Structural
Organisation in
Animals

In unicellular organisms, all vital cellular functions like digestion,
respiration, excretion, etc.,, are performed by a single cell. The
multicellular animals have complex body organisation, e.g., Hydra.

Tissue (By Bichat; Father of Histology)

It is a group of one or more cell types and their intercellular substances
that perform a particular function.

Based on structure, function and location, animal tissues are of
four types

Epithelial Tissue
Origin Ectoderm, mesoderm and endoderm.
Function Protection, secretion, reproduction,
absorption and excretion.

Muscular _ Typesof __ Connective
Tissue Tissues Tissue
Origin Mesoderm.
Function Movement
and locomotion.

Origin Mesoderm.
Function Attachment,
support, storage,
Nervous transport and protection.
Tissue

Origin Ectoderm.
Function Control and
coordination by nerve impulse.
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1. Epithelial Tissue (By Ruysch)

It consists of a sheet of tightly packed cells with the minimum of
intercellular material and rest upon a non-cellular basement
membrane or lamina propria.

Common junctions between epithelial cells include tight junctions, gap
junctions, desmosomes, intercellular bridges and interdigitations.
These occur at many points of cell to cell and cell to matrix junctions.

Epithelial tissues are of two types
(i) Simple Epithelium
It consists of a single cellular layer and all the cells rest on the

basement membrane. It covers the surface with little wear and tear
activity. It performs secretory, absorptive and protective functions.

Squamous Simple Epithelia Cuboidal

= Large flat cells. = Squarish cuboidal cells.
= Centrally placed flat nuclei. = Centrally placed round nuclei.
= Help in protection, gas exchange, = Helps in protection, secretion,
excretion, secretion, etc. gamete formation, etc.
= Found in blood vessels (endothelium) = Found in ovaries and seminiferous
coelom (mesothelium), etc tubules (germinal epithelium),
Cytoplasm Nucleus salivary ducts, etc.
Cytoplasm
A X——X———— Basement membrane
Basement
membrane Pseudostratified
Ciliated = Unequal columnar cells.

= Centrally placed oval nuclei in long
cells and round nuclei in small cells.

= Helps in protection, movement of
secretion, etc.

« Cilia bearing cells.
= Centrally placed round nuclei.
« Helps to maintain CSF,

urine and mucus flow in

one direction.

[ I [ |

Ciliated Columnar  Giliated Cuboidal Pseudostratified Pseudostratified
< Columnar cells. - Cuboidal cells. Columnar Columnar Ciliated
= Found in Fallopian tube, < Found in certain = Columnar cells « Cilia bearing cells

brain ventricles, etc. parts of kidneys. = Found in olfactory mucosa, ® Found in trachea,

N male urethra, etc. large bronchi, etc.
Columnar
Columnar = Elongated cells.
epithelial

= Elongated nuclei near the base.

cells = Helps in protection, secretion, etc.
Elong_ated 1 = Found in various glands
nuclei (glandular epithelium),

Basement _ L stomach, pancreatic lobules, etc.
membrane

Types of simple epithelium
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(i) Compound Epithelium

It consists of multicellular layers and the cells of deepest layer rest on
the basement membrane. It covers the surfaces with maximum wear
and tear activity. It performs protective functions.

Compound Epithelium

I I
Transitional
Epithelium
(urothelium)

= Consists of 4-6 layers of cells.

Stratified
Epithelium
= Consists of two to many layers of cells.

Surface layer

} Intermediate layer
(polyhedral cells)

Basal layer

(columnar or cuboidal cells)

Four types

Stratified Squamous  Stratified Cuboidal

« Outer layers is of
squamous cells
and inner layer is
of columnar cells
which undergoes
continuous mitotic
division, hence,
this layer is called
germinative layer.

= Outer layer
possesses cuboidal
cells and basal layer
comprises
columnar cells.

= It forms the
epidermis of fishes
and urodeles. It also
lines sweat gland

Stratified Columnar

= Both the outer and
inner layer
comprises columnar
cells.

= It lines epiglottis,
mammary gland
ducts and parts of
urethra.

Stratified Ciliated
« Outer layer

consists of ciliated
columnar cells and
basal layer is of
columnar cells.

It lines the larynx
and upper part of
the soft palate.

ducts and larger
salivary and
pancreatic ducts.

= |t forms epidermis
of land vertebrates,
lines oral cavity,
vocal cords, etc.

Stratified squamous epithelium is further of two types

(@) Keratinised Stratified Squamous Epithelium Keratin is
present in the dead superficial cells. It is impermeable to water
and forms well protective covering against abrasions. It forms
epidermis of skin of land vertebrates.

Non-keratinised Stratified Squamous Epithelium Its
superficial cells are living and keratin is absent. It is permeable
to water and forms moderately protective covering against
abrasions. It lines the buccal cavity, pharynx, oesophagus, etc.

(b)
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Horny layer Squamous
Squamous layers
layers

S :ntermedlate Intermediate
ayers layers
Germinative s
layer Germinative

layer

Basement By
membrane asement

(b) membrane

(a) Keratinised epithelium (b) Non-keratinised epithelium

(iii) Glandular Epithelium

Some of the columnar or cuboidal cells get specialised for secretion and

form the glandular epithelium. They are mainly of two types

«+ Unicellular Consisting of isolated glandular cells, e.g., goblet cells
of the alimentary canal.

~+ Multicellular Consisting of cluster of cells, e.g., salivary gland.
2. Connective Tissue

Most abundant and widely spread tissue, link and support other
tissues of the body. Basic components of connective tissue are
(i) Cells embedded in the matrix including fibroblast, adipose
cells, macrophages, mesenchyme cells, plasma cells, etc.
(i) Matrixis amixture of carbohydrates and proteins. The common
mucopolysaccharide in matrix is hyaluronic acid.
(iii) Fibres including collagen fibres of white collagen protein,
reticular fibres of reticulin protein and elastic fibres of yellow
elastin protein.

