttitl�i ªO �D�µ i�Ø �¶
S ttd tt ganules �V�¿larger �V�R

l12%of the tOtal White cellsI They are nOt

phagouiC tti t"I SigniFlc�¿

"L�E
��t knowni They ingest sman particles�� )(�� bon.

Agranulacytes:There are�E t"�B such typcs of thc agrandocytes.LymploCytes and monocytcs

BOth of thett develop within thc lytthphatic nodules.

rT�d ��brLttll�� .ctts I�I
:�R FTb�¾ :�ˇ

d�V tTS�� �˚
neutralise the topms released by the fOreign��

�ø �N �x �í �‰
�D �c �¢ �ª ��

may be as long as 70 days.Thtt arc phagc�� �‰aS thO neutrophils and also are 800d SCavcnger.

BIood PhtmOr ttrombocyte,1        1     �]

�Ü �R�P �Þm�� �i �¤ �• ��d�Ł
�F i�N 1  11�M �q

I   ttMiiS2to4ThT�E
�¡

TC�g

Lymph        :

ØÜ �ò �' 1�í �Łt�Æ�«�[
�� �A �� çW �Ñ �Õ :
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T�E
1�¡ ���”

�u�UT�”

�u

FTT=�“�A�]
�u

:

\

Dd to- tcsc to thc bloo4'nodes. Tte lynph nodca abo ad ffiics to the'lpph a

Lfmph from small, inteitine (cliyle) is nilky U"a,o'ot fu gtobulcs tateo rry: ty.O n*
*hr iluce,b.gnueuatly*li ir p*i.la, ,l-6'ooguatcs uut tte process advars strU -a
the dot is soft.

, I , ':. '.. .r l

$emopoicsis

The process of forning blood celt is knmm'as ll"iloDdulr. This'oocurs'h thc'hEmoeoicdc
tissue. Lyqplqqftes and tnonocytcs oe darclopcd chicfry in thc llmphoid tis$tcs qnd arc
termed l5lmpto-id element. Eqytlrpcytoq and granubcytes arc produccd *lt|lin thc beqc narios,
callcd myelo.fld giquc. Thcre is also a vic,rr that monoc5ltcs and smc l1,mphocJilcs disa&om
precursor octls within thc bone marro\f,.

315 NERVOUS�¡SSUE

ftc nervo.us tissue forms the eatire'neruous srttem" It ib developod from eetodcrn
formed by a .collection of higly spccialised oells called neurous which dprrclop from
neuroblasts and the supporting cells.

A .gpieal nerve cell or neuron consists of a cell body or cSton or perikaryon. It has turc or
more protoptasmic processes. Flrnctionalty the proceses are of t*o tfes - dcndrons-end ary;

�u
�]�E �Ø1 ~:’TTTT�E TT�u�� 11�] �]:TTIII �u

~�¡
1

1

�x
�r

Fig 31.9 Ncurm a#rncurofibril (rryctir.tcd). r. cclt mcmbnnc z c1nopl"m, conr.,oo* 
"*i" 

snaulcs nitoehoodrir
ctc.3.Nuclcus4.DcnorimS.Dcndritics6AxoplasmZ.'irrinmcrir6rancsrrronrnong;opllso' '

& Sclnrann etl 9. Irl57clin shcath fii rc"ricriuna f f. f*ooc of ne*tr lZ Scft*ann e[ nudcus 13. Imcr nodc

�Of�æ___�æ_�æ_�O ____’ �æ_�æ _�æ
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(Fig. 31.9). Detdrons carry imprlses to thc ocll body. Arcn wtich is a single long prooess

conducts impulsos away from thc oell body.

Nerve imprrlsries can travpl in onty oe dfupctirn thtoryb a rcuron fron the dendrites tt ou$
the ocll body to the end of the axon. Impnlses can travct from one neunm to anothcr by

passing from the axm of one to the dcndrite of anothor neuron but thcy must cross a spece

called a slmaDsc, bctrccn their neigbbodriAg prooesscs. Thus a sFapsc is a fuoctional and

not a! anatomical cmtad bcturc€o an axrn and a dendroq

Neurms rary grcatly in size qnd shapc. Eac,h amsists of a cell body c perikaryon correred

by arolcmpa enclming ncriroplasn with.one or rlrore llge nuceoli..In addition to the other

""ff,rf"r "qt""t a ncrve €tt posqqsses Nissl bodies.'They are present in the dcndrons also'

hut in the axon.these granules ,r" 
"r.*iutea 

with protein synthesis. Another promine.nl- ftature

of neuron is the pntp""o" of neurofbrilhe prcscnt in thd' and extending into

den&ite.s and axons. ltere are threcltypes of neurqs: 1) UdPolsr with a siryte nrotgnlsn{c
pr* 2 Bipolar with tcrc processes and 3.- Mutfiblar with more than qm

protopt".-i" proaesscs (ng; fi.fO). Certain of thc sp€cialiscd neurons of.the multipolar varicty

"r" 
tiu prr-idrl cetls of the erebrum (cerebral and Purkiqie cell$ of the

cerebellum)

:�\

A
B

Fre 31.10. rtpcs 
" 
*,T.lH ,.#rrx"1:#ffi." 

. Murtiporar ocuron

Nene fibrq sheaths

The-aerve fibres are wrappcd in one or two sheaths.The T. tyhd"ls are ensheatheg within

one or trro sheaths-l. MydlD and 2 Neurihmma. lte myelin sheath is a soft' whitish fatty

material uftich is alnct iuid in charecter. Nervc frbrcs which have thick tryli" S"* appqar

"e;;;; 
*ll"a nyetinatcril or medullated llbrc' All the fibres in the central trervous

rysteq ia, brain and the spinal cord and ensheathed withh myelin coreriry Myelin sheath

i*or",o the arcn "mio--tt, 
Derue imprlses trarrfing along the nearby nbr€s

The ncurlhmra is a sheath *-p*"a of a sing$ h,.t :f cells with-elongru{-'"9"i kno*r

as Schann *lr. m"-o"*it"afu TO tte Sci*rary csfls surround &e myelin sheath and

form a continrrcus outcr layer. Nerve fibres in the central nervous sptem have no neurilemma
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mt .:"ti" sh.€qth is a not a continuqu onc and ir &ent at placcs in thc pcripheral nertps
to form the nodcs of Ranvien At suci ooostrictios sfoE thffe is no myelin sheeth, the
neurolpama touches the axis cylinder: The portbn,of ngnre fibre between t, trod€s is an
hlemode. In thc nereos of the autonomic neruous syseq (rcsposbte for reg[latiag inwlrmtary
activities within the body. The nerrrc fibres are endccd rithin the neurilcory onlS thcrc
being no m)relin sheath. Such neives are dcscribed s thc non medullated or uoqrclinated
trcrves. The neurolemma itself is sutrouoded by ncry thin Ehcath of ftrous oonocctire tis$rq
the endoncurlun, Thc Schwann ceh produoe -yrnn Tte neurilemma is deriwd from
Endoacurium of the nerve.

31.6 MUSCLE ttISSUE

The most impqrtant functional feature of musclc tissuc is thc capacity to cootracL On accormt
of this *ott".tibitity, it plays an important part in qll mmeffs oi - orgi* Associated
with this functional feature are greatly elongatcd musclc cells knom as myofrbrcr. Thcy
contain intracellular thread like structureg the m.yolihments which re embeddcd within a
more fluid cytopla$, the sarrcolilasn Proteins called myoctn and acdn havt Ucco efrictea
from muscle fibres. There is rrery, small amount of interccllula $rb6tance, and tike the
epithclial tissue the muscle cells are rcry closely bormd together @ oonnectivc tissue.

I)"es of Muscles

Thete are three types of muscl9s.. Ttey differ in stnrctur.q locition within the body and thc
t,?c of inrervatbn (nerrre supply).

10

�] �T

�T

1��

C
A

Fit' 31.11 ryP6 of musclcs. r{- Unsrrhrcd musctc B. Striencd s&ebtd muscb. C Cerdhc nusdc
_l'_Loogitudinal myo{ibritlac 2. Rod shapcd nucbi 3. Tapcring cad of ttc ccll 4. Cyind-dol;,r.d. ;*.5' Sartolcmma 6. Transrcrse striations 7. serroplarm s. ahd lhncncd nuctcrur. Logtitrrdinel mlofibrcs, 10. Cy'indrical fibres of cadiac musclc ll. Croce srfrfixs 12. OUquc crw ti UfnOAi
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f; Unfrlrtcd . Soooth nnsdc - Inlolnntary.:d viiocctl
t'- .. J

Z StrLfilt - Slehaf nriedc - \bhtrtary

3. Cerdlec - Ileut dudcle I'- :11)'

1�ç �‚UiStHated:M�y uscle   .11    .. ‘::_ �E :  _ .�¡ ’�¡ :   �]  |   ‘

h�� st�˚ �V  of mmes theFe are no�� �¥ �˚ �Ù�R�z inthe dL henc hon�] �î ;�E mtriated�M

�å �\ iped.�¡

�c
�V nervous��

�¡Om thc autonomiC nervous ucm�B �R�¨
"åN

�� �R1�—�Gi

�Rnot nder the cOntrol d the ttmd and d�� �� 6 the invOlunte m�… �˝ çÖ ,mme
OOmS�¡the digNive Laça genltal tFad duCtt blood v�\ ls and�R �� bhddritt hQ�V l

oLdasttm mme:Meseodemal myobhst eus aFe�Ł �¸ �Y foF fOming the�� �… 1�]

�q�°   �]
�¡ .

�A             .�] �¡ :   :      t;  ,   :

�E ��iseral musdes omtFad dtt but tt remam�ˇ �˚ i fOF a 10ng�Ù çp nt�r �A :

�c
 �c i~�]

 ||:|�] :::|||��
=1 1

2 Stnited Musde
cross band�E or stript henCe s�¡

"110r:��

��

�g

��

s found h ithe bOdy�L Wan and,limbs and L

i�] ���[�Õ�W�`���c
i

�˙ �R �¥�æ�' �� �O

impn�] respedin�E                           
�E

     ..1 ,                      1    :

3�B CardiacMiSCre
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U�vt�E 32 1�USTOLOGYOF oRGANS OF WBIT
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321 0BJECTIVES

�� To how the micros�� pic dabtt Of the LiveF,PanCreatt St��
maCL Iht�¢ tinc,Kh�ç T�Õ

ovary9 Nerve,S�� nd�� ØDLund and Spleen of i�c .t i

In thc previons unit, we have rearnt 
-auout 

different typcs of tissues and their functioe*j In

this utit, wc will be learning the histolos "f 
tb"varioritrrf*g1l#"ffiffitr

ffi"HnH-Xffitrfr" ilr*-r-ilJ tu'",sw 'l'" tp orsaos and orsan'TJ"ffi

Thc study of organs-is call- ed organolqr or spoctal hlttolq$ 'It deds with the strudu

tissuc adaptatioos. An organ is a comple:s t:'f:;"1dift1,*'* arrangcd in a dcfipitc

pattcrn' perforning ; ;frU" runrctoi.. lypicall)'f T- oq 
-is 

dcvelqed by a shect of

conncdive tissue fibrous capsule ("g, Gd;;;"p.,1") - iot"t titia @m tissue or

shoma Ite stroEa;;il bbod t"..plsr-Goq *rT:^u,-* epirhelial rining' Organs

arefui<edtoptherintougansystlffi:m"oaaosystcryarcintcrdapendcntasforeradple'
thc digesfir,E tract ls etre<frve only when t"*ii"U'* of nclo*s and cirorlatuy syste,s ,o

toni'nction with the ""*"*" Oi**" Oil'ir * r*Ole. The sy-stem can be classifrr'd as;

(D forcgrrncntal-v ( *in & its derivatives)'

(u) 
|gc{ve

(iii) CtroilatorY

. (iv) LfmPhatic

(v) Ncrrotts

322 INIRODUCTION
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The livcr ir thl largsst glad in the body. It is a &tt red solid glaDd forad within thc
dome shaped concavity of the diaphragm on thc rigbt side of.abdonen, It is.hadc np of
fi\,e lobas (refer the digestive system of rabbit). It is enclosed within a fibrous coDDectiec

tissuc. lte tissuc gEnters into eac.h lobe and divides it into the hepatic trnits called thc ltvdr
tobuhr.

