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The integument or the skin forms the external protective
Wvering of an animal (vertebrate). It is continuous with 'the
Mucous membrane lining the mouth, rectum, nostrils, eyelids,
ind the opening of urinogenital ducts. Conjunctiva of eyeball
™d outer surface of eardrum is also skin. The skin comes
" contact with the environment, terrestrial or aquatic, and
Vinfluences the character of the skin. The evolution of the
"rtcbrate integument is correlated with the transition of
"ebrates from an aquatic to a terrestrial environment.

Structure of skin. The vertebrate skin differs fr?m thflt of
ertebrates in having two layers, an outer epidermis derived
from the ectoderm, an and inner dermis or corium forr’rll;i
rr:m‘ the mesenchyme of the dermatomc‘S (mesodgnn)- ;

- 4ive amount of the two layers varies with the environment.

iy |+ Epidermis, The cpidermis is made of stratifcs
pltheli“m (several layers of columnar epithelial ce s).
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R \ i intercellular bridges found on the surfaca ¢
These cell§ are held together ;ghﬂi{i et;);l ix;uiztt;ee l;:irtum Malplghti or stratum germinativu::
cells. The innermost layer of t er:lfrane- The cells divide constantly to produce new cells. Thege
placethover a thin Saeelel (Iin teo become flattened and their protoplasm becomes homy:, this ig ‘
cells move 1.1p}var.ds al;d te?mtic fishes and amphibians the keratinised layer forms a cuticle, by,
e l'(eratmlsatlon- : z:qkeratinised layer forms a layer of cel!s cz}lled stratum corneum of |
I aticles 1 Omfimcc;rsniﬁed cells made largely of keratin which is a tough, waterproof ang
s B o ?tn ferds protection against mechanical injuries, fungal and bacterial attacks, ang
Sy pro.tem-' ; In many tetrapoda the dead stratum corneum is sh§d periodically in pieces
prevents deswc%t;on. is no stratum comneum in cyclostomes and fishes since ?he_v are completely
o all'atbo?c'f'is foell;;d in animals exposed to air. In aquatic vertebrates.the epxderrms. has mucoyg ‘
Z?;I?:sc s:crleting the mucus which keeps the skin slimy and protects it from bacteria. There are iL

vessels in the epidermis. . &
no blozcidDermis. The dermis below the epidermis has an outer loose l?yerblanddatl nner dense
layer. The dermis is made of dense connective tissue having cells, musc.:les,th 00 | 1\essels, lymp_h
véssels, collagen and elastic fibers, and nerves. In amphibians and repti es the ccl> agen fibres lje i
at right angles in their planes, but in birds and mammgls thf:y have an irregular arrangement, ¢
Substances pass by diffusion from the dermis to the epidermis. Ig some parts of animals, such
as the comb of a cock, face and buttocks of monkeys, the colour is bright red because they are
intensely vascularised and contain much blood.

The skin also contains pigment. If the pigment is present in the epidermis, then it occurs
as a diffuse substance or as granules and if the pigment is found in the dermis, then it s ip :_f
the form of granules in special branching cells called chromatophores. The pigment can J
either collect as a central ball making the skin lighter, or spread out into all the branches |
making the skin darker, thus, chromatophores bring about colour variations. Chromatophores are
of three kinds, melanophores contain brown to black melanin, lipophores or xanthophores have

yellow red fatty pigments, and iridocytes or guanophores contain crystals of guanine which
refract light.

Under the dermis the skin has loose subcutaneous areolar tissue which separates the skin
from the underlying muscles. It may also contain fat and muscles, especially in mammals. During |
the course of evolution the integument of anamnia shows a decrease in thickness and also a
decrease in the degree of ossification. These trends are of advantage in allowing greater mobility.
In amphibians they permit respiration by the skin. But in amniota
thicker to prevent loss of water and to retain the body heat.

FUNCTIONS OF THE INTEGUMENT

The integument forms a covering of the body and is protective. It protects
the body against entry of foreign bodies and against mechanical injuries. It protects the tissues
against excessive loss of moisture, this is very important because both aquatic and terrestrial
animals are dependent upon water in their bodies for various metabolic activities. The integument
forms protective derivatives, such as scales, bony plates, layer of fat, feathers and hair which
rcd.uce the effect of injurious contacts, [n some animals the skin shows protective colouration
Wh]Cl'.l make§ the animals resemble their environment, thus, making them almost invisible to their
enemies. Poison glands of toads, slippery skin of aquatic animals and an armour of spines of some
mammals are protective devices of the integument. The skin forms a covering which prevents ;
the passage of water and solutes in one of the following-ways ; (a) by formation of cuticle in
Protochordata and embryos of fishes and amphibians, (b) by secreting a coat of mucus in fishes
and aquatic amphibians, and (¢) by formation of keratin layers in the epidermis of tetrapoda. -