Macrophage M’c]lSt cells
Collagenl;, ; %
fibres e
Plasma cell —=#= : - Fat cell
Elastin
fibres
¢ — Amorphous
! | ground
Fibroblast substance
Endothelial cell —| 7 <]~ Smooth
of capillary muscle cell

Capillary Blood vessel
Connective tissue (generalised)
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3. Muscular Tissue

Contractile tissue containing numerous fine fibrils called myofibrils
in the cytoplasm (sarcoplasm). Muscle cells (myocytes) develop from
myoblasts. Muscles have the capacity to respond to a stimulus

(irritability) by two basic phenomena, i.e., response to a stimulus and
conductivity.

Muscular tissues are of following three types

%@%uﬁ Striations
Smooth Muscular Skeletal Tissue I o Dark bands
mmum
= Uninucleate « Multinucleate %mm% .
© = Involuntary - Voluntary m‘%mm Light bands
E - Do not get fatigue = Soon get fatigue %,mm‘m
K9] « Slow contraction « Very rapid contraction %%m%
8 « Spindle-shaped and < Cylindrical and striped mmﬁlm
@ nstriped mm‘u—-m Nucleus
%] unstripe oo I O
Nucleus o B SO i
fprr L
% o SN
Striations
Nucleus
Cardiac Muscular
= Uninucleate :
= Involuntary Junction
= Never get fatigue between
= Rapid contraction adjacent
= Cylindrical and striped cells

Light bands

Types of muscles

4. Neural Tissue

This tissue is the second specialised tissue with the property of
exicitability and conductivity. It consists of nerve cells and glial cells.
Neurons are the structural and functional units of neural (nervous)
tissue.
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Ependymal Cells Neurons _
(form epithelium) (conduct nerve impulse)

Dendrites
Microvilli ’
——Cyton
Axon
Nucleus
Processes

Components of

Nervous Tissue
Schwann cell

/
Spirals of Schwann Node of
Schwann cell Ranvier
cell membrane nucleus
forming myelin

sheath
Neurosecretory Cells Neuroglial Cells
(release neurohormones) (supporting cells)

Afferent neural
stimuli

Neurosecretory cell

Bacteria

%Dendrites e/f(microbes)
? Phagocytic
vacuole
Oligodendrocyte Microglial cell
Hypothalamus (CNS) (CNS)

End plate Protoplasmic Processes

Blood eleasing factors astrocyte
Vessel (neurohormones) Fibrous
Anterior lobe of Blood 4,\(/‘/;5 astrocyte
pituitary gland capilary
| Trophic hormones Protoplasmic astrocyte Fibrous astrocyte
(ACTH, TSH, GH, LH, (CNS) (CNS)

FSH, prolactin)
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Dendrites
(conduct impulse
towards cyton)

. Nucleoplasm
Nissl’s Granules P

(protein synthesis) Nucleus

Axon Hillock or Axis cylinder
(part of cyton from where axon arises)

Myelin Sheath
(insulating layer,
carry impulse faster)

Schwann Cells
(myelin forming cells)

Axon
(conduct impulse
away from cyton)

Nodes of Ranvier
(areas where myelin
sheath is interrupted)

(slender, knobbed
terminal of axon)

Structure of a neuron

Types of Neurons

On the basis of structural nature, neurons are of following four types,
ie.,

(i) Apolar Neurons, i.e., neurons without polarity. Here, the
fibres of neuron are not differentiated into axon and dendrites.
All the fibres are of same nature and can carry information
towards or away from the cell body, e.g., neurons of Hydra.

(i) Unipolar Neurons, i.e.,, neurons with unidirectional flow
of information. These have one axon or one dendrite only. Most
sensory neurons are unipolar. These are common in
invertebrate and vertebrate embryos.

(iii) Bipolar Neurons, i.e., neurons with unidirectional flow of
information, but with one dendron and one axon at opposite
poles. These occur in the retina of eyes, olfactory epithelium, etc.

(iv) Multipolar Neurons, i.e., neurons with unidirectional flow of
information, but with one axon and many dendrites. They occur
in the nervous system of adult vertebrates.
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Neurons can also be classified according to their functions as

(i) Sensory or Afferent neurons, i.e., these connect sensory or
receptor cells or organs to the CNS and conduct sensory
impulses. Branched or unbranched and naked or encapsulated
free endings of numerous sensory neurons found scattered in
skin epidermis. These serve as cutaneous sense organs or
exteroceptors. Similar endings scattered in skeletal muscles,
bone joints, ligaments and tendons serve as interoceptors.

(if) Motor or Efferent neurons, i.e., these connect the CNS to
effectors (muscles and glands) and conduct motor impulses.

(iii) Internuncial or Interneurons These occur only in the CNS
and serve to connect two or more neurons for distant
transmission of impulses.

Similarly, nerve fibres can be categorised as

Nerve Fibres

On the basis of Structure On the basis of Function
| l l |
Medullated Non-medullated Afferent Efferent
= Covered by myelin = Do not cover by myelin = Sensory = Motor
= Carry impulse faster = Carry impulse slower = Carries impulse = Carries impulse
= Nodes of Ranvier = Nodes of Ranvier are from sense organ from CNS to
are present absent to CNS effector organs
= White in colour = Grey in colour
Earthworm

It is a reddish-brown terrestrial invertebrate that inhabits the upper
layer of the moist soil. The common Indian earthworms are Pheretima
and Lumbricus.

Morphology

Bilaterally symmetrical with elongated, narrow and cylindrical body.
It appears brown due to the presence of porphyrin pigment in the body
wall. Dorsal body surface is demarcated by the ventral surface due to
the presence of dark mid-dorsal line. Their body is metamerically
segmented.
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Prostomium
. . Dorsal fleshy lobe-like process,
Peristomium

First segment of the body overhanging the mouth-like a

(buccal segment). hood.

Setae

An equatorial annular row of
about 80-120 minute, S-shaped,
yellowish, chitinous structure.
Found in each segment except
the first, the last and the clitellar
region. These assist in
locomotion.

Spermathecae

Four pairs of ventrolateral,
intersegmental grooves between
segments 5/6, 6/7, 7/8 and 8/9.

