
sense Organs 

Olfactory receptors are paired olfac~ory pits, each of which opens to the external by means 

of two apertures but th~Y do t~ot ~ommumcate to the buccaJ cavity. Olfactory pits are lined by 

the olfactory cells. Thetr funct10n ts olfactory and has no role in respiration. 

Taste buds (chernoreceptors) are found in many parts of the body. Taste buds are present 

over the lips, in the epithelial lining of the first three gill-slits and on the barbels. 

Tactile rec,eptors are abundant over the lips and barbels and are also found over the entire 

body. 

ana Lateral line system is well developed in actinopterygians. Each sensory organ lies in a pit 

the and communicates with surrounding water through a pore. These pits are linked by canals and 

innervated by the lateral line branch of the vagus. Lateral line system helps the fish to perceive 

ite low frequency vibrations in water and also apprises the fish of the approach of predator or prey. 

:se Eye. A pair of eyes over the head are the photoreceptors. Each eye has three layers : (i) outer 

cartilaginous sclerotic layer, (ii) a median vascular choroid layer and an innermost photosensitive 

retinal layer. In between the sclerotic and choroid is a silvery layer or argentea which gives its 

colour. The cornea is flat with which the globular lens is almost in contact, so that the anterior 

chamber of the eye is extremely small. There are no choroid processes. In the posterior part of the 

eye, between the choroid and the argentea, is a thickened ring-shaped structure, the choroid gland 

which surrounds the optic nerve. It is not glandular, but it is a complex network of blood vessels or .. 

rete mirabile. Close to the entrance of the optic nerve a vascular fold of the choroid, the falcif orm " 



210 
· and . cs the rettna, 

process, p1crc . I· back of the 
. ued to t 1c 

is cm1 tt11 . ends in a muscular 
lens. Here ,t . la Hallcrl or 

b the c11rnt>8"" kno . i The falcifot111 
rrtractor lent s. I . 

, a11d ciunpanulfl 1-fal en 
process . the 

· 01tant pat1 111 
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p h. h the eye becomes iuinptcd 
w c.,e ·no and receiving itllagcs 
to 10nm e-, . 
f objects at va1ious distances. 

~cconunodation is also effected 
by shifting the position of lens 
and not by changing_ the ~hape 
of lens as occurs m _h1g~er 
vertebrates . The pupil size 
appears to alter very little or not 
at all. Vision is monocular, each 
eye has different visual field. 
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. · COnJ·unct· 
." II/a 

retractor lentis m uscie 

Fig. 15.12. V.S. eye of a bony fish. 

anterior vertical duct posterior vertical duct 

eq uilibrium. In fishes, the 
external and middle ears are 
absent, only internal ear or 
membranous labyrinth is found. 
The membranous labyrinth is fanned 
of an upper utriculus and a lower ....... -:.-:. -:'" . . - ............. ___ ... utriculus 
sacculus. Three semicircular canals \ 
open into the utriculus. The sacculus ampulla :_: ductus 
is sac-like and its floor gives rise to .. . · :: · \:. sacculo-
a lagena. The endolymph present in . (·.( · _:. _ :\: \:. utricularis 
the membranous labyrinth contains ~/: ·. ···:-:-\ ... .-.:·:·:·:··... /·:) . ~\. 
otoliths or ear-stones, which are t- .,.:-i:".·: .. :.- ··· · ·_-:_\. ..:_/: ··· .-).\ ~{: II • •.-.... . ··.··· · .... . .. : · -·~,~ ··.· ampu a 
of three ~es: sagitta is relatively cn5ta · ·::,~~~~-~:~:.; / // .) /'

0

·_.-::/i•;· ,':_"· .. ·•::•:. 
large and 1t almost fills the sacculus ~~- ...... ·.·.·.·:-'· .. ::· · ·: ~-.:_: · . , .. ·· ... :·:~ ... ,. ,..... . . .... . · ·. .... cnsta 
asteriscus 1s a small granule lying 1·n t . 

1
• • ··'·.=.,;_:_:·.·: · : ::;/ .· ·-:~ . .-. ·.:·· u ncu , macula :.·.- ·. ,. ··· ' 

~he la~ena, and the lapillus is found .;::::?·:·: 
m utnculus close to the ampullae .. .-.( :_:-:_·. . . . : :_ . 
of the ante · d h · -:. · · -. ·.. . · • · ·./":? 

nor an onzontal horizontal duct (: · .·:-{::'-_:/ _::':::;~.;;, 
c~nal_s. ~o~y fishes hear with great ~ ,./)()/ 
d1scnmmat1on despite the b macula sacculi ~ 
of 

O 
' a sence 1 

rga~ ~f Corti. The utriculus and saccu us 
the sem1c1rcular canals hel h Fi 

macula 
neglecta 

macula lagena 

to maintain equil"b . p t e fish g. 15.13. Labeo. Internal ear. 
tr . 1 num. The sacculus d I 

~ sm1ts the vibrations to the memb an agen~ perceive the sound waves The body surface 
ranous labynnth. · 

, 



RECEPTORS 
In frog various types of receptors or organs of special sense are found which are su~puc: 

w ith nerve fibre and, thus, convey the stimulus to the central nervous system. These receptoo 
can b e grouped under two heads : 

· · lses from 1. External or Exteroceptors. External receptors are those which receive unpu 
the external environment . External receptors can be grouped under following heads : 

rrt f 
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Type 7· Rana tigrina (Common Indian Bull Frog) 

(i) Tangoreceptors or organs of touch· 

(ii) Olfactoreceptors or organs of smell· 

(iii) Gustatoreceptors or organs of taste.' 

(iv) Photorecep~ors or organs of sight; ' 

(v) Statoacousttc receptors or organs of hearing and balance. 
. . 

(i) Tangoreceptors or organs of touch. The entire skin serves as organs of touch as it 15 

abundantly supplied with sensory nerve endings situated in the spaces between the cells. At places 

comp~ct g~oups of cells form corpuscles which project into papillae of epidermis. These are 

supplied w1th sensory nerve endings. Such groups of cells are called tactile organs or P8tches. 

Tbese are very much sensitive to touch and also to temperature. The nerve endings never reach ~he 

cells of the outem~ost layer of epidermis. Consequently the stimuli which produce the ~ensation 

of touch ~e not directly received by the tactile organs. The tactile organs make the skm of ~he 

frog sensitive to touch, heat, cold and the effects of the chemicals. In tadpole larva a lateral lme 

system is found which is absent in adult frog. 

(ii) Olfactoreceptors or organs of smell. These are the organs which are simply concerned 

with distinguishing the various kinds of smell given off from different substances or things. They 

include a pair of olfactory or nasal sacs located in the olfactory capsules of the skull. Each nasal 

sac communicates with the outside by the external nares and with the buccal cavity through the 

internal nares. These are internally lined with columnar epithelial cells out of which certain a~e 

special modified cells called neurosensory or olfactory cells which are bipolar in shape. Th~tr 

deeper ends are connected to the fibres of the olfactory nerves which are directly connected with 

the brain (olfactory lobes), while their other ends are produced into sensory hairs projecting into 

the lumen of the nasal sac. The mucous lining of the sac also has supporting and mucus secreting 

cells whose secretion keeps the nasal epithelium moist in order to make it more effective. The 

odours of a substance are brought to these organs either through the medium of air or water. 

From these organs the stimuli travel along the olfactory nerves to the brain. 

(iii) Gustatoreceptors or organs of taste. Gustatoreceptors or organs of taste are found 

in the form of taste buds which are confined chiefly over the tongue and the floor and roof 

of the buccal cavity. Each taste bud is more or less spherical body consisting of a group of 

barrel-shaped columnar cells, some of which are oeurosensory and others are supporting cells. 

The neurosecretory cells are slender and elongated and found in the middle and are covered all 

around by supporting cells. The free ends 

of neurosensory cells are produced into wall of orbit -~ 

delicate fine taste hairs projecting above 

the surface, while other ends are innervated pathetic nerve 

with sensory nerve fibres. The supporting IV 

cells are larger in size but lack sensory 

hairs. Taste buds of frog are supplied by 

the branches of the VII and IX cranial 

nerves. 

The mucous membrane of the tongue 
oculomotor 

superior oblique 

inferior oblique 

·,,., . internal rectus 

/ ~ eyeball 

is produced into two kinds of papillae : nerve 11 

the conical filiform papillae and rounded 
:;::;:::· superior 

knob-like fungiform papillae. The taste 
~ . f . rectus 

b d · bd ,,,c:;~==~~ in enor rectus 

u s are confined only m fungi form a ucens . · . ·. . :: .. 

pa~illae and stimulates whenever their taste nerve VI : :_ : : .· _· .·: .· 

harrs come in contact with a substance F' 
18 

external rectus 

m. I · 
19· 55 Frog o· 

so ution. 
· · . · rssection of right . 

vrew showing eye eyeball in dorsal 

supply. muscles and their nerve 
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..:;;.::::.+.-- ------------------------- hordete l , (;.,) Photoreceptors or organs of sight. The organs of sight ()()I~ 
. I i-: • t . are two sph . ~ 

•tuated in the orb1ta ,ossae on e1t 1er side of the head Their str · eric01 
are s1 . 

1 . 1 . . . · , ucturc And f . cycq f ther vei1ebrates. Thell' onc-t me part 1s v1S1blc ex ternally but rema· . unction i 1. %1fh 
o o · b . 

intng PArt I' ~ 1k b
. The orbit has no bone at its ottom. therefore. the eyeballs can b 1es hidd ~ th~1 

or 1t. . 
1 . 1 . e seen pr . en 111 

f f the buccal cavity as sp 1encn prommcnces. The eyes are protect 1 . 0Jcct ino 1h~ 
roo o . bl ec w11h tw ~ ()" L 

. immovable and tower one 1s muvn e. There Is a transparent nlctlt ti O eyelid 1
~, 

upper ts fi . 'd I • n~ mernh ~ lh the eyes when the rog goes 111s1 c t 1c water or underground . The n· . . '•"t I h ~ 
covers . h . 1ct1tatino N ltL 

. 
1 

transparent part of the upper order or the lower eyelid which r c e. rnernhra '1 
s1mp y a I'd I . . ies ,olded b ne i 

rt of the lower eye t . ts movement Is controlled by means of t eneath 1 
opaque pa b lbl h wo types of the tor bulbi and the levator u . On t c contraction of the retrator b lh, l'lltJ~cl 
the retra . b. d h. h I . u . I mu e'-l 

. drawn deep mto the or ti ue to w 1c t 1e eyelids come nearer a· d Sele~ th 
eyebal 1s · 

. n the 11 · . e 
. unfolded over the eye. On the contract1011 of the levator bulbl mu 

1 
1ct1tatin 

membrane is . d. b k f h . . . sc es the . ~ ed that results m the fol mg ac o t e 111ct1tatmg membrane to its or· . eye1,0, 
are separat 

iginal Po~it• 
ciliary body suspensory ligaments sclerotic cartilage 

upper eyelid 

conjunctiva 

cornea · 

pupil - ~.___ 

pupillary 
nodule 

Iris · 

nictitating --- · ~ -
membrane / 'Q'.:·. 