H8; 3a1 Scctioo of human lirrcr. 1. O'sic l6ulc not sunoutrdd by a rysuh h nan. 2 P6itioo of GtiEoo,s
crprubiapig3.Pottalarca.4.Ljvuraodqr$ollyooc..lrOttrmf"pff.dselbs.Ccatnl*t <io-mrft

bn0ch of [cpeticpo,rtal yein '6llcp.ticrrtcty.7. I[b ducr 8. Hcpoticpffitrcin.

Histologicaliy. edch liwr tobule is a polygonal prism bounded by the fibro conaeire tissue
calle4 the Glissoi's capsuh ( Ft& 3a1). It contains in it blood L;fr (branches of hepatic

ryt 
rl r,cin and hepatic arteriole). and small bile duct ufrich together forms portal arcas.

The 
-EYcr 

buls is the unit of hopatic structurc ia pnmmfi Each tobule is rougftly fine 66
six sidcd pqlyte&at prism in rorn aid is composcd of anastomgsing aod branctiig pl"to A
'cords of parencn5mal cells (Hepatocytes) radiating outwards from the center like A; ryokesof a ufreel from a central hub. Hepatic cells ari pglryonal with six or dore r*t"."r-"rrt
enclosed wittin a clearly dcfined cell membrane; The .rnf"* of cells are related to sinrsoia
spacc or.partially separated froin an adjacent cell to form a bit" "*"tiJ;
Nuclci of liver cells are spherical.or onal. Eaei audeus has scattered chromatin gradules
Thc cy,toplam stores glycogcn and fat dropres plgm:nt granules may afso be pr"Jot.

Blood supply

Liver rcceivcs btood bot! by the hepatic portal vein (foodladen blood) and the t** artery
(orygEaated blood) W 322). The liepatic'portal vJin ana the hepadc artery"tiii;ff;
:hi* -"T. 

though the Glisson's capsule in betrreen the lobubsl ,n", *" i"uoiU"a as the-
interlobutar rcins and the heqatic aricrioles. The inter lobulff *i^'.r" ;;".tJ with a
centrally situated'intra lobular (Ihibutary of the hepatic vein) or central vein of the lobule.

/�E
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nis m�æ �µ �Þ 1�] åY �M �M �¨ �� �Y �M�A

�c

SpOnr work be�\ n�ß �¢ d of

�O�O  �Ü �D ���L
hepatic v�˛ .In the�� m lining d the amtlä@ ,�� 7o�� s d CelL�� h intemediate

foms are pFGnto L�| ç� �r �� of the sinusoldal.linil consEStS Of cnddttd�' �z �� Ceting

bile.Among the o�˚ dlttm ens are the h�£ �ˆ s ellsI�� th cyto�� aSmic proce�� �B Thw

l cens are actiely pheWiC and�¡ equcndy contain�' �ƒ andi degmeFating ttLogeS91

�´ �˚ ganules and inm mntaining�¤ �UT..9   �¡ .

�UL/c

': ,-]:
ru,3a2uvGtr.A$nctstqof.rlivcrro.'uaepqrtionrmgniliod.l.I.oDuh.2Livercord,3.Canaliculus.4.

sinpsoi& S. Eldom of dilleoid. 6. B|ib drictilc. 7. Branch of hcpatic portal t ein' 8. Branch of icpatic 
'rtcry

Bile canallculi

Between the adiacent rorvs of livei cells are tiny chanriets, the bile tanaliculi which drain

;fi;.ry in; Hb a*. ' tn" bile canalicuu are sinplv try'. botween a{jacent liver cells

and have no sther rioiog epitheliur. The liver carr sccreti bile into the bile canaliculi from

urtere it passes into-bile duct.

The lirer is a rery important gland of the body. i! ftw of its frI[ctbnal impmtancc' it is

,rE *i ;;" ;.rJJ*r*ir,"p of the *or. t** drsesu'G :rrtT 
of rabut tor ryocdo's)

(Unit 25).

�N�C

�]
��
�k
�e

�@

�@

�@

�Œ

324 PANCREAS

Thepancreasisalarge,elongatgdriet}anorrsgl"trdly-ghthcU-ghapod:concavityofthc
duodcnum- h the fr"sh *oAtir' tt ia p"; J* "t-*Utt 

IJ i coter{ Y 6"::H
d;.-,ht" tissuc extends into the glad ad divides it fuito robulcs or end prgel 0r aom

(Fis. 313).

Ilerc{"ls is both.al .q".d"" and cndocrlne dana The two functions bcjqg perforE€d b.y

differqt irll tYPcs'
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.i,... . .. I
fig. !a3 T.S Of rlic pancreas of rabbit. f . Acini X Drrcr 3. E@i{d oclb of eciii. f Connccrin iiro".. f. iy+O

rcrrcl.6. Llcaof l-aogcrlrand, ?. tilooti capilhry. :.

Ia u qqqar gell the nucbL is s&rical lies toudrse.hssc, -Ite bastrl cyt6Dnash shou,s,ryd *rfq ou,ing to tne prcsmce * "u*rouliury,"d;t "h#;: *" 
"d*,

?n 
pl,* T""ry gq+philic sccleti@s &od"r. or granules. Tte lmportant

frtpction of thc d9d celhlof the add.is tte.yrtte.*r df;thb d&cfiry enzymei (refcr ftagve
ryrtem of ratrbig. The pancreatic iri* .rd;tu 

"r*t ird*5n" en ), ,-rdir;;
Tryd.* {liastatic enzyme) and stepsin or tipasc A+d:,tir"r*J,r"l p.rci.#to;=h**,
ds on'xftrr celh' which rclcasc cnzy,e rich pame*fo: juice,
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�x�Õic in theb fundiOning.

� �̆d�Û�ò �Q�v�� �Ô #�ø�ß�Û �T�”�� �S�S �× � �̃z
stomach.

"Fi HIsTOLO�b

‘9�¡
,TOMACH

)st part of the Ai-"otu'y d (}"l^P"u*" system of Rabbit)'

oistioguished inro tbree regioos ", 
,n" -"iiiirrar. -i pyloqic. Histologica,y it consists

�† the mtt fOW re�B �B3SØJ3�¡ �´
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Ftg fi}.& T.S. of Tcstis. 1. Tunica albuginca. 2 . &minifcrous tubule or crypt. 3. Concctivc tissue. 4. Scfioli cclls.

5. Nuclcus of scfloli ccll. 6, Spcrmatozoa. ?. Spcrmltids. E. Primary spcrmatocytes. 9. Spcrmatogonia.
10. Intcrstitial crlls (of !gdig). 11. Capillarics. 12 Basement mcmbrane.

nuA{dve cctts amoirg them. Mitotic division of the germiaal epithelium produces rounded

ce[s, the spcrmatogonliL They multiply by mitosis for some time and develop bto primary

spermatocytes. The meiotic division of each primary spermatocyte forms two haploid socondary

spcrmatoeSfies and from each secondary spermatocyte nvo haploid sper4atids ar-e produced.

The latter 
"tt".n 

to the sertoli cells and undergo metamorphosis to form speruatozoa by a
process callcd spc.rmatggenesis. In the cross sectioq variout cellular layers exlilftiqg the

differcnt stages of spernatogenesis described above are seen within the gerpinal epitbslium.

32, MAMMALR OVARY

The ganmalian ovary ii soli4 siall, round or onal,body.- It is.situaled fhind kidncys one

oo 
"u6h 

side nearer to the dorsal body wall.- It is correred by vismal peritoneum. Inner to

the pcritoneum is thc gemina epithellum of .ctbical cells. Interior is differentiated as the

pcriphcral cor&s with follicles and deepcr mcduth. The stroma is co-mpoced of Ebrous

connedrc tissue with a little- unstripeil muscle.s. The stroma contaiEs blood trcssels' rcree

fibres, Gral6an folltchi in narious stag€s of development, ctrlrus luteum or its degenerating

stages called corltrts alHcans.

Germioal epithelium undergoes mitotic division to form new cells the, mgonia tovvards the

stroma. The oogonia in the form of ovlgerws hbc or elg hlbe p{oiect iato the stroua. It
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ryeP Section of thc ovary l. filcroru tuba cpithctium. 2. Srro6t. 3. Stigmi rt Cam ccl!& S. O6yrs.
6. Fo$ktleatty. T Mcmbruc gnnu@. & $scrncnt mcmbranc. g. Crrpus lutcum- 10. Follicuhrcaviry.

f 1. Mary lryers of cclls. 12. Foltictlar elb. 13. Young Graflian follictc. 14. Crcrminal eflthcliun.

The oogite along with a few layers of follicular qells is found attached to the memb,rana
saqulosa on one side by a 6talk of folEcular cerb thl dlscns proltger,c or cumutus ffi;c qpphums or simply gorm hill. Such a follicle is a matured Graaflan folltele. fnc mltrue
Greafian follich being lightet (due to accumulation of watery fluid) rises to the surface of
th.e cq,tu and:,occrrpies.the edigc width,of the pit in cortex It bulgps at a pq,rlt,*ff"a
stigpp.,, -,,,
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funlcull benreen the dorsal and vealral horns.on each sidc. In the mid dq.rsel 
lcgton 

the

*nit" r*Ao has a dorsal septum ani another sinrateA mid mtraly, the vcntrrl {tssurc'

Meninges :

Three protective membranes (meninges), the imer vascular Pta Dag,- the middle

"JtO" outer thiik aura ter "*lr* the.brain and splnal cord- Space between the pta

mater and arachnoid ."mbnme is filed by tb nutritive cereb'ro-spinal fluid'

_�\
��

32.12�] LUNG

the lurigs are paired orgarul situated one oa each sidc of the thoracic cavity. They are

rnrrested by the visceral pi"*u. On entering a hmg the bronchns trndergoes rcpeated divisions

to form i Urancting q6tem. It onsists- of broachioles Eminal bronchlolcs, respiratory

bronchioles, alveolar duc,ts, atveohr sacs and slveoll" Ttis branching shoun a retrogression

in the size of the tubules and their histological structure'

The epithelium changes gradually from a pccudootratificd 1o 
ciliated qlT* qe"

in the- terminal t.on-"tioL mi connective tissue aroutd the epithelium is rich in elastic

frbres. There.,is a region of smooth muscle fibres surrounded'by the adnentitia corsisting of

a thin layer of fibro elastic connective tissue. Distatly in the respiratory bronchiole, there is

cuboidai-epithelium. outside the mucosa, the wall is very thin. Containing elastic fibres And

scattered smooth muscle cells. At the distall end the respiratory bronchiole"s divide into trro

or more short cone shaped, thin walled, irregular ahreola,r ducts. The simple squamous

epithelium is supported by a v91y small amount of fibrous tissue. Ihe alveolar sacs consiSts

ol a cluster of iespiratory of pulmonary alvgoli. The wall of the alvcoli is formed of a single

layer of moisq squamous epithelium and is covered by a network of capillaries. The alvcoli

capillaries other blood vqssels and branches of the tronchus are all hcld together by an elastic

connectire tissue having smooth muscle.