Female Genital Pore
Single, minute, located in
Clitellum mid-ventral line of 14th segment.
Girdle-like glandular
thickening of body wall, forms

egg or cocoons in breeding 16

Male Genital Pore
Pair of crescentric apertures located
ventrolaterally upon 18th segment.

)

@)

Genital Papillae

Small, conical ventrolateral
copulatory papillae which
helps in copulation, present in
17th and 19th segment.

20 R T I

External structure of an earthworm

Metamerism

It is the repetition of organs and tissues at intervals along the body of
an animal, thus dividing the body into a linear series of similar parts
or segments (metamers). It is an internal mesodermal phenomenon
and helps in more efficient locomotion.
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Anatomy and Physiology

++The body wall of the earthworm is covered externally by a thin
non-cellular cuticle below which is epidermis, two muscular layers
and an innermost coelomic epithelium. The epidermis is made up of
a single layer of columnar epithelial cells which contain secretory
gland cells.

-+ Locomotion It is brought about by a coordinated contraction and
relaxation of circular and longitudinal muscles of body wall, assisted
by setae, mouth and the hydrostatic pressure of coelomic fluid.

~+ Digestive System Earthworm possesses a straight alimentary
canal from mouth to anus. The canal is differentiated into six
regions—buccal chamber, pharynx, oesophagus, gizzard, stomach and
intestine.

) Mouth
Anterior opening of the body

__—Pharynx
Thick-walled, muscular
structure, contains small
unicellular chromophil cells
(4th segment).
Mmzzard

Thick-walled, hard due to
thick circular muscle layer,
helps in food grinding
(8th - 9th segment).

Pre-typhlosolar Region
(15th - 26th segment)

Buccal Chamber
Thin-walled, small, protrusible
chamber (1st - 3rd segment).

Long narrow tube, does
not contain any gland
(5th -7th segment).

Stomach

Tubular structure containing
calciferous glands to neutralise
humic acid of humus.

(10th -14th segment).

Intestinal Caecum

Pair of short and conical
lateral outgrowths on 26th
segment.

Lymph gland

Typhlosole

Large, prominent fold hangs
internally into intestinal lumen
from the mid-dorsal line,
increases absorptive surface
area. Between (25th-95th
segment) of intestine.

Typhlosolar
part of intestine

Intestinal lumen

ve €€ ze|T€ 0F 62 82 L2 92 G2 v2 €2 ¢¢ Tz oz 6T 8T LT\ ST T €T 2T 11 0T 6

Alimentary canal of an earthworm
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-+ Circulatory System Closed circulatory system, haemoglobin or
erythrocruorin dissolved in blood plasma. Three main blood vessels
in body are dorsal, ventral and sub-neural. Dorsal blood vessel is
the largest blood vessel of the body. Blood glands are present on
the 4th, 5th and 6th segments and they produce blood cells and
haemoglobin. Blood cells are phagocytic in nature. Their heart do
not have any kind of pulsative activity.

Dorsal blood vessel

Supraoesophageal

vessel
Valves

Valves

Valves blood
vessel

(@ (b)

Heart of Pheretima : (a) Lateral heart (7th and 9th segments)
(b) Lateral oesophageal heart (12th and 13th segments)

The number, nature and arrangement of blood vessels are very
different in the first 13th segments from that in the rest of the body.

Dorsointestinal
vessels

Lateral oesophageal
hearts

15 16

Lateral

Dorsal vessel hearts  SuPracesophageal

vessel

Commissural
vessel

14

vessel

Septo-intestinal
vessel

vessel
(bifurcated)

Lateral Ventral Anterior Ventro-tegumentary vessels
oesophageal  vessel loops (supply blood to sepia,
vessel body wall, nephridia and

reproductive organs)

Pattern of blood vascular system in first 13th segments
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Posterior

i borso- Anterior face
face of septum Commissural - jntestinal

vessel vessels of septum

Dorsal vessel

Supra-intestinal
excretory ducts

Transverse vessel

Ventro-intestinal
Typhlosolar vessel vessel

Septo-intestinal

branch Ventral nerve
y 5 1 cord
Ventral vessel s < Y, A, I Septo-nephridial
Subneural vessel ) R = ) F| branch
Integumentary
capillaries
Ventrotegumentary
vessel Body-wall

Pattern of blood vascular system behind 13th segment

Dorsal Vessel

Pharynx
oesophagus Dorso-
pharyngeal Intestmal
nephndla '\
Gizzard
Intestlnal
| Lateral oesophageal waII

Lateral P
hearts Anterior Rlng Subneural 59Pt0'
7,9 loops ~ Vessels |ntest|na|
/ / Septa
enital
Supra grgans Commlssural
oesophageal anterior vessels
\ & body wall
nephridia Posterior
Lateral T body wall
oesophageal nephridia
hearts Ventro-
12 13 tegumentary Ventro-

\ vessels |ntest|na|

T e
| Ventral vessel |

Complete circulation plan of earthworm

++ Respiratory System The animal is aerobic and gaseous exchange
takes place through general body surface.

—+ Excretory System It is made up of segmentally arranged
nephridia of three types.
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Ducts of Pharyngeal
Nephridia

Tufts of Pharyngeal Nephridia

Present on either side of pharynx

and oesophagus in

4th-6th segment, exonephric type.

(open to outside at body surface)
(ly

Pharynx

Integumentary Nephridia
200-250 nephridia lying along
the entire inner surface of
body, number increases in
clitellar rigion, appear 7th
segment onwards,
enteron(e)phric type.

|

+Septal Nephridia

Largest nephridia arranged
sidewise the intersegmental
septum, appear from 15th-16th
segment. Enteronephric type
(open into alin(1|(|e)ntary canal).

Forest of Integumentary
Nephridia

Types of nephridia

~+Nervous System Metamerically segmented, divisible into three
sections, viz., central, peripheral and autonomic. All nerves are
mixed, having both sensory and motor fibres.

Autonomous Nervous System
Includes the nerve plexuses
located in the gut wall and other
internal organs.

Peripheral Nervous system
Includes all nerves that connect
the brain and nerve cord with
various body parts.