/ aqueous lower eyelid chamber 

centralis ---
area 

vitreous chamber 

Fig. 18.56. Frog . V.S . of eye. 

horoid 

l(')t1 

Movement of eyeball. The eyeball is moved by a set of six extrinsic muscles : (i) Four rectos mucles (anterior rectus, posterior rectus, superior rectus and inferior rectus). These muscles rotate the eyeball forwards , backwards, upwards and downwards respectively. (ii) Two musc_les are superior and inferior oblique muscles . The superior oblique muscles bring about the rotation of the eyeball along the axis between the optic nerve and cornea, while inferior oblique muscles bring just the opposite movement. The muscles arise from the front part of the orbit. Harderian glands. The surface of the eyes remains moist due to the presence of Harderian glands situated at the lower inner angle of the eye. These glands secrete a liquid which lubricates the eyeball . Excess secretion is drained into the nasal sac through a fine naso-lachrymal duct. S_tructu~e of eyeball. The eyeball is made of three concentric layers or coats, an outenn°st sclerotic, a middle choroid and an inner retina. 
. 1. Sclero~c. It is the outermost thick protective layer which is made of fibrous connective tissue aud cartilage. It is actually the optic capsule which has not fused with the skull but fits closely to the eye It oc · b h' d · · d ·s 

. · cupies a out two-t 1r s of the entire circumference of the eyeball an 1 mostiy out of sight being within the orbits. The remaining one-third of it is continued in front as an 
arched transparent cornea It · l · · 

11 
· simp Y mamtams the shape of the eyeball and also protects the eyeba 
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f)'P6 • ommon 1 . ndian B1111 

l
so provides surface for atta h Frog) 

at1d a C ment f 
~· thin transparent membrane 11 ° extrin . b" a . ca ed c sic ey 3 
, t·•ued with the mner lining ofth _onJunctiva h'e muscles C 21 cotl lv f 1 e eyehd N. w ich . . ornca . 
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1 

Jllembrane o ower eyelid pr t s. 1ctitatin is the cont' ." covcrcrl ,one . o ects the o t g membra inuat,on of k' cx1ernally 
c3pillarteS, , . u er exposed s ne which is the c s '"· II is ,1,., 

2, Choroid. It IS the middle orface of the . oni,nua11on of the 

d th 

. vascular a d eye. 11 haq th. 

fib
res. rowar s e antenor side it ti . k n pigment, 1 1 in hlood 

t 
c. 11c ens ct ayer d 

d 
thell separa es 1rom the sclerot· c as a ring-l'k ma c of lo all . . h I IC ,orm· I c cllla . o.se conne . 

me pupil, wh1c_ ooks like a black s mg a_ circular i' ry hody havin, ci . clive li.«uc 
·rcular and radials, which regulate th pot. Within the iri p gmcntcd Iris with / , l1ary mu,;c lcci cl e openi s are two centra l ape 1 

Jrnmediately behind the pupil . . . ng of pupil. sets of involuntary r 

1

1

1

rc, . 

1 

d · . e ms is , 
1 

mu cic e'l. 

,hich 1s enc ose m a delicate lens a arge circul I r capsule It . ' ar and Ira 
suspensor)' igament from ciliary body. Th~ . _is s~spended behind thc"sparent crystalline lens 
anterior aqueous chamber and a lar 1'.18 d1v1des the holl f pupil by a membranou.s 
filled with a watery aqueous humou;e p~stenor vitreous cham~: o T~he eyeball into a .,mall 
,itfCOUS humour. ' w ereas the vitreous charnbr .. ~ aqueous chamber is . I . . er is lied with gelatinous 

3. Retina. t 1s the innermost sen . t' 1 d l b d I . s1 ive ayer prese t I behin c1 iary o y. t IS made of several layers. The n on y in the posterior part of eyeball 
tinJng the choroid and beneath it is the senso I outenno,

t 
layer JS fonned of pigment cells 

several layers of sensory cells. The innermo tryl ayer_ of 
rod

s and cones, which is followed by 
. T d s ayer is of nerve fib h. h 

the optic nerve. owar s the posterior side th . res w 1c are connected to 
coats. This site is called the blind spot whiche hoptlc nervde leaves the eyeball through the three 

d

. · • as no ro s and cones Close t ·t · h u 
spot where a 1stmct image is formed but at blind t . . · 

0 1 

is t e ye ow . . spo no !llage JS fonned. 
Microscopic str~cture of _retina. Microscopically the retina is a complicated coat consisting 

of .several la_yers of different kinds of sensory cells. Next to the outer pigmented layer of the 
retina, there JS a layer of visual cells consisting of rods and cones followed by a layer of bipolar 
nerve cells and an outer layer of ganglionic cells. The rods and cones are modified sensory 
cells which have been so named due to their shape. These cells. are placed at right angle to the 
surface of the retina and their thin ends are embedded in a layer of pigment cells. The rods are 
cylindrical cells containing a purple pigment and the cones are conical tapering cells. The rods 
are meant simply to perceive the amount of light, while the cones for distinguishing colours. 

The bipolar nerve cells on one side form synapses with the rods and cones, while on the 
other side with the ganglionic cells. The axons of ganglionic cells spread over th•. mner surface 
of th t· d t th back of the eyeball where they pierce the retma and come 

e re ma, an converge a e . 
together to fom1 the optic nerve going to the brain. . . . · a ·ust 

O 
posite to the lens JS called area ceotralis or yellow 

The postenor part of the retm J ~l . nt the images are normally focussed on 
spot which contains only cones and has ye ow pigme ' 

· cular vision as the two eyes are 51tuate ,ar away 
this area · d ~ 

Working of the eye. Frog has a rnono 

from each other over the head 
and their images also do not 
c_oincide. The eyes function 
hke photographic camera. The 
eyelids function like the shutter object 

of camera, the iris like diaphragm 
~hich regulates the amount of 
hght entering the eye through the 
pupil , the lens like camera's lens 
and the sensitive retina like 

th
e 

film or the plates of the catllera. 

image 

Fig. 18.57. Frog. Image formation in the eye. 



"'noraate l 
When Ii . . Oot~Q 

cornea and a ght from any object in front of the eye tails upon it, the. rays Pass thro Y 
both in c b~ueo_us humour and reach the spherica l lens t:h r0 ugh the pupil. The corne tigh 

10 then pas ornl tnation focus the rays on the retina to stimulate the ro~s and cones. lhea _and le c 
. s a ong ti b · . h the brain through th 11l1p ~1 Light ra s f: . le 1polar and ganglionic cells to rcac e Optic lll1c1 rightly y al11ng on the retina produce an Inverted and reduced _l":'age of the object nc1yc 

corrected b ti b . . d · th . brain as 1t 1s often sup Wni L passing ti . Y le ram but never remvertc in c • Posed. "J'L Cq 11 11ough th .1 . . through the cornea and a 11c which t e pup, converge due to their passage queous h rah 
refi og_ether act as a convex lens but the mys as pass through the cr~stalllne lens a~ urr,01,1 

racted 1n ord . • . . . • L I · age of the obJect on th c fu rtL is · 1 1 
et to lorn1 un mve,ted 1.111d d1m1n1s,1c( ,m e retina 'ICt 

ng 1t y co,i-cctcd by the bruin. Whit~ 
During t·l,c 1·11. . 1

• . 
1 

. . . 11•8. phraum ff the obicct is well .
1 the . 1agc ormat1011 t 1e ms ads as a u · 0 • . _J . 1 lun, j 

pupil closes down to a pin point in order to check the excess of 11.ght intensity in . na1e(1 
?eb~ll and also to prevent the disintegration of the retinal cells, b_ut when the object i~~ 'cle l~c 
l lununated, the pupil is widely open in order to allow as muc~ _ light as _Possible to e'nte~orly 
eyeball to fonn the clear image of the object. f n this way the ms helps '" the forrnati 1~c 
well defined image after regulating the amount of light entering the eye. on of a 

. (v) Statoacoustic receptors or Organs of hearing (Ear). The statoacoustic organ • 
hearmg and equilibrium. It includes a pair of ears present on the postero-lateral sides o/ for 
enclosed in auditory capsules. The ear of frog includes a middle ear and an internal ear sku11 
external ears are absent. · lhe 

1. Middle ear. The middle ear consists of all those structures which are related sirn 
1 

. 
tr ·· 'h PYin ansm1ttmg the sound waves to the internal ear whic acts as suspensory apparatus. The . 
f . b 1 . . cav1fy o middl_e e~r is called the tympanic cavity lined by ~ mem rane. t Is ~n a~r-filled chamber 

commumcatmg with the pharynx by a slender eustach1~n tube, the open~ng Is normally k t 
closed by a valve. Externally the cavity of middle ear IS bounded by a ctrcular patch of daep 
skin, the tympanic membrane or eardrum which is ti~htl~ str~tch~d over a ring of cartilage, t: 
annul~s tympanicus, it is simply a modified skin. It IS vibrattle m nature and from the cen~ 
of which a club-shaped rod, the columella auris, is extended across the tympanic cavity and 
attached internally to a membrane and a cartilaginous small nodule, the stapedial plate fused 
over a small window-like oval aperture, fenestra ovalis (a hole in the auditory capsule). The 
columella auris is partly made of bone and partly of cartilage. The columella auris is equivalent 
to hymandibula of dogfish. 