32:lJ SF�˜ �o�‹��N

Spleen is the largest of the lymphoid orgtm. It is the.only olgan speclalised for filtcring

bloqd. It consists of a soft pulpy mas surrounded,by a capauk' which itself is golnPced

of a deme fibrous connective tissue containi4g numerous'elastic 6bres and smooth nuscle
'fibres. From the inner side of the carpeule, strands eiled into the pulpy moss as trabecrdae

and divide it into compartments or lobules Artcry rrein and ncrre also agcompany the

trabeculae.

The pulpy substance is of two typas: the xfrtte pf,fp md the rcd prtp, Ihc butk of the

pulpy mass is made up of the red pulp in u,hich are the patches o{ rvtite pulp. BtNt thrc

pulps are formed of reticular tissue arnd splenic cells. C.ompgratircly the red plp is hsving

less of reticuhr tissue but more of free crytlrocytes which gita it rcd colonr. In the whitc
pulp thc reticular tissue is dense and contahs white corpusctes" Sphaic ocfl act as @gocytes
and destroy wortr out red corpcules. It is an important haemopoietic orgpD, produchg

lymphocyres. It acts as a storage organ for red cells. it filters the'bload. -r-o9* productiol
of anti-bodieo is anpther important fundion of the spleen
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Fig 32.1f T. S. of Secn. 1 Ulhitc pulp. 2. ficd pulp. 3 Artery of malphighian wrrous corPusclc. 4. Sjnus

5. FiUrous iraUccuta 6. icnicitli of wlrite putp. ?. Capeulc.

32�B14 SUMMARY

In this unit,�E the mlcroscroplc detailed structure of the vanous organs s d�R cussed.The

mammalain.liver L composed of 5 10beS,Ca�˚ lobc consists of�E severd rows of cords of

parenchyamal�gIs chepatOuC�¤ �B Each lobvL L cOVered by 4 flbre�] counective tissuc caned

Cinsson9s caps�˚ L GliSSOn’,capS’t iS absent in man.Kuprer’s cellS are found lining thc

�À �˚ �¤ WhiCh ac Phagocyt"i�E ���E,,n�ƒ �Ł ��
dege,"ating e�J b�· �ÆeS pipent granuleS and

Wæa �fl �˘�£ l�� �x �í �Õ :�R �ð �E �| æâ
organ ttd�q

�g
J�] 4 acini Oobd�Ł

�c1�� :1ær �à :=�¶ :�” �º�ð3�� �zs d CCIS t"�¿ ,�À &�` o pe wan�� thC

m�å �æ�R�˚ �Œ SubmuCOSa and mucosa.Lamina propria_is wen deve10ped in the stomach wall.

�p ular Fstric�r �� �g �V  ChiCf and �¿ �“ �' Cens h additim m gobu c�¡ �m.Œi �V c

NeS Only Seen in the stoma�¡ t T�[ e intestinal m�Ó a consistt of�� l�Y l�¡ pttth,30blet

�}�ß�› �[ �Ù �Õ çW:�S �N�P �˝ �� �ß�Ô �  �R���{
capsules and ascending convoluted lobule lic h the�� rtex while the dcscending cowOlule‘

lobule,the H�Ø �R’S loop and thC collecting tubulcs u‘in the mcd�R .

The testis t formed of the seminiferous tubules conslstlng of�˚
çp d4�� With OClls Of

sctrO�¡ _

�f�øØª
=��

l  t�É �� �ô ���� ��l��
Ova while the meduua with the v�¤ mh strOma.

�• L intema�| �� t6,�œ ete c�� oge�Q.I ThCt=�¡ fh fOniCl�g �– a,�} �R
�V

’��

du"S

COrWS�¡ C�Y WhiCh h m FoduGlprogeSterone,   �E   �¡   ;

The l�Y tt alveOli aFC �V ed by thC Squamous cpithc�å �Y .ISplecn is the largc�Ü �ì nphoi4 0rgan.
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The spleen pulp�¤ composed of white and red pulps�B �EThe spleen�¤ hacmopoietic as well   l   ,
as the phagocytic organ.for the worn out cells.

�R�A

1 32.15 MODELEXAMINAT10N QUEST10NS

L Anwer �V �Ł �V ng�¡ EbOut m hnes.  =

1.D�c the biStOlos and ettumerate thc ttons of�„ 9 or pancreas of rabbit. .

2.Sketch and hbel the sediOn of the mammlian ovary des�V �Ö the pFO�\ Of
mamatiOn.

H.Antt the fOnttng.h abou1 10�Õ

1�B What�¤ the câK �fl �À part Of pancreas?

2i Sketch aid hbel the sectiOn Of stOmach Or lntestine�B �¡ v�Ü te a nOte cn its dh�« �• KttcJ�Þ dt
feames.

�¡ P,STttFh,�V %OSCOpl,SI�X,We�� l�R ,�b �m
�E

:�m �[ �æ�I �í I�� �D:|_ t
‘Write a note On th,splecn.

��
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Unit�æ 33 WES oFEGGS;     ZAT10N,
CLEAVAGE AND CASTRUmT10N

Cotcnts

33.1 Objective
332 Introduction
333 T!"csofFEF
!3.4 Fertilization
t35 Clearago

BS Blastulation
33.7 Gqstrulation
338 Stnmary
t3.9 ModelExamination Qucstions

�Ó 1 0BJ�c

O This unit describes the kinds of eggs, process of fertilization and later derelopmentof.Zyg*e.

332 1NTRODUCT10N

Orgmisms dcvelop, grow and die. In nature houlercr, .theii numbcr is naintaincd for
perpetuation of the race. This multiplicadon is posqible by way of rcproduction in scwral
sucoesiivs processqs like gametogenes\ fertilization, elearagg drganogcnesis and grmlt ltus
the transformation of a single feitilised Zygote cell into the multicellular, well-organiscd adult
like is parents [ontogenyl constitutes an important branch of biologr, embqroloEr. Ttin strdy
of dcreloppent of a species i.e., ontqgeny reveals the evolutionary path way tpn$o&ry1. Tti
parrcd the uny for the Mullcr and Haeckel's biogenedc on rtcapltutadon law y,hirh is pop&Iy
stated "ontogsny rccaptglates pn$o$n/. Embryolos/ riow a days is called as;Dw&pdcltal
BioloEP. Ib a medical student, developmental biological studies are of particular intelest

333 WES OFEGGS

The orary has al epittelial layer ooosisting of grmlnal cclls. .Each gerninal e[ undcrgpcs
the stages of proliferation, grouth and matuatim in a sequence wtich has been understood
in the foundation course already, .. th" oqgpo"rts. During tho growth aad qatnratim strye6r
the cgg cell accumulates res6rve,food matcrial,$ in particuhr thc follg rutich msi5j-of
proteins and lipids. The vofume of nucleus increases hcnce it is known as 3umhrl y3d&.
This inqeasc is because of the dcposition of lalge amormt of nucleopt-lsa- iE thc nudcns"
When two suooessive maturation divisions tate plaoe, the hoaologris 

",trmoamo 
.-ch-TE

their geaetic componcats and reduce hatf to qiginal numbcr epecificd for a -spcrils
consequently, only one sct of chromosomeg the [rptold, remaitrs h thc eg. socod pdlr
body is eftrudcd soon aftq the fedlizatioa tates placo. All polr bodics CisiTteratg and
disaprpear. Thus only maturi ovum remains at tltc end of oogptrcds

An eg:oell b.enclosed by a tltn vttclllre mcubmpc, c4otdniry ooplasm aod a laqgc nu&s.
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Figs.f . Typcs of cggs. .dMcsolecitnal (Tclolccithal) B.Microlecitha(Irclecithal or

nomofccittra) C.'C*ilotcclttut p. I[scrolccithal@iscoidal) 1. tuimal Po1" eV, cgc*I

potc 3.Germinat uictc (Nuclens) 4.Yolk S.Qoplasm 6.Vitcllinc'rrcmbpnc ?Nuc{cris:

on the basis of aEount of the yolk and is distribution in ooplasm thgre are chiefly three 
'

types of eggs. iiamely microtecithal, mesolmithal and nacrolecithal (fig33'i .e'D) ' lVhen'

yolk eo-,6'i, lo. ii" 
"gg'ir 

said to be micofecithal. fn'-1ih'eEs T 9: distribution of ;

i"lt ii the,mplasm is uuiform'the typc of egg is homohci&at orrlsoloclthal e,!- Ascidia,
'itphionts; 

eutt erian marrmqls. fflesopcftnaf egg confain moderate qua*ity of yolk as in 
'

I a-ptiUi" -a f*g fohbi tr ;U"n !,olk is concontrated at vegetal pole of rthe egg hence the

term teiofeUtUai is applied to such Lggs. lfiacrolecitbat eggs po*sess a very large amount of 
'

de .ili'gttiog ,#'oJil*r;lihe! ba,ing only a' snall To* of oopksm itu -nrrct--.rs

"t 
Oe an*al pofi fike a ininute disc. Such Eggs are *bcrwise tnocm as dlscotdal eg;-Reptiles

;;f;*d" ili*"|1J heavy amormt of yolk-accumulates in the centre of the ogg when it is

called as the ccntrolecithat. Th€ ooptasm envelops the yolk in this gase'
,:

The egg is surrounded by egg membranes. lgleaaftr or*side is primary cgg mcmbrane

or i,ltrllinc ."-braoe *il"U i. secreted by follicle cells o1 ooplasm itseq' .In tunicates and

Crt*ritir it' catled as chorlon. Zonr AOata and zma'pclldda are the pri4qry rrcmbr'ancs

secondatT egg mcnbrancs are segcted by oviduct u,hich'iDcttde the shell' secreted bI 
*. :[ t

gladr. of oviducl m in sharks, rcptile ooA UtAt. F 4qhr3, thc egg is surrounded brvi

layers of ietly to -ate Oc egg'to adherc'to one another; uta to "gUtofia 
objects it.*t4"i'!

,,.In bhds mary secondary membranes o"lfor-"d .r..* in a heo's,egg tte outel 
.nmtf

membrane is a porous shell, next two are ,tio tn"U oeub'ranes followed Uy thh, and deriser

1
,
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334 FERTIHZAnON

�R�V �� �gOm�§a,prttss h�ß lt thC�¡ Pttmation of male and female gametes folloHd
by the ttiOn of�˚ �R nuclei a�ˇ l�Ł Oplasm(Fig332 A.C.).Acmrding to the plac�|

�å        �Ô �ª
�o�µ egg and becomes��odb�  �o�As.�� �i
Æ{specino and another spmes specinc Protein

;f�b 1�ML�� �� �Ł �I ØÜ �—

�Ô �V

‘��

�� Æí �˚

"�V
�g

ls�V �˚ �˙i�í 1’Spem�T
�V �¿ o ntt prOducc a enfe,

tembranc,�B 4�fi �˚ ���� Ø[On cOne rdrudes�g �j
the tt�˜  a�V  r9�¡ rs�� e,IcleuS lf Spem along�� �˚ �¡ middle piC�å .BOtt Fonudd(s"�¡
and c3g inucld)hse�¡ th eaCh other(amphimirisl tO�� m a 20te nudeus�B

�_

Ft933'2' rroccss o{ rc_rtitization. *{.spcrm approaching thc cgg B.Fusion of malc ardfcmatepronuctcic.zygotcr.nrl'tporrriocytfi ilf*-;.ln.i;ffi;*
pronucrei S'Fcrtilization cone 6.Zygote n.dcG z.s.-rro p"r", *r1,. --

Fertilization activates thq ogg to start firther 
levelopmeut. Th" frrsiJ of male and femalepronuclei ensure the specific dtplold number of the ;iro"l ,p"dcs, furthcr introduces geneticvariations.in the species.