Keratin is formed from the cytoplasm of degenerating cells of the epidermis which finally form
a layer of horny stratum corneum.
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the skin becomes progressively -
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| 2 Temperature control. Heat g

! e rodu idati iR
| L is distributed evenly by g, Produced constantly by oxidation of food stuffs in tissues.

et X 4 circulating blood. The bod i
% g breath, ‘,Vlth facces and urine, anq from the surfac i

Ature in endotherma

antly with
e of the skin. The integument regulates

I animals, In birds the heat is regulated

ot b contraction of skin’s blood ¢
‘.‘fain the skin prevents loss of heat becayge itis an
’ 3. _Foodnstt?;atgi;e:h:f skin stores fat in its layers as reserve food material which is used
for nourlshf:)l: v WBIERISE Dot “:d- In whales ang seals the fat of the skin forms a thick layer
glled blub ‘ b only reserve food but also maintains the body temperature. ,

4, Secretion. The skin acts as ap organ of secretion. Glands of the skin are secretory. In

on-conductor of heat.

: cerumen) secreted by the glands of audito
peatus Greases the eardrums and avoids insects to enter the canal. : i
5. Excre

. tion. The integument acts as an organ of excretion. Shedding of the corneal layer
furing ecdysis removes some waste substances. In mammals metabolic waste (salts, urea and

qater) is removed from the blood by means of sweat. Chloride secreting cells are found in gills
of marine fishes.

6. Sensation. The'skin is an important sense organ because it has various kinds of tactile
«lls and corpuscles which are sensory to touch, temperature changes, heat, cold, pressure and
pain.

7. Respiration. In amphibians, the moist skin acts as an organ of respiration, in frogs the
rspiratory function of the skin is greater than that of the lungs.

8. Locomotion. Derivatives of the integument bring about locomotion in some animals,
such as the fins of fishes aid in locomotion in water, the web of skin in the feet of frogs and
aquatic birds aid in swimming, feathers of the wings and tail of birds are used for flying, and
extensions of the integument forming “wings” of flying lizards, extinct pterodactyls, flying squirrels
and bats.

9. Dermal endoskeleton. The skin contributes to the endoskeleton. It forms the dermal
bones of vertebrates and also forms parts of the teeth. Endoskeleton of head protects the brain
ad sense organs. In the body it protects the soft, tender viscera.

10, Sexual selection. The skin acts as an organ of sexual selection. It providz?s the feathers
birds which often have brilliant colours which are for sexual attraction. Some integumentary
ﬁ!ands of mammals produce odours far attracting the opposite sex. Antlers of male deer
Stinguishes it from female. , .

Besides the above functions, mammalian skin synthesises the vitamin D w;tpbit;\:sherl;g
%oum of sebaceous glands. Brood pouches beneath skiq in some {(iﬁl\tes Zﬂi ;I‘:lrp ;kin alsi e
t‘ﬂhatched eggs. Nasal glands of tetrapods keep the nostrils free of dirt an .

“Power of absorption of oils, ointments, etc.

DERIVATIVES OF THE INTEGUMENT

. atives, The epidermis
¢ g yers of imegument B2 given e valrllous t)(lil?e'sta({fs?re:clrjgs} different corneal
" tise 1o ; i | scales, horns, digl :

¢ 10 integumentary glands, epidermal SCaies,
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structures, feathers, and hairs. The dermis forms dermal scales of fishes and of Some rcptiles.
plates or scutes in reptiles, fin rays in fishes and antlers in mammals, )

I. EPIDERMAL DERIVATIVES
Epidermal derivatives are epidermal glands (unicellular and mullnccllulny), epiderm
and scutes, horns, digital structures (claws, nails and hoofs), feathers and hairs,

Al scaleg

1. Epidermal Glands

Epidermal glands are formed from the Malpighian layer ol'. the epidermis. They arjg, fro
the epidermis and often penetrate the dermis. According to their structure they are uniccl]ulm's
or multicellular, tubular or alveolar and simple or compound (branched) glands. These gpe lineg
by cuboidal or columnar cells. '

(@) Unicellular glands are single modified cells found among other cpithclial cells, the
are present in amphioxus, cyclostomes, fishes and larvac of amph‘lblans_. Unicellular glangg are
known as mucous cells or goblet cells. They secrete a protein mucin which combines with, Water
to form mucus which lubricates the surface of the body. Other unicellular glands are granulgp
cells and large beaker cells of cyclostomes and fishes, they also secrete mucus. |