2. Internal ear. The internal ear consists of a bony auditory capsule which is cartila_ginous 
in the beginning but later in the anterior vertical 
adult is bony. It is formed by the 
pro-otic and exoccipital bones. 
The auditory capsule is filled with 

posterior - -+:-YI 
a watery fluid called perilymph in vertical canal 
which the membranous labyrinth 
floats which is partially supported by 
connective tissue. It is comparable 
with inner ear of dogfish in structure 
and function. ampulla 

The membranous labyrinth of poSterior 
vertical canal is a sac-like complicated structure 

consisting of a larger oblong 
utriculus on the dorsal side and 
the smaller oval sacculus on the 
ventral side. 

horizontal canal 

sacculus 

ampulla of 
anterior vertical 

semicircular canal 

Fig. 18.58. Frog. Internal ear. 
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Rana tigrina (Common Indian Bull Frog) 

the posterior side of the sacculus 

from U dilations, the lagena or cochlea 
.. 110 sma . h. h . 

(ise (Y' basilar1s w 1c 1s now regarded 
a he pars . h "' 
811d tart of lagena. Lagena 1s t e ,orerunner of 

85 a P f higher vertebrates. 

cochlea 
O 

al to these is the protuberance of 
vors 

ailed the pars neglecta. From the inner 
. t1lt1S, C I . 

utrfC .d of the saccu us anses a narrow tube 
al s1 e , 

dors t s endolymphaticus and terminates in 
dUC u . 

the_ d thin-walled endolymphat1c sac present 
dilate . . h' k II 

a i· the hindbram wit m s u . 
ove . . I . 

The three sem1c1rcu ar canals anse from 

colurne11a 

tr
iculus, are placed at right angles to one Fig. 18 59 

t11e u · d . · · Frog c I 
another, these are

1 
antehn_o

1 
r ahn ph~sdte~or vertical · o umella auris . 

. •rcular cana s, w 1 e t e t tr 1s a horizontal sem • . 
sem1c1 . . 1 · b 1C1rcular canal Th 

Is have thetr adJacent 1m s dorsally united and op . · e anterior and . 

cana h . 1 
. en mto the ut • 1 

posterior 

ning whereas the onzonta semicircular canal ope . ncu us through a co 

ope , . d' . ns mto the utr· 1 mmon 

micircular canal at its 1stal end 1s dilated to form a II icu us at either end. Each 

se d h . 1 . . sma round amp JI Th 

the anterior an onzonta sem1c1rcular canals are found t h . . 0 a. e ampullae of 

. . . a t etr antenor end d 

posterior canal 1s at its postenor end. · s an that of the 

The entire membranous labyrinth is hollow and is fill d • h . 
. . f I . e wit a fluid called e d I 

which contams pieces o ca cmm carbonate fonning otoliths or t . n ° ymph 

1 b 
. h . ear s ones. The vanous parts f 

the membranous a ynnt are mnervated by the fibres of the auditory nerve. 
0 

Histology of membranous 

labyrinth. The wall of ent ire 

membranous labyrinth is made of 

dense fibrous connective tissue and 

is lined with cubical epithelial cells. 

The epithelial lining is modi fied 

at certain places to form receptors 

of the labyrinth which are called 

sensory patches or acoustic spots. 

There is one acoustic spot in each 

ampulla, one spot in the utriculus, 

one in the sacculus and one in the 

cubical epithelium 

oto · 

lagena. The acoustic spots of the endolymph nerve 

sory 
irs 

ampullae are called cristae while VS of ampulla through an acoustic ridge 

those of the utriculus, lage~a and Fig. 18·
60

· :;
0iist~. · 

sacculus, maculae. The macula of . lied basilar papilla. The cristae 

utriculus is a large pars neglecta and that of the lagenaf is csaory hair cells and the supporting 

a d h made o sen d h. 1 

n maculae have the same structure as t ey are . J'k rocesses at their inner free en s, w 1 e 

eel) Th . d ·ng hatr- 1 e P 
t _s. e sensory cells have stiff_ an tapen es of the auditory nerve. . 

heir lower ends are connected with nerve fibr . and equilibnum. The membranous 
functions heanng d ·1 as the organ 

Working of the ear. Ears have two ' of balancing and secon an Y 

lab · ·1 s the organ 
Ynnth of the frog functions priman Y a . 

of hearing. with their ampullae and the utnc_ulus are 

( ) 
. • ular canals along . the position of the ammal the 

a Equilibrium. The semicirc d On any change 10 

concerned with the balancing of the bo y. 

◄ 



) chord ate Zoo1<:>
9

'J 

endolyrnph d to which the three cri,t 

1 and an the otoliths start movement and also exert pressure due f position are transn,;tt a, b 
one rnacuJa are stimulated. From which the impulses of change olses to muscles concern:~ I 

Y nerve fibres of th d . d the 1mpu · " 
t b • e au Itory nerve to the brain which sen s · 0 

nng the correct position. tures of the rnernbran

0

, (

h) II . in struc .k h ' 
. earing. The sacculus and the lagena are the ma d waves stn e t e 

8

Urface of 

labynn~h Which are concerned with the hearing. In hearing the _soun extended from the tyrnPan;, th

e !yrnpanic membrane and set it to vibrate. The columella which '\ to the perilymph anct then b 

tbrat1on h . rnern rane directly to the stapedial plate transmits these v . late the sensory au cells of h 

.b t· ns st1mu h d. to t e endoiymph of Ibembranous labyrinth. These v1 ra 10 the brain by t e au ttory nerve 

. ulses to . . f , sacculus and lagena. These sensory cells transmit the imp 
1 

for the transm1ss1on o sound 

· ant on Y · Produce the sensation of sound. Thus, columella ts me d waves to a pomt. 

t tes the soun 1 h 1· waves across the tympanic cavity. It also concen ra f the body and a so t e a unentary 

2. Interoceptors. These are certain muscles and teudo~i~h nerve fibres called interoceptorl 

canal which respond to stimuli as they are very much Supphed re called interoceptors, where.\\ 
. 1. I and viscera a The interoceptors found m the a 1mentary cana . t 

. . . 11 d propnocep ors. 
those found 111 the muscles and JOints are ca e h. t ain or comfort in the alimentarv 

·ct · " f b ut the hunger t irs , P · 
Jnteroceptors prov1 e m,onna 

10
n a 

O . .' · and tension in the muscles of 
canal. Proprioceptors provide information about pams in viscera 
the body. 



SENSE ORGANS 
The sense organs of Uromastix have not · been studied. The following descriptio . 

Lacerta. The external organs of taste are completely lacking in Reptilia. The sense of nt 
18 

()f 
aste · confined to the mouth only. 1s 

1. ·Olfactory organs. The olfactory .organs are n1ore complex than those of Anura. The na 
cavities open at the end of the snout by the external nares and into the cavity of the mouth bsa\ 

pair of slit-like internal nares situated near the middle line of the palate. The external nare 0\l:n~ 
i tno the vestibule through which air passes to the sensory epithelium of the nasal or olfactory cavi~ 

proper. The nasal cavity contains a convoluted turbinal bone over which the mucous membrane 
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lar:ob'l0n ',; 
organ 

bone 

tooth 

t!!fowth of the nasal 
ou e 1. d 

vity. They are me 
ca . h 1· 

a d · of head h • 
n nasal sacs. s owing Jacobson's organ 

vith olfactory ep1t e mm. Each sac opens into th b . 

\ . I 
e uccal cavity b 

front of the mterna nare. 
Y a narrow duct a little in 

2. Jacobson's organs. The organ of Jacobson · • 

. . I . ts mnervated by b h 

and the tngemma nerves. This sense organ is important . . ranc es of the olfactory 

. . . . m most hzards and sn k d . 

scent particles mtroduced mto 1t by the tongue tips Th a es an appreciates 

. h . ese organs serve to smell th fi d h 

it has been taken mto t e buccal cavity. In some reptiles th 1 . . ~. 00 w en 

· d I · b ' ey P ay a part m act1v1 t1es such as 

trailmg prey an ocatmg mem ers of the opposite sex Paired ducts . . 

. 
· commurucate with the buccal 

cavity, probably enablmg the ol fac tory appreciation of substances held in the mouth. 

3. Eyes. ~~e eyes of Uromastix exhibit some advancement over those of the amphibians 

I 
due to the trans1t10n from water to land. Although both the eyelids are movable but the lower 

eyelid is more movable in comparison to the upper eyelid. The eyelids close the eyes to protect 

them from the dust, heat and rain . There is a third eyelid, the nictitating membrane, in the 

anterior comer of the eye which develops and lies folded beneath the lower eyelid. It is really a 

double fold of conjunctiva and is not homologous with that of the frog. The nictitating membrane 

can be drawn rapidly over the moist cornea and, thus, it protects and cleans the eye .. There are 

glands which keep the eyelids and cornea moist and clean. The Harderian glaod lying ?n the 

anterior side of the eyeball lubricates the nictitating membrane, and the lacrymal g_laod lymg on 

the_posterior side of the eyelid keeps the eye moist and clean. The tears (water flmd) are passed 

from the eye into the nose through a lacrymal duct. 
. 

T 
. hr I . ers viz., (i) the outer fibrous tumc or 

he eye of Uromastix consists of the usual t ee ay ' . 

sclerof ( ") . 'd d ( .. ·) the inner retma. 

tc, 11 the middle uvea or choro1 an lll · h b ll and maintains its . 