3351�¡ cLEAVAG�F

Immediately 
f".r,eq3[i3.1 the activated qrgote-passes througb a series of crearages tnro,ghsuccessive mitotic'cell diviqions. The rouri-g ,t";"g;Ethe formation of a complcxmulticellular My l* a yt*n1* ars"L. Duriug the whole p.rocess the general sape ofembryo does not clange. There'is an.incrca# io fi"'ou.n", ji 

"rUa.whose 
sDe.decrealcs
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lhe clearage of'fertilized egg is initiated by the divisio of nucleus Td it foXlved by the

division of 
-cytoplasm 

so thaithe zygde divides into two daugbter cells knoum as blostomeres'

In each division cleavage furrows appear in variors planes. First few cJeavas3 planes are

;;;n^G-,tr,o|tf""hal-r,EgstJ a{s. Lafer on clearage planes are formed equatorially

";;-";;'d; : . ^,

Tte plane of cleavage is decided by the position .-of miototil spindle formgd during the

cleavage. As a rule' the place of cleavage te-uios ut"'"yt at -rigbf angtc to th:. long axis of

the spindle. If thc ,pioile is oriented transversely to polar * :t""* P 9" 
vertical'

conversely if the spindie is paratlel to polar axis tho divisions will bq horizontal or transverse' '

Usually the plane of first cleavage is vertical passing thr:uqh central a:ris of the zygote' The

second is also vertical but at right algtef io',n" irrt pt-" 
-evr4g 

rise to four blastomenes

in the same lane. The third cleavage plane is traisverse rvhich is at the rigbt angles to the

first trro planes and polar axis. rn* .ighi itnra.".". are.forpgd-fo1ry .usually 
of smaller

. 
size at the top (animal polQ the micnoJeoes ald four usually of'large sizs' at the bottom

1tn" ,"g"ta poq, "o.ptit-! 
tn" macnomenes (Fi8333 A'F)

The arranlement of blastomeres in a cleaving egg show various patterns' When upper tier

of blastomeres lies over oonesponaing utasto;e; gf $e 
low.er tier, the. d:"*g: k said to

be radial eg. echinJerms "oi 
e.pniui*t. Spiral cleavrge when all'blastomeres of upper

tier come to lie over junctions betrn'1n e1h two of the vegetal blastomeres' This is because

of the oblique position of the mitotic ,pioa"t' During third ctearage four oblique spindles

are arranged in a spiral tnanner in respect, to the main alris .of 
rygote' Spiral blastomeres

tier may take q tum'in a clocknise or anti;;ckwise direction when they are said to be dexml

and sinitral "r"ur"g* 
*;;;it""r, eg. Annelids, Molluscs, Nemerteaqs, Polycladia'

Thedifferencesinthesizeofblastomeresinthefirsttwodivisionsestablishinsomeanimals
bilatcral gleavage. rrro or the first blastomeres may be lar- ger than- the other two' These

two establish bilateral synmetry which becomes more obvious in subsequent cleavages eg'

Tluicates, Nematodes'

on the basis of t.otal range of developmental potentialities-. 3f 
the blastometres cleavage is

defined as determtnatc u,J ind.t "rinntt- 
ii"?-mation of b.lastoneres with fixed embryonic

development is kn;; as determinut .r*'"st'--m"o such blastomeres are separate4 each

. blastomere is -capable to develop "rt, 
foJ;art of the- embyro eg' Annelida' Mollusca" On

the contrary in indeterminate cleavage sircn separated btastomere has the capacity to form a

complete em,bryo 
"g' 

n"ni'"a"t*t' cho'dates'

The role of yolk can not be underestimated in the !]tI--:: cleavage as it is alwal's present

in the egg in lesscr or greater- amo'lts. cleavage occ'rs. rapidty in eggp contqErng tess yolk'

WhenyolkquantityismoreT*"gg.Itretlrdsu"p,IY*ofnitosisandprcventsthe
cleavage plane tq ercena or", d"n"" d;.-A; thg y.olk the co,rse of cleavage'

The resutt "f td t fl.e"g is that ,#;t "- 
*"6* is displaced t*iiq tt- the heavy

dcposition ,f y"tk "i*F*r"i"bl" 
p.i; in" 

"r"n1"sl 
rate in oit -"" falls which res,lts

in unequal sized blastoiq":. Wh; zygote undeiioas total diusion formiog s'parate

blastomeres right from anirnal ," ""g9;;; 
attl tiry' it is callcd as total'or holoHastic

clcavagp e9 Amphioxrs p$entals. ;tffi;it -micrlrecltal 
eg& 'In highly telolecithal

or macrolecithal cggg,the cleavagl ,"JJ", ,o,ao"a . tf" n*d;tt area of cytoplasm of

the egg 4 e'rrimal pore es- g.ry fi"r";ilJ;ti; gi'dt Such typg is termed msoblasfc' In

centrolecithal eggp, superficial "t""""g"t*;'s; 
the'ileavage pf""o o" restricted to the surface '
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layer of the l�c 9ophSm��obseâK

�g

in�\

Frg.33.3.Cb.iigc . LZ{ge B:Troocll stegc CPorr ccll'stagc D:Eight ecll stagc
ESixtecnocllstr3c F.Thirtyt*ocllsrage l.Blrrtonctrc ZMfor.omcre itMacrmere.

33.6 BLASTUL�¾�UON

The repeated cleavages result in a rnass'of blastomercs ryhich fqm into a ball of minute
cplls. 

-As 
th9 deavage proee& further, the blastoqcrcs afi?Ne tbcmsclves into a single oex

{gt- !fe1 t "run Ss btastoderm. Inside the bla*oder,m 
" 

Lrity appesrE the blastocoet, "

ynict is fiIled wi6;,a fluid, 'rtrs holhw, spnericet .rbb . oi*-i;.6 ;.irgt"
Iayer of cells'is cdled as blastula (Fig33.4 A), and the process .f n" f"r-"t"" is caUea Ue
blastulrtion. The blastula of different enimals .r" *."i differently. glastula of eOlooa*
and Amphionrs is called coeloblastula and that of Amphiibians as amphiblastu6 and *,;
insecrs superfcid blastula and that of fisheq repdes to uiro"-oTiJr"rilr*-

�p�Œ�Œ
�Œ��

4 1        
�V�V
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33.7 G�a �J�c�cL�¾ HON

�£   �E i

another.Thm mowmmtS Can be rOuped�R

�q
�˚ �H�Ü1�o�Jy�J �˚ �ô

_I�� �Õ �ó �Ł�Õ �� �� �c�� ���‘ �RrdirerØD F�µ
~ 

�M                        i       �E   1 �E      1

1 Øò �z
(lt) IngEsstoDs ltc endoderm forning cells migrate from the surface of blastula inwardly in

a simpie matrrcr by am€boid typcs of .oot6;it* i'e', several different and separate inward

Digradoosofoneo,*elts..rtrrceitisalsocallcdpolyinvaglaation(re$iles,birdsand

(ilDDelanlnation:EndodermalcellseitherbudofforsEPar:teasaufroleSheetintothe
intcrior of blastula from the bhstodcrm * ;; in merobiastic eggs (Fig335 B)'

of laybr of endodermal cells

that of a balloOn which has

�x�I �I �fi�”�⁄ �TŒaŒa11�� �Pdr�V

�r :

�”�c �c J�ï    �Ô 1�¿�x �Ô
�c

the�¶
�w

�¢
1

4ordam3odem eus h�¤|             )�E
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�R  �Wåy�É bring about�¡ nev7�c 9
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gu$, roof of *icU possesses chorda- mesodermal cells. E:aqior opednq of the

is tnom .a5 tlq.Uastonore whose dorsal, yenttr| and lateral ntargim ire named as lfiE'
urucn particutaitf phiirl important:.rob id the ilo4ilqpnaic mrpmenJs tmd nhsde'fm
for-mation. As a consequence of gastrulation blastocoel is obliterated. In late stage df gnstnila
all the three primary germ layers appear along with notochord. By staining with vital colours

to moving cells, eharts are drawn up, named fate ml1s, showing in particutar, the,fatc of
each part of the embryo at late blastula stage. These maps show the limits of organ

forming substances.,

The three germ layers give rise to the various tissues of the adulr Ectodeirm gires rtso to
the integrmentary rystem, slEtem, sense organs, anterior pitutary, having of stomofuirm
and prouodaeuo, endoderm givEs rirr to the liaing of atigcssve tracg lirrer; pancrease,

slrstem, bladder, certain endocrine glands th:nor4 thymus),,linirg of
vagina, urethia and associated reproductirre gta+ds, auditory tube and Eiddle'bar etc- And
the temaiding tissues like skeleta[ circdtatory excretory gonadE gpnital tractE ooeloq dermis
and nuscl-e,s dcvelop from mesoderm :

338. SUMM�z�ZY

In this unit'certain general principles of e.mbryolory discussd in trbf. The eggs are b,roadly
classificd into 3 types viz., microlecithal mesolecithal and mcgalecithal dcpendirg upon the
quantity of plk present in thd egg.: The amount of yolh prascnt witl daermine the clearnage
furrow [holobtastic or meroblasticJ after fertilization or atphimixis. The acrmomal part of
the'sperm produces an en4nme caltcd hyaluridinase paving its way to m& eatry. The pooition
of the mitotic spindle determines the type of the ctearage viz, radial or spiral clearage resuls
in thq morula, a ball.oJ mass of celh which transform into a hollow ball of minute cclls,
blastula with. the cavity blastocoel. The bla$tula nw ggnverts mto gaqula obliteraling the
blastocoel. The gastrula encloses archenteron hrinrtivegoq fined [l endodernq'cipcning out
S blastopore with dorsal, ventral and lateral lips. Som there develops mcsoderm in betm,en
the outer ectoderu and inrier endoderm. Thus now the gastrula is with all,,&i three gcrm
layers which give risc to the mrioru tissues of the future adult.

",,MQDILExAMINA10NQUEST10Ns
I. Ansrwr tbe lollowing in about 30 lines.

1. Describe thc strueture of various types of rryp lith.rogrd to quantity and.disributioq
pf plk. ,.: :i.' :" :

2..1irhat ii' c? Discuss its rarious tlpes. .,,

Aesscr,thc.,fdlir.Ef$g;in about,-l0 llnes. . " ' 
."' .

1. Expiain the prOcess 6f gastrulation io q*d: 
:

a. Morphogenotiq movementS and Gasrulation ' " ' : 
'

t�‹ till
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Unit-348DMLOPMN OFAMPmOXus

Contcnts

Y.l Objective
Y2 Introduction
Y.3 Fertilization
34.4 Organization oLZYgoir.

34.5 Cleavagp

Y.6 Blasulation
Y.7 Ga*rulation
YA Organogenesis

348'1 Formation of Neural tube:

Y8.2 Inductionon
'3/,83 Forrration of Notochord or Notogenesis.

34.8.4 Formation of Mesodermal Sacs

34.8.5 Formation of Alimentarv Canal

Stg DevelopmentafterHatching
34.10 SummarY

34,11 Model Eranination Que'stions

34�B1 0BJEC�\

o This lesson describes the basic ernbryolqgl of a-primitive chordate' being very simple' The study
- 

;iilt;*[ghtonallbasigstagesofdevekipment' 
: ' ': :

�g

2 INTRODUmON

Amphioxs is a marine chordite tiving in'ghallow sea waters formrng bqrrows in saldl 
-*."tT

Though it is not " 
*""J*, *, ,ti ntocoss of iS dcreIop-ment reveals,enlugh of basic

features of any wrtetrate embryologf, it also exhibiS'resemblance to the developmcnt of

echinoderms :. ,, , i.