Nervous
System

Central Nervous System

Brain Ring Nerve Cord
Oblique ring around pharynx in 3rd Pair of slender cords arises from
and 4th segments. It has three parts the subpharyngeal ganglia,

extends behind upto posterior end
of body. From 5th segment
behind, it has a ganglionic

Cerebral or Subpharyngeal Circum or swelling in the posterior part of
Suprapharyngeal Ganglia Peripharyngeal each segment (segmental
Ganglia Connectives ganglion).
Mid-dorsal part, Mid-ventral part, Loop-like structure,
small paired and  small paired and connect dorsal and

fused structure. fused structure. ventral ganglionic parts.
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-+ Reproductive System Earthworm is hermaphrodite (bisexual) and

reproduces only sexually.

MALE REPRODUCTIVE SYSTEM

Testis
Pair of small, whitish and lobed O

structure which hang down in testis \ 5 2
sac present in 10th and 11th 4
Spermiducal Funnel

Pair of large, ciliated funnel-

like structure, posterior to

each testis sac which lead to
vasa deferentia. Testes Sac
Large, bilobed, thin-walled
structure on the ventral side
of stomach in 10th and 11th

10
11

Seminal Vesicle

Two pairs of large, white
structure on sides of stomach
in 11th and 12th segment.
Vesicle of 11th segment is

Vasa Deferentia
Long, narrow, internally
ciliated duct which runs up

Prostate Gland
Large, flattened and

asymmetrically lobulated
structure spread in the
17th-20th segment common male duct
Short and thick duct
which opens out by

FEMALE REPRODUCTIVE SYSTEM

,Spermathecae
Ventro-lateral, large, flask-
shaped structure in

Ovary

Small, whitish structure on each
side of nerve cord, consists of
several finger-like processes

Oviducal Funnel
Small, ciliated funnel behind

Oviduct
Short, conical, ciliated structure.
In 14th segment, both oviducts

Female Genital Pore
Opening of oviducts in

. l\Segmental Ganglion

Male Genital Pore
Opening of male

Ventral Nerve Cord

Accessory Gland
Mass of small, glandular cells
contained in ventrolateral genital

papillae in 17th and 19th
Reproductive system of earthworm

Copulation

7

In 2-3 weeks, developing

embryo becomes young
adult worm.

Worm wriggles out completely
through cocoon and left free in
the moist soil.

With advancement, it receives
albuminous secretion of
epidermal gland cells.

AN

Sperms reach in
spermatheca

Secretion of clitellum

forms cocoon

Mature ova discharge
into cocoon

Worm wriggles backward and
cocoon slips towards the
spermathecal segments

Cocoon receives /

numerous eggs in

spermathecal segments.

Events of reproduction in earthworm
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Economic Importance of Earthworm

++ They are used as bait for fishing.

++ Their burrowing habit increases the fertility of soil. This is called
vermicomposting.

«+ Their burrows cause the loss of water by seepage from ditches in
irrigated lands.

++ They are easily obtained and are of convenient size for dissections in
laboratories.

Cockroach

They are brown or black-bodied animals that are included in
class—Insecta of phylum-Arthropoda. The most common species of
cockroaches in India is Periplaneta americana.

Morphology

Nocturnal, bilateral symmetrical invertebrate, distinctly segmented
and covered by a shining brown exoskeleton. Their dorsal body surface
is covered by dark brown wings. When wings are removed, the three
regions of the body—head, thorax and abdomen become visible.

Compound eyes

Separate visual unit of photoreception,
contains about 2000-2500 units

called ommatidium (ectodermal origin),
outer surface is convex and consists

of hexagonal areas called facets.
Forewings or tegmen
Narrow, thick, hard and
leathery. Also called wing
covers/elytra /tegmina,
used for protection.

Head

Small, triangular, perpendicular to
body axis (hypognathous conditon),
contains 6 embryonic segments.

Antenna

Thread-like, tactile, olfactory and
thermal receptor. Formed of small
segment-podomeres. Scape is basal
and pedicle is second podomere.

Thorax

Its 3 segments are
Prothorax covered by thick
Mesothora and large tergites
Metathorax— Or nota. Prothorax

possesses largest terga.

Hlndwmgs

Broad, thin, soft and
membranous. Remain folded
during rest under forewings.
Useful for flying.

Spiracle

Ten pairs of small,

slit-like respiratory apertures,

occur dorsoventrally upon the

body surface.

Abdomen

Contains 10 segments, possesses
(thin sclerities. 5th and 6th tergites are
joined by arthrodial membrane

which possess glands.

Anal cercus
Pair of sensory, 15 segmented Anal Style .
structure which probably Unjointed, thread-like
represents the 11th embryonic structure present on the
segment. It bears several 9th sternum of male ", Trochanter
minute hairs sensitive to and absent in female.

sound and other vibrations. Tarsus (5 segmented)

- Plantulae (adhesive pad)
(\-Pulvillus or arolium
(b) Claws

External features of cockroach : (a) Complete body (b) One walking leg

@
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+ Sclerites Small plate-like structures, which forms the exoskeleton.

These structures are joined together by soft, intersegmental, flexible
membrane called arthrodial membrane.

The dorsal sclerites are called tergites, ventral one are sternites,
while the lateral ones are called pleurites.

Anatomy and Physiology

 Body Wall The body wall contains cuticle, epidermis and basement
membrane.

' Body Cavity Cockroaches are coelomate animals. But, true coelom
occurs only in embryonic stage. In adults, it is found in small
cavities only around the gonads.

 Endoskeleton Certain processes of exoskeleton extend into the
body and form endoskeletal elements. These provide attachment to
the muscles and hence called apodemes.

 Locomotion Cockroaches are good runners, but poor fliers as the
muscles associated with the jointed legs are much more developed
than those associated with the wings.