( r1 F' 
fib tunic protects t e eye a 

fi ,, tbrous tunic. The thick and tough ro~s . . . an anterior small , transparent 

orrn. Th fib . . . . . d . tw distinct regions . . ' . ll d 

a d e rous tunic 1s d1stmgmshe mto O . 1 
. aque cartilaginous portion ca e 

a expo d . d stenor a1ge, op . . 

th se portion called the cornea an a po '. rtion of the sclerotic, the cornea is, 

e scJerotj 1 . . . A II anterior po . d b 

how c ymg hidden in the orbit. sma . f th eye. The cornea is supporte Y a 

ri ever, visible and is commonly called the white o e d the iris. The cornea is curved 

ng of I 
. I resent aroun 

and e even small sclerotic bones, or oss1c es, p t pithelial layer is fused to the outer 

r
f surr: Provides the main refracting surface. A thin transhparen ni:mctiva is continued over the inner 

ace of th . tiva T e co 'J 

surfacf' ""•Le co~e_a. It is known as conJunc · 
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(ii) Uvea. Uvea is difTerenti~t~d it~to upper eye-lid 

three regions : (a) A greater part of 1t 1s thm; ----✓. . d d 1. • I sclerotic vascular and p1gmente an 1es m c ose osslcle 
contact with the sclerotic. It is called the clllary -==:::::::---~ 
choroid. It serves to darken the eye. (b) At body 

. l Iris the junction of the sclerotic and comea, tM - =:::::::--~~~ _c_.fi,~W6t~~ -----t'.I ) 
uvea fonns a thick ting which constitutes pupll --Hll--
a part of the ciUary body. (c) .Just in front_ conjunctlv 
of the cavity of the eye, fon11ing a part of 

· · · · ti i i The iris cornea the circular pa111t1011 1s · 1e r s. . 
b rtu aqueous is perforated at the centre Y an ape re, chamber- ~ --.:~illt 

the pupil The iris possesses circular and 
h suspensory radial muscles to reduce and enlarge t e ligament 

pupil respectively. The iris contains pig- .. . . . . h · t' c1hary ment cells. whtch impart 1t its c aractens 1c muscles 
light-orange colour. lower eye-lid 

~y 

ora •~ ""rra~ 
(iii) Retina. Retina lies inside the entire 

uvea and is differentiated into three distinct Fig. 21.33. Uromastix. V.S. of eye_ 
regions: (a) Its portion lying in contact 
with the choroid is thick and sensitive and is called the optical part of retina. It conti 
cones than rods, th~s, there ~s a goo~ daylight vision and probably good colour percept:~:.~'.e 
condition is found m most hzards (dmrnal types) and many turtles. The double cones of 18 

and lizards may serve to detect polarized light (Underwood, 1970). This portion is pr tut nles . . . o ected from excessive exposure to l~ght by y~l!ow dro~l~ts found over this port10~. (b) Remaining retina 
is thin and non-sensory. It Imes the ms and c1hary body. The part formmg the ciliary bod . 
known as the ciliary ~art. a~d that to the i_ris as the iridial part. The junction of the optical~~~ 
ciliary parts of the retma 1s rrregular and 1s called ora serrata. 

The lens is a biconvex, transparent body lying immediately behind the iris. It is more 
convex behind than in front. A ring of soft tissue, the annular pad, surrounds the circumference 
of the lens. The lens is suspended and held in position by radially arranged fibres which arise 
from the ciliary body and are attached to the annular pad and form the suspensory ligament. 
The suspensory ligament is formed of ciliary muscles and ciliary processes. The lens and i~ 
suspensory ligament divide the cavity of the eye into two unequal compartments, viz., the anterior 
small aqueous chamber and the posterior large vitreous chamber. The aqueous chamber is 
further divided by iris into anterior and posterior parts containing a clear watery fluid, the aqueous 
humour, and are continuous through the pupil. The aqueous humour keeps the eyeball taut or 
stretehed for distinct vision. 

The optic nerve arises from the inner surface of the retina and joins the brain after piercing 
through all the three eye-coats at the back of the eyeball. The point of origin of optic nerve 
is called the blind spot. No image is fonned at this point. A small part of the retina opposite 
the centre of the lens is the place of the most distinct vision. It is called the area centralis or 
yellow spot. A peculiar pigmented, blackish brown, highly vascular, cushion-like rod, the c~nus 
papiUaris, projects into the vitreous humour from the blind spot. Probably it provides nutntton, 
like the pecten of birds. 

Accommodation for near vision is usually produced by the striated ciliary muscles, so arran:ee: 
that they cause the ciliary process to squeeze the lens, making its anterior surface more roun 

1 · terna Ear. The ear of Uromastix consists of two principal parts : the middle ear and the ID 
ear. External ear is absent. 
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pe s. 
~ ear. The middle ear compri ses a n u ir- f'tll e d c a v it y c all e d the ty mpa n lc c av ih' Ir 1

" 

J\'l• tema\\y b y the tympanum and intc rn nll y hy the auditory c0p~ule r he rympa n u~ liec, 
bounded ex ·aws sunk a littl e b e low the surfncc . From the lo wer pMt <,f the tympan ,c c a vity '1 

behind the J e 'the Eustachian tube. cxtcnth'I dow n ward ~ a nd in ward <4 t <J ope n mtr, the P0 •H P Tl r , r 
w passag , 

nart"0 f the phary n x . 
part O 

d r rod-like e ar tympanlc columella anterior vertical ductus endolymph3ti('....U~ ;2~~~:~~!:;~,; cavlfy au,ls samlcl,cula- =:::~?§: 
olume lla auns ·.,.· ::· · : . · . ho riz ontal 

;~i:i:e\,:;:;; b~:; r.;~·',c'-'-L.(.J_""'/ /f/j' ,,§~i[(f,:,, · ·,:,. -::;:;:::;:.:..,": 
P · f"tting into : .·,s;":./ , ·, : .,,,;, .. ,,-,;, ,; .'· . . ampulla 
st8i

1
::11 1

membrane __,~~- -::.;•-);)!_\{/fJJ.>t : :· · cnsta 
:overed aperture, the ··: -,. ,:-~-::·: : 

fenestra ov~lis,_ and 

the outer cart1lagmous 
d fenestra ovalis 

extrastapes is attache eustachian 
f; f ~~ to the inner sur ace o 

macula lagena 

the tympanum. Fig. 21.34. Uromastix. Ear. 
Internal ear. The internal ear is situated in the auditory capsule. It is a soft, delicate and 

complicated structure known as membranous labyrinth or vestibule. Its upper cylindrical part 
is known as the utriculus and the lower large and rounded sacculus.Three semi-circular ducts (2 
vertical and 1 horizontal) open into the utriculus at both of their ends. The two vertical ducts j oin 
together by their adjacent ends before opening into the utriculus. One end of each semicircular 
duct is enlarged to form an ampulla. The sacculus gives rise to a small lobe, the pars lagena, 
which represents the cochlea of mammalian ear. It is an uncoiled tube and hearing is performed 
by it. Its wall, known as the limbus, is strengthened by a peculiar form of connective tissue. 
The receptor hairs ( organ of Corti) are carried on a basilar membrane and are in contact with a 
tectorial membrane attached to the limbus. Hearing is good in some lizards which also produce 
sounds for communication. Snakes respond mainly to earth-borne vibrations through the quadrate 
attached to the stapes (tympanum is absent in snakes and some lizards also) . A narrow ductus 
endolympbaticus extends dorsally from the saculus and ends in a small blind sac o v er the 
hindbrain. 



we sP_
111

"' nital, alimentary, resp1ratory and circulatory syst -
ine urinoge ems. 

SENSE ORGANS 

The pigeon, like oth_er vertebrates, has receptors or sense organs for touch smell taste sight 

a bearing which are stimulated. by the environment. These sense organs a;e teni:ed ex,temal 

~ tors or exteroceptors. The pigeon possesses following exteroceptors . 
~ 

. . 
1. Tactile organs. _These are ~oorly developed in birds due to feathery covering of the 

ooay. Tactile organs of pigeon remam confined to the b_ill ~nd tongue of pigeon. The cere is a 

ieasitive soft fold of s~m at the base of the upper beak m pigeons, is said to have a stimulating 

effect during love making. The corpuscles of Grandry in the bill of ducks and other birds are 

probably tactile receptors. They are composed of cells with a flattened nerve ending between 

cells. These are comparable to Meissner's corpuscles in mammals. MerkeJ's corpuscles are also 

found in many birds. The corpuscles of Herbst, resembling Pacinian corpuscles of mammals, 

are found in the dermis, are vibration receptors, sensitive to mechanical deformation by rapid 

pressure changes. They are found in great numbers in the beaks of all birds and also in the feather 

follicles, bet\veen tibia and fibula and in the tip of the tongue of woodpecker. Tactile nerves are 

also present at the base of the feathers, especially those of the wings and tail. 

2. Gustatory organs (Chemoreceptors),. Sense of taste and smell are little developed. The 

sense organs of taste, the taste buds, occur in limited number on the dorsal surface of tongue. 

The sense of taste is poorly developed in pigeons. 

3. Olfactory organs. Birds are usually unable to distinguish delicate odours, and on the 

~:ole their sense of smell is very poor, as flying _animals. cannot depend on smell. The nasal 

tty 1s large but the olfactory epithelium is restncted. B1Tds use the nose to test air commg 

from_ the internal nostrils. In kiwis, olfactory sense is well developed. These birds are nocturnal 

and terrestrial. 

olfact Structure of olfactory organs. The nostrils, overhung by cere, lead into the small, paired 

ory sacs or nasal chambers in the base of upper beak. The two chambers are separated 
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an The sense of hearing 1s acute in most h1rds. Its audj 
4. Auditor) organs ~r c .. cti on of equilibrium and hearing. Auditory or tory ll!fk 

organs. the ears. serve their dual fun branous labyrinth and middle e &an~ cl)ri • 

of a fundamental ear, the inter~al car or ~e:e lack external ear. ar or t}- ftiJ>a:., 

cavity, like mammals. But, unlike mamma s y . i. 

b . th oti·c bond membranous labyrinth 

semicircular canal 
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hindbrain 
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tympanum 

external auditory m 
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quadratojugal 
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Fig. 26.41. Pigeon. T.S. head through internal ear. 

Internal ear. The internal ear or membranous labyrinth lies embedded in a dense ivofl

like bone in the side wall of the skull and is surrounded with a perilymph fluid. Membranolli 

labyrinth is filled with a dense fluid , called endolymph. It contains a high concentration oi 

potassium as in mammals, maintained by the activity of a tegmentum vasculosum, which also 

absorbs sodium. It consists of three semicircular canals ( one horizontal, one anterio-vertical 

and one posterio-vertical), relatively small sacculus and utriculus and a short blind tube, ilie 

cochlear duct or lagena. Lagena is larger than in repti les and less developed than in mammali. 

The proximal limbs of anterior and posterior semicircular canals unite to form a crus commune. 

The sacculo-utricular connection is narrow. From the sacculus arises an endolymphatic duel 

which ends in the duramater. 

The cochlear duct, with its surrounding bony labyrinth or cochlear canal, is called cochlea. 
Th h . . . h' a boni 

e coc !ear duct 1s a shghtly curved tube, surrounded by a perilymphatic space wit U1 . uli ; 

tube. In a transverse section, the cochlea shows three chambers : an upper scala vestth d' ,
1 

middle sc~la media and a lower scala tympani. The scala media is the actual cochlear f ~:e 
and contams endolymph, while other two scalae are filled with perilymph. At the apex 0 
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Fig. 26.42. Pigeon. Internal ear 

(membranous labyrinth). 

co duct at its apical end has another set 

0chJear . h . tectorial 

c ditofY hair cells, their airs embedded in membrane 

of all • 1· h . 