(6) Multicellular glands are of two types : I

(1) Tubular glands are multicellular tubes of uniform diameter formed as ingrowths of
the Malpighian layer into the dermis, e.g., glands of Moll on the margin of the human eyelids,
Tubular glands may become coiled at the base deep in the dermis, e.g., sweat or sudoriferoyg
glands of mammals, or they may divide into many tubules which are then called compound
tubular glands, e.g, mammary glands of females and of males in monotremes and primates,
etc., and gastric glands in stomach. ‘

(i7) Alveolar or saccular glands are multicellular downgrowths of the Malpighian;
layer into the dermis, having a tubular duct whose terminal parts form a rounded expansion to -
become flask-shaped, e.g., mucous and poison glands of amphibians. Alveolar glands may branch
nto many lobules which finally open into a common duct, they are then called compound
alveolar glands, e.g., mammary glands of eutherians, and salivary glands. §

OIS
QEEELT T

SIMPLE SIMPLE
TUBULAR ALVEOLAR

COMPOUND
TUBULAR

COMPOUND

o
COMPOUND %;@ TUBULO-ALVEOLAR

ALVEOLAR

Fig. 41.1. Different types of epidermal glands.

Kinds of epidermal glands. Accordin
are of the following types :

1. Mucous glands. They may be unicellul
mucous gland cells, granular cells and beaker cel
- secrete mucus which keeps the skin moist
bacteria and fungi. Mucous cells and granyla
more deeply and extend from the Malpighia

, e
g to function, the epidermal glands of vertebr

ar or multicellular. The unicellular g]aﬂd%f:;_;
Is of amphioxus, CyCIOStOmeS and ﬁSheS' a]’lsi
and slippery, and also affords protection 3%15 e 3
r cells lie near the surface, but the beaker -
n layer to the surface,
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I . oJluar mucous gland
ticellt glands are alveo] ;
NT| ar fou
M ¢ surface of the body and produce 1 nd in some fishes and amphibians. They occur

JH o\gep o Sl mgist 1021 In feomiat ucus for lubricating the skin and in amphibians
" poison glands. Amphibians algg have alveo]

1’ oroUS than mucous glands. In toads mas .
ol i nead. The secretion of poison gl o
. qns have giant poison glands. Some
fﬂemof ree frogs which aid in climbing,. Ty
S ads of male frogs and toads during

dl“f“n amplexus.

e inescent organs
: }él:i;f S 12;1 tho:er ﬁpl}“OtOPhQFES-. Thf:y are found in longitudinal rows near the
y | side e sunlafedi ! shes wblcl} live in deep sea where no light penetrates. Each
photo hore lgi l;gl h.l‘)h erma cells lying in the dermis. Each photophore has a lower lz; er of
oS cel sl e 0¥hw llb 1s a layer of reflecting pigment cells, and the uppern layer of mtllcous
s rms a lens. The g an(.iular cells produce phosphorescent light which is transmitted to the
side by other cells. The light helps to attract the prey of deep sea fishes.

4: Femorat!r Ogrl:ltmlils.kFemoral glands are found in male lizards (e.g., Uromastix) below the
jighs in @ row e knee to the cloaca. They secrete a sticky substance which hardens into

gort SPINeS that are used for holding the female during copulation.

5. Uropygial g!ands. These are the only glands in birds, and they are best developed in
aquatic birds. Uropy‘glal glands are branched alveolar glands located on the dorsal side at the base
fthe tail or uropygium in the
pm of swelling. They secrete
moil which is odoriferous and
aracts the opposite sex. The
il contains pomatum which
 ispicked up with the beak and
' used for preening and water-
proofing the feathers.

6. Sweat glands. The
largest number and variety of
epidermal glands are found in
the skin of mammals. They
are tubular or alveolar and J
TUlllcellu]ar, Sudoriflc. o Fig. 41.2. Epidermal glands. A-Femoral glands of lizard;
weat glands are long, coiled B — Uropygial glands of bird.

wbular glands embedded deep
in the dermis. Their upper part forms a duct which opens on the surface by a pore and the lower

coiled part lies in the dermis surrounded by a network of blood capillaries. Sweat is secreted by
sweat glands continuously, may or may not be visible. Sweat contains a large amount.of water
having dissolved salts of sodium, potassium and urea. Sweat removes some metabolic wastes

and regylates the body temperature by gvaporation.