'Digestive System The mouth in animal is surrounded by
well-defined appendages, which can be seen as

Sensory setae

—Muscles

Denticles Condyl
Q
Prosthec
Labrum Hf s
Mandible
Mandible )
Salivary
duct
= “\
/ﬂfffh Hypopharynx
‘/— Maillary pal . _ Galea
f) ypap Ligulae Lacinia )
/ Labial palp lossa ‘\LPalplfer
" Para- \\1& f
sl o glossa NG
4 Y 3 ] 2
{gsnpes Prementum Xf} S
e Cardo I\ ~7> Palpiger (emvx
):'"’”3\- N S ? W«m‘)""
First maxilla First maxilla
Submentu Mentu

Labium
Mouth parts of cockroach
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Alimentary canal is complete and well-differentiated in accordance
with omnivorous mode of feeding. It is divisible into following parts

Mouth

Opening of digestive
system containing
biting mouth parts.

Salivary Glands

Pharynx Large, whitish structure on each side.
Foregut Contains dilatory Each gland includes a flattened
About one- muscles which glandular part and a long, sac-like
third anterior contract and receptacle. Their secretion helps to

most part of expand tentorium throughly mix and lubricate the
alimentary and sclerites of chewed food particles. Its enzymes
canal. head capsule amylase, chitinase and zymase help
Internally lined Oesophagus in food digestion.

by cuticle and Long and narrow

ectodermal tube which aids in

Hepatic Caeca \Midgut

epithelium passage of food, These are 8 small, About one
because itis its wall is folded tubulalr, finger-like third middle
derived from internally. blind processes. It | Part. Itisa
embryonic Crop helps to absorb the | Nharrow tube of

stomodaeum. | Flexible and thin-
walled due to the

fully digested uniform
nutrients. thickness. Its

Rectum

Small, oval chamber having Colon ) h )
internally raised 6 longitudinal Long, thick and coiled part internally folded walls, cuticle

resence of e epithelium
n?uscles and Malpighian Tubules cgntains
several internal These are about 60- [ g anqyjar and
folds. It helps in 150, long, Slend_er’ absorptive
food digestion yellow, blind | oyiq jts outer
Gizzard The aréugzlirewls. wall
Thick-walled and hard assi;ciated witr{ possesses
due to the presence of excretory longitudinal
thick circular muscles. function. ) and circular
Helps in food grinding. muscles. Itis
Its anterior part called endodermal in
armarium contains origin.
six large chitinous teeth.
lleum

Short, narrow, thin and

bears spines.

folds called rectal papillae  Wall is internally folded.

Hindgut
Thick and internally lined by cuticle and ectodermal epithelium.
Derived from embryonic proctadaeum (ectodermal in origin).

Digestive system of cockroach
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~+ Respiratory System Every tissue of body is in direct
communication with atmospheric air due to the absence of
respiratory pigment in the blood.
It consists of following components

(@) Trachea or Air Tubes Numerous, shiny, transparent,
branched tubes formed by extensive invagination of the
hypodermis of skin (ectodermal in origin). There are six
longitudinal tracheal tubes (2 dorsal, 2 ventral and 2 lateral)
which are interconnected by transverse commissures.

(b) Spiracle or Stigmata Ten pairs of slit-like apertures through
which air enters and escapes from the trachea, located on
lateral side of body, surrounded by a ring-like peritreme.

There are 2 thoracic pairs (larger than abdominal spiracle) and
8 abdominal pairs (first pair is dorso-lateral upon tergite and
rest seven are upon the pleurites of 2nd - 8th segments).

-+ Circulatory System Cockroach possesses open type of circulatory
system with blood flowing in the blood spaces or lacunae. The blood
is without respiratory pigment and called haemolymph (possesses
plasma and haemocytes). Body consists of three sinuses mainly with
one head sinus.

The flow of blood within the body looks like

Pericardial sinus \
(contains heart) \

I \
, el T :,
ya Through diaphragm !
/
1 ]
\ 1
\ — Perivisceral sinus i
AN Through diaphragm :
\\ I
~ ]
. I !
11 /

~<o Perineural sinus !



Structural Organisation in Animals 141

Antenna Pulsatile Ampulla

Located near the antennal base
which are interconnected by a
large transverse muscle and

associated blood vessels.

Anterior Aorta
Small, narrow, anterior part of dorsal
vessel which extends into the head.

Nerve Cord
Double nerve cord containing a
pairs of segmental ganglia

Heart
13-chambered, pulsative structure.
Flow of blood in it is unidirectional,

i.e., from posterior to anterior end. . .
Perineural Sinus

Contains nerve cord, also

Valve called sternal sinus.
They check the flow of haemolymph
from pericardial sinus to heart, but

not vice-versa, muscles are not seen.

Perivisceral Sinus
Contains gut or alimentary

Pericardial Sinus canal.

Contains heart.

Ostia ~ N Dorsal Diaphragm
Partition between pericardial and

They are guarded by valves and allow o '
perivisceral sinuses.

the flow of haemolymph from pericardial
sinus to heart, but not vice-versa.
Muscles
Triangular, fan-like muscles in the
floor of pericardial sinus in each
segment to reinforce dorsal vessel.

Ventral Diaphragm
Partition between perivisceral and
perineural sinuses.

Circulatory system of cockroach

-+ Excretory System The animal is uricotelic and excretion occurs
through the following structures

Fat Body
It has urate cells, which obtain nitrogenous waste from haemolymph and stores

it in the form of uric acid. Mycetocyte cells of fat body contain symbiotic
bacteria which decompose uric acid into protein during protein deficiency.

Malpighian Tubules

Uric acid of haemolymph
+

Cuticle «—— (' Excretory

Helps in removing excess salt
and nitrogenous wastes
probably at the time when cuticle
is removed during moulting.

Potassium + H,0

Eg‘aessmm +HO bicarbonate gyt

0tassiuM 4. 0 + CO, — Potassium + H, + Uric
) M_UShroom Glands rate 2 2 icarbonate 20 T acid
These are long tubules, i.e., uricose gland in male

cockroach. They store and discharge uric acid

Proximal

over the spermatophore during copulation. Distal ) )
sceretory portion absorptive portion

Excretory system in cockroach
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-+ Nervous System It is well-developed and divided into following three
types
(i) Central Nervous System It includes a brain, one
suboesophageal or subpharyngeal ganglion and a doublet
ventral nerve cord.
(ii) Peripheral Nervous System It includes the nerves that
connect the various ganglia of CNS to different body parts.