I t
. ous cupola termma 1s avmg minute 

~ ageatn . 
ous otoliths. At the trp of the cochlear auditory 

caJcare . 

scala vestibuli 

• tbe fagena . Groups of auditory cells are hair cells 

duct 1s 
called cristae and macula~ .. Those present in :; ~;;in ,:-:,-.,~'yt\7 

the ampullae of th ree semrcrrcular canals are 

called cristae ampullarcs which possess the 

sense of direction and equi li brium. One macula cochlear 

is present in utriculus and one in sacculus. ganglion 

One macula is present in the lagena (tip of 
nerve fibres 

cochlear duct). Macula lagcna is separated 

Reissner's membrane 

ligament 

basilar 
membrane 

scala tympani 

from the other maculae by a long cochlear 

duct. It perceives low frequency sounds. 
Fig. 26.43. Pigeon. Cochlea in T.S. 

Middle ear. A circular external ear opening lies on each side of the head behind the eyes 

L 

' 

11 
concealed beneath auricular fea thers. It leads into a short canal, the external auditory meatus, 

ti al lhe base of which lies a thin. transparent, vibrating septum, called tympanum or ear-drum. 

0 
Th~ ear-drum is followed by the cavity of middle ear or tympanic cavity. From the tympanic 

cavity arises a eustachian tube which unites with its fellow to open by a common aperture in the 

1 
pharynx. The eustachian tube serves to equalise the air pressure on both sides of the tympanum. 

Across the tympanic cavity lies a single rod-like bone, the columella auris, which transmits 

sound waves from tympanum across the tympanic cavity to the fenestra ovalis of the inner ear. 

The outer end of columella auris has three rayed cartilaginous processes called extra columella 

:
0nnected to the inner surface of tympanic membrane, and its inner disc-like bony part, the stapes, 

15 wholly I · · d · d fr h h 'd h 

So . occ uded the fenestra ovalis. Columella auns (stapes) ts enve om t e Y01 arc · 

~ und rs_transmitted from the tympanum by the columella auris (stapes). Extra columella reduce 

lo e amplitude and increase the force of vibrations. There is single middle ear muscle attached 

to COlurnella and tympanum and innervated by facial nerve. Acoustic vibrations are transmitted 

an oval · 
· l 

Window and so around cochlea to a round window, as m mamma s. 
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The equilibratory and auditory parts sclerotic osslcle 
of ear of pigeon ore we ll developed. 
Ability to localise sound in birds is high. 
Owls and other birds probably find their cornea 

prey largely by ears . For the purpose of 
direction-finding they lrnve deve loped Iris--., 
very long cochlens 1md nn nsy111111ctri cn l 
arrangement of enr cnvili cs (Stl'ix) 
or asymmetrical extcrnnl enrs (Asio) . pupil -

Cave birds luwe the power of avoiding 
obstacles by echolocation, Steatornls ( oi I 
bird), Collocalia (swifllet). These birds 
emit clicks. 

5. Visual organs ot eyes. Birds 
depend more on their eyes than on the 
other senses. The eyes are extremely 

aqueous 
humour 

clllary body 

' lero,~ 

Oro111 

vltren.. 
hlJ'¾1 

Pecten 

'\ Opt~ 
fler,1~ 

large. The eyes of hawks and ow~s are Fig. 26.44. Pigeon. Eye in sagittal Secti 

larger than in man. The eyes of pigeon °n 
are well developed and are very large in correlation with an 
aerial life for a precise vision over considerable distances. 

Shape. The eyeball is not spherical, the lens and 
cornea bulge forwards in front of the posterior chamber. 
This form is maintained by a ring of bony sclerotic plates. 
In most birds the whole eye is thus broader than it is deep. 
Eyeball is longer in those birds whose sight is very acute 
and in some eagles and crows it is tubular. 

Eyelids. The eyebrows or eyelashes are absent. There 
occur two inconspicuous eyelids, a slightly movable upper 

cornEc 

eyelid and a more movable and well developed lower eyelid Fig. 26.45. Pigeon. Eye in outer~a. 

which rises upwards to close the eye during the sleep. A showing sclerotic plates, 

semi-transparent third eyelid or nictitating membrane 
occurs as a fold at the anterior angle of the eye. It can be drawn posteriorly over eye with greai 

rapidity. It cleans the eyeball and also protects the eyes from wind and during flight and ~m 

water during swimming in aquatic birds. It also protects the eyes from glare of the sunli~r 

during day in nocturnal birds. -

Glands. The nictitating membrane is lubricated by the oily secretion of a Barderian 

gland occurring in the inner angle of the eye. The tear gland or lacrymal glands are also well 

developed and lie below the outer angle of lower eyelid. Their watery secretion nourishes ilie 

non-vascular cornea, and also keeps it clean. 

The wall of hollow eyeball consists of three usual layers, namely, an outer sclerotic, 3 

middle choroid and an inner retina. 

Sclerotic. The external coat of the eyeball is sclerotic. In the posterior hidden part of 

the eye, it is opaque, white, dense and cartilaginous. In front in the exposed part of the eye. 

it bulges out to form a convex, transparent and horny cornea of connective tissue. The cornea 

is externally covered by a thin, transparent, sensitive and vascular epithelial membrane'. ~he I 

conjunctiva, which is formed by modified epidermis and is continuous with the mucous hIUJl~ 
of the eyelids. Anteriorly, at the junction of cornea and sclerotic coat, the latter is Stteng!bene 

by a ring of 10- 12 small overlapping bony, sclerotic plates or ossicles. 
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jl. c1es t 1e ctrcu ar muscles , . cring Ii 1 ' r, orated h ( • 111 

1
1 ~rp, 

,,~r I ,1111s : f ti .. · I e contract ll· g 11. It C ' y a rn 11 l .trflll', rn 
r1,ool, I 111argtt1 o te II ts, t 1e choroid I' le Pllpil L on1a1n11 in1 r· nc ed :ip\ rt11rr ih , 
11 I era I ·1· I orrns . , Wn!lc 1· rn~,c t rr I . ' 
. ,riP 1 smoot l ct ,ary muse cs. Frurn 'I' , a nng-lik rac ial muc1cl cu ar ,i, 1,J r ,d, ii 
~iioiog od attached to the lens The -~-1 iary body arise c <lllary hody wh·c~ dilate " \1,.nu th,· 

l
~:,"_lfleitts :or Brucke muscles. The Be,_ iaryk muscles a~c's(l~t~iatcd clllary P:~ .. l'l rt rh,ckened fo ld 

PJ 

05
tet . t uc c 

1 
1 v1ded · .. e,,e, or , 

~ P ,
0 

that since the shape of the . nusclc, dr· '"'" Anlcrinr (' "'P<•••ri ~ ber s eye IS n I aws the I rampton m I 
(11a111 • 1d hence, accommodated for ne .. xet by the sci . ens forward ,nrr h U'lc ,, 

,cd at ' t' h ar v1s1on C erotic plat ' I c ::interior 
, 111" At the same ,me t e Crampton · ontractio f eq, the len'l bee 

-ess. d · Th . muscles I n o the i · . ome'l more 
prot . accotnt110 atton. e ctrcular and d' pu I the corn ris sphincter il 'l'lt'l l 'I h 

.- ,1 1tt • • ra tal m I ea reducin . ,ri r 111 

as~1• trol of the autonomic nervous sy t use es of the . . _g its radiu'I and furth 

11
c ,on . s em receivi "' ' and cil ia er 

I oetina, The innermost coat of the b ng sympathetic a d ry mu~cle <i are under 
l' eye all · n parasym th 

, It is transparent, devoid of blood ts a thin, light . . pa et1c fibres 
..i>ttllll• d vessels th· k sens1t1ve nerv 1 

1
• •,iute rods an cones. Pigeon bei'ng d' ' tc and consists f ous ayer cal led 
d nu . , a mrn I b' o nerve fib 

a~1
1 

,solving power and high powers of d' , ~ ird, has largely m res, nerve cells 
h1g l r . f th iscnmmation d ore cones than rods Th 
the great density o , e cones, as many as I million an of movement deteclion d end ~~ 

k Nocturnal bird s retma lS composed m ·1 per square millimetre . th rep 
haw · • . am y or com I t I m e ,ovea of a 

sensitive spots. The retma has two sensitive P e e Y of rods. 

spots or fovea. The. central ~ovea, which lies 

e
ar the centre of retma as a shght depression · D ,IB 

more sensitive and used for lateral or monocular 
vision. The second fovea, the temporal fovea 
lies more towards the outer side of the eye and i~ 
used for forward or binocular vision. The foveae ~sf~~~ +il.i axlS 

have comparatively more cones and give more 
distinct vision. The cones of birds often contain 
carotenoid oil droplets, which are also found in 
frogs, turtles and marsupials. In diurnal birds, 
they are red, yellow, orange or colourless, but in 
nocturnal ones pale yellow or colourless. Colour . . dropl t d . . Ftg. 26.46. Pigeon. Pecten. 

e s may pro uce narrow-band sensitivity 
channels for the mediation of colour discrimination. The lower part of retina contains yellow 

droplets and upper part ( dorso-posterior) contains red droplets. These droplets serve as filters 
a~d increase the colour vision of birds up to great degree. The red may provide finer colour 

discrimination of objects in feeding. 
Lens. The lens is biconvex, soft, pliable, crystalline, colourless, transpare~t and is surro~_ded 

by a fibrous capsule. It remains suspended just behind the iris by suspensory- hg_ameols. 11 d1v1des 
ilie eye cavity into a small anterior aqueous chamber and a large posterior vitreous_ chamber 

The aqueous chamber is filled with a colourless watery fluid, the aqueous humour, while V1treous 

chamber contains a thick colourless, gelatinous vitreous humour. The Jwo humours keep lhe 

eyeball tight or tense and also serve to focus the light rays on the retma. . . . 
p 

I 
igmented vascular fold proJeclmg mlo lhe 

cavity e;ien, Pecten (Fig. 26.46) is a pleated, strong y pit is large and much pleated in predalory 
bird o _the eye from the entrance of the opttc nerve. d is small and smoolh in nocttunal 

s, Which d . t t great distances, an birds 
1 

. etect mmute movemen s a . . ) Except kiwi, all birds have pecten. 
· t 18 also well developed in diurnal birds (pigeon · 
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Functions of pecten. There are many speculations about the function of pecten but 

is known definitely. Probably its main function is to bring oxygen and nourishment to the r;~;rie 
which in birds has no capillary circulation. It helps in accommodation, it is not likely th 'Ila. 
actually assists in focussing, for instance, by ~res~ing forw~rd the ~ens, and _no ~hanges have ~ 
seen in it during accommodation. However, 1t m_1ght poss1blY_ assist by adJu~tmg the intraocu1ar 
pressure, which must be increased by the extensive changes m the lens durmg accommodatioit 

Vision. In pigeon, because the cornea projects outwards and the posterior part is expanded_ 
so the eye is broader than deep. Due to expansion of retina over the broad posterior portion, tfte 
distant objects are sharply focussed on it. Further, though the eyes are lateral in position, there 
is an overlapping of the two visual fields to some extent. This is called binocular vision. It is 
worth noting that there occurs little movement in pigeons' eyes due to ill-development of extrinsic 
eyeball muscles and that is compensated by flexibility of neck which turns the neck very quickly. 