Sweat glands are not uniformly distributed. In man they are more numerous on pa!ms, soles,
and arm pits. In cats, rats, and mice they are confined to the soles of the feet. In rabbit they are
ound the lips; in bats on the sides of head: in ruminants on the muzzle and the skin between

the digits and in hippopotamus they are found only on the pinnac. There are no sweat glands in

Tach)’glossus Sirenia, and Cetacea. In some mammals the secretion of sudorific glanis is red(;
“loured, In hippopotamus it is red and spreads on the head and back. The male giant kangaro
. e lands of Moll in the margins

acropus rufus secretes red sweat. Modified sudorific glands form g

ar poison glands which are larger but
s T qog poison glands form parotoid glands
tubular 7{ urning taste and is used as a defence.
bular g| glands are found on the feet and suctorial
ihe brg Zpds are also found on the swollen glandular

ceding season. They aid in clasping the female

femoral
glands

p :
Pis s
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of the human eye in connection with eye-lashes. Ceruminous glands in the external ear pasgy

of mammals are modified sweat glands and secrete a waxy substance which combines wit, %hé"
secretion of sebaceous glands to form earwax which catches dust. Oil glands form Ccmminoug’
glands in the external ears of some gallinaceous birds.

7. Sebaceous glands. Sebaceous glands are alveolar glands opening in hair follicleg
containing hairs. They also independently open at the skin surface around the genital organs,
tip of the nose, and edges of the lips. Sebaceous glands secrete an oil (sebum) to lubricate thé
hairs and also covers the skin with a film of oily coating. The oily secretion of sebaceous glangg
contain waxes, fatty acids, and cholesterol, which makes the skin pliable. _

Sebaceous glands are absent in Manis (pangolin), and Sirenia, and Cetacea which practically
have no hairs. Modified sebaceous glands form Meibomian glands in the eyelids, each has 3
long straight duct into which separate alveoli open. They produce an oily secretion which formgg
film over the lacrimal fluid or tears holding them evenly on the surface of the eyeball for keeping
the eye moist, in weeping the oily film is broken and tears flow out. Ceruminous glands of
external auditory meatus are modified sebaceous glands. Their greasy or waxy secretion, called
the cerumen traps the insects and dust particles. e

8. Scent glands. Scent glands are modified sebaceous glands or sweat glands. Their
secretion is an allurement to the opposite sex. Scent glands are located in the deer family on
the head near the eyes. Skunks and carnivores have scent glands around the anus, and pigs and
goats have scent glands between their toes.

9, Preputial glands. These are found in many kinds of mammals. In beaver, large sacs 3
containing a secretion known as castoreum lie beneath the skin on either side of penis and open
by ducts into the prepuce. ,

10. Mammary glands. These are characteristic of mammals. They secrete milk generally
in the females for nourishment of the young. In monotremes both sexes may secrete milk, this =
condition is called gynaecomastism which is not a normal condition. Mammary glands of =
monotremes are compound tubular glands, while in other mammals they are compound alveolar,
Mammary glands of monotremes have no nipples, they open into pits on the surface of the skin,
and the young ones obtain milk by licking tufts of hairs. In others the mammary glands open
by their ducts separately into a nipple. The nipple is a raised outgrowth of the breast, bearing =
opening of mammary glands (true teats). The false teat has an elongated cistern into which the =
mammary glands open by their ducts. From the cistern a tube leads to the surface of the nipple.

Mammary glands along with fat form integumentary swellings called mammae or breasts.
The number and location of mammae varies in different mammals. The number ranges from
two in many mammals to 25 in opossum. Mammae may run along two ventral milk lines from =
the arm pits to the groin, or they may be axillary, thoracic, abdominal or inguinal in position. =

2. Epidermal Scales and Scutes

1. Epidermal scales. After the evolutionary loss of dermal scales of fishes, amniotes =
developed an entirely new type of scale derived from the epidermis. The skin of vertebrates i
rarely naked, and it is usually provided with protective scales, bony plates, feathers or hairs.
There are no epidermal scales in fishes and amphibians. They appear for the first time in reptiles. =
They are comnified derivatives of the Malpighian layer and are generally shed and replaced. =
The scleroprotein called the keratin is continually accumulated in the permanently growing {
layer of the epidermis called the stratum germinativum. These cells are called cornified and
they become dead. Thus, the stratum ‘corneum cells become corified and form hard horny
structures, such as scales and scutes in reptiles, beaks, claws, horns, nails, hoofs, feathers an

hairs in different vertebrates.
Scales are most noticeable on lizards and snakes. They are continually being P
by the permanently growing layer of the stratum germinativum and are generally fo
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/"one another. When \ : 80;[_-

77 yerlap they are fyl]
o O d appear it .Y 8rown they b
B gtivum 80 ppear as non-living, corjfieq Structure}s, ¢Come separated from the stratum

oL .

,gim The epldermal §cales form a protective coveri

g in SNAKES and lizards are continuous ang unde?o :
‘faksaales that will replace the old ones are forme db(]), ;cd}'m‘s periodically. Before ecdysis, the

4 b .
ﬂc\‘" ole in snakes. The old epiderma] covering becomes
sV juding even the transparent plates over the

p neﬁlly .
© § of rats, Mice, beavers, musk rats and shrew

1 . . . S. These scal -

9% dergo ccdysis; hairs projec from bencath the scale, I sely sntemers rmge spidemma
les cover the .entlre body, except the ventral side, the scales are reptilian and undergo ecdysis
dagly- In arma.dIHOS there are large scales which fuse to form plates on the head, shoulders and
ips, 0 the middle of the body, except mid-ventrally, the scales fuse to form r,ing-like bands;
ese scales do not undergo ecdysis but are gradually worn off and replaced.