Brain or Supraesophageal Ganglion

Optic Nerve ) :
. P . Bilobed mass, located in head,
Arises from protocerebrum, supplies )
: represents three fused ganglia
into eyes.

protocerebrum, deuterocerebrum and
tritocerebrum.

Circum-pharyngeal Connective
Prothoracic Ganglion

1st ganglion of thoracic region
from which six pairs of nerves
arise.

Antennary Nerve
Arises from deuterocerebrum,
supplies into antennal.

Sub-pharyngeal Ganglion
Formed by the fusion of three
ganglia of head.
Mesothoracic Ganglion
Second thoracic ganglion from
which five pairs of nerves arise.

Metathoracic Ganglion
Last thoracic ganglion from

First abdominal Ganglion which five pairs of nerves arise.

A pair of single nerve arises
from first five abdominal
ganglia.

Double Nerve Cord

Extends along the mid-ventral
line, contains nine pairs

of segmental ganglia, three in
thorax and six in abdomen.

6th Abdominal Ganglion
Formed by the fusion of several
small ganglia, three pairs of
nerves arise from it.

Central and peripheral nervous system of cockroach

(iii) Autonomic Nervous System It is of sympathetic type and also
called visceral nervous system. It performs both nervous and
endocrine functions.

It is divided into three parts

1. Caudal NS Includes certain fine nerves that arise from last
abdominal ganglion and innervate hindgut, reproductive organs
and anal appendages.

2. Spiracular NS Includes certain fine paired nerves which arise
from the ganglia of nerve cord and innervate the spiracles.

3. Somatogastric NS Includes certain fine nerves which arise
from five ganglia and innervate the anterior parts of the gut.
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++ Reproductive System Sexes are separate and sexual dimorphism

is also seen

Female Cockroach

Male Cockroach

Body relatively larger and thicker.

Body relatively smaller and more flattened.

Abdomen has seven distinct segments.

Abdomen has nine distinct segments.

Hind end of abdomen is blunt and
boat-shaped.

Hind end of abdomen is somewhat
pointed.

Seventh sternite is divided.

Seventh sternite is undivided.

Anal styles are absent.

A pair of anal styles is articulated with 9th
abdominal sternite.

Wings are smaller, extend only up
to the hind end part of body.

Wings are relatively large, extend
somewhat beyond the hind end of body.

FEMALE REPRODUCTIVE SYSTEM

MALE REPRODUCTIVE SYSTEM

Testes
One pair, dorsolateral, three-lobed, situated from 4th-6th
abdominal segment in fat body, contain numerous

Terminal filament

Germarium

Ovary

One pair of
elongated
structure situated
from 2nd to 6th
segment within
the fat bodies,
consists of

8 ovarioles.

Collaterial Gland

Pair of white, highly

branched accessory
gland. Left gland is
larger than the right

gland and their

secretions also differ.

Oviduct

Pedicles of 8 ovarioles join

together to form a small, thick and

muscular oviduct.

Spermatheca’

Pair of small structure, left

spermatheca is large pyriform

and right one is short, narrow duct.

Vagina

2 oviducts join in 7th segment to

form a thick vagina.

small, white follicles.

Phallic or Conglobate

Gland

Long, multilobed, flattened accessory
gland.

Mushroom Gland
Large, accessory gland in
the junction between
ejaculatory duct and vasa
deferentia.

Vas Deferens

Paired structure, arise from
each testes and run posteriorly
to open into ejaculatory duct
in 8th segment.
Ejaculatory Duct

Elongated, contractile duct,
internally lined by thin cuticle.
Genital Pouch

Male Genital Pore
Gonapophyses or Phallomeres
Three asymmetrical chitinous structures,
represent male external genitia.

Female
Gonopore

Ovipositor Processes
Three pairs of chitinous
processes, hanging from

the roof of oothecal,
chamber represents
female’s external genitalia.

Reproductive system of cockroach
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 Suspensory Filament Thin, thread-like terminal filament formed

of a syncytial chord of cytoplasm. It is terminally inserted upon
dorsal body wall and serves to suspend the ovarioles into the
perivisceral sinus.

»Germarium A small, multicellular structure in which oogonia
forms and matures into oocytes.

‘Vitellarium A long and narrow structure which receives the
actively growing oocytes from germarium. It appears beaded due to
gradually growing sizes of contained oocytes.

'Egg Chamber A small, thick and elliptical structure which
contains, at a time, a single, large, mature ovum.

— Pedicel A small, hollow structure which unites to form oviduct.

++ Spermatophore It is a three-layered, pear-shaped, tough structure
which centrally contains spermatozoa in the nourishing fluid
secreted by small tubules or utriculi breviores of male’s mushroom
gland.

Physiology of Reproduction

Wings and reproductive —s )
organs appear. Copulation

Nymph undergoes

Male discharges sperms in
10-12 moults or ecdyses. g p

the spermatheca of the

female.
Ootheca ruptures and small, light - \/
coloured, wingless nymphs
hatches out. Fertilisation occurs in the
genital pouch of female.
Deposited in dark and l
dry places.
P 16 ova and sperms are
discharged into the genital
Form egg case or pouch.
Ootheca /
Brownish scleroprotein Sperms fertilise ova.
R /
Milk protein

Secretion from
(from left gland) (_’collaterial glands,

Watery dihydroxyphenol
(from right gland)

Process of reproduction in cockroach
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Economic Importance of Cockroach

— They can be used as tools for the research of insect physiology and
toxicology.

— They do not sting or bite, transport human pathogens.

Frog

They are called amphibians because they can live both on land and in
freshwater. The most common species of frog is Rana tigrina.

Morphology

Frog is a dorsoventrally flattened and streamlined animal, adapted for
an amphibious mode of life. Its body is divisible into head and trunk.

Brow Spot

Located mid-dorsally between two eyes,
believed to be the remnant of a functional
pineal eye of remote ancestors of frogs.