ENDOCRINE GI ANn~ 



SENSE 0RG 
sense organs or receptor or~ 

The ·1 Th gans of r bb· 

. ' , " I \; ll () n () f n · 1 .. ' , I I ' I II 11', I r IC I I, I II ,,up, Pa , · r,,~ympathct f L It /r1rr 

. 0111e deta1 s. e sense organs d t a it are es, . nns . eectth h sentrally · . . 
e~ceP aes in the env1ronment are know ~ c anges in th . s1mllar with that of the fi 
e chatlt? n as stunuu ~ external and inter . rog 

fh Organs of touch - Cutaneous (Sk· ) . The various sens naJ environment) 
1. in receptor. e organs of rabbit are : 

2 Organs of taste - Gustatoreceptors (,., 
. 1ongue) 

3. Organs of smell - Olfactoreceptors (Ol£ 
. actory sacs 

4. Organs of sight - Photoreceptors (Eyes) or nasal chamber) 

5 Organs of hearing and equilibrium _ Stat . 
. . oacoustic receptors (Ears) 

organs of Touch (Skin) 
1· f 1 . The skin o mamma s 1s highly sensitive wh· h . . 

· • IC 1s provided 'th 
Th e receptors are m1croscop1c and are of van·o typ . wi several types of receptors. 

es . us es situated b h h · 
Ptor is concerned with a particular stimulus eneat t e ep1dennis. Each rece • 

1. Free nerve endings. Sense of touch, cold wannth . 
d. Th fi b · ' ·' pressure and pam etc are perceived 

by free nerve en mgs. e ne ranchmg fibres of sensory n 1. . b ' ., . . . erves 1e Just eneath the ep1denrus of 
s~n. These fibres also extend mto the epidermis. 

2. Basket nerve endings. These are concerned with sense of touch. A fine network of branching 
sensory nerve fibres are found arow1d the hair follicle. Sense of touch is perceived by touching the hair. 

3. Encapsulated nerve endings. These are in the form of capsules, e.g., Meissner's and 
Pacinian capsules. Meissner's capsules are found just beneath the epidennis. There are fonned 
of a naked axon surrounded by a sheath of connective tissue capsule. These are sensitive to touch. 
Pacinian capsules are found in dem1is and several internal organs. Each capsule is formed of a core 
of single axon ending in an ovoid bulb, which is surrounded by a sheath of connective tissue. These 
detect pressure. 

4. Neuromuscular bundles or spindles. These are found inside the body, i.e., in skeletal 
muscles, tendons and joints. These are called kinaesthetic receptors .and_apprise the central nervous 
system about the degree of muscle tension. It is fonned of nerve endmg m bulb or end organ, called 
the neuromuscular bundle or neuromuscular spindle. 
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., r ' . ,BASKET 

FREE NERVE NERVE ENDING ENDINGS 

axon---,,.. , 
rnyelin 
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CORPUSCLE tissue sheath 
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encapsulating 
connective tissue 

nerve fibres muscle fibres 

NEUROMUSCLE 
SPINDLE 

--- myelin sheath 
!-'--- axon 

ENO BULB OF KRAUSE 
fig. 29.57. Rabbit. Various types of cutaneous receptors . 

2. Organs of Taste (Gustatoreceptors) 
These are the taste-buds found on the tongue papilla and on the soft palate (roof of the buccal cavity). The taste bud is barrel-shaped and made of two kinds of cells, the neurosensory cells (gustatory cells) and supporting cells. The gustatory cells are elongated, spindle-shaped and provided with sensory hairs projecting in a depression between tongue-papillae called taste-pore. The inner ends of neurosensory cells are supplied by the nerve fibres from Vll and IX cranial nerves. These cells are stimulated by the substances dissolved in the mucous and saliva and the 

sensation of bitter, sweet, salty, sour, etc., finally reaches to the brain. 
3. Organs of Smell (Olfactoreceptors) 

The nasal passage is provided with scroll-like turbinal bones, known as ethmoturbinals, maxilloturbinals and nasoturbinals on the basis of their origin. These turbinals and roof of nasal 
chambers are covered over with olfactory epithelium or Schneiderian epithelium. The olfactory 
organs have spindle-shaped olfactory cells, mucous cells and columnar supporting cells. The 
olfactory cells externally bear several delicate olfactory hairs and their inner ends are connected 
with nerve fibres which enter the olfactory lobes of the brain. The mucous cells produce mucus 
which keeps back particles of dust and it also dissolvs odoriferous substances which are in gas 
form and stimulate the neurosensory cells or olfactory cells. The sense of smell is well develo~ed 
in rabbits. The rabbit in embryonic condition bears Jacobson's organ in the roof of buccal cavity, 
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o a • c spect of 
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9-58- Rabbit. A - V. S. of upper surface of ton u . B 

M· 2 single taste bud in V.S . 
9 e showing four types of papillae: 8 _ A 

The epithelium of ethmoturbinals actually co t· 

. . f ·11 . ns itutes the olfa t . . 

ll The epithelium o maxi oturbmal moistens a d ~ ory reg10n which is sensory to 

sme · · 1 · f · n warms the a1 · 

ry The ep1the mm o nasoturbmals has no oV t r on its way to lungs and is oot 

5enso · 
iac ory cells. 

Each nasal passage has an ovoid sensory pad h . . 

d · 
avmg mmute papill d · 

are tactile and serve as 1stance receptors for testing air. ae an ndges. These pads 

4, organs of Sight or Eyes 

The eyeballs are spherical photoreceptor organs ·tu d . 