�Ü���� T�� �d�í �Ł�MF�v�ì �R
�ß�†�c parate m ac h distingui�˚ able

l�h t�† �ß �ì �^ �� �ô �D

:�œ
�F

�u
�œ��

==�¥
�Æ�@I�• �à���I

41�� �E�E
�]  ~: [

343 FERTIHZAHON
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The gametes are shed by contractions of muscles "f ry-Yt first into the atrium then intoi

sea waters through atriopore. A spern enters the egg which is at the sccon&ry oocyte stage'
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344.O�K �v �MIZAqON Or ttoTE

�� �ª Œa�� �”
mnt�� yolk9 1�� mparent.1 0i the pOderior

ä' �¨ %�º�⁄ �Õ ª� �� �� :�E �� �Û �ø�ô �Ô
vhich:reveal the presett of�o ��

iFeSpedive organ foming su�� �ˇ àå :   �¡ ��
:

:    |    �]

 1     :  ’           .: 

��

O The dark are=containiI�‹ �˜

"lki develops intO�˚
�g

���u�‰. 1  ,    _

0’Oear�� �N1�¨ i develops minly ttder��
‘

.   11 ’,     .:

�@ �E �� CrSCentic area foms�·
�c

00�¡ �Ò J�g tV70 aFeaS"�› �ˇ �É�µ tO mesodemal�g
"�å

�æ the one bdow develops�R �  �Ł

�g:�e �� �Y :lne tt above notochoFdo L ttddtt �\ ÆÙ �  �b �� �¤ �Ł a�¡ d Orierttt JØS

�\ m bO�� 1�{ �Malso,stabliShed as dibited,the Cleaw.  l   i

345:�u  CmvACE
:,,

Thc.first vutical clearmge is holoblastic which passe.s through animal rcgiital aris trisccting the

me6odermal aescent.,Gigr43;. It is.of tnrletermtnatc Smc. Fr-st two blastomeres ruhich-are

"q; io size estautisu'Uif,,"g"i symmeiry of the .arrr pa-"n bhitot"r" produces 
"fl,cr 

ttght

ui t"t of the adult. Tte second vgrtical cleavage'ar right a"gtes to the first gives''rise to 4
blstomeres. Out of these four nro belong to.the anterior and the other two to thc postcrftx

part o[' the adult.. ,,.!hre third clearrage is horizontal as usual, passiog sligbfly above the

midregion, dinidq€t b.lastomeres trairsverscly into four s-,e[ tiicromeres at thc top ant
four large macr.d$etqc pta*ttetow,them. 'A fornth rcrticalr'Sfr!-:trars\rcrse and a sirh
vertical cleavagcs in tf,e zygote produce 6,1-blastomerds when -the clcarage pattern becomes

irregular and caiurot be foltmrcd syatcmatically, as microncres divide rapldty.

34�B6 BLttTULAnolN I::�V
: . 

'_. 
. ,, .-.-l

.ds the cleav"age ii.ggirg'dq thc.inner surfaoe of Histoteros {rhich arc in close'c<intact start

secreting a semiflui4 plfy Ute substaaoe. lfhis mater;51r gradually accumulates in the centrc

of the mass of the blastomoies. This jelly serves to push all the bllastomeres outward so to

as to arrarrye them in a siryle layor of cells, (rno-notlastrc) called the blastodemr. The interior
spo@, Ua$ocoel or scgnGnbtloq cavity is fillcd c,ith 0uid. Blas$la has.one cell

:
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B9
": . .r 3a.l,Amphiqis.A"Vs.ofcar*bh*ula B.trtcbl$tubslOrdqgprcnrnptircarcasand

.ymoctry l.Blastococt 2.Mimncrcc 3-Macroocrcs4Noto$od s}lcarlolPhtc6Bnddierm
TSoond pohr body S.Vitelliac mcmb,rurc 9.E*todcnn l0.Mcixbiurl crc.c@nt

.thic& wall consisting partly of microneres and partly of macomefes (fi#4.1A). It is stlgttly
pear Saped Its pointed atrd belng pmterior. The distribution of organ folning substarces

(presumpive areas) urtic,h are dcstined to produoc organs and systems h future embryg are

destined are shm in the fate map of blastula(Fig3a.LB. ). :

34�B7 GASTRUIATION

As gestrul*ion begfuq six hours after:fertilization, the dorsal surf3ce of the blastula flattens

to form ai cndodcrmat plate. This :then inrraginate.s into the blastoccf to such an. p8eil

that it alnmt meets the future cctbdcmal tapr (Hg342A), Blastocoel is ohliteratd owi4g

to thd invasion of endodegmal cels. Thus a two layered gastrula is formed with a nev cavity,

the arrhenteron which open extbriorly through is known as the blactoryl.. Its edgos are

termed as tips of blastopone (Fi&34.28). At this stage the ectodermal cetk (aicromeras) of

the rnimal hemisphere divide rapidly and-spread out by epitrolic prooess orrer the iEl4ginating

blastomeres. The blastopo:al lips now become nain entres of morphogenetic:novsinents of

the blastogerpt The c,horda cells at the dorsal lip rolt in bli the nrass :f 
invotu:iotr.to

form.the rmf of archenteron, .VenEA and latcial lips of blastopore involute leartl,,the

A

frgf4Z erynicrq f Oestnrle in r'*tlcet scct'ron B- Latc ryt!5.*9l,5cction l:BLstoocl

2JrdicrcmcrCr 3*{nrrbr hcc 4.Archcntcion: S.Pctcrbr frcc 6'Ideprmcrs 7'Endodcro

S.Ectodcnn g.BlastoPotl 10'BLst@(rcducd) '
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N�V,the hei-1�† �]

�E

Ongat"and�¢ �»

’Outer hyer�A
�� 1�b �� �æ

=ŒaÆ��P�Nª� �_E�I 1�å �ä
:�� �]�� �†th�] �i :ªN .��

:

�ô åK �˚

�]

�c
�E �c

�E

�] threc�\ �£ �Ö �¢ ,Endo and Mesodem�¤ fOmea tt tte c10d Of�¤ �t �c �V ��

|"=30WG �V �� o dWe10pment of�x thc organs�� adult aDimal.�] o�� ��q�c ª¯ �Ra
�L
�k �Õ �D metimous lo�\ Of mping dirermt orFn�¿ �V �\nerefore�E �� �V

�c
�c �c

1��
�b �¤ ç� �] �⁄ �¢ �k::iS h�R

"�R

�æ �ˆ desned mder sepaFate l�  �� �¢ �µ .�¡

�œ�� �¡1.�‰o�ßo�aØDOftttube  l  ll:1  1 �]  11
�p neural tt L�d �fl the band of pre�\ ptive�¡ �� �� �¨ �R �ï �E :At�¥

�` �r çW�ß �í �Ô
|�g �b ’tOgether and��

"to the mtal�g
�˜

ing�E �† �V  folds�Œ �'
:00m thei�c md

and ttdtt enends m�R ,�V  somimptL ieur�c �¿ e communicates�� Ø‰thinh

e�g �UlaFChenteron by a nort netroenteric canaL later tt bhtopore doses.Lteriorly

the�g urocoel�c o the emeriOr through m apeme ded the nempoL her�O
a�g C10Sed by thO�| of�R �Þ �R period Q�˚ �¡ ).�� FOCes�R te�\ d�a �r �ƒ L

�]�' �z �� :�� Indwtion

l�q �D �ì çW   àF tÆr�˘
levebps�¡ |�l �æ �É l�V  h tt dordatesthe�i �R�ô �R �� �V  hp�†

�E
�˚ �V �Ł

:L h the:r00f Of aranteFOn Of thc hte rmL�¡ 1 1 med.as_l hdmr asi:�i the�q :phte b become muFal�c nis�A Possible whmi �V �b�u�¡
(�i �fi �¢ ØS h and neuFal phel cOme L phFiml�� �� ��

�E

"�˚
otheF.�V �¡ çW ��

substanG din�¡ Om the(�R�Gh�g
"�g

�ßd ttL�@ o neural phte dLªN �A

�\are called womton�' an�ß�| b�¤ .

::      ‘:�� �¡ �¡ 1:l i:.:=:           |:

The m�R i�V :�† �\EuFal phe indum�� �I �b l�V  �V �V  �V �b �V �V
�V �V �i �E �R Ø[ �i �i �� .�Ó 1æx �R �R lb�� �˚ m�L ditrentiatci��
Orn l�V �ç

�� �]

�g

1�m�MLd�MinduaOr_h:�V

�c

1�q �T wsp�Ô Œt �p
chemical nattte d these s�V �˚ �† Littt inOt’�µ �i I I       __
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,L

�] ��                            ’ .�ß     1      1= �R

�‹
�g
3�]

�Õ Łc�ô �D �o�T�í �d�ƒ�qŁk�F�� �ì �y:=
8�B Ne�¡ �p canal,�c 119,Notochom ll.MesOdemalØS�‰12Entemn i3MCSode_l�\�RdL    ‘

34�B831 ForEnatiOn oFn�VochOrld Or�h otogenesls

�� �Ł�r Œi �í �í

�î
�V �V ilengh�˛ �A ,bOdy.

34�B�‡�� Fomition�˛ �˚eS6�–|�ß ls,�– S : �¡ | �E  |,�]  1  1:

�Q �˙ �†�‰�¨ �� �d�º�£�í   �y
�R 1�� �‡ �� à� �Ô �~

�w
n breaks dOWn tO,1�å �� Onc��nttuo�Ł

iCanty�E

method.It tt bOmdd by twO mesodemal

membranet u�î myoSepta or myocommata.     �A          �]

3486 Fomation oFallimen,att Cttal

�fi
�P �b �E0�B 1 :       :
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8

�l    1�� �c
2~�c ��

�\ �R�â

�g

b�˚ �fl �Õ �M�R �R �ß d�W

�V�Vh��
. :: �¡ :l ri. . | :   �E

:��  :         |  :

�E �¡ cilçS �� .og AmpbL�� 10 hat�¡ es out byithc

oompleted �Vl�c J�b
"�B

ØD3181
�@,b�� �� � �̨Em�Ù ��m and h�c ��

|�c �ô �ô i�ˇ
�c

1�˚ O�Eeni�\
"�E

1

�µ �R �� :�[

�c �g

�ï �b )hm�c
1:.0:�S Oq�ƒ .: �]      �]         :

A�c ap_�] the�} �ˇ end mØ‰�í �� �v�c thel�c �V
lht�V

 �V
on to the mid�¢ Ø[Ø[1ær .�E �c �� b�c tranSfOms hb�b4_,�R h�ï

�g

S

plt andàÛ �V k’S nepbrid�\ ,  :

1�Ó �r çW�£ �ß 1:�ß �R äD �I �S :�ł
the two a pJOration OCCws ttC anJ 9penin3�E 1’hiftS oni"�u he Li�ì de�B  .I

:�¡
ere�Ü �� :�� bt�g e�¡ �i �i �� �¡�Bm�V�V�� �i end�g the�R �� �† �T

�\
6�� intb a �V �µa tube m fOm a dub�] shaped�� �…:           : �O�]

h CrOnt Of the dub�] shaped ttEd an �V �V Ø[ �� Of�c

�c

ells�c �i lLe

�Æ�R�L �Õ �y �µ �æ�� �R�Õ �z �i �Ó
’midventFJ�Z tt fOmecn�z �VØ[mav gttLæ�

�g

Æeappar.�c they ttn to J�ô ���Ú �å L the lht

l�¡ :"ær dOSe tt leaving �V  �V  CaLd�r �Ł �r �]�R LDod ol�ô �P ap�\

�T �º�Q�˘ ���� �wT�� æø�˛�� �˜�æ�] �R�¶1�ô T�Õ �h
added tte�\ ds on both d�R �B

Nephridia apeaF aS bllna tt at the dod ends of �V  giWitS and a�¾ �o �� Ten�¡uF�Æ
�å �� .Hamhedps nephrldlun develops�� a man �\ �c �� �B

On the�ð �æ �À J the htt a pair d�V edodemal��

�c
�g

�� 1�� �� r,
cndosi�¡ a�c tT�« fOldS ttw anteriorv�c the J�Ó �] ey d�\ P�V

=�í �� �£ 1�Q�Õ �r �Y �r �D Æí �a ��
a�œ���r �Q.Fno it g�_ tt upwards and swol

the�• �u i�Þ phed up and:b�� oom�]
�g

�˚ �ˇ on tt doul tt of �V

"�@

X�p
metaphral folds soon Lcome hollovr endosing IPph Spa�\ h them.