Head

Flat and triangular, bears terminal
mouth, cheeks and lips are absent.
Nictitating Membrane

Thin and transparent cover that
protects the eyes when animal is in

Tympanic Membrane
Small, deeply pigmented
circular patch of tough
skin, represents the outer
limit of middle ear,
receives sound waves. Forelimb
Short, possesses
four digits, thumb (pollex) is
absent. Helps in directional
orientation during
locomotion and bears the
shock of body weight on
landing after a leap. Claws
or nails are absent.

Hindlimb
Long, bears five digits,
claws and nails are absent.

Cloacal Aperture —
Common vent for the discharge of Webbed Feet

faeces, urine and reproductive products. All'toes of hindlimb are

joined together by a

web of skin fold, adaptation

for leaping and swimming.

External structure of frog

++ Croaking During the rainy season or breeding season, frogs make
peculiar sound with the help of their vocal cords to attract females
for mating. The male frogs croak louder than the females.
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~+ Metachrosis It is the capability of frog to change its body colour
with the change in its surroundings and climatic conditions.

~+ Nuptial Pad It is a dark swelling on the inner finger of the male
frog which helps the male frog in mating.

Anatomy and Physiology

- Digestive System Frogs are holozoic and carnivorous. Their
alimentary canal is short, coiled tube consisting of following
structures

Tongue

Fixed in front and hinder end is free
and bilobed, Which can be thrown
out and retracted backward after
catching the prey

—— Gullet
Dorsal large aperture of pharyngeal
cavity which open into oesophagus.

Glottis

A slit like opening which opens
into the laryngotracheal
chamber. Present ventrally in

| Oesophagus
the pharyngeal cavity.

Itis a short tube due to the
absence of neck. Its wall is
highly distensible due to the
presence of longitudinal
internal folds.

Gall Bladder
Muscular, rounded structure
which receives bile from the
liver, givs rise to cystic duct.

Liver
Largest gland, two lobed,
structure, secretes bile.

Pancreas

Branched, flat gland made up
of lobules and inner core of islet
of Langerhans. Produces
pancreatic juices and cells of

inner core secrete insulin. Stomach

Thick-walled, divided into

Duodenum cardiac and pyloric part.

Anterior part of small intestine,
receives common bile duct in its
proximal end. Possess large
number of villi on the inner side of
wall.

Common Bile Duct

Formed by the union of

bile duct and pancreatic duct,
opens into the duodenum.

lleum

Posterior part of small intestine,
highly coiled, numerous villi on
internal side.

Anus

Aperture at the end of alimentary
canal, guarded by anal sphincter,
faeces expelled out through it.

Rectum

Itis large intestine. Its proximal parts
has more longitudinal folds than the
distal part. It stores faecal matter and
water is absorbed by its wall.

Digestive system of frog

— Respiratory System Respiration in frog occurs through three
modes

(a) Cutaneous Respiration Frog's skin is ideally adapted for the
process of gaseous exchange. It is without exoskeleton, highly
vascularised skin, always remain moist due to the secretions of
mucous glands. It is most common mode, especially during
hibernation and aestivation.
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(b) Buccopharyngeal Respiration Mucosa of buccopharyngeal
cavity is highly vascularised which aids in gaseous exchange.
By showing oscillatory movements of the floor of buccal cavity
and keeping the mouth, gullet and glottis closed, breathing
process is carried out. Sternohyal and pterohyal muscles help
in the oscillatory movements. It is carried out in water and
on land.

(c) Pulmonary Respiration It involves the lungs, which are
positive pressure type with hollow, highly distensible walls.
They are endodermal in origin. Inspiration and expiration
involves gulping movements in between oscillatory motion of
buccopharyngeal respiration.

Pulmonary Respiration

Inspiration Expiration
Contraction of sternohyal muscles Contraction of sternohyal muscles

Lowering of floor of buccal cavity. Air from lungs rushes to
l buccopharyngeal cavity.
Air rushes into buccopharyngeal cavity. l
l Relaxation of submental muscles
opens the external nostrils.
Contraction of submental muscles of l
lower jaw closes the external nostrils+
Contraction of pterohyal muscles Air leaves the buccopharyngeal

raises the floor of buccal cavity. cavity.

!

Air moves inside the lungs.

~+ Circulatory System It consists of blood vascular system of closed
type which represents the incomplete double circulation. i.e., both
oxygenated and deoxygenated blood enters the heart and get mixed
in the ventricle. Blood vascular system comprises blood, heart and
blood vessels. Their heart is myogenic.
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Aortic trunks
Near the front end of the atrium, conus
arteriosus splits into right and left aortic trunks.

Pulmonary Veins
Bring oxygenated blood
from lungs to left atrium.
Openings are small and
oblique which prevent

backflow of blood.

Left Atrium

Thin-walled, receives
oxygenated blood through
pulmonary veins from the
lungs.

Anterior Vena Cava

Vein with large diameter
carries deoxygenated blood
from the upper half of the

body to the right atrium.

Right Atrium

Thin-walled, receives mixed blood
from sinus venous.

Coronary Sulcus

Divides atrium and ventricle.

Sinus Venosus

Large, triangular, thin-walled, opens
into right atrium, three thick veins
open into it, two precaval veins and
postcaval vein. It is a chamber in
which blood from the various

parts of body collected first.

In higher animals (like mammals),

it is incorporated as SA node (pacemaker)
within the right auricle. The origin of
pulse is attributed to this structure.

Ventricle

Receives oxygenated and
deoxygenated blood from
auricles through auriculo-
ventricular aperture.

Posterior Vena Cava
Large vein that carries
deoxygenated blood
from the lower half of
the body into the right
atrium.

Circulatory system of frog

(i) Conus or Truncus Arteriosus This accessory chamber is
present towards the ventral side. It contains a spiral valve
inside because of which its cavity is divided into cavum
pulmocutaneum and cavum aorticum.

(ii) Pylangium The proximal, more muscular and longer portion
of conus arteriosus. It is also called as bulbus arteriosus. It
contains pulsative cardiac muscles.