Some epidenpal scales of the tail of a rattle-snake are modified to form a rattle. It consists
Jfaseries of old dried scales. Rattles of rattle snakes represent horny remnants of the skin which
Jhere to the base of the tail and are not lost during ecdysis. During ecdysis the scale at the tip
f the tail is not shed and it forms a ring. Thus, after several ecdysis a series of rings form a
attle, each new ring being larger than its predecessor. In older rattle snakes the terminal rattles
1 often lost. In tortoises and turtles, the dermal plates forming the carapace and plastron are
overed externally with cornified epidermal scales. These are not shed regularly like lizards and
qakes. A few turtles lack scales and have a leathery skin. The bodies of alligators and their
clatives are also covered with epidermal scales which gradually wear off and are replaced.

horny epidermal scales

bony dermal scales osteoderms

chorion
or dermis

TELEOST SNAKES & LIZARDS
bony dermal plates horny epidermal plates

horny epidermal scales bony dermal scales
= y g1 ey — ~ T A~ f—

h ' ‘ i ———chorion
Yermig___ S TR, : RN : or dermis
—_ A R CROCODILIANS & TURTLES
IZARDS " : R
ERTAIN S s vertebrates showing relationship

R , .
b3, Diagrammatic V.S. through skin of variou

of vari f scales. ) + hei I
In ty lous' S irds there arc no tecth. Each jaw bone being covered w ith
' sh s, tortoises and modern b1 S les which form a beak. In monotremes there 1s a
"oy eé;:h formed of several fused Platc(sj of Scatc;cin g covered with modified epidermal scales.
Which differs fro k of birds 15 no
m the bea
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3. Horns

Horns are found in ungulate (even-toed hoofed) mammals only. Tn.m hf)rns of the hollow
type are found in pronghom, cattle, antelope, sheep and goats consis.t 91 an inner core of hog
which is an outgrowth from the frontal bone. It is encased in a keratinised, epidermal covering
True horns continuously grow throughout life and are not shed. Five types of horns are recogniseq

(a) Rhinoceros or keratin fibre horn has no skeletal element. It is mad‘c by keratinig
cells of the epidermis and consists of matted keratin fibres bm'md together,. but its ﬁl?res are ng
true hair. It is a permanent epidermal structure and if broken 1t grows again. There is one hor
in the Indian rhinoceros and two in the African species. '

horny epidermal covering

dermal bony core

central cavity \“ '.

hairy skin on horn

central LIl
cavity
frontal . )
Male and female Complete horn bone In section Male giraffe
cattle (cow)
TRUE HORNS

horny prongs

horny
epidermal covering

horny
PIONGS central
bony core

Prong-horned Complete horn frontal bone In section

antelope In section

PRONG HORNS GIRAFFE HORNS

branches

branches of antler

dense velvet or skin
connective  sloughing off
tissue

solid calcified
shed antler

Male black-tailed

tack Complete horn frontal bone

In section  Rhinoceros Complete horn
ANTLERS 1

. FIBRE HORNS
Fig. 41.4. Types of mammalian horns and antlers.
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' pronghorn is a true horn, consists of a 6. =

) . N permanent projection of the ¢ .

ed by @ haid, horny epidermal sheath. The sheath is forked bearine o b t;m?f i bo?ﬁ
f horny sheath. The horny sheath is shed annuall e

4

q7 ly 0 and i .

W 5 that su _ ually and 1s replaced by another which
&% m the skin surrounds the core. It is found in Russian antelope Antilocapra

1047 orns. They dev oo

, i ull, where they .

. 0SS! . . ey appear a < i an et

41 . ckin and hair. Giraffe possesses three of these k b S STahs pemnanCnt; S
ving ot these knobs, one is median and anterior to the

4 iving b
i I e horns are short, unb
wo. Thes ranched and are permanent, and are present in both sexes.