f 
' si ate one on either sid f th b d · 

orbits. The eyes o mammals are similar in their structures. e O e ea m the 
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to olfactory 
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bPremaxilla 
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organ 

~~~- nasopalatine 
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mucous 
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- • . r;.,~ - ~ 

. ·. • · ,~ ,\:: .. :.;,.;I- muscles 

- ·#~ - -- -- - ..,;. __ 

A 
F' ,g. 29-59 R . 

· abb,t. A - Snout in V. S. through nasal chambers and Jacobson's organs; 
8 

8 - Olfactory epithelium with mucous glands in section. 

extern~iternal structure. The eyeball is spherical and hollow. Its about one-fifth part is visible 

With six { and the remaining part remains hidden within the body orbit. Each eyeball is provided 

lllusctes ets of muscles which move the eyeball in the orbit. Out of the six sets, four sets are rectus 

¾d ~~ 

. . 

on th sets are oblique muscles. These muscles are attached on one side with the eyeball 

IVeII Protee 0ther side with the orbit. The exposed part of the eyeball is known as cornea which is 

cted by two movable eyelids the upper and lower. Both the eyelids are provided with stiff 
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01)1 hairs or eyelashes on their margins. These eyelashes 

protect the eyes from dust pRrticles, ruin water and 
sweat, etc. A transparent nlctltatln~ membrane, the 
third eyelid is present in inner rnrner of the eye and 
can ~over the whok cornea in ruhbil. Its function is to 
c\ean and protect the eye from dust particles. In human 
beings it is rudimentary in the form of pink mass. 

Glands. There arc three types of glands in each 
eye : Meibomian, Hardcrian and lacrimal. 

M.eibomian glands are sebaceous glands placed 
in both the eyelids beneath the conjunctiva and open on 
the free edges of eyelids. They secrete an oily secretion 
for lubricating the eyelids. The Harderian glands are 
situated at the inner side below the lower ·eyelids and 
open in cmmection with nictitating membrane at the 

cornea superior ~ 
"- r t infer·1or "- ec us muscle Ob11 

rtlt1sc1!l q~~ 

inner angle, whose secretion keeps the conjunctiva Fig. 29.60. Rabbit The extra ·• 
moist. The lacrimal gland has several openings on the of eye·. ocular rnuSci':\ 
conjunctiva\ surface below the upper eyelid, towards 
the outer side of eye. These glands secrete a saline watery fluid, the tears on the s ...: . . . , U11ace of h eye ( conJunctlva). It keeps the eye moist, soft, clean and free from bacteria The ex I e . · cess of tear, accumulate towards the inner comer of eye and are dramed by a naso-lacrimal duct int h 1 

chamber. Harderian glands are absent in primates. 0 
t e 0asai 

Internal structure. The internal structures of the eyeball can be well explained with th 
of its vertical section as shown in the diagram. Its wall consists of three coats : an outer sci e he.Ip 'ddl h 'd d · · erotic m1 e c or01 an mner retma. · 

(i) Sclerotic. The sclerotic is a tough layer of thick, white and opaque dense fibrous connec. , 
tissue. The sclerotic layer maintains the form of the eyeball and covers the greater part of it. ~: 
front exposed part of sclerotic layer is transparent through which light enters, and bulged a little 
to form the cornea. The cornea 
is covered by a thin delicate, 
transparent, epithelial layer, the 
conjunctiva. The conjunctiva 
is continuous with the 
epidermis lining the eyelids. It 
contains blood capillaries and 
free nerve endings. 

(ii) Choroid. The choroid 
is the middle layer formed of 
loose, pigmented and highly 
vascular connective tissue. 
This layer helps in darking 
the cavity of the eyeball to 
check the internal reflection of 
the light. Its blood capillaries 
provide nourishment to the 
retina. The choroid is found 
beneath the posterior part of 
sclera. In front at the junction 

ciliary body cil iary muscles 

upper eyelid \ 

cornea 

conjunctiva 

pupil 

aqueous 

chamber / 

lower eyelid 
Meibomian gland 

suspensory ligament 

vitreous chamber 

Fig. 29.61. Rabbit. Diagrammatic V.S. of eyeball. 
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fiP8 . rid cornea the choroid swell uc a . .d d sand bend . clero d which is provt e with cili s mward . 621 of' ~• Y ary mus I s into th . ;,r'i b"'" secrete aqueous humour. In . c es which . e ca vi t Y or the e ''.cold'· 'for at the corneal margin the cho~ont _of ciliary ho~ro.1eet into vascula /,~;tl[orming the 

y 
' 

ol e corOea b•'°ber of eye) from the com oltd ts conlinued y, the choroid hcco ary proce4141<'41 
1

1 

·ore • ti ea. nth· U
8 1rl~ h' meqsepArnte f ,,1,r• th" eye- It is per orated by a circular. " region its i . ' w ,_ch i, , eparM~d h rom 

C

(oJolJl' t':,uscle fibres : rad1atmg fibres for dt'I at~erturc, the pupp lglmlcnthat1on give'! the ch1licAI '!~ace tb .,. f h · 

1 
• a ton d . • n t e i · ' • er.,," ,~oo pe diatfleter o t e pupt ts controlled by th an circular fibre I " ' are present two sets of \II"'' t c contraction and '1, or ~ontraction of the pup l . . . . . re axat,on of th , . 

jrtS· s Just behtnd the ins is a solid b' e muscleq 0 f the vn · tconvex I 

t1

trica11Y arranged transparent fibres L ens enclosed in a I 

f 0

oce 

1

. · ens caps 1 . ens capsule L • ~ o c d bY the suspensory 1gaments attach d u e ts thin trans · ens 1s ,ormed 

P

ort• e with ti T ' parent and elast' L · 
sllP ("" fletina, Tbe retina is the innenno t ie c, tary bodies. · ,c. ens " ,11, 1 . s transparent I . eoted and close y apphed with the chor 'd . ayer of the eyeball wh 
. p<l!'1' . . . ot and the i ose outer layer 
1s rbe nervous layer 1s provided with an oute 1 nner nervous layer wh • h . 
1

8

yer- . d 

1 

. r ayer of rods d ,c os sensory I\S fb< outer p1grnente ayer ts of simple cuboidal I an cones which are photoreceptor ce . simple cuboidal epithelium in the pars iridic (bor co u. mnar epithelium. The inner layer is 

8

1s0 a . . d . a eneath the · · ) d • egion of c1har)' bo y). Retma beneath the iris is al . ms an m the pars ciliaris (in ,he\ve and relative ly simple in structure. Only the sotpi~ented. This part of retina is not light sen" . . pos enor part of reti ( • • -siti« and highly complex, contaming light-sensitive el t d . na pars optica) 1s light 
sen d d emen s an nerve cells and fib L · h 
,,;riv• elements arc ro s an cones. Their inner ends connect •th 

11 
b' res. ig t-

se . h 

I 

wi sma 1polar nerve cells which • . · e gang ,on ce s anse fibres all of . rum connect wit arge nerve cells (ganglion cells) from th 
1
-

11 
. wbich con verge on a s ma II_ c trcul ar area, towards nasal side of the posterior pole of eyeball,' called 

optic disc, and here they pie rce the coats of eyeball to become optic nerve. The rods are more seris it_ive to low intensity of light and contain a pigment rbodopsin. They are suitable for dark (night v1s10n). The cones are sensitive to high intensity light and more suited for day vision. They produce a sh• rp image. Cones are also sensitive to light of relatively narrow frequency bands . Thus, they are associated with recognition of colours, which is only found in 

~~-
. 

Rods are more to wards the periphery, while cones are more concentrated towards the centre-The site where all the nerve fibres converge and unite to form the optic nerve and then leave the eye is called the blind spot. It is without any photoreceptor cells and, therefore, does not produce 

any impression. Just above the 
blind spot in the re tina in line 
with the optical axis is a s light, 
oval, depression called yeUoW 
spot or area centralis . 1"fogbe 
(!957), however has described 
that yellow spot i~ not found in the 
~yes of rabbit. The oval depression 
in the area centralis called fovea , 
~s. ·the region for 'most distinct 

iris 
ciliary muscle 

contracted 

ciliary bodY 

1s1on H d onl · ere rods are absent an 
Y cones are present. 

Ch 
thick•' lens tor 

of th ambers. The cavity thinner tens tor near objects an,,/ eyeball is divided into an distant objects . accommodation by ,~or ."_nd a posterior chamber _ changes in curvature oflens dunnQ 
ligam e ms, lens and suspensor)' ft9· 29-

62
· . mammalian eye. 

ents. The anterior chamber in 
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\ and cornea is the small aqueous chamber filled with a wat a . 'Y t een ens b 1· b I ery nu1d th be w Tl e posterior cham er tes etween ens and retina is large call d i , e aq 
humo~r. 

1 
chamber is filled with a gelatinous fluid , the vltreou~ hu~oure T~ treous cba~'0u, 

!he vi~ee~u~y the ciliary body a~1d ~arr~ed through canal of Schlemm at ·the~ aqueo11s hti ~r 
1s se~iet S con1ea and tens and mamtams mtraocular pressure. The disease glauco as~ of Cori,:niir 
nounshe of intraocular pressure. It damages the retina. ma is resuJtc/ 11 to imbalance dt1c 

working of the Eye 
formation. The cornea, aqueous humour, lens and vitreous bod Image 

1 . 1 1• • 1• · Y together . . apparatus. w ltC 1 ocuses an image o external objects on the t· " constit the d1opt11e fl' I I . h b re ina Th . litr . . by which amount o 1g 1t w 11c enters can e regulated. The eye w k · e 1r i~ 1 d,apht~m . ·aphic camera. The light rays reflected from an object arc refracted ~r t~ exactly like t~-i 
ofa P '0 tlo ge,n focussed by the lens on retina, so that a sharp, inverted image is ri edcornea and / rays are ' d b h b ' d h 1 . . . rme . The . nr; . . 1 . age is interprete y t e ram an t e rea sensation of sight arises and h . 1nverte.1 1 etma nn . H . h • d . 1 . . t e ani ·1 the object in an upnght way . . o~ever, t e ~nve_rte retina image 1s never reinverted by th; a1 ~ 

Tl type of vision which 1s found m htgher mammals is called binocul ( . bra,n i1e fi Id f . . f h ar stere . . 1 such a vision the e s o v1s1on o t e two eyes overlap or even co· .d 0scopicJ v1s1on. n b' mc1 e each 
d hence two images of the same o 1ect are not seen. Thus, both the eyes can se . other an , , h . 1 t' h d' e a single b' in three dimensions, and ~ e alnl tmd ba. can els im_a~e t e istance also. This type of vision in o h1ec: distance is also estimated 1s ca e mocu ar v1s10n. w Jen 

But in the lower mammals like rabbit, both the eyes have divergent axes of vis· b 
fields of vision do not overlap each other. Therefore, the rabbit can see all around bion_t ecause the 

fi ld f · · S h f · · · Y I s two ey each eye covers a different e o v1s1on. uc type o v1s1on 1s called monocular vision. e1. 
Accommodation or focussing. The power of accommodation is well exhib't d b · . d . d' 1 e Y the eyes of rabbit for the ~bJe~ts s1tudatet ~t vanfous . 1stahncesb. _In oth~r words, it can be said that the 

power of acc_o~odation 1s an a ap at10~ o seemg t e_ o 1ects situated at various distances. The 
accommodation 1s brought about by changing the convexity of the lens because the distance b ., · d h bl Th h · · elween lens and retina 1s fixed an unc angea e. us, c ange m convexity of lens is essential ~o h 

h 
. r te formation of distinct images on t e retma. 

In normal condition when the eyes are at rest, the lens is kept flattened by the suspensor. 
ligaments and, thus, it is adjusted for seeing distant objects. It is due to relaxed condition ofth; 
circular muscles of ciliary body. The diameter of the ciliary body is also much increased due ro 
outward pressure of the fluid of eyeball. It, thus, increases the tension of the suspensory ligamm 