�´ �µ ttC�ô :�í �R �µ �Æ�« �R �R �H �¤ �T
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�æäF�� �| �ð å¶
rmetrid add�B

.

":10 SUMMARY

�ì

1   
�í   

�ò
.

:�ò �i çW
�â and acording to�ò �R �T h COntrm to the condition sm in invertebrates.

�Õ T�D�Ó �v�Û �� WI�r �� �Õ
�� �˚ �É�Ù�� i cus�� àY wious mes�‚ morphornetiC movements k�l q�R�a �¢�Bnth

�o �í �� �Ł �ô æ@ 1�F�Ø�[�Õ � �̂r �Ù lå� |

�¢ �å ,ne�\ iOnD nOtOrnest�c �ƒ �¶ �V �ó �R pou�¡ eslcoc10ml�É ,OCWàÛ çq

�P:�� ªJ�¡�[ �� �ì ittrmommdanus"�x �]"��
f~ed

Mouth and anus appear at 16�] 18 Pars of�Ü �¿ �R àY aFe fOmed.Sinult�g �� �Ü �ø other structI"

�ô v7heel�c H�R �˝ �M �� and n�¡ mdtt midFæm �Z Ær �V �ƒ and ECOnda

�r Slib On�Ô �º sidel�c �� ,m�¡ �ô da cctOdemd atrium�| Ø[ atriopore and houow

metapleuFal fOlds�a �� mph spaces devdop.The‘�� ’s�\ S hely foF abOut 3 mtths

�D ª� �_�‘�R �S çW �� :�í T�R:

�» �� �¨ nCural indm�` .                         �A

�¡ 1l MODELiEXAMIM�¡ON QU�ì�¡ �° ,

Atrillr ttc foUctrg h ebut 30 ltncs.

atim of gufula'

z what is organogencsis? GiyE an account of formation of th6 nerr cord and notochord

in A,nphtorus.

Ansrei thc fdloul4 in ebout 10 llnes'

1. Discnss thc mcthod d fo'natbn of coelm ald mesOdera in Amnlloxnst

2 S/r[e a lote o ind,ctio tA it inflne,nce on the process ia of de'elgpment

3. Dcscrrtc bricffy thc proocss of derclopmcnt after hatchlng in Amphfuru*

4. Fate map

5. Archcmero.
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~�u
�¡ �]�u1  1�¡ �� I�¡ �u

~�u�uII�u
WiI

�� �¢ =�U
:�� DlØD�ï :IM�‹ �ª �§ �� äD �Ö CttCK

�_�¡ ttI�æ :111=�æ
353�¡ �à �c�T�� | �¡ :1�E : �M

354 Amnionand Cho��
355.4�� �� |�N       i

"6.Sum_�� �æ�ç�� MOdelhminatiOn QudiOns

.�� |:�˚ �£ ��

I To rnake thb'$udent awdre of the protective and nutritive devices in a c*rick gmtiryo

l�V �� �Õ h�V �¿ �ƒ pro�\ �˝ mer�c
�c

�N �‡
�µ �d

l�Õ �Ý    .�í çW�D
�V �Ö �âechanical�ˇ �V �Ü protectiOn tOm temperan tt ments and enemies:�N
there t no OtheF�¡

�‹ fOr the�¡ thaEl t6 rem tOÆí �R �A nisiproblm bas been suc�\ y
meted out by thtt su�¡ Ors in the�¿

�g

of evolutioL the l�X �^ �fl 1�� �R �Land ma�\ als�‹
developing prOtective membranes�¡ om thesmmres�ü

�Ł �ß �� �V

�c

�BàÛ �� �R �w �“

Te�b�fla�\ emmOnic hen�åi tey are called

çW      [1
�o FS�b �ï i�]

I�V �i

�D �ô �ß �ø �˚      �Ø�F |

�o�ó �� �h�{�Æ�Õ �fl�…T�d
are �V�V ::�� �{ �˛ �Q �R�ˆ the p�ƒ

�D�å �Õ �� �� Ø} �� �R�� :ŁJ �]
�Ł orned�ì the chik tmb�¡ _

�A353

‘   �\

YOLK SAC

Yo�� �ç c�¤ fomedbyttlayerOf     
�V �\ �A �q �Q cendod-1�q �\ Od�\ p

Whi�˚ SFeads Over�˚t yOlk_,�£ hprl�V �V �˛ enClos�g �˚ �^ _�£ :�œ rcDm

�¯

.�¡  �¡ |:�] || �]    =�E   :  :
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the yolk Ec.i�¸ :|�¡ �k �P |’1�� :�� �¢ "�Ł �� :L�V �Ú ,�¨ �¾�[ �¿ �M�] �v �¢ �v

m the gut�å æk emmO�E1�¡ endodemal ells tt h oontad tt the yort�˚ �x s�˚

T�Ł �D �R�¶ �� �ó
�p �h �R �¡ d yOlk tt nov7 trmported to the�˚ �¢ or chid�fl �¡ �R �R �l Wns.:A�ô ç� �E

:

amount of yok�¤ �N �Ø the time of hŁ� �q b�I �R yOlk Sa�¡ �R1�k �W �V  the

�� d the embFyO and the tts d the abdominal Gtt doe behind i.�� dew10pme�¡

d yolk sac begins befOre the�j �Rhid�ô 5�B1�Ì �B   �]    �]

354 AMNION AND CHOR10N

At about 30 hours of incpbation amnion and chorion are dcveloped simlltaneously. Ttrc

extra emb,ryonic somatoplet (Ectoderm *Soiratic mesoderm)in front of tlle tcad'bf emb-r1'o

rises pp as the head fold.-f q: amnioa. -I:.|"*-r*ry.consiss 
of a double fold of

somatopleur drawnout upoo itscf. On the third day, the tail fold of annio arises in the

same qanner. These two folds stert grrying over the embrro in oppolte {1$on* They

arc soon joined by similarly formed lateral folds .of amnion. Thrs all th"ui fq6 mcet with

each other owr the bact of the emb4o. tlcad and ail folds meet behind tfe ilAaf of

the euhrfyo; thir jrmCion is called seroomniotic connocdo. After the ncetiag both amnion

lte amnionrenclccs the enbryo. .Its wall hat thc cctodero inside and somatio mesoderm

outside. .It contains oot itioro arniotic fluid in whic'h tlr embryo floats'

ra cob4pd ncobraocr in cfm (6'titta'tptaoc)'
EC; 35.1 Dirgt os iltr*rring the dcv.hpocnt (,f t-1
r.Edrya zsctooccr. eld[l;'iiiA6o"-, S.yaE Sr4 ai'ot':?'Arudoti.c foldg' tAltrffi' 9'Esra

coqp* ooj15 - n ffriJr** ;d: rra*n" l2.hcecl l3.Qbodm' l.lsc4!qti+
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.,,,:
Th" 

"!qip. 
,r'tiir".b, sgroqnds the embryo and $p..qntnion alsp. tts,mlt t"t

o* 
"ioo,-a 

*;;iir tqpo"re t$iC-. rb"'rpr* hi*f ttc ry$ and chw i,Fry4
cla[ionic ccvity nine, tts g&q.iodq cavity is lined byrlqa[Sb and 6ptan$uic .i]
tho hum as |extra eqbryonie cavtty" tt polalne a Sfrd' ltre dorio at a lat!q,${e
borr$ p[cspqd ?gai4st th€" shetl nemUrlnes.and'plap an- inportqnt rolg in,gEscouo !ildgme

4

�\
�˚

�V �V  the porOus sheLl_

Fudons 
�]

:|11:�] |=(
1    ’�u

�k  :  :|  :1    _.  .  1    1  1            :  .            .  :  .
L�¡ �q�� �] �k �V =u laFiL�Ł ,on�] �» the�� �R �R e00b��

�g

�]

�c
�] d am hene�A proteded�¡ om the dwr of�c       : =

2�¡ �� à£ �˝ cmmO�¤�˚ �æ

�g

l�V  the mmanical shoL��
�g

ahabed�Ł �o
amalotac auid�B

Ik aonion and chqim'isolate the embryo from the shell to axrid adhceim a ticin
of the cmbrp with the shell srufaco

The chdxionlc cavity or:erra cmbrymic coelom'proidcs a sptoo fur thG'SEtois to
opand-

35S ALIANTOS

Allantois derclops as e blind from ihe floor of the hind gut wticl grom &umtnar&
into the e*ra embryonic coelom. This arises on the third day of inctbatim. It is forpcd
of s@neqpl€nr, having eudoderm on the inner and splanc,haic nesodcrn m thc otq sidc.
It grows very rapidly.from a pear shaped structure to a very largo,ugm v6ie cgo& into.
chorionic cavity and almost fills the latter. fhe mcsoderm of allantois frrscs wit! thd of thc
chorion forming a composite mesodermal membrane, the allentochqlm. Altailochorioa
becomcs pressed against the shell membranes and recefues a pair of allantoic bbod wsscls"
A[artois is connected to the hind grt by a narrow, hollow allantoic stallc Iatcr thc a[antoic
stalk and yotrt-sac stalk are surrounded by a common somatepteur of vEotral body ulr[, funiqg
the umbtlical cord. The allanto&oribn contiaues to e,ryand and surrornds thc abuecn
substance of the egg and forms in it an albumen sac and aids in abcorption of uiatcr and-
albumen. At the time of hat0hing the umbilical cord breats ad allantois drics up.

Functions

1. It acts as a 
-r,gservoir of embryonic excretory wastcs, suci as uric acid"

2. Allantochorioi membrane acts like a respir. atory surfae of the cmbrro.

Thus the four foetal membranes are devices which provide adeqriate nutritioq protectio and
meet the mctabolic requirements of the dcvelopitrg chict cmhry,o.

35�B6: SIIMMARY

In course of evolutioa of vertebrates, right from ihe stage of fishcs oowards, attcopts to
invade land have had been nade and ultimately succeedpd in adgping to thc tsrcsuLl=nodc
of life. Onc of the severest prciblems faccd by the tand,vertebraies lr ,h" ;;"p.;tfu
the mdst delicatc embryonic life. Dosiccatioq mcc,hanical shocts, 

"otridoq 
r*^tplr"m -aexcretion are some problems the delicate embryo neets diring ig.course of develogment.
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As l=meaSIC to comterad.�V �˚ �˝ le�R �q the fOed membFanCS have cvolved�B �¡ E waus of

�u�G �D�å:=�Õ �œ�l Æ�
�ô �¤ �O �A �V �Vc ooe10mF�g �� �˚

�í �� �A�D�� �` �ÜŒa1�� �Ø      :
also stores nitr��

�g
6�A vasteS and hencc�R alsO caned as‘precodous uFlnw und�� �¡ L

choriontois als�B �Eprowides respiratory sracc�� �@ eouS exchange throu�¡ the poFOuS Shell.