DISTINCTION BETWEEN ANTLERS AND HORNsS

1% Antler H
i orn
’ m\whs over the head of artiodactyls. 1. Same
{1 Antlers are founc{i 0“;])’ mn C(jel;\{lfiae, but absent in 2. Horns (hollow) are found in Bovidae and in Anti-
| ysiatic generd Moschus and Hydropotes. locapridae in a modified form.
| Normally present in males except Rangifer. 3. Commonly occur in both sexes—larger in males.
y Shed annually. 4. No shedding and if occurs only outer sheath is shed.
; Antler ;s made of bone and covered by velvet 5. Horn consists of inner core of bone, an outgrowth
(skin + hairs). : of frontal bone covered over by keratinised
epidermal covering.
—

(d) Antlers are found in the males of deer family, but they are present in both sexes in
.ndeer and caribou. An antler consists of a branching solid outgrowth of the frontal bone formed
#dense connective tissue. It is covered during growth by hairy. vascular skin called ‘velvet’.
mevelvet is shed exposing the antler naked when the antler reaches full growth. Thus, the antler
assists only of dermal bone. The bony antler is also shed annually after the breeding season,
! «d 2 new antler develops. Antlers are solid mesodermal bone, but they are formed under the
shence of the integument. Formation of antlers is controlled by the hormones of testes and

zeerior lobe of the pituitary.

! Digital Structures

~ Inamniota the distal ends of digits hav
i the epidermis. They grow parallel to the surface 0

e claws, nails or hoofs formed from the horny layer
f the skin and are built on the same plan.

skin pointed unguis flat nail plate or blunt
unguis unguis or
hoof on tip
of digit
claw
subungual area
.
"N folg last taperi ; " ” blunt
pering nail root nail groov | ot

phalanx
phalanx

subunguis ,
pointed
unguis

unguis

dermis

idermis  cuneus subunguis
epider! HOOF

‘ 1l e i m alld hOOf horse). |g| m

,i above and in sagittal section below.

Fig

T
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1. Claws. Claws made their appearance first in the reptiles. A claw is made of 5 5 0l
horny dorsal scale-like plate called unguis and a relatively soft ventral subunguis, bog, coa‘ha‘f
terminally and cover the terminal part of the last phalanx. Cla}vs of reptiles and birds gre :iv
but in mammals the subunguis is much reduced and is continuous with a pad at the ¢y d":)
digit. In cat family claws are retractile.

2. Nails. They are found in primates. The dorsal unguis is large and flat ang subungy
is soft and much reduced. Tip of the digit forms a sensxtlvg and. vascular pad over which th
nail groove is present. It is formed by the invagination 9f epidermis. Growth of the unguis tak
place from the nail root lying below the skin in the nail groove. g

3. Hoofs. They are found in ungulates. The horny unguis is thick and around the end of
digit, and encloses the thickened subunguis which‘to.uches the ground. Subgnguls surrounds the sg
horny cuneus. Tip of digit, thus, forms a pad containing 2 blunt phalanx. Nails and hoofs of mammalg
are modified claws. Whalebone plates of toothless whales are also the modification of stratum corneum.

5. Feathers

Feathers are found only in birds and are formed from the .epidermis in which the stratum
corneum is highly specialised. Feathers are light, strong, elastic, Waterproof. and show rn_an'
colours due to pigments and structural arrangement. The pigments are carotenoids and melaning
Carotenoids are frequently called lipochromes which are soluble in fat solvents like methanol
ether or carbon disulphide, and insoluble in water. Animal red is zooerythrin and animal yellow
is zooxanthin are the two groups of carotenoids. Melanins are soluble only in acids. Eumelanin
granules vary from black to dark brown and phaecomelanin granules may be almost colourl
to reddish brown. Many of the feather colours are the product of both carotenoids and melanin.
They form a protective covering (conserve body heat), provide buoyancy to the water birds during
swimming and at rest, regulate body temperature and support the body in flight. A

There are three kinds of feathers in birds, they are contour feathers, down feathers, an
filoplumes. The development of feather is like that of scales. Fo

Shedding and replacement of feathers is moulting which takes place gradually, one
moulting usually takes an average time of six weeks. At the base of each feather follicle a dermal
papilla persists from which new feathers will form, so that there is a continuous replacement of
feathers throughout life. The replacement in some birds is seasonal, while in others it is gradual
throughout the year.

Feathers of birds show varied and often brilliant colourations. The colours are due to three
factors : (a) pigment is deposited in the feathers during development, the colour that is seen is
due to absorption of some wavelengths of light by the pigment, thus, black, red, brown, yellow,
and organge colours are seen. Blue, most greens and violets are not the result of pigment but
df:pend entirely on the feather structure. Blue feathers in blue birds do not contain any blue
pigment, but they absorb all, but the blue rays of the spectrum are reflected. White colour is not
due to white pigment, but is caused, due to reflection of light from the feather without absorption
of any wavelengths of light rays; (b) structural arrangement or striations of feather surface
prismatic, these cause iridescence due to reflection of light, thus, producing iridescent hu
e S 3, some s of b () conbiationof pens s sl
blue. The colours of birI()is arec Cfobrreen o \]’Vthh e ycllp s e Combn?es wqh the strucmlf?ég '
of various kinds of birds is under c‘on::.ea E rccognmon, and s bl stnmulaﬂon. The coffl8
factors. The birds kept | .1 genetic control but it may be modified by internal and exterid
" _Xept 1n captivity for several years get their plumage col hanged from

yellow. In captive birds this chang : P ge colour change ;
: § change has been attributed by many to diet. Hormones also

moul.t result in the assumption of fem:
by giving the testosterone.
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an acute angle from the skin. Hair covers the