which pulls the lens capsule making the lens thinner or flattened. 

When objects from near is to be viewed, then the ciliary muscles contract, thus, reducing the 
diameter of the ciliary body. Suspensory ligaments also become relaxed due to lessening of tension 
over them. Thus, the lens becomes thicker and more convex. The cornea also arches outwards. Thus. 
the focal length of the lens is reduced and a clear image of the near object is formed on the retina. 

Chemistry of vision. The rods in rabbit (mammal) contain rhodopsin (visual purple). in 
light it breaks up into retinene and opsin (a protein). This photochemical reaction releases ~n~~1 

that stimulates neurons causing them to send an impulse to the brain through optic nerve. The unagc 
formed on retina is inverted but the animal sees the object upright. Later the retinene and odp.sin . . . . . nt lS ro ~ 111 reJom with the help of ATP to form the retinene. Maximum amount of rhodopsm is prese ·hort 
dim light. In bright light, the level of rhodopsin in rods is reduced not immediately b~t afte~ a ~nic) 
while. This is the reason that a person when comes out from the dark into the day hg~t, e\hik• 

l.k blind ior a, dazzled and when he enters from day light into a dark room, he becomes 1 e a 
This is all due to amount of rhodopsin increase and decrease in rods. d· i liQl1t 

. . 1· ht. In HI • / The cones contain iodopsin pigment which is stimulated only dunng bnght ig 
one cannot see the colours, they are only distinguishable in bright light. 
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. . ea passing through ear region. s. organs of Hearing or Ears 
The ears are stato-acoustic organs of rabbit perform· th fu . . · • ' mg e nction of bearmg and 

equilibrium or the ears are sensitive to the frequencies of sound wa d h . . 
. 

· ves an to c anges m relatton 
lO gravity. 

Toe mammalian ear has three parts, an external, a middle and an internal. The internal ear transforms.these sound vibrations into nerve impulses which are communicated to the brain throuoh 
0 

VITI cranial nerve. 
1. External ear. Generally in all mammals a large external ear or pinna or auricle is found which is movable in most animals. It is a skin covered elastic cartilaginous projection from the lateral sides of head. The pinna is a wide-mouthed funnel usually hammer-like malleus capable of being moved or turned in different directions by its muscles. The opening of the funnel-shaped pinna leads into a tubular passage, called the external auditory meatus. It ends into a cone-shaped membrane, called the ~'mpanum or ear drum. The walls of auditory meatus are covered by skin containing hairs, oil glands and wax 

stapes glaods. The hairs oi l and wax protect the ear drum from \ the harm caused due to dust and small insects. The odou~ of the wax inhibits the insects to enter the canal. The function of the external ear is to collect the sound vibrations and to de:ect the direction of sound vibrations and send them to ltl1dd\e ear. 

2 h • 
. h ty npanic cavity Wh' · auddle ear. The middle ear is t e 1 d 1ch st 

or ear rum. It i arts from the tympanic membrane . bone . 29 64 Rabb.,t. Ear ossicles. 
8 an ai fill d · the tympanic · F the r- ed cavity enclose m d 'brations 19· · · ear dru . . t f soun v1 m is exposed to the 1mpac 0 

l 
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d . 1 the sound in air. The 1ympanic 
caused uc O d · 1.111 the pharynx by a tubular 

·ty ·s connectc w ft cav1 ,. E tachlan canal (named a er age the us . . I· . pass . E stachio) for equahsmg t 1e air 
B rtolommeo 11 

• · Tl a b ti the sides of the car drnm. ,e 
pre. ssu~ on ?t 1 is closed intcmally hy a wall 
tympanic cav1 Y L • • I . dows opening 11110 the 111tcrna which has two wm · t II the upper ovn I frn('s ra ova s ear These are t d Tl d the lower rounded fencstra ro . un a. 1c 
an 

1
. 'ddle car is drnrnctcnscd by the mamma ian mi . ·h of a chain of three tmy bones, t e ear-presence • · embrane ossicles. extending from the tympamc ~11 

to the fenestra ovalis. These ear-osstcles fro_ltl 

Chordate l 
<>(),~ 

anterior vertical paste . 9', 
semicircular canal semict'0 r

1
vertica1 / rcu ar cana1 

' '·<~ 

·.· •: 

ampull••/·' '. ·. 
utriculus 

•' 

sacculus outside are hammer-shaped malleus, anvtl
shaped incus and stirrup-~haped st8P~S. These 
bones represent the articular, quadtate and cochlea --~ 
hyomandibular bones of other v~rteb~ates. The 
ear-ossicles take up the sound vibrations from 
the tympanic membrane and convey them to the 

liganient 

internal ear. Fig. 29.65. ~abbit. L~ft membranous labyri th 
3. Internal ear. The internal ear is a well- in outer view. n 

developed and complicated structure, called the membranous ~abyrinth. It is enclosed in a bon 
auditory capsule of the same shape as the membranous labynnth, formed by the perioti b Y 

b 1 b · h • . c one The space between the bo~y capsule_ a~d thhe memb ranou\ ab Y:1nht 1s
1
fi
1 

lled with a liquid, called perilympb. A similar fluid 1s found w1thm t e mem ranous a ynnt , ca ed the endolympb hav· 
tiny calcareous particles, the otoliths. The ing 
membranous labyrinth is formed of a larger 
dorsal utriculus and a smaller ventral sacculus 
forming the body proper, and semicircular 
canals and cochlea. 

(1) Utriculus and sacculus. The 
utriculus and sacculus are connected together 
by a small duct, called sacculo-utricular 
canal. A small, narrow endolymphatic duct 
arises from the sacculus whjch ends blindly 
against the cranium into an endolymphatic sac. 
From the sacculus arises a spirally coiled tube 
called cochlear duct or lagena, which is well 
developed in rabbit and other mammals. Both 
the utriculus and sacculus have a special group 
of sensory cells called the macula. These cells 
bear five projecting hairs which are embedded 
in jelly containing otoli ths. Macula of utric ulus 
and salcculus are called macula utriculi 
and macula sacculi respectively. The bony 
labyrinth around the utriculus and sacculus is 
called the vestibule. 

' ii\i*',i;if)0iii'';,;;;;', :,;.;,,,;';;;_::, .;,,,ij:0:\;;;;, ' 
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Fig. 29.66. Rabbit. T.S of cochlea. 

Semicircular canals. Three semicircular canals connect at both the ends with utriculus. These 
are external, anterior and posterior semicircular canals situated at right angles to each 0ther. 

h 
. d . . . l ' h . ·gin froOl T e antenor an postenor sem1c1rcu ar canals arise from a common canal, after t eir on d 

utriculus are called crus commune. Each semicircular canal has a swollen ampulla at its lower en · 

◄ 
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~,9~ ·og to the cochlea. a, canals n~ to eur ct · . ing no ot 1· by ~cn~or h . 

PJyl , Utr1 , I IV1d . 0 1ths Y a,r c 11 
sllP (·•,'\ cochlea. The spirally . cu tts and es into tw · · (' , 

tiff l d . h' co1lect saccL I o bran h 
I S

is enc ose wit tn the s1·01 ·1 Watch s . , us and , c f' ~. ve, tlh I 
ell ti · 1 arJ . Pttng 1· '' co h II ar 

sac h r constitute the cochlea. 1t . h y spirally . - tkc coct I c le11r hr anch 
get e . I is t e or coiled I e11r d 

ro ctive ussue. n cross section th gan of he• . cochlear uct or la 
one h h e cochl ar1ng Th can•11 f ~ena ar' . 

co Jlledia is t e coc lear duct ar' . ea show h · us the ' 0 the Peri, t' iq,ng from 
9la f Ising fr s t tee h , cochle . l ic hone h 

sc. dlY at the apex o spiral or cochle T on, the saccuJ c atnbers o a is a bony tube 1· , w ic.h 
bhdll scala tympani respectively. Th a. he upper and lous anct is filled :tthanals: Middle ch1;rnerbl with 
aJ1 B h ese are Wer ca I endol er or 
vith perilymph. . ot the canals are Ion itu ~arts of bony lab :~ s of the cochle:;Ph. It terminateq 
i mrnunicate with each other at the ti g f dinally separated ii inth or cochlear e scala vestihul i 
co I vestibuli and scala tympani p o spiral by a srnall rotn each other by can~I and are filled 
5ca a . openi a spiral lam· b 

rnunicate basally with the tectorial me b ng, called the her ina ut 
com . m rane tu . •cotrema. The 
~ estra ovalts and fenestra nne1 sensory ha· 
1en . - -- 1r-ce11s H , 
rotunda respectively. 7J./-/._. --===-'-1- ensen s cells 

the sc:: m:~::h~~:;s a:~~e i: ( 
~,~.:~~\~:r ~:;:;!::~raa:ed / 
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Basillar membrane is formed ~ 

of tightly stretched transverse 
connecti ve ti ssue Abres. It cochlear nerve pillar cells basilar membrane 
contains a series or sensory 

receptor hair cl'll s and long Fig. 29.67. Rabbit. Organ of Corti. 

Deiter's cells 

co lumnar supporting cc I ls. l lair ce ll s are basally connected with the nerve fibres of cochlearnerve 

of auditory nerve . lh er the hair ce lls touching the hairs is found a thin, gelatinous, ribbon-shaped 

sheet of connect i, c ti ssue , ca l led the tectorial membrane. Both of these are collectively called the 

organ of Corti 

external ear ear oss,cles 
lobe or pinna ,,- - ---. 

hairs of receptor cells 
middle ear cavity periotic bone or bony labyrinlh of organ of Corti 
or tympanic cavity scala vestibuli (perilymph) 
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626 Chordate l 
Working of ear. Ear pcrfonlls two functiohs : hearing and equilibriu T 

001
1j9y ! ' 

1 b . I . 'bl · m. he co hi sacculus of the membranous R ynnt l 1s rcspons1 e for hearing, while macu li f c ear d 
and cristae of semicircular cr1na ls help in cqulllbrlum. 

0 
sacculus, ut/c11

11 1Ctii) 

(i) Hearing. The sound waves arc collected by the movable pinna wh · ·h 
11 

. . ... d , I . . . ic travel th 
extenrnl auditory mcatus an cause t 1e ea, drum to vibrate. The vibration rough 

. ~ • l 'ddl d . . . s are then t - th~ 
tltrough the car-osstc les ot t 1e 1111 e ear an fenestra oval ts into the pen lymph ·f . ransniu 

f c. 1 · . o intern I ,~1 
vibrations of the membrane o 1enestra ova ts cause alternate increase and deer . a ear. 11 

· · b 1 · I · h · · d ease in th n~ 
O
f the petilymph ot scala vestt u 1 w 11c ts transmttte to the scala tympani th e Pre~~u , . . rough he] . r~ 

and escape tiu·ough the fenestra rotunda back mto the middle ear. The membrane f fi 1cotren, 
· h 'ddl h · 0 enestra a 

due to the pressure bulges out •~to t e 1111 e ear. T u~, 1t acts as a pressure-relief valve. rotun~ 

The vibrations of the pen lymph of scala tympan t and scala vestibuli cause end 1 
scala media and basilar membrane to vibrate. These vibrations cause the tectorial me 

0

6Ytnph 0fthe 
d . b h h h · m rane flo · in the endolymph of scala me ta to rus t e sensory airs of organ of Corti. Finally th . ating 

hair cells of the organ of Corti sends a message through nerve impulses which are carriel ~tirnulated 
cranial nerve to the brain. Such impulses are interpreted as sound by the brain. y the vu, 

Equilibrium. The sensory patches of the ampulla of semicircular canals called . . . . . cnstae and 
utriculus and_ sacculus ~~e ~alled ~acul~e are responsible ~or mamtammg_equilibrium of the bodv 
Any chanoe m the eqmhbnum (onentat10n) of the body stimulates the hau cells of the cn·st ·· 

o . . . ae and 
maculae due to movement ·m endolymph and otohths m them. Maculae respond to the chan . 

Wh · 1 h · d h h · ge m the posture of bead and body. 1 e t e cnstae respon to t e c anges m the direction or rotational 
m ovements of head. Cristae lack otoliths. 

URINOGENITAL SYSTEM 
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