�] �E �i �¨ �ˇ i�` �U the 3FiDlk sac ttetes enfes for�c ’and BOFptiOn d thc

numments�E                .       �E   �E                  .  :

35.7.MODELEXAMINATION QUEST10NS

I Arffir thc following ln rbout 30 llnes.

1. I.lame various kinds of foetal membranqs of chik. Describe their develop,ment and

$gnftcance.

1.. Amnion

2. Chorion

AUantois

hetial membranes,

�R
�D
�@

�S

272

B R
 A

 O
 U



UNIT�] �¡ 36�� �� �Q�y �� �÷ �ß�| ON IN�]
�\

�]MALS�E

�R �¡     �\

�c

�g

11 0biectiVe
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36.�C =AHantonc PImnta       :
36.5  1(�z hoJk�z �v�É Placenta
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�� �V�VPlacenta

�I:�à �fl�c�ø�Ó�P�º� �̋Pr
36.16 Summq l �E     :

36.17 Model hmination Questions

36.1 101BJE�\

O To explain the embryonic a&pDations in the mahmaPs during derrclop-m€nt..

36211�c UCT10N
�E li�¡  |    :                                                  

�M. : |

In d�� vipartts�R �˚ �Z �L �Ł the�c entt�V  �V  inside �V _�† �¤
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I."Th€rc are ttrrpc iypcs of phpeqt" ou tte bCIlr of th 'aaturG- of foetal meqbr.arq,"rq*

�g

 YOLK SAC PLACENTA

, Coosists of yolk sac and chorion as the allantois is either absent. or degepr'ated. Tte yolk
li 31c gro*E rery large and almost surrounds the embryo. The placenta supplies materials frqm

thc uterus throgsh foetal vitelline vessels. This t)rpe is found in metathcria (Iftngaro0)
' (F€36.rA).

Ftg.�Ü lJ�‰ Ydk tt plaenta.BoChoimlcphcenta.1.Bloodtssel.2.Chonm.3Amnion.4.Embl".SAlan�_ �Ó

6.Yolk sac.7.Wa1l of ute�Q 8.�A nta.aChorianic�V ll.

364 ALLANTOIC PLACENTA

Allantoic Placentii is composed by allantois and chorion or allantochorion. Here the allantoic

blood rrcssels of embryo *rry tt" supplies from the mothet through allantochorion In

ia*o*a conditon tte attaotocnorion is found in all Eutheria. It is frrmly connected to

;;;by * l*"tfomg.q6tem of vi4i small processes on chorion, and the T4" deprgcie$ris

in uterine rrall to fit the vili.

365C=OR10NIC PLACENTA

ConsistS J tt chOriOL�ƒ
�g

being�| �x

�� �x �` T�£ �� �� �R �h �£
and�c e ChOrim. The�¡ uh appear on t

�g foming chOrionic Phmta.ThiS �V
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106S�˛ bOth embryonic and matmalªà �¤ v

�b �R �� l and�c
�c

�V
"�VOC�\ �R the m

i  :    .     �L

274�A �A

|

|

|

B R
 A

 O
 U



=�E

�u �q �b à�̨EVFTTT

�p �l 2�⁄ �¡ ofPLenttmmmdiR
�]

   1�c �r

, .,',r!, ;.;,, ;

���@ �� �¶Ø[�ï �� �V�¡1�¡
1�ï �fi�� �„ 1�� .��

B

=
D

�L

�‘

��
�Œ

Æ˘
�h
�Œ
�\ �Ó �� �ß

�V II�V å¥ �¡ L�� �� �h �J�� i�v �V �]itil
�Œæx

�� �i �•
�\

lbusÆí
�g

h�k �@ |�c 1Ø[:�� the �V �`
�A�� �ð �R bats�\ �� �S lmdenfF23p

�m
�c

�V

�P1�R�¡ �° �¡ �o �Ú�E
�¡ 1

�Œ
�Œ

�N

�@

�E
�@

�@

�Œ

�¡

�P

�¡

�P

��

��

�[

�E�D

: :�M
1�� :�¡ |

11 �]�¡ |‘.i li�u
�L

�E
=::|,|.1�¡ 1�M �A
�A  �¡ |

�M ::: , 1�¡ �¡ �¡ 41

B R
 A

 O
 U



�—lo�] �ä �JŒ��� �Yàp�‚ �v �¤�fi �R�Ù �G�V�¡�V�E

�À �£ �T �ü �� �| ª�  :
�å ��

=�i
�Ü �†�c�î �m�� �æ�• �i tand�� �¯

the�¡ oriom and the terus aFe�ß �I ��  |�A
�\

�v

�m

�¢

foltwing tissues (Frg363-n):.:,'
i) Eod<ithcliun of uterine blood rcssel

il U,*t* @trcctivc tissue"'

iiil ui"tl"" cpithelium

ivj eUato-chorionb cdpithelinm C&:oehqtq:t)

;i Ch-t*t" comcctive tissgo (Foetal-mcsoderm)

. :: ,,:

Ttcrc is no doebn d,satornel.,*.foiat tissues n"'* d}6*t-*'bf drryT t!Bq' cS; Horsc, fb;

�ï 3Ap�É

�� u sttDttM�k �� �Z0�o ��

�c

�Ù �ær

�Ü �i �Ó �_ �i al�� �Œ �k �i �z L�Õ
�V �‘ :I�V �V

.|

rF�� _�¡
‘�¡

�¡ |�R �V  l    .�E : �_:8�¡ .:�¡ 1: :�æ ‘��  �¡�E  1�¡ :1

�c

�c

1�å =�¿ �I å¥ 0�E �� =�d �V�V =

"‘":ENDOTH�\
CHO�\ �\PLAMTA

-'-r, lr;--:.. : --

�Ø
�Þ
�N�L�Œ

B R
 A

 O
 U



�E
�Œ�Œ
�E�¡
�E�Œ
�Œ

11�Ô �x�¡
�L

�E�E�E�E�E�N�E�Œ�Œ�Œ�Œ�D�Œ�Œ�u
�Œ�Œ

�‹�Œ
�¡
�@
�@
�Œ

�‹
�Œ
�¡
�@
�@
�Œ

��
�`
�@
�Œ

�Œ
�Ø
��

�Ü
�R�Œ

�Œ
�Œ

�E

�Œ

�R1�] �zlN(|‘�R

||(�U |�M 113�~ |.1 1

1111�p|:�¡ |

:�ä �V �\ �]�V �… çp �† �ˆ �  �� 1�ƒ �V �¡

�Œ
�R
�Œ
�R

�R
�g

111�Œ�@
�k F:�]

�Œ�Œ
�Œ�|
�Y

�E
�Þ

��

�\

�R
�x�d

|�u :

�Œ�Œ
�N
�Œ
�Œ�E

B R
 A

 O
 U



�r �Ò �@�� :�¥ �i �R�ł å¥ �� �ô�E
eitheF��

"�V
�V��

�¿�˜ goCade anl�¡ ��
"uS��

F

�x
�d
�˘
��

�T

�c
the matemal��

�g

�Ł�M�D�Mà �Mbe

�c
F�� �˜ ���˙ �\ 1�Wå› �‹ �»�„ �ì �¡ �ª placentat&ere nd�˚ �q �V�� �ª :�V �V�R1�¿ �Ò �¨

�î �ª �� �K���V:�£
l�n �V ��

�g
isclwinedint�B �ï

cattle,
�Y�î �� �c�n�måN�� �� �f and�� �� �Vçü �V�V�� �� �¤

":1�¿

lmhiSt�S �R��       1
iI�X �i �F i�Ô �¤�¢ i�¥ I�V �˚ �� �Œ �V �V �V �� �� �� �ï �˚ �i ØD

�g

emoCl10r�M

�“     �o

36.1�V M�X
�c

�p�q ON QUES10NS

L AIEEr the fdlorl4 h lbod 3ll lltrGd.

:�R �| �à �g
plaentai�i �V�¡�¡�]

:�P �Ú �ï :�� �P �ä �� |�Õ �F �V

�c�J�· �Ø �k�ó �µ �b
1Œt�æ �J

=�Ø
�I �EWIttI�„ :

36b18G�¡OSSARY
�R �� :=‘

1�] �¤�¡ :

"�R

ØL

�v

�h

�[

�k

�e

�d

�\

�\

�g

e4es ,, t -

Chcdaells I

Cryets

Glubshapedgland

,EqdqFqils : ii,;,.

::-

Endotlrohrn' "
'. 'i

Embrydqfu
adaptatios

Euthcrie

ElCraedrYonib
coctm

,, He@ThagF

Haisdc€tb
rpki{foq{ . ,,

, :: r

/A*P$9rytesee crynryzee? Gorilla etc" 
.

Celf of vorm,mtc enbryo rfri& ginc,rise to'9oto6ond'
...,, : : ; -,1 .1.;,, ; i., :,.:. I ,.: :

Sntil prts tn drc'inalu 66ra1ix* i6to uftiei ft 'the villi'

:�c 1�¡ �] �c   :|

.:i�� �R1 11

TTi�Ü :�� T’T�• h

i    �Ø   �r�æ1�˚ �q
|

Aå£�ß �Ú thind�å �� �� 0�g �N �¸ �B |.�Œ �]�¡ :::

�] �v

’lT�]
�M �ç

IPhCCndial�Ó �å �V �• nOSe embryosª��� �]
phCenta.

Coelom�i�Ø �i

�c

ofeOo a betweCn the�\ 10n�¿ ��

|�¡ �¡ .��  it’

li ttOfi�º

"��

�x �¡ :11   1 til. 1..1  : .

:�Ó �q ,�d �V �˝ �� �µ �o �V �V �V �ˇ �� �b �� 1�b �N �R

1,and�V �¡

�g

�æ�ô .�] 1�] 1_F�\ �LLr�� I�m  �]  |�] 1

1  1    ..:|  �]  �\
�M|::�E tt.�› �  ̈II�Æ i:�� 1111:�E

::: ::‘

�L   �A.|=  �¡ || : | :  ],�] �h ||�¡ �u
|  

�� |�¡ �¡       :  �¡
�] ��

�E�C�C�C�E�E�e�C�E�C�R�k���C�C�\�e�e�R�A�e
�@
�@
�Œ
�@
�k
�A
�A

�†

B R
 A

 O
 U



�� TTTTTT�� �u �˚

Ooph��

ld�Ù

�V �R �� ��
1’1

1111,111:liiliilil,El

�]Pobi�� is

Presumptive area

Primm

Pronudem i
:|  ’|�] �¡

:

ROdemsi,.

�d ht

�@ �\ �¡ 1�¡ �]

�@ OFFn

ZOmaE�†

i:T:T:FttFTttl

��The�c Ofthe�q �f I i t�¡    �] �E�� �]|�� �¡1:| �æ

�g�ˇ �� fOmalon�' �¨ :�o �Õ �R�¨ �R�Pofthe orp�� :�b �VP�E �vri:  �E
�Ü �� �i �V �R å¥ c�å �@�i �V �V �v�R�E

�g

i�i �Ô l�M �¡

:Imagim Central tt connectingthe aninal andvegetal poles�˛ the eg3

Patt ofan�˚

�g

�æ�å L�� nich�c ,a pa�˚ �V�V
�c

Or�˚ �ß �fl�B

Mammalian order comprising monkeys,apes and h�� �¤  |

I�V ntdeus�¡ mde"�˜ Fmete�V�V�xh�@�i

�cGnawing ma�\alstt include tats�¡ �å ,squarels�ç

A layerOf eusendong eaFly mmd�¿ embFyO�Zndetlwså¢ ��

imphtation of�] in the van ofutem�B

.Fme lªà

"�R

D ptteCtiOns a�R �B On httd plaenta v7hich at into the

corresponding ntsinthe uteine�� �Ø .