Ut in others only traces are left, such as whales
ring development the body of the embryos of
air called lanugo which is usually shed before
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The hairs trap air which does not transmit body heat and, thus, act as insulators fi
body. In some animals the colours of hair are protective. Hair in nostrils and ears Drcv;»mo
of dust, eyebrows and eyelashes protect the cycs, vibrissac are delicate organs of 1oycp (
tactile organs), hairs on the tail are used to drive away insccts. In some animals, sych asa
and some monkeys the mane distinguishcs the male. Hairs are also modified in spines, seale
horns, etc., in some mammals. -
{ modified scales but are new outgrowths of the epidermig onl
and a lower root lying in a hair follicle which is a gyp &

Structure. Hairs are no

hair has an upper projecting shaft Y ken '
in the dermis. The shaft is made of only dead, keratinised cells. The part of the hair protrygir

above the skin is dead. At the base of the follicle the root is cxpar?dcq into a bulb and £ro

of the hair takes place only in the root where the C(?”S qf the Malpighian layer divided activel

Below the bulb is a dermal papilla having connective tissuc and blood vessels, it nourishes

hair. Beyond the bulb the cells gradually die so that the shz}ft is made o'f dead cornified cells, Th

hair shaft has an external cuticle of transparent overlapping cells which have lost their nuclej.

inside the cuticle is a cortex (middle part of hair) containing shrivelled cells and pigments, and

a central core or medulla having air spaces. In the follicle the hair root is surrounded by two

layers of hair sheath cells forming an outer and inner root sheaths. They do not extend beyond

the follicle. A sebaceous gland opens into the upper part of the hair follicle for oiling the hair,

An arrector pili muscle composed of smooth fibres extends from the upper part of the derm

to the basal part of the hair follicle on the side towards which the hair slopes. It pulls the hair

base causing the hair to stand when an animal is confronted with danger. Hair does not project

vertically but at an acute angle from the skin. .

Development of hair. A thickening of the epidermis (stratum germinativum) pushes into

the dermis and becomes cup-shaped at its lower end. The dermis extends into the cup forming

a hair papilla which has blood vessels for supplying nourishment. The epidermal downgrowt "

which at first is a solid cord of cells now splits to form a central shaft of cornified keratinised

cells, and a space around it. The epidermal cells around the space form the hair follicle. Th
lower part of the hair follicle becomes swollen and is known as a bulb. The cells of the follicle
thickened and bud off a sebaceous gland. The central shaft by addition of new keratinised cells
from the root grows in length and pushes through the solid epidermal cells to emerge outside
the skin. Thus, the development of hair differs from that of a feather. It is formed entirely from
the solid column of epidermis, while in the feather there is a mesodermal feather pulp extending
into the hollow quill. :

Il. DERMAL DERIVATIVES

. The scales arise from the dermis and are, thus, mesodermal in origin, they are found onl
in fishes, some reptiles and a few mammals. Ostracoderm fishes, the earliest known vertebrat
h.ad an armour of large bony plates.These bony plates became very small in placoderms to gF
rise to cosmoid scales which are not found in any living forms today (except in Latimeria
1. Cosmoid scales were glso present in primitive Choanichthyes. A cosmoid scale had four disti
La);:rj;l thegowest }aycr is of isopedine or -de.ntinc resembled compact bone, the next layer
g WgayS o(;l:; r\:lwil:) vascular spz.xccs c.onsmtmg. of _pulp cavities having odontoblasts, the th
vitrodentine of enamr;pz;ct Gc.osm.me with canaliculi and the outermost layer was thin but h
bony fishes are ganoid.sc.ale: n”(l)‘;l(: s'ca]els' s othcr_typc of spales ol ir'n earligst s
sealesiappeatedy sryfesify i li\ h‘s implies that two dnfff:rent lines of evolution with regar(}

y ¢ history of fishes. A ganoid scale has a basal layer of isopedin

above which there may be . : -
is made of & heed, tra)r,1 - a reduced cosmine layer or it may be absent and the uppermost 12

layer are found in Polyp ttf‘::: S:b;ta“?e called ganoin. Ganoid scales with a reduced cosi
ganoid scale by the loss of it;, nd with no cosmine in Lepidosteus. 3. The evolution of th
are two types of leptoid scalesuzpcr layer of ganoin gave rise to a thinner leptoid scale. T
evolution the cosmoid scale Jos: 1amely, (i) eycloid and (if) ctenoid scales. In the other lin