(ili) Synangium The distal, less muscular portion of conus
arteriosus. It is also called as ventral aorta.

(iv) Columnae Carneae These are the major muscle columns of
ventricle. These columns are connected with the flaps of valves
through elastic chords of fibres called chordae tendineae.

Mixed blood is pumped by frog’s heart due to incomplete double
circuit (i.e., due to the presence of only one ventricle).
~ Lymphatic system It consists of lymphatic capillaries, sinuses,
lymph hearts and lymph.
(i) Lymph Mobile connective tissue containing plasma with less
number of proteins and corpuscles, containing numerous
leucocytes, but no erythrocytes.
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(i) Lymph sinuses Thin-walled spaces around the tissues and
between the organs. Subcutaneous and subventral sinuses are
most common.

(iti) Lymph hearts Two pairs of thin-walled and muscular structure.

(iv) Lymph capillaries They end blindly in contact with the body
cells and tissue spaces. Thin-walled, irregular and permeable to
colloids, water and crystalloids.

~ Excretory System It consists of two kidneys, ureter, urinogenital
ducts and urinary bladder. The kidneys are of mesonephric
type, i.e., it develops from the middle part of intermediate mesoderm.
The nephron is not much differentiated. In embryonic conditions,
nephrostomes are functional and in adults, they get replaced by
glomerulus. Frog is ureotelic.

~+ Nervous System It comprises CNS, PNS and ANS
(i) Central nervous system It comprises brain and spinal
cord. Brain is enveloped by two membranous meninges, i.e.,
Pia arachnoid (inner, soft, highly vascularised) and Dura mater
(outer, tough, collagen fibre covering).

Olfactory Nerve
Free anterior part of
olfactory lobe

Cerebral Hemisphere
Small, without fissure
and corpus callosum
convolutions occur in
thinner cortical layer of

Olfactory Lobe
Relatively small, contains an

gray matter. oval cavity called rhinocoel.
Posterior parts are fused medially.
Pineal Body Anterior Choroid Plexus

Knob-like, glandular
structure. Believed to be
the remnant of third eye.

It is the roof of diencephalon.
Provides O, and nutrients to
CSF.

Diencephalon

Small, unpaired part located
between cerebral hemisphere
and midbrain. Its cavity is
third ventricle. Its dorsal wall

is epithalamus and ventral wall
is hypothalamus.

Optic Lobe

One pair, large, possess a
cavity called optocoel which
join together and open into
iter. They are also called
corpora bigemina.

Cerebellum

Thin, narrow, solid and
transverse band in hind brain.
(pons varolii is absent)

Pineal Stalk
Streak-like outgrowth
along mid-dorsal line

Medulla Oblongata of diencephalon.

Posterior most and
simplest part of brain stem.
It has large 4th ventricle.
Its posterior part continues
as spinal cord.

Posterior Choroid Plexus
Dorsal wall of medulla

oblongata along with
pia-arachnoid mater forms this
irregular and highly vascularised
structure. It also provides O, and
nutrients to CSF.

First spinal nerve

Spinal cord
Central canal
Nervous system of frog
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Exceptions to frog’s brain as compared to humans are
-+ Rhincnceptialon is anterior in position, but not in humans.
- Optic lobes are one pair, whereas they are two pairs in humans.
«+ Corpus striatum is present upon the floor of cavities of cerebral
hemisphere in frog.
-+ Hippocampi, corpus callosum and pons Varolii are absent in frogs.
«+ Frog’s vision is monolocular and it is binocular in humans.
(i) Peripheral Nervous System It is represented by cranial and
spinal nerves.
There are 10 pairs of cranial nerves in frog.
Spinal accessory nerves and hypoglossal nerves are absent in it.
The number of spinal nerves in frog is 10 pairs, i.e., 20.

(iii) Autonomic Nervous System It controls the involuntary
activities such as homeostasis. It comprises two antagonistic parts

(a) Sympathetic NS It generally acts to stimulate the body to
cope with stress. Its nerve endings are cholinergic and
adrenergic.

(b) Parasympathetic NS It functions to calm the body. Its
nerve endings are cholinergic.

(iv) Endocrine system Endocrine glands secrete hormones for
chemical coordination of various organs of body. The prominent
endocrine glands found in frog are pituitary, thyroid, parathyroid,
thymus, pineal body, pancreatic islets, adrenals and gonads.

(v) Skeletal system In frog, exoskeleton is absent. the endoskeleton
has two parts

(@) Axial skeleton includes skull in the head and vertebral
column in trunk.

(b) Appendicular skeleton indudes limb bones in the arms and
legs and girdles that connect the limb bones with vertebral
column.

(vi) Reproductive System Sexes are separate and sexual dimorphism
can be seen. The vocal sacs and nuptial pad can be observed in
male frogs in breeding season.
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Reproductive System

Fat Bodies

Large and yellow structure,
acts as food reserve during
hibernation and aestivation.

Testis
Pair of compact, whitish or
yellowish, elongated structure
surrounded by peritoneum,
mesorchium suspends each
testis from ventral to anterior
part of kidney.
Contains seminiferous tubules
or ampulla and developing
germ cells.

Oviduct

Long, slender, whitish structure
suspended by dorsal wall by
double-walled peritoneum.
Their internal lining

is ciliated and glandular.

Ovary

Yellow, flower-like structural,

formed of (7-12) lobes, large
and asymmetrical due to the
presence of developing ova
in large number.

Vasa Efferentia
10-14 slender ductless, emerges
out from the testes and open into
urniferous tubules or directly into

Ovisac
bidder's canal (convey sperm).

Posterior part of oviduct, dilated
and thin-walled opens distally

into cloaca. They are independently
developed Mullerian ducts.

Urinogenital Duct
These are the common duct
for conveying urine and sperms.

Before gut open into cloaca, Clqgcal Aperture '
they becomes enlarged and Unified opening of alimentary
known as seminal vesicle. canal and reproductive system.

Reproductive system in frog

Economic Importance of Frog
++ They control bugs and help keep the ecosystem in balance.

~+ They maintain the balance in food chain and food web by acting as
consumers.
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