4�ï �w �¿
:�l �Æ

�g

ridges�� gooves�V
�µ �] �\

�A

CZOm pducidal�] �R �˚ �– �fl �† n nomm sWomds�g �ï �� Of a

manmaL�¤fomedttthe fonide ells.It�¤ rephedttana�c ati
later stage�B

ir�A

�P
�D
�@

�Q

�@

�¡
�E�@

�S

Varma : Chordate Embryologt

�c

=�¶
::AnlntFOdummJEmm10W

CharlesJ-Price FAO & Josephire E. Reed: Histolqg

Dhithi PS;.& Dhami JJ( : chrodate Zoolgg vdume - tr ; R. chand & co Darygu} New'
Delht

heaman,lV.H.&BilanBracegirdle:AnAtlasofHistorysffisFnglirhf,aogrragpBoof sodety
& Heiremann Efucational no"h, I-ondo&

Grom & Ncrell : Aainal Biolqgr, Uoircr.sity 1btodal- press Ud"

I.c!$q & kssoo : Ifistolo66 f,r.H. saunders company, philadctphh/r.ondd,
llbro*dtidfSauders Japm Ild./IbhD.

�¡
��
�Œ�Œ�E�¡
�D�S
�„

�U

�@

�¡

�”
�Œ�R

�z

�c

1�¡

B R
 A

 O
 U



1 -  1= l

.1 1 1: �E   �¡ �¡ . .�¡ 1�¡  :�E �¡ |11�¡  itl.,,..il’:�E �h�R�\ �µ:

a  Mc�ß �¤u�ŒRS.:VØ[Ø‰b�ß

"�\
lg               i      t

��  �¸ ØÜ �T�H �Y =B3olona �V
�� �Ł �l ��

�]
�à

�M

�� �¾
:�c BoOk�]�� &

�G 1�R�ø �r �D �fl �y �¡�]t
:�c �†

�\
lU�E 1�E �\        ’�L �E

�æØ‰�� AiàÛ �� �s Œt�ß d�fl M~:�¡ �fl B00kof�ª �íkttWL�c 1��

�\
�R�� *�N

�g

�ç

�g

�ƒ�˝�V�R�¡    :_1�A

��
�Œ�@

�P�P
�D
�@

�Q

�@

�¡

�� �l �g

�¡ ,�M :�R

==

�Œ�J

�@

�E

�Œ

�Ü

B R
 A

 O
 U



’I=�v
ti’|::11:�]

|

)�¡ �¡

�V�V�–å�
=II 

�Y�� æx |�E

�M�Ì f�¡

’

L�� �� Łk�u�' �–[clasiFlatthiof�¥ Łc�� �� �› with�Ü �î �µfm�É �]�VI�Ü 0�{ �@�¥�' ,�ó �R�Æ�H:�A

‘1.�A

�D
�L

�E�@
�¡

�D
�¡
�@
�@
�Œ

�u
�u
�u
�u
�u
�P

�u
�\

�u
�]
�\

�‹
�E�Œ
�Œ
�Œ�C
�Œ�R
�Œ

�‹

��

�N
�E
�¡

�E

�Œ�]
�Œ

�E�L�E�R�Œ�Œ�Œ�D�Œ
�Œ�D �E
�Œ

11   �“ �øTl�¿ i.T

�c
�¡1å¥ �¡lol uptO �V��� �̃i �� �¤�¤16

�ł ’�� �V �¡Omy ttldªà �� eletOnp.

.CIAIIS AYES

,l acters and-cla$ificatioa ppto sub classes.with suitable examples.
Pfeon - Morpholory aid cxoskektoo.
Skeleton of fteoa.

�Œ
�R
�fl

�A|||:�¡ �¡ �¡ 1�Y�_�M
|�æ �¡ �\ �¡ 11

|�¡ �]àh
j:11�ç ill:|:: :1�¡ 11�� :�]

�~|:’1�] f11:

�f �Q�� �W�� �à Ø}�É �� �� Ø[ �R �˚ �� �� �� �� �º �W1�u �]
||.��

�¡ �¡ 11�R |

.i:|(     |                                             .                 1           �M �] | :’il�M
�A:                 :  :  1

�æ:�] | �� �R ||�¡ lr�] 11�§11�¡ 111111111  S�c �E�¡ : :     �] it i^�¡ �¡ 1 1   �]           �� VriiII LoI�ß   :lti‘            �E

�…

��

|:|�m
I�M �” �] Wil     i�” �ZF TII�]

TTITll�u |||||�M
|

�æ11�æ1�W

’11�¡

t�æ ���” |�¡ �¡ �] |||:|
�¡ 11�É

�]        1 �¡  1

AND EM        . : :  :.=�¡ �¡

11111

: 1~   :1�]
11111�¡ i�A �¡ �ÆåN�� �n�í �� åKi�æ

: 
�E |

G�Nr�_
�E

�y Æe �� ��
:�i

�� catiOn uDtO�g deFS�� 1L SuitabL ttmDleS:  j     . 1�¡
11�FŁA�` �� �º �“ �c�� �Ł

:IT�¥
�Rh tttabL cF�\ p�x ::�A

.I.�¡ �¡ �¡ :: . |�E |

�����~,�u�uT’11Tl.’II1 1�¡ �æ
�ô~TTT�¢�‡

 �¡�¡ li.�¡ �A�¡�¡1 .:�¡ 1,. .�¡ �] =.11

|�| .,

snates (with a note on dhe importance of snake pois�\ �\  �\  �\�\ �\ 
�\ r�\

�u
�\�\�\ �\ �\  �\ �\ �\ �\

=�]
7r�¡ �] �\ �\ ���E                    I

B R
 A

 O
 U



r ill�„ �D�b�� �fl ��
11:  1  1

CLASS MAM�\ IA                                       �E   :

Generd�˚ �z acters and�N WtO S�Õ �R �b

"��

�Æ 1�R�“ �� Ø[c FcatFes Of�] �¡ |

prototheria, metatheria and er6eria'

Rabbit morpholory, structure and fuintion of skie'

Skeleton of Rabbit.

"*** 
slntem of Rabbit and Physiologt of digestion'

Nervous s),stem of Rabbit'
‘111�¡ 1�¡ �æ|:

Functions of different parts of brain'

Nerve impulse transmission-

Respiratory system of Rabbit and PlrlniolgSr of respiration'

Respiratory pigment and its role in the transport of 02 and CO2'

Circulatory system.of Rabbit. Physiolory of regulation oJ $3|1 S3ti,-:.,. , ,:,. .1 :

Urinogenital s]'stem. Physiolory of orcretiori' tdth a ngte on Urea formation'

Endocrine glaod* and their functions'

HISTOLOGY (Rabbit as an examPle)

Epithelial, connectirrc, mtrscular and nerrous tissues'

Histology of liver, pancreas, stomach, intestine, kidney, testb and: ormry spinal cord and

nerve, lung and sPleen.

EMBRYOI,OGY

Tlpes of eggs, fertilization, cleavage and gestation'

Development of AmPhionrs'

Foetal membranes in c'hick'

placentation in -at"-t.
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Z00LOGY
COURSE�]2 CHORDATA,HISª£�ŁDDry AND EMB�NLOGY

B.SC.,�U �R�œAR   [
MODEL EnMINAnON PAPER

'Timc : 3 Hdrts

/ r  .

�� =1Ø‰b:75

Scctlon - A
A$wer any 3 questions.

Eac,h qrestion carries 15 marks.

Answcr the following in about 30 lines each.

2. Hon' e you differentiatc poisohous snakes from that of non, poisonous snakes.

, 3; describe the structure of the brain of rabbit. Fnumerate the frmctions of its rarious parts.

4. Dqscribe thc histolory and enumerate the frrnction of liver of rabbit.

r'rf5":ert^' [s organogenesis? GiyE an account of fcmation of the nenrc cord add notochord
in Amphionrs

6. Disctrss.the rarious types of plaocota ia namahs"

atsurcr any 5 questioos
Each qucstions carries 6 marks.

Answer the'following in about l0 lines each.

Genenll charaders�˛ chss�Eæmbttm��

�¡ lmine the femm�c
�c

Of�c

@opmtna-

Dcscribe air sacs of pigeoo. Add q note @ thcir sigificance.

Gira a brbf lcnunt on lfictathoria-

Eryl8in the prooess of g$tnrtation in gcncral

dmnioa ad Chorion

Whrt iE ncrre imprlsc? How b it transmined ?
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:          ASSICNMttH�S T�æ 1           1
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�æ L �V�V 00w �V  anSWr�˚ �I ��Om any�†thC h�É

2 �î far as pomible�I

�g
answer the questions independendy h your�b �ô _

3.  r tt k n�g �Q�� �� tO quote mml any SOurce�v �fl the�c refeFene.

4 U�g your own fooup paF for vriting the assuEElent.

��
�¿ :�� :Wins�„

àp

�¿
evaluator.��

��6.Completion of this uipment should

1�E :�c tht rollttng ln about 30�a �R .

�M�¡
tt�E �¿�i d�« ��e general characters �V

�c

�B

2 æm �œ L the ahente Cana1 6f DosL

�¡  Q�x
�g

the general chaFaderS Of Di�V �¨

�E
�]
�\

�£ fOm�˚�� h abOut 10�¡ �Q .

1�B �˚ �› ��
�g

u�¡ On‘Placoid Scales’.

2 hes of itt SuSpension in Vertebrates

Dcscribe the origin ard erolution of amphibians.
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!11�E �� �� C��py�] �»�„ r direcdy�¡ om�Aany J �V b00kS. �¡
’11 2 As far as poNible�‹

"a�ƒ
�¢ the questions independendy h your l�E wOrds:

3. If it is ngcc.ssary to quote from any source give the correct referenpe.

4. Use your oun foolscap pages for witigg t\ assisnment

5. I-eavc sr{fticnt nargim for the comments of the evaluator.

6. Comptetion of this assignment should not take more than two hogrs time.

1:1111�í �� �� �›�� fOllttng ques�¡ ons in about 30 1ines.
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�¡ .Mesozot eFa L Caned the’The Golden Age of Reptiles"comment:

2 How dO you direrentiate poisonolls snakes�¡ om J"at of non=�] p�R�fi�¡Ous snakes.
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the eXOSkelctOn Of ttds.                          :
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1.  Dhentiate betv7een Lacertilia and Opnidia.
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I

,I
rNe
I 1. Do not copy the auwer dircctty from any of the tooks.
I

' L 'As far as possibh try to ansn'er the qriestiogs iridependently in yogr oqn words.I

I 3' If it is neoessary,,lo quotc tom any souroe gve the correct refercncc.
I', + Use your oum foolscap pages for writing the assignment.
It

; 5. Learrc sufrient nargios fur the comments of the evaluator.:

i C.' Completion of tEs assignment shrould not take p61s than two hoprs time..t 
v .4 fwu &ruID lIIIl,
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�]
what tt nerve impuse?H�b �§�� transmittd.

::  2 
�c

the digestive system Of rabbit�B

1  3.sketch ttd l.�æ the"�¿ Of�˚ e mammalian Ovary.
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