€ lost 1ts three lower layers, only the fourth enamel-like dentine 1ay¢

1Y
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g d somewhat claborated to form the placoid scale. Thus, in the present fishes
7 o B0 dermal scales : placoid i i :
it ypes of derme § : placoid, ganoid, ctenoid and cycloid scales.
[ fou
.";lrc tt A
¢ anterior cosmine
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vascular trabeculae E isopedine

ig. 41.7. Structure of scales of fishes. A-An isolated scale; B-T.S. of cosmoid scale; C—An
isolated ganoid scale; D-T.S. of Palaeoniscoid scale; E-T.S. of lepidostoid scale.

Embedded in the dermis of elasmobranchs in oblique rows and projecting from the epidermis
‘dermal denticles of placoid scales forming an exoskeleton. The placoid scales were evolved
loss of some layers from the cosmoid scales. Placoid scales are found only in elasmobranchs,
sharks they are very small and give the skin a rough texture, but in skates they are large.

_ Structure. A placoid scale has a flat bony basal plate bearing a trident spine which

Jécts above the epidermis and points backwards. Inside the spine is a pulp cavity containing

[ia':i‘ade of cqnnective tissue, blood vessels, and a layer of odontoblast cells. The basal plate

: mz gif;calmﬁe_d dentine, and the spine has mostly dentine which is covered with a cap of

% andls éd dentine called vitrodentine. apd not enamel as often stated erroneously. The basal

tlleg sll:me are bott} of 'mesodermal origin. The cured skin of sharks containing placoid scales
agreen which is used for polishing and for handle covers.

i l;(li:‘;i)l;inzcales are the fore-runnefs of vertebrate.teeth because the two have essentially the
k. Shark tee;ltructure and a grad.atxon from placo}d scale§ to t.eeth 18 seen in the mouth of
is Supposic are enlarged placoid ‘scale.s formed in the sklp of jaws. But there are objections
s of (o 1tc)>n. Ad more recent view is that both placoid scales and teeth are modified
™h gnq e ony dermal plates found in the ancestral ostracoderms and placoderms, so that
LN scales are lomplogous strutures. Moreover, it has been shown that there is no
Namal layer in placoid scales, but it is a layer of vitrodentine formed from dermal
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cells. Enamel is the hardest substance in the body, whereas vitrodentine is only a hardcned Outey f

layer of dentine. The enamel organ does not secrete enamel, it -Onlly P(])?}’soi rofliﬂ;}:!j Shaping the
spine, so that the entire placoid scale is mesodermal like the scales y es, hereag ,

tooth has an enamel covering derived from ectoderm. The claim that a gradatlon from placoid
scales to teeth is observed in the mouth of a shark is interpreted as a dlvsx gence showp betWeen
vitrodentine-covered placoid scales, on the one hand and e11amcl-c?vere teeth ?n the othe,

In bony fishes there are two kinds of leptoi.d sca!cs : cycloid and ?cno,d scales, Ty
have a thin layer of bony isopedine below which is a thin layer of connective tissye.

Cycloid scales (Fig. 41.8) are round,
thick in the centre and thin towards the
margins. They have a lower layer of fibrous
connective tissue and an upper layer of
bone-like isopedine which is elaborated to
form dentine. They show concentric lines of
growth which indicate the age of the fish. The
scales lie embedded in the dermis diagonally
overlapping each other. The posterior part
of each scale overlapping the anterior part
of the scale behind, thus, covering the body
with a double layer of scales. The exposed
part (posterior) has a smooth edge, while
the concealed part may have a wavy margin.
Cycloid scales form a dermal exoskeleton in Fig. 41.8. Cycloid scale.
many bony fishes.

Ctenoid scales (Fig. 41.9) probably
arose from the more simple cycloid scales.
They have the same shape, structure and
concentric lines as the cycloid scales, but they
differ in having small teeth or cteni on their
free posterior part. Their anterior concealed
part may have notched or scalloped margin.
Ctenoid scales form a dermal exoskeleton
of most bony fishes. The cycloid or ctenoid
scales covering the lateral line canals are
perforated by a vertical tube of the lateral line lines of growth
opening on the surface. In some flat fishes grooves
both cycloid and ctenoid scales are present.

In some catfishes there are no scales, in Fig. 41.9. Ctenoid scale.

lines of growth

Nucleyg

grooves

small teeth

nucleus

armour covering the body, Scales of bony fishes arise only from dermis
exoskeleton but do not hamper movement.

retained bony dermal plates. Turtles haye continuous osteoderms below the epidermal plates

only on the back and the throat.
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